
 
 September 4, 2015 

 

 
Via Hand Delivery 
 
Mary Jo Rugwell 
Acting State Director 
U.S. Bureau of Land Management 
Wyoming State Office 
5353 Yellowstone Road 
Cheyenne, WY 82003 
 
Re: Protest of August 2015 Competitive Oil and Gas Lease Sale 
 
Dear Ms. Rugwell: 
 

Pursuant to 43 C.F.R. § 3120.1-3, WildEarth Guardians hereby protests the Bureau of 
Land Management’s (“BLM’s”) proposal to offer 42 publicly owned oil and gas lease parcels 
covering 66,820.1 acres of land in the High Desert District Office of Wyoming for competitive 
sale on November 3, 2015.  These lease parcels include the following, as identified by the 
BLM’s in its Final November 2015 Oil and Gas Sale List:1 
 

Lease Number Acres Field Office County 
WY-1511-001 2395.82 Rawlins Carbon 
WY-1511-002 1107.44 Rawlins Carbon 
WY-1511-003 1650.87 Rawlins Carbon 
WY-1511-004 1093.75 Rawlins Carbon 
WY-1511-005 2390.85 Rawlins Carbon 
WY-1511-006 640.00 Rawlins Carbon 
WY-1511-007 840.00 Rawlins Sweetwater 
WY-1511-008 622.64 Rawlins Sweetwater 
WY-1511-009 398.62 Rawlins Sweetwater 
WY-1511-010 1280.00 Rawlins Sweetwater 
WY-1511-011 947.34 Rawlins Sweetwater 
WY-1511-012 266.07 Rock Springs Sweetwater 
WY-1511-013 1280.00 Rawlins Sweetwater 

                                                
1 This list is available on the BLM’s website at 
http://www.blm.gov/style/medialib/blm/wy/programs/energy/og/leasing/2015.Par.3655.File.dat/1
115sale.pdf.  
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WY-1511-014 2353.80 Rock Springs Sweetwater 
WY-1511-015 2556.68 Rock Springs Sweetwater 
WY-1511-018 1597.28 Kemmerer Lincoln 
WY-1511-019 2466.42 Kemmerer Lincoln 
WY-1511-020 2513.48 Kemmerer Lincoln 
WY-1511-021 2514.52 Kemmerer Lincoln 
WY-1511-022 1871.44 Kemmerer Lincoln 
WY-1511-023 876.73 Kemmerer Lincoln 
WY-1511-024 1801.56 Kemmerer Lincoln 
WY-1511-025 40.00 Kemmerer Lincoln 
WY-1511-026 400.00 Kemmerer Uinta 
WY-1511-027 2013.16 Kemmerer Uinta 
WY-1511-028 2153.48 Kemmerer Lincoln 
WY-1511-029 1995.32 Kemmerer Lincoln 
WY-1511-030 2505.47 Kemmerer Lincoln 
WY-1511-031 1258.25 Kemmerer Lincoln 
WY-1511-032 280.00 Kemmerer Lincoln 
WY-1511-033 680.00 Kemmerer Lincoln 
WY-1511-034 2360.00 Kemmerer Lincoln 
WY-1511-035 2548.76 Kemmerer Lincoln 
WY-1511-036 2560.00 Kemmerer Lincoln 
WY-1511-037 2538.84 Kemmerer Lincoln 
WY-1511-038 1747.49 Kemmerer Lincoln 
WY-1511-039 1915.44 Kemmerer Lincoln 
WY-1511-040 2560.00 Kemmerer Uinta 
WY-1511-041 2558.88 Kemmerer Uinta 
WY-1511-042 520.00 Kemmerer Lincoln 

 
 

STATEMENT OF INTEREST 
 
WildEarth Guardians is a nonprofit environmental advocacy organization dedicated to 

protecting the wildlife, wild places, wild rivers, and health of the American West.  On behalf of 
our members, Guardians has an interest in ensuring the BLM fully protects public lands and 
resources as it conveys the right for the oil and gas industry to develop publicly owned minerals.  
More specifically, Guardians has an interest in ensuring the BLM meaningfully and genuinely 
takes into account the climate implications of its oil and gas leasing decisions and objectively 
and robustly weighs the costs and benefits of authorizing the release of more greenhouse gas 
emissions that are known to contribute to global warming. 

 
WildEarth Guardians submitted comments on the BLM’s proposed leasing on May 22, 

2015.  These flagged concerns over the BLM’s failure to adequately address the climate impacts 
of the proposed leasing.  As part of these comments, Guardians referenced and attached 17 
exhibits.  For purposes of this protest, our comments and exhibits are hereby incorporated by 
reference. 
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The mailing address for WildEarth Guardians to which correspondence regarding this 

protest should be directed is as follows: 
 

WildEarth Guardians 
1536 Wynkoop, Suite 310 
Denver, CO 80202 

 
 

STATEMENT OF REASONS 
 
 WildEarth Guardians protests the BLM’s November 3, 2015 oil and gas lease sale over 
the agency’s failure to adequately analyze and assess the climate impacts of the reasonably 
foreseeable oil and gas development that will result in accordance with the National 
Environmental Policy Act (“NEPA”), 42 U.S.C. § 4331, et seq., and regulations promulgated 
thereunder by the White House Council on Environmental Quality (“CEQ”), 40 C.F.R. § 1500, 
et seq. 
 
 NEPA is our “basic national charter for protection of the environment.”  40 C.F.R. 
§ 1500.1(a).  The law requires federal agencies to fully consider the environmental implications 
of their actions, taking into account “high quality” information, “accurate scientific analysis,” 
“expert agency comments,” and “public scrutiny,” prior to making decisions.  Id. at 1500.1(b).  
This consideration is meant to “foster excellent action,” meaning decisions that are well 
informed and that “protect, restore, and enhance the environment.”  Id. at 1500.1(c). 
 
 To fulfill the goals of NEPA, federal agencies are required to analyze the “effects,” or 
impacts, of their actions to the human environment prior to undertaking their actions.  40 C.F.R. 
§ 1502.16(d).  To this end, the agency must analyze the “direct,” “indirect,” and “cumulative” 
effects of its actions, and assess their significance.  40 C.F.R. §§ 1502.16(a), (b), and (d).  Direct 
effects include all impacts that are “caused by the action and occur at the same time and place.”  
40 C.F.R. § 1508.8(a).  Indirect effects are “caused by the action and are later in time or farther 
removed in distance, but are still reasonably foreseeable.”  Id. at § 1508.8(b).  Cumulative effects 
include the impacts of all past, present, and reasonably foreseeable actions, regardless of what 
entity or entities undertake the actions.  40 C.F.R. § 1508.7. 
 
 An agency may prepare an environmental assessment (“EA”) to analyze the effects of its 
actions and assess the significance of impacts.  See 40 C.F.R. § 1508.9; see also 43 C.F.R. § 
46.300.  Where effects are significant, an Environmental Impact Statement (“EIS”) must be 
prepared.  See 40 C.F.R. § 1502.3.  Where significant impacts are not significant, an agency may 
issue a Finding of No Significant Impact (“FONSI”) and implement its action.  See 40 C.F.R. 
§ 1508.13; see also 43 C.F.R. § 46.325(2).   
 
 Here, the BLM fell short of complying with NEPA with regards to analyzing and 
assessing the potentially significant climate impacts of oil and gas leasing.  In support of its 
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proposed leasing, the agency prepared an EA (EA No. DOI-BLM-WY-040-EA15-70).2  In the 
EA, however, the BLM failed to analyze the reasonably foreseeable greenhouse gas emissions 
that would result from selling the oil and gas lease parcels, as well as failed to assess the 
significance of any emissions, particularly in terms of carbon costs. 
 
 In the EA, the BLM acknowledged that climate change is a very serious issue and that it 
is being fueled by the release of human-produced greenhouse gas emissions.  See EA at 47-52.  
The BLM acknowledged findings by the Intergovernmental Panel on Climate Change (“IPCC”), 
stating: 
 

The Intergovernmental Panel on Climate Change...recently concluded that ‘warming of 
the climate system is unequivocal’ and “it is extremely likely that more than half of the 
observed increase in global average surface temperature from 1951 to 2010 was caused 
by the anthropogenic increase in GHG [greenhouse gas]concentrations and other 
anthropogenic forcings together.’ 

 
EA at 49.  Unfortunately, in spite of recognizing these serious climate consequences, the BLM 
made no effort in the EA to analyze and assess the potential greenhouse gas emissions that would 
result from oil and gas development and the likely climate consequences.  
 
 The EA fails to analyze the reasonably foreseeable greenhouse gas emissions that would 
result from development of the proposed leases.  Instead of using readily available information 
and methods, including analyses that other BLM offices have been perfectly capable of 
preparing, the agency instead asserts that it is simply impossible to estimate such emissions.  See 
EA at 69.  The issue, however, is not that it is impossible to estimate emissions, but that BLM 
believes it cannot estimate emissions as precisely as it prefers to.  This is not allowed under 
NEPA.  Although the agency may believe that without definitive development proposals, it 
cannot project impacts, the whole point of leasing oil and gas is to facilitate development.  The 
BLM cannot claim that the act of leasing carries with it no intention to foster future 
development.  Regardless, because leasing conveys a right to develop, absent any stipulations 
that provide the agency with authority to constrain or even prevent future development to limit 
greenhouse gas or climate impacts, the BLM has basis to assert that it is appropriate to wait to 
conduct its legally required analysis under NEPA, or worse, assert that there would be no 
reasonably foreseeable emissions associated with its proposed action. 
 

In any case, the BLM has completely failed to provide information and analysis, even 
brief information and analysis, supporting a FONSI and any decision to sell and issue the 
aforementioned lease parcels.  Either the BLM must prepare an EIS or it cannot proceed with the 
lease sale as proposed.  Below, we detail how BLM’s proposal fails to comply with NEPA. 

 

                                                
2 The EA is available on the BLM’s website at 
http://www.blm.gov/style/medialib/blm/wy/information/NEPA/og/2015/11nov/ver2.Par.43985.F
ile.dat/v2_EA.pdf.  
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1. The BLM Failed to Analyze and Assess the Direct, Indirect, and Cumulative 
Impacts of Greenhouse Gas Emissions that Would Result from Issuing the Proposed 
Lease Parcels 
 
In the EA, the BLM completely rejected analyzing and assessing the potential direct and 

indirect greenhouse gas emissions, including carbon dioxide and methane, that would result from 
the reasonably foreseeable development of the proposed leases.  Although acknowledging that 
development of the lease parcels would occur and that greenhouse gas emissions would be 
produced, no analysis of these emissions was actually prepared.   

 
The BLM appears to assert that estimates of emissions are impossible to determine 

because it is impossible to determinate what reasonably foreseeable development may occur.  
However, as the agency notes in the EA, reasonably foreseeable development scenarios have 
been analyzed for the High Desert District.  The EA explains:   
 

The Reasonably Foreseeable Development (RFD) in the Rawlins RMP assumes that 
3,711 federal wells would be put into production over a 20-year life of project 
assumption (LOP), which equates to approximately 186 wells per year. The RFD was 
derived for analysis purposes on a field office-wide basis and is not intended to be a 
development cap. The RFD document for the Kemmerer RMP estimated that 
approximately 120 wells would be drilled/completed annually for Federal minerals. The 
RFD for Pinedale RMP is 9,150 wells (457/year) and the Green River RMP is 2,400 
(120/year)....Current APD permitting trends within the field offices confirm that these 
assumptions are still accurate. 

 
EA at 69.  In this case, although BLM may not know precisely how many wells will be 
developed, the agency knows that some wells will clearly be developed, and that over the life of 
the current Resource Management Plans, a certain number of wells are likely to be developed.  
This cannot support a conclusion that zero wells will be developed, which the BLM appears to 
advance.   
 

The BLM’s position is all the more egregious given that other BLM Field Offices, 
including, but not limited to, the Four Rivers Field Office in Idaho, the Billings Field Office in 
Montana, the Miles City Field Office in Montana, the Royal Gorge Field Office in Colorado, and 
others have not only estimated reasonably foreseeable greenhouse gas emissions associated with 
the development of oil and gas leases, but clearly do not believe that such information is not 
“impossible” to analyze under NEPA. 

 
In the Four Rivers Field Office of Idaho, the BLM utilized an emission calculator 

developed by air quality specialists at the BLM National Operations Center in Denver to estimate 
likely greenhouse gases that would result from leasing five parcels.  See Exhibit 6 to Guardians’ 
May 22, 2015 EA Comments at 41.  Relying on a report prepared in 2013 for the BLM by 
Kleinfelder, which was attached as Exhibit 8 to Guardians’ May 22, 2015 Comments, the agency 
estimated that 2,893.7 tons of carbon dioxide equivalent (“CO2e”) would be released per well.  
Id. at 35.  Based on the analyzed alternatives, which projected between 5 and 25 new wells, the 
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BLM estimated that total greenhouse gas emissions would be between 14,468.5 tons and 
72,342.5 tons annually.  Id.   

 
In both the Billings and Miles City Field Offices of Montana, the BLM estimated likely 

greenhouse gas emissions from development of oil and gas leases.  To do so, the agency first 
calculated annual greenhouse gas emissions from oil and gas activity within the Field Offices.  
See Exhibit 8 to Guardians’ May 22, 2015 Comments on the EA at 51 and Exhibit 9 to 
Guardians’ May 22, 2015 Comments on the Ea at 47.  The BLM then calculated total greenhouse 
gases by assuming that the percentage of acres to be leased within the federal mineral estate of 
the Field Offices would equal the percentage of emissions.  Id.  Although we have concerns over 
the validity of this approach to estimate emissions (an “acre-based” estimate of emissions is akin 
to estimating automobile emissions by including junked cars, which has the misleading effect of 
reducing the overall “per car” emissions), nevertheless it demonstrates that the BLM has the 
ability to estimate reasonably foreseeable greenhouse gas emissions associated with oil and gas 
leasing and that such estimates are valuable for ensuring a well-informed decision.3 

 
In the Royal Gorge Field Office of Colorado, the BLM contracted with URS Group Inc. 

to prepare an analysis of air emissions from the development of seven oil and gas lease parcels.  
See Exhibit 1, URS Group Inc., “Draft Oil and Gas Air Emissions Inventory Report for Seven 
Lease Parcels in the BLM Royal Gorge Field Office,” Prepared for BLM, Colorado State Office 
and Royal Gorge Field Office (July 2013).  This report estimated emissions of carbon dioxide 
and methane on a per-well basis and estimated the total number of wells that could be developed 
in these seven parcels.  See Exhibit 1 at 3 and 5.  This report was later supplanted by the 
Colorado Air Resource Management Modeling Study, or CARMMS, which estimated 
reasonably foreseeable emissions of greenhouse gases, criteria pollutants, and hazardous air 
pollutants associated with oil and gas development throughout Colorado, as well as part of New 
Mexico, and modeled air quality impacts.  See Exhibit 2, ENVIRON, “Colorado Air Resource 
Management Modeling Study (CARMMS) 2021 Modeling Results for the High, Low and 
Medium Oil and Gas Development Scenarios,” Prepared for BLM Colorado State Office 
(January 2015), available online at 
http://www.blm.gov/style/medialib/blm/co/information/nepa/air_quality.Par.97516.File.dat/CAR
MMS_Final_Report_w-appendices_012015.pdf.  As part of the CARMMS report, the BLM 
estimated per well emissions, including greenhouse gas emissions, in tons per year, as follows: 
 

                                                
3 In addition to the Billings and Miles City Field Offices, the BLM estimated greenhouse gas 
emissions associated with oil and gas leasing in the Butte and Dillon Field Offices.  
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Using these CARMMS estimates, as well as assumptions used in the agency’s reasonably 
foreseeable development scenario analyses, it appears relatively straightforward for the agency to 
estimate total greenhouse gas emissions, at least on a cumulative basis.  For instance, in the Rock 
Springs Field Office, the agency concluded in 2013 that 4,804 new conventional oil and gas 
wells will be drilled in the area by 2031.  See Rock Springs RFD at Table 20.  4,804 new wells 
would amount to 441,480 tons of carbon dioxide for construction (4,804 wells * 108.1 tons of 
CO2) and 1,210,127 tons/year for production (4,804 wells * 251.9 tons/year). 

  
Although the BLM may assert that such information is not possible to analyze, there is no 

basis for such a claim.  Not only has the agency estimated reasonably foreseeable development 
and disclosed in the EA that greenhouse gas emissions are a likely reasonably foreseeable 
consequence of issuing the leases, but using the agency’s own logic, this would mean that any 
analysis of future environmental impacts would be incredibly uncertain.  Of course, this would 
completely undermine NEPA’s mandate that significance be based on “uncertain[ty].”  40 C.F.R. 
§ 1508.27(b)(5).  Indeed, if the climate impacts of oil and gas leasing are, as the BLM asserts, so 
uncertain, then an EIS is justified.  As CEQ states, whether or not impacts are significant, and 
therefore trigger the need to prepare an EIS, are based on whether impacts are “highly uncertain 
or involve unique or unknown risks.”  Id.  The BLM cannot summarily dismiss significant 
issues, such as climate change, on the basis of uncertainty without assessing whether this 
uncertainty necessitates preparation of an EIS. 
 
 Regardless, the agency’s arguments in the EA is belied by the fact that, as just discussed, 
other BLM Field Offices clearly believe that an analysis of reasonably foreseeable greenhouse 
gas emissions is not only reasonable, but also possible and useful.  Furthermore, even other land 
management agencies, including the U.S. Forest Service (“USFS”), are analyzing greenhouse 
gas emissions associated with oil and gas leasing decisions.  In a recent Final EIS analyzing the 
impacts of oil and gas leasing on the Pawnee National Grassland in Colorado, the USFS reported 
that reasonably foreseeable oil and gas development would emit up to 127,440 tons of carbon 
dioxide and up to 6,068 tons of methane annually.  See Exhibit 3, USFS, “Pawnee National 
Grassland Oil and Gas Leasing Analysis Final Environmental Impact Statement” (December 
2014) at 188, available online at 
http://a123.g.akamai.net/7/123/11558/abc123/forestservic.download.akamai.com/11558/www/ne
pa/95573_FSPLT3_2393686.pdf.  Even the Fishlake National Forest in Utah estimated 
greenhouse gas emissions from reasonably foreseeable development that would result form their 
oil and gas leasing decision.  In a Final EIS prepared in 2013, the agency estimated that 365,336 
metric tons of CO2e would be released annually, not just from production and other related direct 



 8 

impacts, but also indirectly from transportation, refining, and ultimate consumption.  See Exhibit 
4, USFS, “Record of Decision and Final Environmental Impact Statement, Oil and Gas Leasing 
Analysis” (August 2013) at 169, available online at 
http://a123.g.akamai.net/7/123/11558/abc123/forestservic.download.akamai.com/11558/www/ne
pa/24321_FSPLT3_1452301.pdf.  
 
  Adding to the shortcomings in the EAs is that the BLM failed to analyze the cumulative 
impacts of greenhouse gas emissions from past, present, and reasonably foreseeable oil and gas 
development.  As noted above, other BLM Field Offices, including several Montana Field 
Offices, have analyzed the likely greenhouse gas emissions that would result based on the 
BLM’s own reasonably foreseeable development scenarios.  See e.g. Exhibit 9 to Guardians’ 
May 25, 2015 EA Comments at 51.  In Colorado, the BLM estimated the likely greenhouse gas 
emissions that would result from the reasonably foreseeable development projected in each field 
office.  See Exhibit 5, BLM, “CARMMS GHG Emissions,” available online at 
http://www.blm.gov/style/medialib/blm/co/information/nepa/air_quality.Par.54983.File.dat/CAR
MMS%20GHG%20Data.xlsx.  In this case, the BLM has not made any attempt to estimate 
greenhouse gas emissions that would result from oil and gas development likely to occur under 
the agency’s reasonably foreseeable development scenarios for any Field Office in the High 
Desert District.  
 

The failure to address cumulative greenhouse gas emissions is made worse by the fact 
that the underlying Final EISs prepared for the Rawlins, Rock Springs, Pinedale, and Kemmerer , 
Field Office’s Resource Management Plans nowhere analyze or assess greenhouse gas emissions 
associated with oil and gas development.  In light of this, the BLM clearly has no basis to 
conclude that greenhouse gas emissions resulting from the reasonably foreseeable impacts of oil 
and gas development associated with the proposed leasing would not be significant.  Without any 
analysis of cumulative greenhouse emissions whatsoever, the agency’s proposed FONSIs are 
unsupported under NEPA. 

 
 

2. The BLM Failed to Analyze the Costs of Reasonably Foreseeable Carbon Emissions 
Using Well-Accepted, Valid, Credible, GAO-Endorsed, Interagency Methods for 
Assessing Carbon Costs that are Supported by the White House 

 
Compounding the failure of the BLM to make any effort to estimate the greenhouse gas 

emissions that would result from reasonably foreseeable oil and gas development is that the 
agency also rejected analyzing and assessing these emissions in the context of their costs to 
society.  It is particularly disconcerting that the agency refused to analyze and assess costs using 
the social cost of carbon protocol, a valid, well-accepted, credible, and interagency endorsed 
method of calculating the costs of greenhouse gas emissions and understanding the potential 
significance of such emissions. 
 
 The social cost of carbon protocol for assessing climate impacts is a method for 
“estimat[ing] the economic damages associated with a small increase in carbon dioxide (CO2) 
emissions, conventionally one metric ton, in a given year [and] represents the value of damages 
avoided for a small emission reduction (i.e. the benefit of a CO2 reduction).”  Exhibit 12 to 
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Guardians’ May 25, 2015 EA Comments.  The protocol was developed by a working group 
consisting of several federal agencies, including the U.S. Department of Agriculture, EPA, CEQ, 
and others, with the primary aim of implementing Executive Order 12866, which requires that 
the costs of proposed regulations be taken into account. 
 
 In 2009, an Interagency Working Group was formed to develop the protocol and issued 
final estimates of carbon costs in 2010.  These estimates were then revised in 2013 by the 
Interagency Working Group, which at the time consisted of 13 agencies, including the 
Department of Agriculture. See Exhibit 13 to Guardians’ May 25, 2015 EA Comments.  This 
report and the social cost of carbon estimates were again revised in 2015.  See Exhibit 6, 
Interagency Working Group on Social Cost of Carbon, “Technical Support Document: Technical 
Update of the Social Cost of Carbon for Regulatory 
Impact Analysis Under Executive Order 12866” (July 2015), available online at 
https://www.whitehouse.gov/sites/default/files/omb/inforeg/scc-tsd-final-july-2015.pdf.  
 
 Depending on the discount rate and the year during which the carbon emissions are 
produced, the Interagency Working Group estimates the cost of carbon emissions, and therefore 
the benefits of reducing carbon emissions, to range from $10 to $212 per metric ton of carbon 
dioxide.  See Chart Below.  In July 2014, the U.S. Government Accountability Office (“GAO”) 
confirmed that the Interagency Working Group’s estimates were based on 
sound procedures and methodology. See Exhibit 14 to Guardians’ May 25, 2015 EA Comments. 
 

 
Most recent social cost of carbon estimates presented by Interagency Working Group on 

Social Cost of Carbon. The 95th percentile value is meant to represent “higher-than-
expected” impacts from climate change.  See Exhibit 6 at 3. 

 
 Although often utilized in the context of agency rulemakings, the protocol has been 
recommended for use and has been used in project-level decisions. For instance, the EPA 
recommended that an EIS prepared by the U.S. Department of State for the proposed Keystone 
XL oil pipeline include “an estimate of the ‘social cost of carbon’ associated with potential 
increases of GHG emissions.”  Exhibit 17 to Guardians’ May 25, 2015 EA Comments. 
 

More importantly, the BLM has also utilized the social cost of carbon protocol in the 
context of oil and gas leasing.  In recent Environmental Assessments for oil and gas leasing in 
Montana, the agency estimated “the annual SCC [social cost of carbon] associated with potential 
development on lease sale parcels.”  Exhibit 9 to Guardians’ May 25, 2015 EA Comments at 76.  
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In conducting its analysis, the BLM used a “3 percent average discount rate and year 2020 
values,” presuming social costs of carbon to be $46 per metric ton.  Id.  Based on its estimate of 
greenhouse gas emissions, the agency estimated total carbon costs to be “$38,499 (in 2011 
dollars).”  Id.  In Idaho, the BLM also utilized the social cost of carbon protocol to analyze and 
assess the costs of oil and gas leasing.  Using a 3% average discount rate and year 2020 values, 
the agency estimated the cost of carbon to be $51 per ton of annual CO2e increase.  See Exhibit 6 
to Guardians’ May 25, 2015 EA Comments at 81.  Based on this estimate, the agency estimated 
that the total carbon cost of developing 25 wells on five lease parcels to be $3,689,442 annually.  
Id. at 83.   
 
 To be certain, the social cost of carbon protocol presents a conservative estimate of 
economic damages associated with the environmental impacts climate change. As the EPA has 
noted, the protocol “does not currently include all important [climate change] damages.”  Exhibit 
12 to Guardians’ May 25, 2015 EA Comments.  As explained: 
 

The models used to develop [social cost of carbon] estimates do not currently include all 
of the important physical, ecological, and economic impacts of climate change 
recognized in the climate change literature because of a lack of precise information on the 
nature of damages and because the science incorporated into these models naturally lags 
behind the most recent research. 

 
Id.  In fact, more recent studies have reported significantly higher carbon costs.  For instance, a 
report published this month found that current estimates for the social cost of carbon should be 
increased six times for a mid-range value of $220 per ton.  See Exhibit 16 to Guardians’ May 25, 
2015 EA Comments at 2.  In spite of uncertainty and likely underestimation of carbon costs, 
nevertheless, “the SCC is a useful measure to assess the benefits of CO2 reductions,” and thus a 
useful measure to assess the costs of CO2 increases.  Exhibit 12 to Guardians’ May 25, 2015 EA 
Comments.  
 
 That the economic impacts of climate change, as reflected by an assessment of social cost 
of carbon, should be a significant consideration in agency decisionmaking, is emphasized by a 
recent White House report, which warned that delaying carbon reductions would yield 
significant economic costs. See Exhibit 7, Executive Office of the President of the United States, 
“The Cost of Delaying Action to Stem Climate Change” (July 2014), available online at 
https://www.whitehouse.gov/sites/default/files/docs/the_cost_of_delaying_action_to_stem_clima
te_change.pdf.  As the report states: 
 

[D]elaying action to limit the effects of climate change is costly. Because CO2 
accumulates in the atmosphere, delaying action increases CO2 concentrations. Thus, if a 
policy delay leads to higher ultimate CO2 concentrations, that delay produces persistent 
economic damages that arise from higher temperatures and higher CO2 concentrations. 
Alternatively, if a delayed policy still aims to hit a given climate target, such as limiting 
CO2 concentration to given level, then that delay means that the policy, when 
implemented, must be more stringent and thus more costly in subsequent years. In either 
case, delay is costly. 

 



 11 

Exhibit 7 at 1. 
 
 The requirement to analyze the social cost of carbon is supported by the general 
requirements of NEPA, specifically supported in federal case law, and by Executive Order 
13,514.  As explained, NEPA requires agencies to analyze the consequences of proposed agency 
actions and consider include direct, indirect, and cumulative consequences.  In terms of oil and 
gas leasing, an analysis of site-specific impacts must take place at the lease stage and cannot be 
deferred until after receiving applications to drill.  See New Mexico ex rel. Richardson v. Bureau 
of Land Management, 565 F.3d 683, 717-18 (10th Cir. 2009); Conner v. Burford, 848 F.2d 1441 
(9th Cir.1988); Bob Marshall Alliance v. Hodel, 852 F.2d 1223, 1227 
(9th Cir.1988).  
 
 To this end, courts have ordered agencies to assess the social cost of carbon pollution, 
even before a federal protocol for such analysis was adopted.  In 2008, the U.S. Court of Appeals 
for the Ninth Circuit ordered the National Highway Traffic Safety Administration to include a 
monetized benefit for carbon emissions reductions in an Environmental Assessment prepared 
under NEPA. Center for Biological Diversity v. National Highway Traffic Safety Administration, 
538 F.3d 1172, 1203 (9th Cir. 2008).  The Highway Traffic Safety Administration had proposed 
a rule setting corporate average fuel economy standards for light trucks.  A number of states and 
public interest groups challenged the rule for, among other things, failing to monetize the 
benefits that would accrue from a decision that led to lower carbon dioxide emissions.  The 
Administration had monetized the employment and sales impacts of the proposed action.  Id. at 
1199.  The agency argued, however, that valuing the costs of carbon emissions was too 
uncertain.  Id. at 1200.  The court found this argument to be arbitrary and capricious.  Id.  The 
court noted that while estimates of the value of carbon emissions reductions occupied a wide 
range of values, the correct value was certainly not zero.  Id.  It further noted that other benefits, 
while also uncertain, were monetized by the agency.  Id. at 1202. 
 
 More recently, a federal court has done likewise for a federally approved coal lease.  That 
court began its analysis by recognizing that a monetary cost-benefit analysis is not universally 
required by NEPA.  See High Country Conservation Advocates v. U.S. Forest Service, ---F. 
Supp.2d---, 2014 WL 2922751 (D. Colo. 2014), citing 40 C.F.R. § 1502.23.  However, when an 
agency prepares a cost-benefit analysis, “it cannot be misleading.”  Id. at 3 (citations omitted).  
In that case, the NEPA analysis included a quantification of benefits of the project.  However, 
the quantification of the social cost of carbon, although included in earlier analyses, was omitted 
in the final NEPA analysis.  Id. at p. 19.  The agencies then relied on the stated benefits of the 
project to justify project approval.  This, the court explained, was arbitrary and capricious.  Id.  
Such approval was based on a NEPA analysis with misleading economic assumptions, an 
approach long disallowed by courts throughout the country.  Id. at pp. 19-20. 
 
 In addition to case law, Executive Order 13,514 makes the “reduction of greenhouse gas 
emissions a priority for federal agencies.”  Executive Order 13,514 at Preamble.  The reduction 
of emissions includes emissions from both direct and indirect activities.  Id. at Section 1.  This 
Executive Order requires that, “[i]n order to create a clean energy economy that will increase our 
Nation’s prosperity, promote energy security, protect the interests of taxpayers, and safeguard 
the health of our environment,” it is the “policy of the United States” that agencies “shall 
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prioritize actions based on a full accounting of both economic and social benefits and costs.”  Id.  
When quantifying greenhouse gas emissions, the USFS is specifically instructed to “accurately 
and consistently quantify and account for greenhouse gas emissions” from sources controlled by 
the agency, including “emissions of greenhouse gases resulting from Federal land management 
practices.”  Id. at Section 9(a).  The results of quantifying emissions from proposed federal land 
management actions, of fully accounting for all economic and social costs and benefits of those 
proposed actions, and the resulting prioritization of actions based on this quantification and 
accounting must be fully disclosed on publically available websites.  Id. at Section 1. 
 
 In light of all this, it appears more than reasonable to have expected the BLM to take into 
account carbon costs as part of its NEPA analyses.  The agency did not.  Instead, the BLM 
rejected the notion that a social cost of carbon analysis was appropriate, implicitly concluding 
that there would be no cost associated with the proposed oil and gas leasing.  
 
 In response to Guardians’ comments, the BLM provides various excuses for rejecting 
addressing the social cost of carbon emissions associated with reasonably foreseeable oil and gas 
development.  Each of these excuses fall flat. 
 
 The BLM first asserts that a cost-benefit analysis is not required under NEPA, nor is the 
agency required to quantify the cost of greenhouse gas emissions.  See EA, Appendix F at 
unnumbered page 41.  While BLM may be correct that a cost-benefit analysis is not required 
under NEPA, the agency nevertheless prepared a socio-economic impacts analysis for the 
proposed leasing that expressly analyzed economic benefits.  For example, the BLM fully 
analyzed, to the dollar, the projected revenue that would result from the selling and issuing the 
leases.  See EA at 91.  Although the BLM may be correct that a cost-benefit analysis may not be 
required under NEPA, the agency nevertheless assessed the economic benefits of leasing.  For 
the BLM to now dismiss assessing the costs of leasing would be to engage in the same “half of a 
cost-benefit analysis” that the U.S. District Court for the District of Colorado rejected as 
“arbitrary and capricious.”  
 
 Similarly, while the BLM may be correct that it is not “required” to analyze the cost of 
greenhouse gas emissions, the agency is similarly not “required” to analyze the economic 
benefits of coal leasing, including benefits associated with increased revenue and jobs.  The 
agency nevertheless analyzed and disclosed economic benefits in the EA.  Such a one-sided 
analysis that effectively only discloses “good” impacts and expressly ignores “bad” impacts is 
indicative of exactly the kind of uninformed decisionmaking prohibited under NEPA.   
 
 The BLM also asserts that estimating the social cost of carbon would be “challenging.”  
EA, Appendix F at unnumbered page 41.  However, analyzing the social cost of carbon amounts 
to a simple multiplication equation.  Other BLM Field Offices have been able to complete such 
simple multiplication equations.  We understand that multiplication can be challenging, but 
presume that the High Desert District staff have acquired the ability to conduct such 
mathematical exercises  
  
 BLM also asserts that carbon dioxide increase associated with the proposed leasing 
would be “negligible” in the context of nationwide or global carbon emissions.  EA, Appendix F 
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at unnumbered page 41.  While it is unclear how the BLM reached this conclusion in the first 
place, the agency seems to be implying that the reasonably foreseeable carbon costs associated 
with the proposed oil and gas leasing would be smaller than, say, all global emissions.  Here, the 
BLM misconstrues the purpose of the social cost of carbon protocol, which as explained earlier, 
is meant to “estimate the economic damages associated with a small increase in carbon dioxide 
(CO2) emissions.” Exhibit 12 to Guardians’ May 25, 2015 EA Comments at 1.  In this case, 
while the BLM may perceive carbon dioxide increases associated with the proposed leasing to be 
“small” or “negligible,” it is exactly these types of discrete increases that the social cost of 
carbon protocol is to be applied.  Ultimately, the BLM may somehow conclude that the carbon 
costs associated with the lease modification are “negligible,” but the agency cannot prejudge this 
assessment in an effort to avoid analyzing impacts under NEPA. 

 
 The BLM also confusingly asserts that analyzing social cost of carbon would lead to an 
“unbalanced” analysis.  EA, Appendix F at unnumbered page 42.  It is unclear what exactly the 
agency means in making this statement, but it appears the BLM may be asserting that assessing 
carbon costs would not lead to what it perceives to be an “apples to apples” assessment of costs 
and benefits.  Putting aside the merits of this argument, it is unclear how rejecting conducting 
any assessment of carbon costs leads to any more of a “balanced” assessment of costs and 
benefits.  Here, in spite of the BLM’s concern over balance, the EA only assesses purported 
economic “benefits” with no mention at all of any costs.  By any measure, the current analysis is 
not balanced because it only represents one side of a cost-benefit analysis.  For BLM to assert 
that assessing carbon costs would somehow skew the outcome of this already one-sided analysis 
is difficult, if not impossible, to comprehend.  Even if, as the BLM believes, it would not 
produce an “apples to apples” type of economic assessment, the costs of carbon are still a 
relevant consideration in the NEPA process.  Particularly given that the social cost of carbon 
protocol is meant to illustrate economic damages, the relevancy of carbon costs appears 
unquestionable.  Rejecting any and all consideration of carbon costs does not resolve any 
perceived “imbalance” in the NEPA process, but rather it signals that the BLM did not make a 
well-informed decision.   
 
 The BLM states that “[r]eporting the SCC [social cost of carbon] in isolation would be 
misleading.”  EA, Appendix F at unnumbered page 38.  It is absolutely unclear what the BLM is 
referring to in making this statement.  It appears as if the BLM may believe that calculating 
carbon costs using the protocol developed by the Interagency Working Group on the Social Cost 
of Carbon would produce misleading results, but it is unclear how the BLM reached this 
conclusion.  The Interagency Working Group includes 12 federal agencies, including the White 
House Council of Economic Advisers, Council on Environmental Quality, and the Office of 
Management and Budget.  Their protocol was found to rely on sound methodology by the 
Government Accountability Office.  By any measure, it appears that every effort was made to 
ensure the social cost of protocol produced estimates of carbon costs that were not misleading.  
Further, while the BLM asserts that reporting social cost of carbon estimates “in isolation” would 
be inappropriate, the agency makes no attempt to explain what additional context would be 
needed.     
 
 Regardless, as with BLM’s claim of “imbalance,” it is unclear how outright rejecting any 
assessment of carbon costs remedies any perception that the social cost of carbon protocol yields 
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“misleading” results.  Implicitly, BLM presumed that there were no carbon costs associated with 
the proposed oil and gas leases.  However, the U.S. District Court for the District of Colorado 
rejected any notion that the BLM could conclude that the costs of carbon amounted to $0 as 
arbitrary and capricious and a violation of NEPA. 
 

In any case, the fact that the BLM has, in the context of other oil and gas lease sale 
environmental analyses, clearly acknowledged that social cost of carbon analyses are 
appropriate, useful, and possible, the refusal of the agency to similarly undertake such analyses 
in the context of the High Desert EA is unsupported under NEPA and cannot stand to support the 
decision to offer the aforementioned lease parcels for sale and issuance in November of 2015. 

 
 Sincerely, 
 
 
 
 Jeremy Nichols 
 Climate and Energy Program Director 
 WildEarth Guardians 
 1536 Wynkoop, Suite 310 

Denver, CO 80202 
(303) 437-7663 
jnichols@wildearthguardians.org 
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PROJECT INTRODUCTION AND STUDY AREA 

This oil and gas (O&G) emissions inventory report identifies the data and methodologies used in 
developing air emissions inventories for potential oil and gas development and production 
activities on seven (7) specific lease parcels in the Bureau of Land Management (BLM) Royal 
Gorge Field Office (RGFO). These seven parcels are part of the twelve (12) lease parcels in 
eastern Colorado referred to in the Stipulation and Order entered into by WildEarth Guardians 
and the BLM (WildEarth 2012) and for this report will further be known as “Study” or “Project”.  
The emissions inventories include quantified potential emissions based on the 2012 BLM RGFO 
Reasonable Foreseeable Development (RFD) document (BLM 2012). 
 
For emissions inventory domain purposes, the Study Area focuses on the seven lease parcels in 
the BLM RGFO in Colorado. The RGFO administers over 680,000 surface acres of public land 
along the Colorado Front Range and 6.8 million sub-surface acres. This Field Office covers 
approximately the eastern half of Colorado and includes a variety of terrain. The Project 
emissions inventory development will focus on potential oil and gas activities on the seven lease 
parcels in the RGFO.  A map showing the locations of the seven BLM lease parcels is presented 
below (Map 1-1). 
 

 
Map 0-1.  Locations of Seven BLM Lease Parcels 
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The number of active wells for each Township that contains one of the seven lease parcels is 
shown below in Table 1-1 (data taken from Figure 5b of the RFD [BLM 2012]).  Also shown in 
this table are the number of active wells in the county in 2011, as well as the 2011 oil, gas, and 
water production for each of the two counties containing the seven lease parcels (COGCC 2013).  
In order to provide a background of the emissions levels in the area of the lease parcels, Table 1-
2 provides county level emissions inventories in tons per year (tpy) for Weld and Morgan 
counties taken from the 2008 National Emissions Inventory (USEPA 2013). 
 

Table 0-1.  Active Wells and Production Values 

Parcel 
Serial # Township 

Number of 
Active Wells 
in Township 

in 2011 

County 

Number of 
Active Wells 
in County in 

2011 

2011 
Average 

Monthly Oil 
Production 

(bbls) 

2011 
Average 
Monthly 

Gas 
Production 

(Mscf) 

2011 
Average 
Monthly 
Water 

Production 
(bbls) 

COC73423 
Township 6 
North Range 

60 West 
6 

Morgan 252 9,159 10,946 265,862 COC73440 
Township 6 
North Range 

59 West 
4 

COC73441 
Township 4 
North Range 

60 West 
0 

COC73424 
Township 7 
North Range 

60 West 
8 

Weld 22,323 2,220,768 19,964,793 954,887 

COC73442 
Township 6 
North Range 

62 West 
54 

COC73443 
Township 7 
North Range 

63 West 
50 

COC73444 
Township 7 
North Range 

67 West 
21 

bbls = barrels 
Mscf = thousands of standard cubic feet 
Source: COGCC 2011 County Production Report 
 
 

Table 0-2.  2008 County Level Emissions Inventories (tpy) 
County PM10 PM2.5 CO NOx SO2 VOC CO2 CH4 N2O NH3 HAPs 
Morgan 6,880 1,529 10,471 9,561 13,466 10,234 306,257 22 10 5,765 2,232 

Weld 28,851 5,962 60,876 20,088 352 52,991 1,683,038 137 66 17,042 7,389 

PM = Particulate matter 
PM10 = Particulate matter less than or equal to 10 microns in size 
PM2.5 = Particulate matter less than or equal to 2.5 microns in size 
CO = Carbon monoxide 
NOx = Oxides of nitrogen 
SO2 = Sulfur dioxide 

VOC = Volatile organic compounds 
CO2 = Carbon dioxide 
CH4 = Methane 
N2O = Nitrous oxide 
NH3 = Ammonia 
HAPs = Hazardous air pollutants 
Source: USEPA 2008 NEI 
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EMISSIONS INVENTORY METHODOLOGY 

This section describes the data sources and methods that were used to develop the seven lease 
parcel-specific emission inventories. 

POTENTIAL WELL DEVELOPMENT 

Potential well development was estimated using data from the 2012 BLM RGFO RFD and is 
shown in Table 2-1.  Map 2-1 shows oil and gas development potential and projected drilling 
densities for the years 2011 through 2030 for each Township in the RGFO (Figure 17, 2012 
BLM).  The minimum and maximum number of potential wells per Township was determined 
for each lease parcel based on this figure.  The average acres disturbed per well was calculated 
using Table 14a of the RFD document along with the expected percentages of multi-well and 
single-well pads found on page 31.  Parcels must have at least one well in order to retain a lease; 
therefore, the potential minimum wells developed for each of the lease parcels is one.  To 
determine the potential maximum wells developed for each lease parcel, the area of each parcel 
in acres was divided by the average acres disturbed for each well.  If the result was greater than 
the maximum wells per Township, the potential maximum was set to the maximum wells per 
Township; otherwise, the result was used. 
 

Table 0-3.  Potential Conventional Well Development for the Seven Lease Parcels 

Parcel 
Serial # 

In Non-
attainment 

Area? 1 

Development 
Category 

Minimum 
Wells per 
Township 

Maximum 
Wells per 
Township 

Area of 
Parcel 
(acres) 

Average 
Acres 

Disturbed 
per Well 2 

Potential 
Minimum 

Wells 
Developed 
in Parcel 3 

Potential 
Maximum 

Wells 
Developed 
in Parcel 4 

COC73444 Y Moderate 5 9 160 7.6 1 9 
COC73443 Y High 21 50 123 7.6 1 16 
COC73442 Y Very High 51 150 80 7.6 1 10 

COC73424 Y Moderately 
High 10 20 320 7.6 1 20 

COC73423 N Low 1 4 320 2.1 1 4 
COC73441 N Low 1 4 120 2.1 1 4 
COC73440 N Low 1 4 879 2.1 1 4 
(1) Parcels are either within the Greater Wattenberg Non-Attainment Area (NAA) or to the east of the NAA. 
(2) Average acres disturbed is determined from values in the RFD. 
(3) Parcels must have at least one well to retain lease. 
(4) Potential maximum wells developed is either the number of wells that will fit in the parcel, or the maximum per Township, if 
the former is greater. 
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Map 0-2.  Conventional O&G Development Potential 

 

POTENTIAL OIL AND GAS ACTIVITIES 

Potential oil and gas activities on the lease parcels range from land disturbance from construction 
and drilling, to well completion activities from venting and flaring, and production activities.  
Particulate emissions could be generated from the construction of new well pads, roads and 
pipelines.  Construction emissions will also include criteria pollutants from exhaust emissions 
from construction traffic and drilling engines.  At times, during completion, well workovers, or 
blowdowns, gas may be vented or flared. 
 
Potential oil and gas activity levels for the seven lease parcels were estimated from a variety of 
sources. Potential oil, gas, condensate, and water produced from wells that could be developed 
on the lease parcels were estimated by the BLM Colorado State Office (BLM-CSO) from 
Applications for Permit to Drill (APD) submissions from other sites in the area of the seven lease 
parcels. 
 
Data requests were sent out to oil and gas operators that work in the area of the seven lease 
parcels.  Only one operator sent back a response.  This data was used to supplement the data 
from the APDs. 
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Another source of data was the Pike and San Isabel National Forests and Cimarron and 
Comanche National Grasslands (PSICC) Air Quality Study.  The data from this study was used 
to fill in any data gaps left after the APD and operator data had been entered. 
 

PER-WELL EMISSIONS INVENTORY 

The per-well emissions were calculated using the activity data listed in the above section along 
with emission factors taken from AP-42 (USEPA 1998, 2000, 2006), the American Petroleum 
Institute’s Compendium (API 2009), the USEPA’s Protocol for Equipment Leak Emissions 
Estimates, as well as, emissions factors developed for the Piceance Basin in western Colorado. 
 
Emissions calculations took into account all current EPA and Colorado regulations on the oil and 
gas industry.  The latest EPA regulations that affect this project include the following (USEPA 
2012): 
 

• High-bleed pneumatic controllers must have a gas bleed limit of 6 cubic feet of gas per 
hour, and 

• Storage tanks with VOC emissions of 6 tons per year or more are required to reduce 
emissions by at least 95%. 
 

The estimated per-well emissions for the seven lease parcels are listed in Table 2-2 below. 
 

Table 0-4.  Per-Well Emissions Estimates 

Resource/Phase PM10 PM2.5 NOx SO2 CO VOC HAPs CO2 CH4 N2O 
tpy tpy tpy tpy tpy tpy tpy tpy tpy tpy 

Oil  
Construction 28.51 3.61 11.16 0.03 2.63 0.75 0.08 1,518.74 0.03 0.01 

Operation 15.62 1.64 10.58 0.01 6.26 20.96 2.01 1,149.23 20.86 0.02 
Maintenance 0.08 0.01 0.00 0.00 0.00 0.00 0.00 0.62 0.00 0.00 
Reclamation 0.06 0.01 0.02 0.00 0.01 0.00 0.00 1.73 0.00 0.00 

Total 44.27 5.27 21.75 0.03 8.90 21.72 2.09 2,670.32 20.89 0.03 
Natural Gas  
Construction 28.62 3.63 11.18 0.03 2.77 0.76 0.08 1,563.51 0.03 0.01 

Operation 14.68 1.65 4.53 0.01 8.06 33.30 3.65 1,211.83 31.69 0.01 
Maintenance 0.08 0.01 0.00 0.00 0.00 0.00 0.00 0.62 0.00 0.00 
Reclamation 0.06 0.01 0.02 0.00 0.01 0.00 0.00 1.73 0.00 0.00 

Total 43.45 5.30 15.73 0.03 10.84 34.06 3.73 2,777.69 31.72 0.03 
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SUMMARY 

Per-well emissions estimates have been calculated for seven parcels in Weld and Morgan 
Counties in Colorado.  These estimates were calculated using the most current data available and 
included the most current rules and regulations.  Colorado has published recommended modeling 
thresholds for new sources of emissions (CDPHE 2011).  These thresholds are exceeded by the 
per-well emissions estimates for short-term and long-term PM10 and PM2.5, and short-term NOx. 
Approximately half of the estimated emissions of PM10, PM2.5, NOx and CO2 come from 
construction related activities.  These activities are expected to last a few weeks per well.  The 
BLM may also require additional controls as conditions of approvals at the permitting stage, 
which could further reduce emissions.  These additional controls may include, but are not limited 
to, Tier 4 engines and fugitive dust control for construction and traffic. 
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1.0 INTRODUCTION 

1.1 Background 

The Bureau of Land Management (BLM) is in the process of developing new Resource Management 
Plans (RMPs) for several Field Offices in Colorado.  The draft RMP for the Grand Junction Field Office 
(GJFO) was released in January 20131.  In May 2013, a draft RMP for the Dominguez-Escalante 
National Conservation Area (D-E NCA) was released2.  The draft RMP for the Uncompahgre Field 
Office (UFO3), the RMP revision for the Royal Gorge Field Office (RGFO4), and the Roan Plateau 
Planning Area Supplemental Environmental Impact Statement (SEIS5) are all in preparation, or 
pre-planning.  As part of these RMPs, BLM is estimating the air quality (AQ) and air quality related 
value (AQRV) impacts due to the projected BLM-authorized mineral development activities.  The 
analysis includes the cumulative AQ and AQRV impacts due to all Reasonable Foreseeable 
Development (RFD) sources in the region.  In the past, individual RMPs have generally performed 
their own AQ/AQRV analysis for a long-term year (e.g., 20 years out) when the maximum RMP 
development is projected to occur.  This has resulted in inefficiencies and potential inconsistencies 
in the RMP’s AQ/AQRV analysis and a possibility for a failure to adequately assess the effects of 
cumulative development across all BLM planning areas on AQ/AQRV in the region.  In addition, 
making emissions projections for such a long-term future year results in increased uncertainties and 
may create potential inconsistencies in the RMP planned and actual development activities.  Thus, 
the BLM GJFO RMP Air Resource Management Plan (ARMP6) contains a commitment to perform a 
unified regional air quality modeling study to address the AQ/AQRV impacts due to development 
activities within the GJFO planning area as well as all of BLM Colorado’s development activities for a 
short-term year approximately 10 years in the future.   

To address this commitment, the BLM has contracted with Environmental Management Planning 
and Solutions Inc. (EMPSi), and their Subcontractors ENVIRON International Corporation (ENVIRON) 
and Carter Lake Consulting (CLC), to perform the Colorado Air Resource Management Modeling 
Study (CARMMS).  The first step in the CARMMS air quality modeling was the development of a 
Photochemical Grid Model (PGM) and far-field dispersion Modeling Protocol (ENVIRON, Carter Lake 
and EMPSi, 2014).  The Modeling Protocol describes procedures for addressing potential AQ and 
AQRV impacts due to BLM-authorized mineral development and other BLM-authorized activities in 
Colorado and in particular within the GJFO and other BLM FOs planning areas in Colorado.  AQRVs 
include visibility, sulfur and nitrogen deposition and lake acid neutralizing capacity (ANC).   

The BLM New Mexico State Office (NMSO) is also looking at preparing a RMP for oil and gas 
development within the Mancos Shale development area in northwestern New Mexico that resides 

                                                      
1
 http://www.blm.gov/co/st/en/fo/gjfo/rmp/rmp.html 

2
 http://www.blm.gov/co/st/en/nca/denca/denca_rmp.html 

3
 http://www.blm.gov/co/st/en/fo/ufo/uncompahgre_rmp.html 

4
 

http://www.blm.gov/pgdata/etc/medialib/blm/co/field_offices/royal_gorge_field/oil_and_gas.Par.16932.File.dat/
RoyalGorgeFinal_RFD_August_2012%20web.pdf 
5
 http://www.blm.gov/co/st/en/BLM_Programs/land_use_planning/rmp/roan_plateau.html 

6
 

http://www.blm.gov/pgdata/etc/medialib/blm/co/field_offices/grand_junction_field/Draft_RMP/appdx.Par.47942.File.dat/Ap
pdxG_Draft%20GJFO%20Air%20Plan_508.pdf 

http://www.blm.gov/co/st/en/fo/gjfo/rmp/rmp.html
http://www.blm.gov/co/st/en/nca/denca/denca_rmp.html
http://www.blm.gov/co/st/en/fo/ufo/uncompahgre_rmp.html
http://www.blm.gov/pgdata/etc/medialib/blm/co/field_offices/royal_gorge_field/oil_and_gas.Par.16932.File.dat/RoyalGorgeFinal_RFD_August_2012%20web.pdf
http://www.blm.gov/pgdata/etc/medialib/blm/co/field_offices/royal_gorge_field/oil_and_gas.Par.16932.File.dat/RoyalGorgeFinal_RFD_August_2012%20web.pdf
http://www.blm.gov/co/st/en/BLM_Programs/land_use_planning/rmp/roan_plateau.html
http://www.blm.gov/pgdata/etc/medialib/blm/co/field_offices/grand_junction_field/Draft_RMP/appdx.Par.47942.File.dat/AppdxG_Draft%20GJFO%20Air%20Plan_508.pdf
http://www.blm.gov/pgdata/etc/medialib/blm/co/field_offices/grand_junction_field/Draft_RMP/appdx.Par.47942.File.dat/AppdxG_Draft%20GJFO%20Air%20Plan_508.pdf
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primarily within the BLM New Mexico Farmington Field Office (NMFFO).  Given that the Mancos 
Shale development area is adjacent to some of the Colorado BLM Planning Areas and resides within 
the CARMMS modeling domain, the BLM decided to add the Mancos Development area to the 
CARMMS analysis. 

The BLM Colorado State Office (COSO) convened an Interagency Air Quality Review Team (IAQRT) 
that consists of U.S. Environmental Protection Agency (EPA) Region 8, Colorado Department of 
Health and Environment (CDPHE) Air Pollution Control Division (APCD), National Park Service (NPS), 
Fish and Wildlife Service (FWS) and United States Forest Service (USFS) to review and comment on 
the Modeling Protocol in accordance with the June 23, 2011 Memorandum of Understanding 
(MOU7) between the United States Department of Interior (USDOI), United States Department of 
Agriculture (USDA) and United States Environmental Protection Agency (EPA) on procedures for 
assessing the AQ and AQRV impacts due to on-land oil and gas development activities on Federal 
lands under the National Environmental Policy Act (NEPA).  With the addition of the NMFFO 
Mancos Shale development to CARMMS, the IAQRT was expanded to include EPA Region 6 and the 
New Mexico Environmental Department (NMED). 

1.2 Purpose 

This document presents the final 2021 modeling results for the CARMMS High, Low and Medium 
Development Scenarios source apportionment modeling.  Presented are the individual AQ and 
AQRV impacts due to oil and gas (O&G) development on Federal lands within 13 separate Colorado 
BLM planning areas and the NMFFO Mancos Shale development area as well as the combined 
assessment of O&G development on Federal and non-Federal lands.  In addition, the AQ and AQRV 
impacts due to mining within the 13 Colorado BLM planning areas and all O&G development within 
the 4 km CARMMS domain is presented.  The 2021 modeling results are compared against National 
and State Ambient Air Quality Standards (NAAQS and SAAQS) throughout the 4 km modeling 
domain.  The contributions of O&G development to AQ and AQRV at Class I and sensitive Class II 
areas are presented and compared to PSD increment concentrations and visibility and deposition 
thresholds of concern.   

The CARMMS modeling was performed following procedures documented in a Modeling Protocol.  
A first draft CARMMS air assessment Modeling Protocol was prepared in August 2013.  The BLM 
and their contractors presented the results of the first draft CARMMS Modeling Protocol to the 
IAQRT at the BLM COSO office in Denver on October 30, 2013.  The IAQRT provided comments on 
the first draft Modeling Protocol that were incorporated into a draft final Modeling Protocol that 
was released in January 2014 (ENVIRON, CLC and EMPSi, 2014) along with a Response-to-
Comments document that was also dated January 2014.  Another meeting with the IAQRT was held 
at the BLM COSO office on February 28, 2014.  IAQRT provided several comments that were 
addressed in a March 4, 2014 Response-to-Comments document and incorporated into this 
document.  A preliminary draft CARMMS modeling report was prepared in May 2014 that included 
results for just the 2021 High Development Scenario.  Based on comments from BLM, the 
preliminary draft CARMMS report was updated in an interim draft CARMMS report dated October 
2014 that included the 2021 High and Low Development Scenarios modeling results.  After 

                                                      
7
 http://www.epa.gov/compliance/resources/policies/nepa/air-quality-analyses-mou-2011.pdf 

http://www.epa.gov/compliance/resources/policies/nepa/air-quality-analyses-mou-2011.pdf
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completion of the 2021 Medium Development Scenario source apportionment modeling this final 
reported was prepared in December 2014 that includes the 2021 High, Low and Medium 
Development Scenarios results.   

1.3 Overview of Modeling Approach 

CARMMS is using a photochemical grid model (PGM) to assess the AQ and AQRV impacts 
associated with BLM-authorized mineral development on Federal lands within BLM Colorado 
and the New Mexico Farmington Field Office Planning Areas. CARMMS will not assess the near-
source AQ impacts of the O&G and other development activities; that will be addressed at the 
Project level in the future.  The development of a PGM database is quite resources intensive.  
Thus, to the extent possible, CARMMS has leveraged two studies that have or are developing 
PGM modeling databases for the western states: 

1. The West-wide Jump-start Air Quality Modeling Study (WestJumpAQMS) has performed 
meteorological, emissions and air quality modeling using a 36 km CONUS, 12 km WESTUS 
and 4 km Intermountain West modeling domains for the 2008 calendar year.  Details on the 
WestJumpAQMS modeling approach, the PGM 2008 base case modeling and model 
performance evaluation are available on the WestJumpAQMS website8 and contained 
within the WestJumpAQMS Modeling Protocol (ENVIRON, Alpine and UNC, 2013a9) and 
final report (ENVIRON, Alpine and UNC, 2013b10). 

2. The Three-State Air Quality Study (3SAQS) used the WestJumpAQMS 2008 PGM modeling 
platform and is developing a new PGM modeling database for the western U.S. and the 
2011 calendar year.  3SAQS performed 2020 emissions scenario modeling on the 36/12 
CONUS/WESTUS domains using the 2008 modeling platform.  3SAQS is also developing a 
2011 modeling platform and performing 2011 and 2020 emission scenario modeling with 
the 2011 modeling platform.  The 3SAQS 2011 modeling platform was not ready in time for 
the CARMMS modeling. 

For CARMMS, WestJumpAQMS developed a stand-alone 2008 4 km CAMx PGM modeling 
database for the CARMMS 4 km modeling domain shown in Figure 2-1.  Boundary Conditions 
(BCs) for the 4 km CARMMS domain were obtained from a CAMx 2008 36/12 km simulation 
conducted by WestJumpAQMS.  WestJumpAQMS has conducted a model performance 
evaluation for the WRF 2008 36/12/4 km meteorological simulation and the CAMx 2008 
36/12/4 km base case simulation that are summarized for the CARMMS 4 km domain in, 
respectively, Appendices A and B with more details available on the WestJumpAQMS website11.   

The CARMMS CAMx modeling of the CARMMS 4 km modeling domain (Figure 2-1) for a 2021 
future year emission scenario using the WestJumpAQMS 2008 meteorological inputs involved 
the following activities: 

                                                      
8
 http://www.wrapair2.org/WestJumpAQMS.aspx 

9
 http://www.wrapair2.org/pdf/WestJumpAQMS_Modeling_Protocol_and_Source%20Apportionment_Design_FinalMay.pdf 

10
 http://www.wrapair2.org/pdf/WestJumpAQMS_FinRpt_Finalv2.pdf 

11
 http://www.wrapair2.org/WestJumpAQMS.aspx 

http://www.wrapair2.org/WestJumpAQMS.aspx
http://www.wrapair2.org/pdf/WestJumpAQMS_Modeling_Protocol_and_Source%20Apportionment_Design_FinalMay.pdf
http://www.wrapair2.org/pdf/WestJumpAQMS_FinRpt_Finalv2.pdf
http://www.wrapair2.org/WestJumpAQMS.aspx
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 Develop a 2021 Future Year emissions scenario using the CARMMS estimates of oil and 
gas and other mineral development within the Colorado and northern New Mexico BLM 
planning areas and the EPA/3SAQS 2020 emission estimates for all other source 
categories. 

o For O&G emissions in the western Colorado BLM Planning Areas, CARMMS 
developed emissions calculators (Appendix C) with data specific to each area.  BLM 
COSO provided 2021 oil and gas activity projections for a High, Low and Medium 
Development Scenarios.   

o 2021 mining emissions within western Colorado BLM Planning Areas were also 
estimated using CARMMS emissions calculators (Appendix D). 

o O&G emissions for eastern Colorado BLM Planning Areas were developed in a study 
for the BLM Royal Gorge Field Office (RGFO) and provided by the BLM COSO. 

o The CARMMS emissions calculators were adapted to estimate emissions for the 
Mancos Shale development area using information provided by the BLM NMFFO. 

o O&G emissions for the Uinta Basin were developed for the Air Resource 
Management Study (ARMS) and were provided by the BLM Utah State Office 
(UTSO). 

o O&G emissions for the Wyoming were based on recent future year emission 
developed for the BLM Wyoming State Office (WYSO) Continental Divide-Creston 
Draft EIS12 modeling. 

o O&G emissions for the remainder of the region were based on recent 2020 emission 
projections developed by the Three State Air Quality Study (3SAQS) 

o Future year anthropogenic emissions for the remainder of the source categories 
were based on a 2020 emissions inventory developed by EPA for the PM2.5 NAAQS 
rulemaking and updated by 3SAQS. 

o Future year emissions for biogenic sources, fires, windblown dust, sea salt and 
lightning were kept constant at 2008 levels and were based on the WestJumpAQMS. 

 The future year emissions were processed using the SMOKE emissions model to 
generate 2020/2021 emissions for the WestJumpAQMS 36/12 km domain and 4 km 
CARMMS domain. 

 CAMx modeling was performed for the 36/12 km domains and the 2020/2021 emissions 
scenario using the 2008 WestJumpAQMS modeling platform. 

 2020/2021 Boundary Condition (BC) inputs for the CARMMS 4 km modeling domain 
were generated using output from the 36/12 km CAMx model simulation for the 
2020/2021 emissions scenario using the 2008 WestJumpAQMS 2008 meteorological 
inputs. 

 CAMx ozone and particulate matter source apportionment simulations were performed 
for the 2021 High, Low and Medium Development Scenarios and 4 km CARMMS 
modeling domain using the 2008 CARMMS modeling platform. 

                                                      
12

 http://www.blm.gov/wy/st/en/info/NEPA/documents/rfo/cd_creston.html 

http://www.blm.gov/wy/st/en/info/NEPA/documents/rfo/cd_creston.html
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o The CAMx 2021 4 km CARMMS domain source apportionment output for the High, 
Low and Medium Development Scenarios were post-processed to obtain the 
separate AQ and AQRV impacts due to mineral development activities on Federal 
lands within each of the 13 Colorado and the northern New Mexico BLM planning 
areas. 

o The CAMx 2021 High, Low and Medium O&G Development Scenarios output was 
also post-processed to obtain the cumulative AQ and AQRV impacts due to mineral 
development on Federal and non-Federal lands within all of the Colorado and the 
northern New Mexico BLM planning areas as well as O&G development throughout 
the CARMMS 4 km modeling domain. 

 The AQ and AQRV impacts of BLM-authorized oil and gas development on Federal lands 
within each BLM Colorado planning areas alone and cumulative impacts across all 
planning areas for the 2021 High, Low and Medium Development Scenarios are 
summarized in this final report. 

1.4 Air Quality Standards and AQRV Thresholds 

1.4.1 Federal and State Air Quality Standards and PSD Increments 

EPA sets National Ambient Air Quality Standards (NAAQS) for six pollutants, which are called 
criteria air pollutants (CAPs).  The CAPs are: ozone (O3), nitrogen dioxide (NO2), carbon 
monoxide (CO), suspended Particle Pollution (particulate matter with a mean aerodynamic 
diameter of less than or equal to 10 and 2.5 microns; PM10 and PM2.5), sulfur dioxide (SO2) and 
lead (Pb).  States may also set their own ambient air quality standards, which must be as 
stringent as the NAAQS but may be more stringent.  

Federal air quality regulations adopted and enforced by the states limit incremental emission 
increases to specific levels defined by the classification of air quality in an area. The Prevention 
of Significant Deterioration (PSD) Program is designed to limit the incremental increase of 
specific air pollutant concentrations above a legally defined baseline level. Incremental 
increases in PSD Class I areas are strictly limited, while increases allowed in Class II areas are 
less strict.  PSD Class I and Class II increments are defined for NO2, PM10, PM2.5 and SO2.  Please 
note the PSD increments are project level thresholds, and are not an appropriate metric for 
reference against field office level impacts. 

Table 1-1 summarizes the NAAQS, the Colorado Ambient and Quality Standards (CAAQS) and 
the New Mexico Ambient Air Quality Standards (NMAAQS).  PSD Class I and Class II increments 
are also shown in Table 1-1. 
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Table 1-1.  Applicable National and State Ambient Air Quality Standards and PSD 
concentration increments. 

Pollutant/Averaging 
Time NAAQS CAAQS

13 NMAAQS
14 

PSD Class I  
Increment

1 
PSD Class II 
Increment

1 
CO 

1-hour
2 35 ppm -- 13.1 ppm -- -- 

8-hour
2 9 ppm -- 8.7ppm -- -- 

NO2 

1-hour
3 100 ppb -- -- -- -- 

24-hour -- -- 0.10 ppm -- -- 

Annual
4 53 ppb -- 0.05 ppm 2.5 25 

O3
15 

8-hour
5 0.075 ppm -- -- -- -- 

PM10 
24-hour

6 150 µg/m
3 -- -- 8 30 

Annual
7 -- -- -- 4 17 

PM2.5 
24-hour

8 35 µg/m
3 -- -- 2 9 

Annual
9 12 µg/m

3 -- -- 1 4 
SO2 
1-hour

10 75 ppb -- -- 
  3-hour

11 0.5 ppm 700 µg/m
3 -- 25 512 

24-hour
12 -- -- 0.10 ppm 5 91 

Annual
4
 -- -- 0.02 ppm 2 20 

1.   The PSD demonstrations serve information purposes only and do not constitute a regulatory PSD increment consumption 
analysis. 

2.   No more than one exceedance per calendar year; for MAAQS - No more than one exceedance per consecutive 12 months 
3.   98th percentile, averaged over 3 year; for MAAQS - not to be exceeded more than once over any 12 consecutive months 
4.   Annual mean not to be exceeded; for MAAQS - arithmetic average over any four consecutive quarters not to be exceeded 
5.   Fourth-highest daily maximum 8-hour ozone concentrations in a year, averaged over 3 years 
6.   Not to be exceeded more than once per calendar year on average over 3 years.  
7.   3 year average of the arithmetic means over a calendar year 
8.   98th percentile, averaged over 3 years 
9.   Annual mean, averaged over 3 years, NAAQS promulgated December 14, 2012 
10. 99th percentile of daily maximum 1-hour concentrations in a year, averaged over 3 years 
11. No more than one exceedance per calendar year (secondary NAAQS) and no more than one exceedance in 12 consecutive 

months (CAAQS) 
12. For areas in New Mexico not within 3.5 miles of the Chino Mines Company 
13. http://www.colorado.gov/cs/Satellite/CDPHE-Main/CBON/1251601911433 
14. http://www.nmcpr.state.nm.us/nmac/parts/title20/20.002.0003.htm 
15. In December 2014 EPA proposed a new primary 8-hour ozone NAAQS that would lower the threshold to somewhere in the 

65-70 ppb range that will be promulgated in October 2015. 

 
 
  

http://www.colorado.gov/cs/Satellite/CDPHE-Main/CBON/1251601911433
http://www.nmcpr.state.nm.us/nmac/parts/title20/20.002.0003.htm
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1.4.2 Air Quality Related Value (AQRV) Thresholds 

The impacts of each BLM authorized oil and gas and other activities within each BLM Planning 
area, as well as cumulative impacts of all activities together, at Class I and sensitive Class II 
areas will be assessed for three AQRVs: visibility, deposition and acid neutralizing capacity 
(ANC).  The June 23, 2011 MOU between EPA, USDOI and USDA states that the project and 
cumulative AQRV impacts at Class I and sensitive Class II areas should be assessed by comparing 
against thresholds of concern defined by the Federal Land Manager (FLM) for the given Class I 
or sensitive Class II area in question.  In the CARMMS first draft Modeling Protocol and at the 
October 30, 2013 meeting with the Interagency Air Quality Review Team (IAQRT) we presented 
the following threshold of concern for AQRVs in Class I and sensitive Class II areas and there 
were no disagreements in the comments received from the IAQRT: 

 Visibility impacts for BLM-authorized oil and gas sources within each BLM Planning Area 
are assessed using the FLAG (2010) procedures that use the new IMPROVE equation, 
annual average natural visibility background and monthly relative humidity adjustment 
factors [f(RH)] (see Section 4.6.1).  The visibility impacts from mineral development on 
Federal lands within each separate BLM planning area are compared against a 0.5 and 
1.0 change in deciview (dv) haze index threshold of concern and any exceedances will be 
reported.  Please note the dv thresholds are project level thresholds, and not an 
appropriate metric to reference against field office level or cumulative impacts. 

 Cumulative sources visibility impacts from multiple BLM Planning Areas are assessed 
using a new visibility approach and metrics developed by the FLMs based on the 
regional haze rule visibility metrics for the best and worst 20% visibility days as 
discussed in Section 4.6.2.   

 Acid deposition impacts due to mineral development on Federal lands within each 
separate BLM Planning Area for annual total sulfur (S) and total nitrogen (N)  deposition 
are compared against the 0.005 kg/ha/yr Deposition Analysis Threshold (DAT) for the 
western states.  Please note the DAT is a project level threshold, and not an appropriate 
metric to reference against field office level or cumulative impacts. 

 Total N and S deposition impacts due to all emissions in the 2008 and 2021 emissions 
scenarios (i.e., cumulative) are compared to Critical Load values of 2.2 kg/ha/yr for N in 
Wyoming, 2.3 kg/ha/yr for N in Colorado except for Dinosaur National Monument 
where a 3.0 kg/ha/yr Critical Load value for N is used.  For S, a 5.0 kg/ha/yr critical load 
value is used everywhere (see Section 4.7). 

 The predicted annual deposition fluxes of sulfur and nitrogen at sensitive lake receptors 
due to Federal O&G development from individual BLM Planning Areas are used to 
estimate the change in ANC in accordance with the January 2000, USFS Rocky Mountain 
Region's Screening Methodology for Calculating ANC Change to High Elevation Lakes, 
User's Guide (USFS, 2000).  The predicted changes in ANC are compared with the USFS’s 
Level of Acceptable Change (LAC) thresholds of 10% for lakes with ANC values greater 
than 25 μeq/l and 1 μeq/l for lakes with background ANC values of 25 μeq/l and less 
(see Section 4.8).  Please note the LAC is a project level threshold, and not an 
appropriate metric to reference against field office level or cumulative impacts. 
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2.0 CARMMS DATABASE DEVELOPMENT 

2.1 Modeling System 

The CARMMS 2008 modeling database was based on the WestJumpAQMS so the same 
modeling system was adopted.  The justification for the model selection is given in the 
CARMMS Modeling Protocol (ENVIRON, Cater Lake and EMPSi, 2014).  Table 2-1 lists the main 
models selected for the BLM CARMMS modeling with a brief summary of the reasons for their 
selection as follows: 

 The WRF meteorological model was selected because it contains more recent updates 
and features compared to the MM5 alternative that is no longer supported by its 
developer. 

 The SMOKE emissions model is the most current and up-to-date emissions modeling 
system and has performance improvements over the alternatives. 

 The MOVES on-road mobile emissions modeling system is the recommended modeling 
system by the EPA. 

 The MEGAN biogenic emissions model has been updated by WRAP specifically for 
simulating biogenic emissions in the western states. 

 The CAMx photochemical grid model (PGM) includes a source apportionment capability 
that is critically important for the CARMMS and was not available in the version of 
CMAQ PGM alternative at the time the study was initiated. 

Table 2-1.  Summary of models selected for the BLM CARMMS modeling. 
Model Type Selected Model 

Meteorological Model Weather Research Forecasting (WRF) 

Emissions Model Sparse Matrix Operator Kernel Emissions  (SMOKE) 

Emissions Model – On Road Sources Motor Vehicle Emissions Simulator (MOVES2010) 

Emissions Model – Biogenic Sources Model for Emissions of Gases and Aerosols in Nature (MEGAN) 

Photochemical Grid Model Comprehensive Air-quality Model with extensions (CAMx) 

 

2.2 Episode Selection 

Since the CARMMS will need to address annual average air quality issues (e.g., PM2.5) and 
deposition issues, a full year is selected for modeling.  Due to computational requirements and 
resource constraints, a single meteorological baseline year will be modeled.  The entire 2008 
calendar year was selected for the CARMMS modeling because it satisfied the most episode 
selection criteria of recent years: 

1. The entire 2008 calendar year includes a variety of meteorological conditions.  The year 
appears to have higher than average photochemical production potential so was not an 
atypical low year for secondary ozone and PM formation.   

2. 2008 had observed ozone and PM2.5 concentrations that were close to and even above the 
ozone and PM2.5 Design Values in Colorado. 
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3. The 2008 year did not include any special study data in Colorado.  Note that enhanced 
monitoring of the Front Range region and vicinity was collected for the summer of 2014, but 
that was after most of the CARMMS modeling was completed. 

4. By modeling a full year (366 days) there should be sufficient number of days to calculated 
Relative Response Factors (RRFs) following EPA’s guidance document (EPA, 2007). 

5. The 2008 calendar year was already modeled as part of the Denver ozone modeling and in 
the WestJumpAQMS and 3SAQS.  In particular, the ability to leverage the CARMMS 
database development off of WestJumpAQMS is critical to the success of the study. 

6. Ozone nonattainment areas under the March 2008 0.075 ppm 8-hour ozone NAAQS were 
designated using 2008-2010 observations, which includes the selected 2008 modeling 
period. 

7. The entire 2008 calendar year dataset includes both weekdays and weekend days. 

8. Of the recent years, 2008 fulfills more of the episode selection criteria than other recent 
years available at the time the project was initiated. 

2.3 CARMMS Modeling Domains 

To leverage modeling data from other studies, the CARMMS adopted the so-called RPO 
Lambert projection that uses a longitude/latitude origin at (-97, 40) and standard latitude 
parallels of 33 and 45 degrees.  Figure 2-1 displays the 4 km modeling domain used in the 
CARMMS emissions and photochemical modeling.  An initial 4 km modeling domain was 
identified by including all Class I areas for which any part of the Class I area is within 200 km of a 
western Colorado BLM Field Office Planning Area.  While developing the Modeling Protocol, the 
BLM New Mexico State Office (NMSO) indicated that they would like to include their Mancos 
Shale Oil development in the CARMMS modeling.  The Mancos Shale Oil development area 
would be within the New Mexico BLM Farmington Field Office area, but would primarily reside 
in San Juan County with portions potentially stretching into neighboring Rio Arriba, Sandoval 
and McKinley Counties.  Thus, the CARMMS 4 km domain was extended southward to include 
all Class I areas within 300 km of the Mancos Shale development area. 

Figure 2-1 also shows the Class I areas throughout the domain that were analyzed for air quality 
and AQRV impacts.  More details on the Class I and sensitive Class II areas where the AQ and 
AQRV impacts due to oil and gas and other activities within the BLM planning areas will be 
assessed is given in Chapter 4. 

The CAMx vertical domain definitions will depend on the definition of the WRF vertical layer 
structure.  WRF was run with 37 vertical levels (36 vertical layers using CAMx definition of layer 
thicknesses) from the surface up to 50 mb (~19-km high above mean sea level) (ENVIRON and 
Alpine, 201213).  The WRF model employs a terrain following coordinate system defined by 
pressure, using multiple layers that extend from the surface to 50 mb (approximately 19 km 

                                                      
13

 http://www.wrapair2.org/pdf/WestJumpAQMS_2008_Annual_WRF_Final_Report_February29_2012.pdf 
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above mean sea level).  CARMMS is adopting the same layer collapsing strategy as used by 
WestJumpAQMS whereby multiple WRF layers are combined into one CAMx layer to reduce the 
air quality model computational time.  Table 2-2 displays the approach for collapsing the WRF 
36 vertical layers to 25 vertical layers in CAMx for CARMMS and WestJumpAQMS.  The WRF 
layer collapsing scheme in Table 2-2 is collapsing two WRF layers into one CAMx/CMAQ layer 
for the lowest four layers in CAMx/CMAQ.  In the past, the lowest layers of MM5/WRF were 
mapped directly into CAMx/CMAQ with no layer collapsing.  However, in those applications the 
MM5/WRF layer 1 was much thicker (20-40 m) than used in this WRF application (12 m).  Use of 
a 12 m lowest layer may trap emissions in a too shallow layer and may result in overstated 
surface concentrations.  For example, NOX emissions are caused by combustion so are buoyant 
and have plume rise that in reality could take them out of the first layer if it is defined too 
shallow.   
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Figure 2-1.  4 km modeling domain used in the Colorado Air Resource Management Modeling 
Study (CARMMS). 
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Table 2-2.  37 Vertical layer interface definition for WRF simulations (left most columns), and 
approach for reducing to 25 vertical layers for CAMx by collapsing multiple WRF layers (right 
columns).  

WRF Meteorological Model CAMx Air Quality Model 

WRF 
Layer Sigma 

Pressure 
(mb) 

Height 
(m) 

Thickness 
(m) 

CAMx 
Layer 

Height 
(m) 

Thickness 
(m) 

37 0.0000 50.00 19260 2055 25 19260.0 3904.9 
36 0.0270 75.65 17205 1850    
35 0.0600 107.00 15355 1725 24 15355.1 3425.4 
34 0.1000 145.00 13630 1701    
33 0.1500 192.50 11930 1389 23 11929.7 2569.6 
32 0.2000 240.00 10541 1181    
31 0.2500 287.50 9360 1032 22 9360.1 1952.2 
30 0.3000 335.00 8328 920    
29 0.3500 382.50 7408 832 21 7407.9 1591.8 
28 0.4000 430.00 6576 760    
27 0.4500 477.50 5816 701 20 5816.1 1352.9 
26 0.5000 525.00 5115 652    
25 0.5500 572.50 4463 609 19 4463.3 609.2 
24 0.6000 620.00 3854 461 18 3854.1 460.7 
23 0.6400 658.00 3393 440 17 3393.4 439.6 
22 0.6800 696.00 2954 421 16 2953.7 420.6 
21 0.7200 734.00 2533 403 15 2533.1 403.3 
20 0.7600 772.00 2130 388 14 2129.7 387.6 
19 0.8000 810.00 1742 373 13 1742.2 373.1 
18 0.8400 848.00 1369 271 12 1369.1 271.1 
17 0.8700 876.50 1098 177 11 1098.0 176.8 
16 0.8900 895.50 921 174 10 921.2 173.8 
15 0.9100 914.50 747 171 9 747.5 170.9 
14 0.9300 933.50 577 84 8 576.6 168.1 
13 0.9400 943.00 492 84    
12 0.9500 952.50 409 83 7 408.6 83.0 
11 0.9600 962.00 326 82 6 325.6 82.4 
10 0.9700 971.50 243 82 5 243.2 81.7 
9 0.9800 981.00 162 41 4 161.5 64.9 
8 0.9850 985.75 121 24    
7 0.9880 988.60 97 24 3 96.6 40.4 
6 0.9910 991.45 72 16    
5 0.9930 993.35 56 16 2 56.2 32.2 
4 0.9950 995.25 40 16    
3 0.9970 997.15 24 12 1 24.1 24.1 
2 0.9985 998.58 12 12    
1 1.0000 1000 0   0  
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2.4 Meteorological Modeling Approach 

The CARMMS meteorological inputs for the CAMx modeling are based on the WRF modeling 
performed as part of the WestJumpAQMS.  The WRF computational domains were defined to 
be slightly larger than the CAMx and SMOKE modeling domains to eliminate the occurrence of 
boundary artifacts in the CAMx meteorological inputs.  Such boundary artifacts can occur when 
the boundary conditions (BCs) for the meteorological variables come into dynamic balance with 
WRF’s atmospheric equations and numerical methods.  

The WRF model contains many different physics options, and achieving the best model 
performance for any particular year and region is accomplished by performing model sensitivity 
tests using different options.  As part of the post-2008 Denver ozone SIP modeling, Alpine 
Geophysics, LLC and ENVIRON conducted numerous WRF meteorological sensitivity simulations 
to determine the best performing configuration for simulating meteorology in the Inter-
Mountain West region (Morris et al., 2011).  The final WRF configuration was used for the 2008 
Denver ozone modeling as well as for the WestJumpAQMS WRF modeling results that are used 
in CARMMS.   

2.4.1 2008 WRF Modeling Methodology 

The WestJumpAQMS 2008 WRF modeling methodology is described below.  More details are 
provided in the WestJumpAQMS WRF Application/Evaluation report (ENVIRON and Alpine, 
201214). 

Horizontal Domain Definition:  The computational domain on which WRF was applied for 
WestJumpAQMS included a 36 km CONUS, 12 km WESTUS and 4 km Inter-Mountain West 
Domain (IMWD).  The 4 km domain includes the 4 km CARMMS domain shown in Figure 2-1.  
The grid projection is Lambert Conformal with a pole of projection of 40 degrees North, -97 
degrees East and standard parallels of 33 and 45 degrees, the so-called RPO projection.  The 
datum (size and shape of earth) is a perfect sphere with radius 6370.0 km. 

Vertical Domain Definition:  The WRF modeling was based on 37 vertical layers with an 
approximately 12 meter deep surface layer.  The vertical domain is presented in both sigma and 
height coordinates in Table 2-2. 

Topographic Inputs:  Topographic information for WRF were developed using the standard WRF 
terrain databases. The 36 km domain is based on the 10 minute (18 km) global data.  The 12 km 
domain is based on the 2 minute (~4 km) data.  The 4 km domain is based on 30 second (~900 
m) data.  

Vegetation Type and Land Use Inputs:  Vegetation type and land use information were 
developed using the most recently released WRF databases provided with the WRF distribution.  
Standard WRF surface characteristics corresponding to each land use category were employed.    

Atmospheric Data Inputs:  The first guess fields were taken from the 12 km North American 
Model (NAM) database. 

                                                      
14

 http://www.wrapair2.org/pdf/WestJumpAQMS_2008_Annual_WRF_Final_Report_February29_2012.pdf 

http://www.wrapair2.org/pdf/WestJumpAQMS_2008_Annual_WRF_Final_Report_February29_2012.pdf
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Diffusion Options:  Horizontal Smagorinsky first-order closure (km_opt = 4) with sixth-order 
numerical diffusion and suppressed up-gradient diffusion (diff_6th_opt = 2) were used. 

Lateral Boundary Conditions:  Lateral boundary conditions were specified from the initialization 
dataset (12 km NAM) on the 36 km domain with continuous updates nested from the 36 km 
domain to the 12 km domain and continuous updates nested from the 12 km domain to the 4 
km domain, using one-way nesting (feedback = 0). 

Top and Bottom Boundary Conditions:  The top boundary condition was selected as an implicit 
Rayleigh dampening for the vertical velocity.  Consistent with the model application for non-
idealized cases, the bottom boundary condition was selected as physical, not free-slip. 

Water Temperature Inputs:  The water temperature data were taken from the National Centers 
for Environmental Prediction (NCEP) Real Time Global (RTG) global one-twelfth degree 
analysis15. 

FDDA Data Assimilation:  The WRF model was run with a combination of analysis and 
observation nudging (i.e., Four Dimensional Data assimilation [FDDA]).  Analysis nudging was 
used on the 36 km and 12 km domain using the 12 km NAM dataset.  For winds and 
temperature, analysis nudging coefficients of 5x10-4 and 3.0x10-4 were used on the 36 km and 
12 km domains, respectively.  For mixing ratio, an analysis nudging coefficient of 1.0x10-5 was 
used for both the 36 km and 12 km domains.  The nudging uses both surface and aloft nudging 
with nudging for temperature and mixing ratio not performed in the lower atmosphere (i.e., 
within the boundary layer and at the surface).  Observation nudging was performed on the 4 
km grid domain using the Meteorological Assimilation Data Ingest System (MADIS)16 
observation archive.  The MADIS archive includes the National Climatic Data Center (NCDC)17 
observations and the National Data Buoy Center (NDBC) Coastal-Marine Automated Network C-
MAN18 stations.  The observational nudging coefficients for winds, temperatures and mixing 
ratios were 1.0x10-4, 1.0x10-4, and 1.0x10-5, respectively and the radius of influence was set to 
50 km. 

Physics Options:  The WRF model contains many different physics options.  The physics options 
chosen for the WestJumpAQMS application are presented in Table 2-3. 

Application Methodology:  The WRF model was executed in 5½ day blocks initialized at 12Z 
every 5 days.  Model results were output every 60 minutes.  The first twelve (12) hours of each 
5 ½ day block is used for model spin-up and not used in the PGM model inputs or in the WRF 
model performance evaluation.  WRF was configured to run in distributed memory parallel 
mode. 

  

                                                      
15

 Real-time, global, sea surface temperature (RTG-SST) analysis.  http://polar.ncep.noaa.gov/sst/oper/Welcome.html 
16

 Meteorological Assimilation Data Ingest System.  http://madis.noaa.gov/ 
17

 National Climatic Data Center.  http://lwf.ncdc.noaa.gov/oa/ncdc.html 
18

 National Data Buoy Center.  http://www.ndbc.noaa.gov/cman.php 

http://polar.ncep.noaa.gov/sst/oper/Welcome.html
http://madis.noaa.gov/
http://lwf.ncdc.noaa.gov/oa/ncdc.html
http://www.ndbc.noaa.gov/cman.php
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Table 2-3. Physics options used in the WestJumpAQMS WRF 2008 simulation modeling. 
WRF Treatment Option Selected Notes 

Microphysics Thompson scheme New with WRF 3.1. 

Longwave Radiation RRTMG Rapid Radiative Transfer 
Model for GCMs includes 
random cloud overlap and 
improved efficiency over 
RRTM. 

Shortwave Radiation RRTMG Same as above, but for 
shortwave radiation. 

Land Surface Model (LSM) NOAH Two-layer scheme with 
vegetation and sub-grid tiling. 

Planetary Boundary Layer (PBL) scheme YSU Yonsie University (Korea) 
Asymmetric Convective 
Model with non-local upward 
mixing and local downward 
mixing. 

Cumulus parameterization Kain-Fritsch in the 36 km and 12 km 
domains.  None in the 4 km domain. 

4 km can explicitly simulate 
cumulus convection so 
parameterization not needed. 

Analysis nudging Nudging applied to winds, 
temperature and moisture in the 36 
km and 12 km domains 

Temperature and moisture 
nudged above PBL only. 

Observation Nudging Nudging applied to surface wind only 
in the 4 km domain 

Surface temperature and 
moisture observation nudging 
can introduce instabilities. 

Initialization Dataset 12 km North American Model (NAM) Also used in analysis nudging 

 

2.4.2 Meteorological Model Performance Evaluation 

The WestJumpAQMS performed a comprehensive and detailed model performance evaluation 
of the 2008 WRF 36/12/4 km model simulation.  The WestJumpAQMS WRF model performance 
evaluation is documented in a WRF Application/Evaluation report that is available on its 
website (ENVIRON and Alpine, 201219).  The WRF evaluation consisted of the following: 

 Evaluation against surface meteorological observations of wind direction, wind speed, 
temperature and water vapor mixing ratio (humidity) with monthly performance 
statistics calculated using the METSTAT program: 

o Surface meteorological performance statistics were calculated across the 36 km 
CONUS, 12 km WESTUS and 4 km Inter-Mountain West domains, across each 
individual western state and at individual monitoring sites within each western 
state, including Colorado20 that is the main focus of the CARMMS. 

o The surface meteorological model performance statistics were compared against 
model performance evaluation benchmarks in order to help interpret the WRF 
model performance and compare it with other studies that were used to develop 
the benchmarks.  The 2008 WRF model performance was compared against both the 

                                                      
19

 http://www.wrapair2.org/pdf/WestJumpAQMS_2008_Annual_WRF_Final_Report_February29_2012.pdf 
20

 http://www.wrapair2.org/pdf/westjump.wrf.site.co.2012-04-04.pdf 

http://www.wrapair2.org/pdf/WestJumpAQMS_2008_Annual_WRF_Final_Report_February29_2012.pdf
http://www.wrapair2.org/pdf/westjump.wrf.site.co.2012-04-04.pdf
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simple (simple terrain and/or simple meteorological conditions) and complex 
(complex terrain and/or more complex meteorological conditions) model 
performance benchmarks. 

o The WRF 2008 precipitation estimates were compared with monthly analysis fields 
generated by the Climate Prediction Center (CPC) in a qualitative evaluation. 

Appendix A summarizes some of the WestJumpAQMS WRF model performance evaluation 
products as they relate to WRF performance within the CARMMS 4 km modeling domain.  The 
WestJumpAQMS 2008 WRF model performance within the CARMMS region is as good or better 
than meteorological model performance seen in past photochemical modeling studies of the 
region (e.g., WRAP regional haze modeling and Denver 2008 ozone State Implementation Plan 
modeling).  Thus, the WestJumpAQMS 2008 WRF meteorological fields were judged to be 
appropriate for use in the CARMMS. 

2.5 2008 BASE CASE EMISSIONS 

The 2008 Base Case emissions were developed by the WestJumpAQMS.  The primary source for 
the 2008 Base Case emissions is Version 2.0 of the National Emissions Inventory (NEIv2.021).  
For most source categories, the SMOKE emissions modeling system was used to process the 
emissions into the hourly gridded speciated emissions needed as input for CAMx.  The 
comprehensive and detailed documentation for the WestJumpAQMS 2008 Base Case emissions 
inventory is available on the WestJumpAQMS website22 and includes a final report (ENVIRON, 
Alpine and UNC, 2013) and 16 Emissions Technical Memorandums that provide details on the 
2008 emissions for each source category as well as for the parameters used in the emissions 
modeling. 

2.5.1 Source of 2008 Base Case Emissions 

Table 2-4 summarizes the emission models and sources of 2008 Base Case emissions that are 
based primarily on the 2008 NEIv2.0 with the following enhancements: 

 Major (≥25 MW) Electrical Generating Units (EGUs) point source SO2 and NOX emissions 
used Continuous Emissions Monitor (CEM) measurement data that are available online 
from the EPA Clean Air Markets Division (CAMD23).  These data are hour-specific for SO2, 
NOx and heat input.  The temporal variability of other pollutant emissions (e.g., PM) for 
the CEM sources were estimated using the hourly CEM heat input data to allocate the 
annual emissions from the NEIv2.0 to each hour of the year.  Emissions, locations and 
stack parameters for point sources without CEM devices were based on the 2008 
NEIv2.0. 

 The WRAP-IPAMS Phase III 2006 oil and gas emission inventories were projected to 
2008 for all Phase III basins that were available at the time of the WestJumpAQMS 2008 
emissions development.  In addition, under WestJumpAQMS new oil and gas emissions 

                                                      
21

 http://www.epa.gov/ttnchie1/net/2008inventory.html 
22

 http://www.wrapair2.org/WestJumpAQMS.aspx 
23

 http://www.epa.gov/airmarkets/ 

http://www.epa.gov/ttnchie1/net/2008inventory.html
http://www.wrapair2.org/WestJumpAQMS.aspx
http://www.epa.gov/airmarkets/
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inventory was developed for the Permian Basin in southeastern New 
Mexico/northwestern Texas.  

 On-road mobile source emissions were based on the MOVES201024 model with county-
specific weekday and weekend day VMT and monthly meteorology for the 2008 base 
case modeling year.    

 The WRAP windblown dust (WBD) model 25 was used to generate WBD emissions using 
day-specific hourly meteorology from the 2008 WRF simulation. 

 Sea salt and lightning emissions were generated using the 2008 WRF model hourly 
gridded output. 

 Emissions from fires (wildfires, prescribed burns and agricultural burning) are based on 
the 2008 fire emissions inventory developed in the Joint Fire Sciences Program (JFSP) 
Deterministic and Empirical Assessment of Smoke’s Contribution to Ozone (DEASCO326) 
study. 

 Biogenic emissions were generated using an enhanced version of the Model of 
Emissions of Gases and Aerosols in Nature (MEGAN27) that was updated by WRAP to 
better represent biogenic emissions for the western states. 

 Mexico emissions were based on the 2008 projections from the 1999 Mexico national 
emissions inventory. 

 The Environment Canada 2006 emissions inventory based on the National Pollutant 
Release Inventory (NPRI) was used for Canada. 

 New spatial surrogates for the emissions were developed using the latest 2010 Census 
and other data that are now available and includes population and housing statistics for 
2010.  Details on the new spatial surrogates used for allocating county-level emissions 
to the 4 km grid cells can be found in the WestJumpAQMS Emissions Technical 
Memorandum Number 1328.   

  

                                                      
24

 http://www.epa.gov/otaq/models/moves/ 
25

 http://www.wrapair.org/forums/dejf/fderosion.html 
26

 https://www.firescience.gov/projects/11-1-6-6/proposal/11-1-6-6_11-1-6_attachment_1_primary.pdf  
27

 http://acd.ucar.edu/~guenther/MEGAN/MEGAN.htm  
28

 http://www.wrapair2.org/pdf/Memo13_Parameters_Sep30_2013.pdf 

http://www.epa.gov/otaq/models/moves/
http://www.wrapair.org/forums/dejf/fderosion.html
https://www.firescience.gov/projects/11-1-6-6/proposal/11-1-6-6_11-1-6_attachment_1_primary.pdf
http://acd.ucar.edu/~guenther/MEGAN/MEGAN.htm
http://www.wrapair2.org/pdf/Memo13_Parameters_Sep30_2013.pdf
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Table 2-4.  Summary of sources of emissions and emission models used to generate 2008 base case 
emissions for use in CARMMS. 

Emissions 
Component Configuration Details 

Model Code 
SMOKE 
Version 3.1 

http://www.smoke-model.org/index.cfm 

Oil and Gas 
Emissions 

Update WRAP 
Phase III 2006 
to 2008 

Seven WRAP Phase III Basins in CO, NM, UT and WY plus  add 2008 Permian Basin O&G 
Emissions 
 

Area Source 
Emissions 

2008 NEI 
Version 2.0 

Western state updates, then SMOKE processing of 
http://www.epa.gov/ttn/chief/net/2008inventory.html  

On-Road 
Mobile 
Sources 

MOVES2010 
County specific emissions run for monthly weekday and weekend days.  California based 
on EMFAC2011. 

Point Sources 
2008 CEM and 
Non-CEM 
Sources 

Use 2008 day-specific hourly measured CEM for SO2 and NOX emissions for CEM sources, 
2008 NEIv2.0 for other pollutants and non-CEM sources 

Off-Road 
Mobile 
Sources 

2008 NEIv2.0 
Based on EPA NONROAD model 
http://www.epa.gov/oms/nonrdmdl.htm 

Wind Blown 
Dust 
Emissions 

WRAP Wind 
Blown Dust 
(WBD) 

WRAP WBD Model with 2008 WRF meteorology adjusted to be consistent with 2002 WBD 
modeling 

Ammonia 
Emissions 

NEIv2.0 Based on CMU Ammonia Model.  Review and update spatial allocation if appropriate. 

Biogenic 
Sources 

MEGAN 
Enhanced version of MEGAN Version 2.1 from WRAP Biogenics study 
http://www.wrapair2.org/pdf/WGA_BiogEmisInv_FinalReport_March20_2012.pdf 

Fires 
2008 
DEASCO3 

2008 DEASCO3 fire inventory used. 
http://www.wrapair2.org/pdf/JSFP_DEASCO3_TechnicalProposal_November19_2010.pdf  

Temporal 
Adjustments 

Seasonal, day, 
hour 

Based on latest collected information 

Chemical 
Speciation 

CB05 Chemical 
Speciation 

CB6 considered but was too new at time study was initiated. 

Gridding 

Spatial 
Surrogates 
based on 
landuse 

Develop new spatial surrogates using 2010 census data and other data 

Quality 
Assurance 

SMOKE QA 
Tools; PAVE, 
VERDI plots; 
Summary 
reports 

Follow WRAP emissions QA/QC plan. 

 

  

http://www.smoke-model.org/index.cfm
http://www.epa.gov/ttn/chief/net/2008inventory.html
http://www.epa.gov/oms/nonrdmdl.htm
http://www.wrapair2.org/pdf/WGA_BiogEmisInv_FinalReport_March20_2012.pdf
http://www.wrapair2.org/pdf/JSFP_DEASCO3_TechnicalProposal_November19_2010.pdf
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2.5.2 On-Road Mobile Sources 

The Motor Vehicle Emissions Simulator (MOVES29) is EPA’s current tool to construct on-road 
mobile source emissions estimates for national, state, and county level inventories of criteria 
air pollutants, greenhouse gas emissions, and some mobile source air toxics from highway 
vehicles.  In addition, MOVES can make projections for energy consumption (total, petroleum-
based, and fossil-based).  EPA requires that all new regulatory modeling studies use the MOVES 
model for mobile source emissions and MOVES is also recommended for NEPA studies (EPA, 
2012c). 

The CARMMS/WestJumpAQMS 2008 on-road mobile source emission modeling was conducted 
using MOVES2010 (EPA, 2012a).  On July 31, 2014, EPA released a new version of MOVES 
(MOVES2014; EPA, 2014a,b).  The CARMMS mobile source emissions modeling was conducted 
in 2013 using MOVES2010, well before the release of MOVES2014.  As stated in EPA’s 
MOVES2014 Policy Guidance (EPA, 2014c) “All states other than California should use 
MOVES2014 for future SIPs in order to take full advantage of the improvements incorporated in 
this version.  However, state and local agencies that have already completed significant work on 
a SIP with MOVES2010 can continue to use it”30 (EPA, 2014c).   

The WestJumpAQMS ran MOVES2010 configured to estimate 2008 mobile source emissions 
directly (i.e., emissions inventory mode) at a county level basis by month using the monthly 
average diurnally varying 2008 WRF meteorological conditions.  However, the 3SAQS updated 
the 2008 and 2020 mobile source emissions using MOVES2010 in the emissions factor mode to 
generate a lookup table of emissions factors that was used with SMOKE-MOVES and the 2008 
WRF gridded hourly meteorological data to generate day-specific hourly gridded on-road 
mobile source emission inputs.  The CARMMS 2021 High, Low and Medium Development 
Scenarios CAMx source apportionment modeling used the 3SAQS 2020 SMOKE-MOVES on-road 
mobile source emissions.  SMOKE-MOVES spatially allocated the mobile source activity data to 
the 36/12/4 km modeling domains using spatial surrogates developed using the 2010 census 
and other data.  This includes new spatial surrogate categories specific to new source 
categories in MOVES (e.g., heavy duty truck idling at rest stops.  SMOKE-MOVES also chemically 
speciated the emissions to the CB05 chemical mechanism using CB05 chemical speciation 
profiles based on the SPECIATE4.3 database.  More details on the 2008 on-road mobile source 
emissions can be found in the 3SAQS 2008 base case modeling report (Adelman, Shanker, Yang 
and Morris, 2014). 

2.5.3 Area and Non-Road Mobile Sources 

The 2008 NEIv2.0 area and non-road emissions were processed using the SMOKE emissions 
model with new 2010 census spatial surrogates and default temporal and CB05 speciation 
adjustments.  Several source categories within the area and non-road category were removed 
from the NEIv2.0 so that they could be replaced or updated and separately processed, which 
allows a more thorough QA/QC analysis.  The source categories that were extracted from the 
NEIv2.0 area and non-road sources for separate treatment or replacement were as follows: 

                                                      
29

 http://www.epa.gov/otaq/models/moves/  
30

 http://www.epa.gov/otaq/models/moves/documents/420b14008.pdf 

http://www.epa.gov/otaq/models/moves/
http://www.epa.gov/otaq/models/moves/documents/420b14008.pdf
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 Oil and gas (O&G) exploration and production sources for locations covered by most of 
the WRAP Phase III O&G Basins and the Permian Basin were removed from the 2008 
NEIv2.  They were replaced by the WRAP Phase III 2006 emissions projected to 2008 
(see Section 2.5.4).  New 2008 O&G emissions were developed for the Permian Basin in 
southeastern New Mexico/northwestern Texas.  The 2008 NEIv2.0 O&G emissions were 
used for the remainder of the U.S. locations, which includes the Williston and Great 
Plains Basins (North Dakota and Montana) whose WRAP Phase III emissions were not 
available at the time of the 2008 emissions inventory development. 

 Ammonia emissions due to livestock and fertilizer sources were removed from the 
NEIv2.0 and processed separately. 

 Aircraft, locomotive and marine (ALM) sources were processed separately as their own 
source group in the emissions modeling.  The marine sources do not include large ocean 
going (Class 3) vessels (Commercial Marine Vessels, CMV) that were processed under 
the off-shore shipping category. 

 Fire emissions were removed from the NEIv2.0 and were replaced by 2008 fire 
emissions developed as part of the DEASCO3 study. 

 Fugitive dust emissions were removed from the NEIv2.0 for separate processing. 

Below we summarize the processing area and non-road emissions used from the 2008 NEIv2 in 
the CARMMS 2008 base case, more details can be found in WestJumpAQMS Technical 
Memorandum No.2 Area and Non-Road Emissions (Loomis, Morris and Adelman, 201331). 

2.5.3.1 Area Sources 

The NEI Area (or Non-Point) data category contains emission estimates for sources which 
individually are too small in magnitude or too numerous to inventory as individual point 
sources, and which can often be estimated more accurately as a single aggregate source for a 
County or Tribal area.  Area source (non-point) emissions are emissions sources that are 
summed over a geographic region, rather than specifically located.  Examples of area sources 
include small industrial, residential, consumer product, and agricultural emissions.  For 
emissions modeling purposes, these types of emissions are defined by state and county (or 
tribal) identifiers, and SCC codes.  After extracting the area source categories from the NEIv2.0 
as indicated above, the remaining area sources in the NEIv2.0 were processed by SMOKE as 
their own source category. 

2.5.3.2 Non-Road Sources 

The NEI Non-Road data categories contain mobile sources which are estimated for version 2.0 
of the 2008 NEI using the EPA NONROAD32 model, run within the National Mobile Inventory 
Model (NMIM33).  The non-road emissions have been compiled as both annual total emissions, 
and average day emissions by month.  In order to take the best advantage of the monthly and 
seasonal variability of the non-road emissions sources, we used the monthly options for SMOKE 
modeling inputs.   

                                                      
31

 http://www.wrapair2.org/pdf/Memo_2_Area_Jan22_2013%20review%20draft.pdf 
32

 http://www.epa.gov/otaq/nonrdmdl.htm 
33

 http://www.epa.gov/otaq/nmim.htm 

http://www.wrapair2.org/pdf/Memo_2_Area_Jan22_2013%20review%20draft.pdf
http://www.epa.gov/otaq/nonrdmdl.htm
http://www.epa.gov/otaq/nmim.htm
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Note that emissions data for aircraft, locomotives, and commercial marine vessels are not 
included in the NEI non-road data category starting with the 2008 NEI.  These three non-road 
mobile source categories were handled as special cases, with separate input processing 
streams.  Aircraft engine emissions occurring during Landing and Takeoff Operations (LTO) and 
the Ground Support Equipment (GSE) and Auxiliary Power Units (APU) associated with the 
aircraft are now included in the point data category at individual airports in the 2008 NEI.  
Emissions from locomotives that occur at rail yards are also included in the point data category.  
In-flight aircraft emissions, locomotive emissions outside of the rail yards, and commercial 
marine vessel emissions (both underway and port emissions) are included in the Non-Point data 
category. 

2.5.4 2008 Oil and Gas Emissions 

For Basins covered by the WRAP-IPAMS Phase III 2006 oil and gas (O&G) emissions available at 
the time of the 2008 base case emissions development, the WRAP Phase III O&G 2006 
emissions were projected to 2008.  WestJumpAQMS also developed new 2008 O&G emissions 
for the Permian Basin in southeastern New Mexico/northwestern Texas.  For all other Basins in 
the U.S. (including Williston and Great Plains Basins whose WRAP Phase III emissions were not 
available at the time of the 2008 base case development) the 2008 O&G emissions from the 
NEIv2.0 were used and processed as area and point sources. 

2.5.4.1 2008 Phase III O&G Emissions Update 

The WRAP Phase III 2006 baseline O&G inventories were projected to 2008 for the following 
eight WRAP Phase III Basins: 

 Denver-Julesburg Basin (CO) 

 Piceance Basin (CO) 

 Uinta Basin (UT) 

 North San Juan Basin (CO) 

 South San Juan Basin (NM) 

 Wind River Basin (WY) 

 Powder River Basin (WY) 

 Greater Green River Basin (WY) 

The 2008 O&G emission update for the WRAP Phase III and Permian Basins used 2008 O&G 
production statistics from the Enerdeq database published by IHS Global, also referred to as the 
“PI Dwight’s” database.  This database contains production statistics that are consistent and 
typically of higher quality than the primary data in individual state O&G Commission databases.   

Processing of the IHS data for the 2008 projections followed the same methodology as used in 
the WRAP Phase III study34.  Summaries of production statistics were extracted from the IHS 
database, including well count by well type and location, spud count, production of gas by well 
type and well location, production of liquid petroleum (oil or condensate) by well type and well 

                                                      
34

 http://www.wrapair2.org/PhaseIII.aspx 

http://www.wrapair2.org/PhaseIII.aspx
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location, and production of water by well type and well location.  All data were summarized at 
the county and basin level, for tribal and non-tribal land separately as applicable to each basin.  
No new survey work was conducted for the 2008 O&G emissions update so the analysis did not 
include any updates of company-specific production statistics as was done in the development 
of the Phase III 2006 O&G emission inventories.  The resulting production statistics data were 
summarized at the county, tribal and basin levels for all basins including the Permian Basin. 

The 2008 production statistics from the IHS database were used to project the Phase III baseline 
2006 O&G inventories.  The projections will be developed as scaling factors that represented 
the ratio of the value of a specific activity parameter in 2008 to the value in 2006.  The scaling 
factors were developed at the county and tribal levels for all basins.  Scaling factors were then 
matched to all source categories considered as part of the Phase III inventories, using the same 
cross-referencing analysis conducted as part of the midterm (2012) projections in the Phase III 
study.  The 2008 to 2006 scaling factors were used to adjust the activity data for the oil and gas 
emissions. 

Where specific scaling factors are estimated to be less than one (1), indicating a reduction in an 
activity parameter from 2006 to 2008, all emissions factors and activity data will be assumed to 
be identical in 2008 as in 2006 and the 2006 emissions will be reduced and no emission controls 
assessment is needed (i.e., when activity is reduced between 2006 and 2008 we are assuming 
that the same equipment is being used in the field, it is just producing less).  In this case, the 
2008 emissions will be developed assuming the direct application of the scaling factor with no 
additional controls.   

Where scaling factors are estimated to be greater than one (1), it is assumed that some growth 
in activity has occurred in the 2006-2008 time period and that new equipment may have been 
deployed in the field.  A controls analysis was conducted specific to each basin and utilizing the 
control measures identified as part of the WRAP Phase III midterm O&G projections work.  The 
controls analysis only considered broad control factors, rather than detailed analyses as 
conducted in the Phase III midterm projections.  Where no significant impact of controls from 
federal or state regulations are anticipated in the 2006-2008 time period, no control factors for 
the specific source category will be assumed. 

For Colorado Basins, the permitted O&G 2008 emissions were based on the CDPHE 2008 APEN 
database rather than projected from the WRAP Phase III 2006 O&G emissions, whose permitted 
O&G emissions were based on the CDPHE 2006 APEN database.  In addition, the Colorado 
Department of Health and Development (CDPHE) has determined that not all condensate flash 
VOC emissions that were assumed to be controlled 95% by flares make it to the flare and are 
instead vented to the atmosphere.  Thus, CDPHE has introduced the concept of a Capture 
Efficiency (CE) for condensate flare control that assumes only 75% of the condensate flash VOC 
emissions are actually controlled by the flare and the other 25% is released directly to the 
atmosphere.  The CDPHE 75% CE assumption was adopted in the CARMMS/WestJumpAQMS 
2008 base case O&G emissions in Colorado.  The WRAP Phase III 2006 unpermitted condensate 
tank O&G emissions are either projected to 2008 (D-J Basin) or the 2008 APEN condensate tank 
emissions are reduced (Piceance Basin) in order for the total 2008 condensate production in the 
inventory to match the 2008 IHS database production statistics. 
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Details on the development of the 2008 O&G emissions for the Colorado Basins, the Uinta and 
South San Juan Basins and the Wyoming Basins can be found in three WestJumpAQMS 
Technical Memorandums by, respectively, Bar-Ilan and Morris (2012a35), Bar-Ilan and Morris 
(2012b36) and Bar-Ilan and Morris (2012c37). 

2.5.4.2 2008 Emission Inventory for the Permian Basin 

A study prepared by Applied EnviroSolutions, Inc. (AES) on 2007 O&G emissions in the New 
Mexico portion of the Permian Basin along with 2008 O&G emissions from the Texas 
Commission on Environmental Quality (TCEQ) was used to develop a comprehensive O&G 
emissions inventory of the Permian Basin.  The Permian Basin lies outside of the CARMMS 
modeling domain, although Permian Basin emissions are used in the CAMx 36/12 km modeling 
to provide BCs for the CARMMS 4 km domain.  Details on the development of the 2008 O&G 
emissions for the Permian Basin can be found in WestJumpAQMS Emissions Technical 
Memorandum Number 4d (Bar-Ilan and Morris, 201338).   

2.5.4.3 2008 O&G Emissions for the Remainder of the U.S. 

The WRAP Phase III Basins and Permian Basin O&G emissions described above covers most of 
an area including northwestern TX, NM, CO, UT and WY and all of the 4 km CARMMS domain.  
For areas within these states not covered by the WRAP Phase III and Permian Basins, and O&G 
emissions outside of this region, the O&G emissions from the 2008 NEIv2.0 were used.  Details 
on the O&G emissions used in the 2008 base case not covered by the WRAP Phase III Basins can 
be found in WestJumpAQMS Technical Memorandum No. 4e (Loomis, Adelman, Morris and 
Bar-Ilan, 201339). 

2.5.5 Fire Emissions 

2008 emissions from wild fires, prescribed burns and agricultural burning were based on the 
comprehensive 2008 fire emissions inventory developed as part of the DEASCO340 project 
sponsored by the Joint Fire Science Program (JFSP).  The WestJumpAQMS emissions Technical 
Memorandum Number 5 (Morris, Tai, Loomis and Adelman, 201241) discusses and compares 
available fire emissions data for 2008.  Details on the DEASCO3 fire emissions development 
methodology42 and the methodology for fire plume rise and speciation43 is available on the 
DEASCO3 website.   

2.5.6 Ammonia Emissions 

Ammonia emissions were based on the 2008 NEIv2.0 emissions inventory.  A vast majority of 
the ammonia emissions in the 2008 NEIv2.0 were from livestock and fertilizer application that 

                                                      
35

 http://www.wrapair2.org/pdf/Memo_4a_OG_Jun06_2012_Final.pdf 
36

 http://www.wrapair2.org/pdf/Memo_4b_OG_June06_2012_Final.pdf 
37

 http://www.wrapair2.org/pdf/Memo_4c_OG_Jan23_2013_RevisedFinal.pdf 
38

 http://www.wrapair2.org/pdf/Memo_4d_OG_Apr24_2013_Final.pdf 
39

 http://www.wrapair2.org/pdf/Final_Memo_4e_RemainderOG_Mar6_2013.pdf 
40

 http://www.wrapair2.org/pdf/JSFP_DEASCO3_TechnicalProposal_November19_2010.pdf  
41

 http://www.wrapair2.org/pdf/Memo_5_Fires_Apr27_2012_Final.pdf 
42

 https://wraptools.org/pdf/ei_methodology_20130930.pdf 
43

 https://wraptools.org/pdf/DEASCO3_Plume_Rise_Memo_20131210.pdf 

http://www.wrapair2.org/pdf/Memo_4a_OG_Jun06_2012_Final.pdf
http://www.wrapair2.org/pdf/Memo_4b_OG_June06_2012_Final.pdf
http://www.wrapair2.org/pdf/Memo_4c_OG_Jan23_2013_RevisedFinal.pdf
http://www.wrapair2.org/pdf/Memo_4d_OG_Apr24_2013_Final.pdf
http://www.wrapair2.org/pdf/Final_Memo_4e_RemainderOG_Mar6_2013.pdf
http://www.wrapair2.org/pdf/JSFP_DEASCO3_TechnicalProposal_November19_2010.pdf
http://www.wrapair2.org/pdf/Memo_5_Fires_Apr27_2012_Final.pdf
https://wraptools.org/pdf/ei_methodology_20130930.pdf
https://wraptools.org/pdf/DEASCO3_Plume_Rise_Memo_20131210.pdf
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were based on the CMU ammonia model44.  Updated spatial surrogates for locations of 
Concentrated Animal Feeding Operations (CAFOs) in Colorado developed as part of the NPS 
ROMANS study were used to spatially allocate the NEIv2.0 livestock ammonia emissions in 
Colorado, which greatly improves the ammonia emissions within the CARMMS domain.  Details 
on the development of the ammonia emissions used in the CARMMS 2008 base case can be 
found in the WestJumpAQMS Technical Memorandum No. 8 (Loomis, Wilkinson, Adelman and 
Morris, 201345). 

2.5.7 Ocean Going Vessels 

The 2008 off-shore shipping emissions inventory was based on the 2008 NEIv2.0.  These 
emissions are developed and carried as point sources, rather than the area-level files generally 
used for off-road mobiles sources, including marine emissions sources.  Details on the Off-Shore 
Shipping emissions are provided in a report “Documentation for the Commercial Marine Vessel 
Component of the National Emissions Inventory – Methodology” prepared by Eastern Research 
Group (ERG, 201046) dated March 30, 2010.  The WestJumpAQMS emissions Technical 
Memorandum Number 7 (Loomis, Morris and Adelman, 201247) describes the off-shore 
shipping emissions and how they were processed for input into the photochemical grid model. 

2.5.8 Biogenic Emissions 

WRAP performed a Western Biogenic Emissions Update Study that enhanced the MEGAN 
biogenic emissions model to better simulate biogenic emissions in the western U.S.  The 
CARMMS used the new enhanced version of MEGAN along with the 2008 WRF 36/12/4 km data 
to generate hourly gridded speciated biogenic emission inputs for 2008 and the CARMMS 4 km 
domain.  Details on the WRAP Biogenic Emissions Update Study can be found in the study’s 
final report (Sakulyanontvittaya, Yarwood and Guenther, 201248) with a summary provided in 
the WestJumpAQMS emissions Technical Memorandum Number 9 on biogenic emissions 
(Sakulyanontvittaya et al., 201249). 

2.5.9 Spatial Allocation 

New spatial allocation surrogates were developed at 4 km resolution for the CONUS domain 
using the latest 2010 CENSUS and other new data.  The 4 km surrogate distributions were used 
directly for disaggregating the county-level emissions to the 4 km grid cells in the CARMMS 
modeling domain, as well as collapsed to 36 and 12 km resolution for spatial allocation to the 
36 km CONUS and 12 km WESTUS domains used in WestJumpAQMS modeling.  Table 2-5 
summarizes the spatial surrogates to be used for spatial allocation in the 
CARMMS/WestJumpAQMS SMOKE emissions modeling.  More details are provided in the 
WestJumpAQMS emissions Technical Memorandum Number 13 on SMOKE modeling 
parameters (Adelman, Loomis and Morris, 201350). 
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Table 2-5.  Spatial surrogate distributions to be used in the SMOKE emissions modeling spatial 
allocations. 

Shapefile Description Type Year Source 

cty_pophu2k_revised U.S. County Boundaries Polygon 2005 U.S. Census Bureau 

pophu_bg2010 Population/ Housing Polygon 2010 U.S. Census Bureau 

rd_ps_tiger2010 Roadways Line 2010 U.S. Census Bureau 

waterway_ntad2011 Waterways Line 2010 U.S. Bureau of Transport Statistics 

rail_tiger2010 Railways Line 2010 U.S. Census Bureau 

exits** Highway Exits Point 2010 ESRI 

mjrrds** Major Roads Line 2010 ESRI 

transterm** Transportation Terminals Point 2010 ESRI 

fema_bsf_2002bnd Building footprints Polygon 2010 FEMA 

heating_fuels_acs0510_c2010 Home heating fuels Polygon 2010 U.S. Census Bureau 

 
2.5.10 Temporal Allocation 

Temporal profiles are available from the U.S. EPA for a wide range of emissions sources.  While 
the majority of the temporal profiles available from the EPA represent nationally averaged 
emissions sources, state-specific monthly profiles exist for prescribed fires, wildfires, livestock, 
and some mobile sources.  For most sources the emissions modeling temporal allocations were 
based on the U.S. EPA temporal profiles distributed with the 2008 NEIv2.051 (filename: 
amptpro_2008aa_us_can_revised_06oct2011_v0.txt).  Several source categories use episode 
emissions that already have hourly emissions so will not use the temporal allocation profiles.  
These emissions categories include: large point sources with measured hourly CEM emissions; 
on-road mobile sources that use the MOVES monthly weekday/weekend day hourly emissions; 
biogenic emissions from MEGAN; and fire emissions from DEASCO3.  The EPA default cross walk 
file between SCC codes and temporal allocations is available on the NEIv2.0 website52.  

2.5.11 Chemical Speciation 

The U.S. EPA develops speciation profiles from information stored in the SPECIATE database53.  
The SPECIATE database is the official repository of volatile organic compound (VOC) and 
particulate matter (PM) emissions source profiles for different categories of emissions sources.  
CARMMS SMOKE emissions modeling used the SPECIATE Version 4.3 database released in 
September 2011 that contains 5,592 profiles of chemical mass fractions from source testing 
conducted by EPA, state agencies, or published in the literature since the 1970’s.  Of the 
profiles in SPECIATE V4.3, 3,570 are for PM sources, 1,775 are for VOC sources, and 247 are for 
other gases, such as mercury.  The most recent update to the SPECIATE database occurred with 
the release of version 4.4 in February 2014 that includes 5,728 speciation profiles for VOC, PM 
and mercury.  SPECIATE 4.4 was released after CARMMS conducted most of its emissions 
modeling. 

Part of the speciation process for VOCs includes converting inventory reactive organic gases 
(ROG) to total organic gases (TOG).  This step is required because inventoried VOC excludes 
ethane and methane in the mass of total VOC while the speciation profiles include ethane and 
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methane.  Before the speciation profiles can be applied to the inventory, the inventory VOC 
must be scaled up to account for the missing methane mass.  SCC-specific ROG-to-TOG 
conversion factors are included with the speciation profiles to prepare the inventories for 
speciation.  

The CARMMS CAMx photochemical grid modeling used the Carbon Bond version 05 (CB05) 
chemical mechanism (Yarwood et al., 200554).  The SMOKE emissions modeling was performed 
using CB05 speciation profiles, based on the SPECIATE V4.3 database, and ROG-to-TOG 
conversion factors.  The Speciation Tool is an interface to the SPECIATE database that develops 
CB05 VOC speciation profiles for use in the SMOKE emissions modeling.  The exception to using 
the SPECIATE V4.3 VOC speciation profiles was for the WRAP Phase III Basins where Basin-
specific CB05 VOC speciation profiles were used for O&G VOC emissions. 

2.5.12 Emissions Quality Assurance and Quality Control 

The emissions modeling quality assurance (QA) and quality control (QC) procedures developed 
as part of the WRAP Regional Modeling Center are being used in the CARMMS and 
WestJumpAQMS emissions modeling (Adelman, 2004).  The 2008 base case emissions are 
processed by major source category in several different “streams” of emissions modeling.  This 
is done in order to assist in the QA/QC of the emissions modeling as it is much easier to identify 
potential issues in the emissions fields when analyzing single source categories at a time.  Each 
stream of emissions modeling generates a pre-merged CAMx-ready emissions model input with 
all pre-merged emissions inputs merged together to generate the final CAMx-ready two-
dimensional gridded low-level (layer 1) and point source emission inputs.  Table 2-6 lists an 
example of separate streams of emissions modeling by source category that can be used.  Also 
shown in Table 2-6 are the source of the emissions, processing comments and the temporal 
allocation strategy whose options are as follows: 

 Single day per year (aveday_yr) 

 Single day per month (aveday_mon) 

 Typical Monday, Weekday, Saturday, Sunday per year (mwdss_yr) 

 Typical Monday, Weekday, Saturday, Sunday per month (mwdss_mon) 

 Emissions estimated for each model simulation day (daily) 

 Emissions estimated for each model simulation day with temporal profiles generated 
with average daily meteorology (daily met) 

 Emissions estimated for each model simulation day with temporal profiles generated 
with hourly meteorology (hourly met)  
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Table 2-6.  Emissions processing categories and temporal allocation approach for 2008 Base 
Case emissions modeling. 

No. 
Emissions Processing 

Category (Abbr) 
Inventory 

Source Temporal Processing Comments 

1 Nonpoint/Area (nonpt) NEI mwdss_mon Remove oil & gas, agricultural NH3, and 
dust,; includes commercial marine and rail 

2 Livestock NH3 (lv) NEI mwdss_mon Do not apply met-based temporal profiles; 
separate out for possible sensitivity later 

3 Fertilizer NH3 (ft) NEI mwdss_mon Group with lv as a full agricultural NH3 
sector (ag) 

4 Fugitive and Road Dust 
(fd) 

NEI mwdss_mon Includes paved and unpaved road dust; 
apply transport factors but not met factors 

5 Residential Wood 
Combustion (rwc) 

NEI mwdss_mon Do not apply met-based temporal profiles; 
separate out for possible sensitivity later 

6 Area Oil & Gas from P3  
(ogp3)  

WRAP P3 mwdss_mon Basin specific speciation profiles and 
spatial surrogates (includes Permian Basin) 

7 Area Oil and Gas from 
NEI (ognei) 

NEI MWDSS_mon Use default speciation and allocations 

8 Nonroad mobile (nr) NEI mwdss_mon Includes NMIM commercial marine and rail 

9 MOVES RPD (rpd) MOVES hourly met  

10 CEM Point (ptcem) NEI08/CAMD daily Anomalies removed from 2008 CAMD data 

11 Non-CEM Point 
(ptncem) 

NEI08 mwdss_mon Removed oil & gas sources from NEI and 
transferred to ptognei sector 

12 Point Oil & Gas from P3 
(ptogp3) 

WRAP P3 mwdss_mon WRAP Phase III inventory and Permian 
Basin 

13 Point Oil & Gas from 
NEI (ptognei) 

WRAP NEI mwdss_mon Remove NEI oil and gas emissions for 
counties in WRAP P3/Permian Basins 

14 Point Fires (ptfire)  FINN or 
SMARTFIRE 

daily  

15 Commercial Marine 
(ptseca) 

NEI aveday_mon Latest version from Emissions Control Area 
(ECA) rule 

16 Lightning NOX (lnox)  hourly met Gridded hourly NO emissions tied to WRF 
convective rainfall (optional) 

17 Sea salt (ss)  hourly met Surf zone and open ocean PM emissions 
(Optional) 

18 Windblown Dust (wbd) TBD hourly met WRAP WBD model one option 

19 MEGAN Biogenic (bg) MEGAN2.1 hourly met Use new versions of MEGAN V2.10 
updated by WRAP for the western U.S. 

20 Mexico Area (mexar) Mexico NEI mwdss_mon Mexico inventory projected from 1999 to 
2008 

21 Mexico Point (mexpt) Mexico NEI mwdss_mon Mexico inventory projected from 1999 to 
2013 

22 Mexico Mobile 
(mexmb) 

Mexico NEI mwdss_mon Mexico inventory projected from 1999 to 
2013 

23 Canada Area (canar) Canada NPRI mwdss_mon Latest Environment Canada Inventory 

24 Canada Point (canpt) Canada NPRI mwdss_mon Latest Environment Canada Inventory 

25 Canada Mobile (canmb) Canada NPRI mwdss_mon Latest Environment Canada Inventory 

26+ BLM Planning Areas BLM Mwdss_mon Separate processing of O&G and mining 
emissions in each BLM Planning Area 
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Separate QA/QC is performed for each separate stream of emissions processing and in each 
step.  SMOKE includes advanced quality assurance features that include error logs when 
emissions are dropped or added.  The QA/QC procedures developed under the WRAP RMC will 
be used (Adelman, 2004) that includes visual displays that such as: 

 Spatial plots of the hourly emissions for each major species (e.g., NOX, VOC, some 
speciated VOC, SO2, NH3, PM and CO); 

 Vertical average emissions plots for major species and each of the grids; 

 Diurnal plots of total emissions by major species and by state; and 

 Summary tables of emissions for major species for each grid and by major source 
category. 

This QA information will be examined against the original point and area source data and 
summarized in an overall QA/QC assessment. 

Scripts to perform the emissions merging of the appropriate biogenic, on-road, non-road, area, 
low-level, fire, and point emission files were written to generate the CAMx-ready two-
dimensional day-specific hourly speciated gridded emission inputs.  The point source and, as 
available, elevated fire emissions were processed into the day-specific hourly speciated 
emissions in the CAMx-ready point source format.   

The resultant CAMx model-ready emissions were subjected to a final QA using spatial maps, 
vertical plots and diurnal plots to assure that: (1) the emissions were merged properly; (2) 
CAMx inputs contain the same total emissions; and (3) to provide additional QA/QC 
information.   

2.6 2008 Base Case Modeling and Model Performance Evaluation 

WestJumpAQMS performed a CAMx 2008 4 km Base Case simulation for the CARMMS 4 km 
modeling domain and conducted a model performance evaluation.  The CARMMS model 
performance evaluation was documented in Section 4.5.3 in the WestJumpAQMS final report 
(ENVIRON, Alpine and UNC, 201355).  The CARMMS study intended to rely on the 
WestJumpAQMS CAMx model performance evaluation that focused on monthly and annual 
model performance statistics across the 4 km CARMMS domain for ozone, PM2.5 and related 
species.  However, when presenting the CARMMS 2008 Base Case modeling and model 
performance evaluation results to the IAQRT at a February 28, 2014 meeting, the IAQRT 
requested that more model performance information be provided.  In particular, the IAQRT 
requested that ozone model performance statistics be calculated using a 60 ppb observed 
ozone cut-off concentration instead of 40 ppb as used by WestJumpAQMS, and that model 
performance statistics be provided down to an individual monitoring site.  Thus, CARMMS 
calculated additional ozone model performance statistics using the 60 ppb ozone cut-off and 
packaged up all of the WestJumpAQMS model performance products for the 4 km CARMMS 
domain and 2008 Base Case simulation.  The result was a 72 Mb zipped file of model 
performance products that had over 4,500 model performance statistics and displays that 
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summarized model performance down to the individual monitoring site for each month and for 
each day of 2008 across the 4 km CARMMS domain.  The zipped file of model performance 
products was provided to the IAQRT. 

Appendix B summarizes the CARMMS CAMx 2008 Base Case simulation and model 
performance evaluation across the 4 km CARMMS domain, including ozone model performance 
statistics using a 60 ppb observed ozone cut-off threshold as recommended by EPA.  The 
CARMMS CAMx Base Case simulation achieved EPA’s ozone model performance goals, except 
in the winter months (Jan, Feb, Nov and Dec) when a 60 ppb observed ozone cut-off is used.  
The highest winter ozone events in the CARMMS 4 km domain occur during the winter ozone 
episodes in the Uinta Basin under cold pool shallow inversion conditions or stratospheric ozone 
intrusions events that the CARMMS modeling system was either not configured to simulate or 
has difficulty simulating, respectively.  The CARMMS CAMx Base Case simulation also mostly 
achieved the PM Model Performance Criteria.  More details on the CARMMS 2008 4 km base 
case simulation and model performance evaluation are provided in Appendix B. 
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3.0 FUTURE YEAR EMISSIONS 

The meteorological base year for the CARMMS modeling is 2008.  The development of the 2008 
Base Case modeling database and emissions scenario was described in Chapter 2.  In this 
section, we describe the development of the future year emissions scenario.  The future year 
emissions scenario modeled is 2021.  Projecting future year oil and gas (O&G) emissions has 
many uncertainties as it depends on economic conditions (e.g., price of natural gas and oil), 
identification of new O&G plays, availability of exploration and development equipment and 
regulatory requirements.  For CARMMS, future year O&G emissions were developed for a range 
of potential outcomes that would hopefully bound the actual future year O&G development in 
the region.  CARMMS developed three levels of 2021 future year O&G development within the 
BLM Colorado Planning Areas: 

 High Development Scenario; 

 Low Development Scenario; and 

 Medium Development Scenario, which is a mitigated version of the High Development 
Scenario.  

There are four general types of future year emissions addressed in CARMMS: 

1. BLM-authorized (Federal lands) and other (non-Federal lands) oil and gas and mining 
emissions within the Colorado BLM planning areas (as well as the BLM Farmington Field 
Office in northern New Mexico); 

2. Oil and gas and other development areas outside of Colorado/northern New Mexico BLM 
Planning Areas; 

3. Remainder future year anthropogenic emissions; and 

4. Emissions related to the 2008 base year that remained unchanged in the future year 
scenarios. 

3.1 Western Colorado BLM Planning Area Oil and Gas Emissions 

To address emissions from future BLM-authorized (Federal lands) and non-BLM-authorized 
(non-Federal lands) oil and gas development in the western Colorado planning areas, CARMMS 
has developed several emission calculators.  Existing emissions calculators were improved 
under CARMMS and representative calculators for “typical” crude oil, conventional gas (with 
condensate), coal bed natural gas (CBNG), and shale gas within the region have been 
developed.  New information has been incorporated for drilling times; engine configurations; 
condensate and produced water production; well pad versus offsite gas treatment and storage; 
well-head, infield, and pipeline compression; and gas/oil production.  The ability to readily 
modify input assumptions, such as production parameters, emission control assumptions, and 
wellhead equipment configurations, has also been incorporated into the calculators. 

The refined emission calculators were used to develop the 2021 future-year O&G emissions 
inventories for the eight western Colorado BLM planning areas.  The O&G emission calculators 
were also updated using information provided by the BLM New Mexico Farmington Field Office 
(FFO) petroleum engineers to estimate future year O&G emissions for the Mancos Shale 
Development area in northern New Mexico. 
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The following sections summarize the emission calculators used to estimate the O&G and 
mining emissions for western Colorado and northern New Mexico.  Details on the emission 
calculators are provide in two Technical Memorandums (Grant, Zapert and Morris, 2013a,b) 
that are included as Appendices C and D. 

3.1.1 6BOverview of Calculators 

Emission calculators have been developed for each of the following well types.  

 Conventional gas 

 Conventional oil 

 Shale gas 

 Coalbed natural gas (CBNG) 

For each well type, a separate self-contained emission calculator spreadsheet contains all of the 
inputs and calculations need to generate well site emissions. 

Additionally, a calculator has been developed to estimate midstream emissions for each area.  
The midstream emission calculator draws upon Colorado Department of Public Health (CDPHE) 
Air Pollutant Emission Notice (APEN) emissions for base year emission estimates.  Future year 
midstream emission projections are dependent on the change in oil and gas production in a 
given planning area which can be updated based on linkages to the by well type emission 
calculators. 

3.1.2 13BPollutants 

The emission calculators include estimates of emissions of criteria air pollutants (CAPs), 
greenhouse gases (GHGs), and hazardous air pollutants (HAPs) as follows: 

 Criteria Pollutants 

o Carbon monoxide (CO)  

o Nitrogen oxides (NOX) 

o Particulate matter less than or equal to 10 microns in diameter (PM10) 

o Particulate matter less than or equal to 2.5 microns in diameter (PM2.5) 

o Sulfur dioxide (SO2) 

o Volatile Organic Compounds (VOCs) 

 Greenhouse Gases56 

o Carbon dioxide (CO2) 

o Methane (CH4) 

o Nitrous oxide (N2O) 

 Hazardous Air Pollutants (HAPs)57 
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While lead (Pb) is a criteria pollutant, emissions of lead in the BLM western Colorado planning 
areas due to O&G and mining activities are extremely low and are therefore not included in this 
analysis. 

HAP emissions were estimated for each emissions source.  For oil and gas emissions sources, 
HAP emissions from venting and combustion source categories were estimated for 
formaldehyde, n-hexane, benzene, toluene, ethylbenzene, and xylenes (BTEX).   

Anthropogenic greenhouse gas emission inventories typically include carbon dioxide (CO2), 
methane (CH4), nitrous oxide (N2O), and fluorinated gases.  Fluorinated gases are not expected 
to be emitted in appreciable quantities by any category considered in this emission inventory 
and were therefore not included in this analysis. 

Although the CARMMS emissions calculators calculate HAP and GHG emissions for oil and gas 
sources, the CARMMS PGM modeling do not use these emissions so they are not included in 
this report. 

3.1.3 14BTemporal 

The calculators estimate annual emissions associated with oil and gas exploration.  Baseline 
emissions are estimated for 2011 with annual emission forecasts made for every year out to 10 
years (2021). 

3.1.4 Calculator Inputs  

The emission calculator for each well type allows for specification of the following inputs. 

 Base year oil and gas activity (gas production, oil production, spud counts, active well 
counts) 

 Well decline estimates 

 Level of control by source category 

 Gas composition 

 Equipment configurations (e.g. drill rigs, fracing rigs)  

 Gas venting activity (e.g. completions, blowdowns) 

The midstream emission calculator includes estimates of base year 2011 gas plant and 
compressor station emissions are taken from CDPHE APEN data.  Base year midstream 
emissions are projected to future years based upon the gas production in each planning area.   

3.1.5 9BEmission Calculations 

Emission calculations for all emission-generating activities were developed based on typical 
emission inventory methodology.  Methods used to estimate emissions from each source 
category are explained in detail in Appendix C (Grant, Zapert and Morris, 2013a).  For each 
source category, emissions for the 2011 baseline were estimated.  Emissions were then 
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forecasted to future years, accounting for activity growth and for applicable sources emissions 
controls.  

The methodologies described here are used consistently in all four calculators by well type; 
however the input data of each calculator was selected to best reflect the operational 
characteristics of each well type (oil, gas, CBNG, and shale gas) and thus obtained from 
literature sources including the following Air Quality Technical Support Documents (AQTSD) 
from Colorado field office planning areas and BLM emission calculators: 

 White River AQTSD (URS, 2012a) 

 Colorado River Valley AQTSD (URS, 2012b) 

 Grand Junction AQTSD (BLM, 2012b) 

 Uncompahgre AQTSD (in preparation) 

 BLM Crude Oil Well Gas Emission Calculator 

 BLM Coalbed Natural Gas Well Emission Calculator 

Emissions are generated in three main phases of oil and gas systems: 

 Emissions from Well Construction and Development 

 Emissions from the Production Phase (occurring at-or-nearby the well pad) 

 Emissions from Midstream Sources (Central Gas Compression and Processing) 

The methodologies implemented to estimate base year and future year emissions from oil and 
gas sources are explained in Appendix C (Grant, Zapert and Morris, 2013a) and covered the 
following source categories: 

 Well pad construction and development: 

o Well pad, access road and pipeline construction equipment; 

o Well pad, access road and pipeline construction traffic; 

o Drilling and completion equipment; 

o Fracing equipment; 

o Refracing equipment; 

o Drilling and well completion traffic; 

o Well pad, access road and pipeline construction wind erosion; and 

o Well completion venting. 

 Production phase emissions: 

o Well workover equipment; 

o Production traffic; 

o Blowdown venting; 

o Well recompletion venting; 

o Pneumatic devices and fugitive components; 
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o Water injection pumps; 

o Compressor station maintenance traffic exhaust and fugitive dust; 

o Condensate or oil tanks flashing and working and breathing losses; 

o Loading emissions from condensate and oil tanks; 

o Haul trucks traffic emissions; 

o Heaters; and 

o Dehydrators; 

 Midstream sources: 

o Natural gas processing facilities;  

o Natural gas compressor stations; and 

o Gas sweetening. 

The oil and gas emission calculators are designed to estimate emissions from both BLM-
authorized and non-BLM-authorized activities within the western Colorado BLM planning areas.  
Emissions were also estimated for coal and uranium mines on federal lands in the western 
Colorado BLM planning areas.  However, unlike the oil and gas emissions, emissions from mines 
not on federal lands were not estimated and were obtained from the EPA 2020 projections.  
The emissions for mines on federal lands were estimated for the baseline (2011) and future 
years and were based on the CDPHE APEN database and available EISs and EAs.  Details on the 
mining emissions are given in Appendix D (Grant, Zapert and Morris, 2013b).  Emissions were 
estimated for the following mines (BLM field office in parenthesis):  

 Book Cliffs Area (Grand Junction). 

 McClane (Grand Junction). 

 Oak Mesa Area (Uncompahgre). 

 King (Tres Rios). 

 Foidel (Kremmling). 

 Deserado (White River). 

 Trapper (Little Snake). 

 Colowyo (Little Snake). 

 Sage Creek (Little Snake). 

 West Elk (Uncompahgre). 

 Elk Creek (Uncompahgre). 
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3.2 Oil and Gas Emissions outside of the BLM Western Colorado Planning Areas 

The following three sections describe the procedures for estimating baseline and future year oil 
and gas emissions for areas within the CARMMS 4 km modeling domain but outside of the 
western Colorado BLM planning areas. 

3.2.1 Colorado Royal Gorge Field Office 

Baseline and future year oil and gas emissions for the BLM Royal Gorge Field Office58 (RGFO) 
planning area in eastern Colorado were developed by the BLM COSO using RGFO specific oil 
and gas RFD estimates and air pollutant emissions calculators designed specifically for eastern 
Colorado oil and gas development / operations. Due to the geographic size and diversity of the 
RGFO, the RGFO was divided into four unique geographic areas and baseline and projected 
emissions inventories were developed for each RGFO area. Future year 2021 oil and gas 
emissions estimates were developed for future “permitted” and “non-permitted” activities. To 
develop the year 2021 “permitted” oil and gas emissions estimates, the year 2011 APENs 
emissions for each RGFO area was scaled  using the year 2011 oil and gas production data with 
projected year 2021 oil and gas production data. The APENs based projections account for all 
permitted source types but do not include non-permitted sources such as pneumatics, small 
tanks and some fugitives. To account for “non-permitted” activities in the DJ Basin, WRAP 
Phase III emissions inventories for non-permitted sources and production data were used to 
develop production average emissions factors for non-permitted sources / activities and these 
emissions factors were then used with future projected year 2021 production rates to develop 
a future year 2021 non-permitted oil and gas emissions inventory for the DJ Basin. For eastern 
and southeastern portions of the RGFO, a CENRAP oil and gas emissions inventory report was 
used with projected future year 2021 production data to develop future non-permitted oil and 
gas emissions estimates similar to what was completed for the DJ Basin. For the Raton Basin, oil 
and gas operators were specifically queried for operations / activities that are not routinely 
permitted and future projected year 2021 non-permitted emissions estimates for these 
activities were made using that information. In addition to the “permitted” and “non-
permitted” RGFO emissions inventories described above, oil and gas development and 
production related traffic emissions were developed for year 2021.  The “RFD / High” and 
“Low” emissions scenarios assumed on-the-books controls and the “RFD-Controlled / Medium” 
scenario assumes the following enhanced emissions controls for future projected Federal oil 
and gas: no venting during blow-downs, 30% electrification, Tier 4 drill and completion engines, 
80% dust control to unpaved roads, 50% dust controls for well-pad and road construction 
disturbed areas and 50% of small non-permitted condensate tanks are assumed controlled.  

The following charts show year 2011 and projected year 2021 RGFO NOx and VOC emissions 
estimates and well counts for the CARMMS Low and High modeling scenarios. As shown in the 
plots, projected year 2021 Federal O&G related emissions for the RFD / High Scenario are 
higher than projected year 2021 Federal O&G emissions estimates for the Low scenario. For the 
cumulative plots, future year 2021 cumulative (Federal and non-Federal) emission estimates for 
the Low Scenario (projected development based on recent development rates) are higher than 
the RFD / High Scenario and are being driven by the non-Federal oil and gas projection 
estimates. The current annual non-Federal oil and gas development rates are higher than the 
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RFD projected estimates primarily because the RFD analysis assumes that current annual non-
Federal development rates are not sustainable. 

 

 

 

 

 

 

 

3.2.2 South San Juan Basin, New Mexico 

Oil and gas emissions for the New Mexico BLM Farmington Field Office in the South San Juan 
Basin that includes San Juan, Rio Arriba, Sandoval and McKinley Counties were estimated based 
on oil and gas activity provided by the New Mexico BLM State and Farmington Field Office for 
the Mancos Shale Play and 2012 WRAP Phase III inventories for oil and gas emissions in the 
South San Juan basin.  Figure 3-1 displays the Mancos Shale oil and gas development area in 
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northwestern New Mexico in relation to BLM Planning Areas (note that the Mancos Shale 
extends into southern Colorado Tres Rios Field Office Planning Area).  Figure 3-2 displays a 
detailed map of the Mancos Shale development area; the formation is split into an oil prone 
area in the south and a gas prone area to the north.  The oil development is expected to occur 
at a rate of approximately 200 wells per year starting around 2015.  The development of the gas 
prone area to the north (dry gas with little or no fluids) is dependent on the price of natural gas 
and is expected to be intensively developed starting approximately four years after the oil 
prone area (~2019).   

70% of the new O&G emissions due to the Mancos Shale development are assumed to occur on 
Federal lands (i.e., BLM-authorized) and these emissions will be attributed to the New Mexico 
BLM Farmington Field Office even though there are small amounts of emissions within the BLM 
Colorado Tres Rios Field Office Planning Area. 

 

Figure 3-1.  Mancos Shale development area (shown with other oil and gas source areas from 
CARMMS). 
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Figure 3-2.  Map of oil and gas prone development areas within the Mancos Shale Oil 
formation primarily in the New Mexico BLM FFO planning area. 

 

 
To address emissions from future BLM-authorized (Federal lands) and non-BLM-authorized 
(non-Federal lands) oil and gas development in the South San Juan Basin, BLM commissioned 
development of Mancos Shale emission calculators.  CARMMS emission calculators were 
modified and adapted to develop two new Mancos Shale emission calculators, one for oil wells 
and another for gas wells drilled in the Mancos Shale formation. Mancos Shale oil and gas well 
information has been incorporated for all phases of well development and production 
emissions to the extent that Mancos Shale specific data was available based on information 
provided by the BLM New Mexico Farmington Field Office (FFO) petroleum engineers.  The 
ability to readily modify input assumptions, such as production parameters, emission control 
assumptions, and wellhead equipment configurations, has also been incorporated into the 
calculators. 

The Mancos Shale emission calculators were used to develop the 2021 future-year O&G 
emissions inventories for oil and gas activity associated with the Mancos Shale formation.  The 
oil and gas emission calculators are designed to estimate emissions from both BLM-authorized 
and non-BLM-authorized activities for the Mancos Shale formation emissions.  

Pollutants included in the Mancos Shale calculators, temporal considerations, and calculator 
inputs are all consistent with the CARMMS calculators as described in Sections 3.1.2, 3.1.3, and 
3.1.4, respectively. 
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3.2.2.1 9BEmission Calculations 

Emission calculations for all Mancos Shale emission-generating activities were developed based 
on typical emission inventory methodology.  Methods used to estimate emissions from each 
source category are consistent with the CARMMS Western Colorado Planning Area calculators 
explained in detail in Appendix C (Grant, Zapert and Morris, 2013a).  For each source category, 
emissions were estimated for all years of activity, accounting for activity growth and for 
applicable sources, emissions controls.  

The methodologies described here are used consistently in both oil well and gas well Mancos 
Shale calculators; however the input data of each calculator was selected to best reflect the 
operational characteristics of each well type (oil and gas) and thus obtained from either BLM 
New Mexico Farmington Field Office (FFO) petroleum engineers provided well characteristics 
data or from CARMMS Western Colorado oil and gas calculators. 

Emissions are generated in three main phases of oil and gas systems: 

 Emissions from Well Construction and Development 

 Emissions from the Production Phase (occurring at-or-nearby the well pad) 

 Emissions from Midstream Sources (Central Gas Compression and Processing) 

The methodologies implemented to estimate base year and future year emissions from oil and 
gas sources are explained in Appendix C (Grant, Zapert and Morris, 2013a) using the emissions 
calculators for source categories discussed in Section 3.1.5. 

Recent trends in gas production in the South San Juan Basin show consistent decline since 2006 

(Figure 3-3). Average decline over the 2006 to 2013 period is about 42 billion cubic-feet (BCF) 

per year, with the largest drop in production occurring from 2012 to 2013 (64 BCF). Over the 

ten year period from 2011 to 2021, the average annual historical rate of decline would result in 

a loss of 420 BCF and the most recent, maximum rate of annual decline would result in a loss of 

640 BCF. The total gas production estimated to be added to 2021 for the Mancos Shale for the 

high development scenario is about 510 BCF per year. Given existing midstream capacity and 

recent declines in gas production in the South San Juan Basin, additional emissions at 

midstream sources (i.e. compressor stations and gas plants) were assumed negligible for the 

Mancos Shale development.  
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Figure 3-3. Historical gas production in the South San Juan Basin (including Rio Arriba, San 
Juan, Sandoval, and McKinley Counties). 

3.2.3 Uinta Basin, Utah 

Baseline and future year emissions associated with oil and gas development in the Uinta Basin 
have been estimated by AECOM for the BLM Utah State Office (UTSO59) under the UTSO Air 
Resource Management Study (ARMS).  The UTSO ARMS is using a 2010 baseline year.  More 
details on the oil and gas emissions for the Uinta Basin are available in the UTSO ARMS 
documentation (AECOM, 201360). 

3.2.4 Southwestern Wyoming 

Oil and gas development emissions for southwestern Wyoming were based on recent BLM 
Environmental Impact Statements (EISs), including those compiled as part of the draft EIS for 
the Continental Divide-Creston Natural Gas Project61.  

3.3 Other Anthropogenic Emissions 

Other anthropogenic emissions (i.e., non O&G and BLM authorized mining sources) for the 
2021 future year were based on 2020 emission projections compiled by the 3SAQS that were 
based on EPA’s 2020 projections used in the PM2.5 NAAQS rulemaking, which used EPA’s 2007v5 
modeling platform62.  Emissions associated with oil and gas emissions within the western 
Colorado, Royal Gorge, North San Juan Basin, Uinta Basin and southwest Wyoming Basin 
described in Section 3.2 above were removed from the 2020 3SAQS/NEI to avoid double 
counting.  Similarly, mining emissions on federal lands in the western Colorado BLM planning 
areas were also removed from the 2020 NEIs and replaced by estimates from the CARMMS 
calculators. 
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 http://www.blm.gov/ut/st/en.html 
60 http://www.blm.gov/pgdata/etc/medialib/blm/ut/natural_resources/airQuality.Par.34346.File.dat/UTSO_EmissionsTSD121913.pdf 
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 http://www.blm.gov/wy/st/en/info/NEPA/documents/rfo/cd_creston.html 
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Details on the development of the 2020 NEI can be found in the 2020 Emissions Technical 
Support Document (TSD) for the PM2.5 NAAQS rule (EPA, 2012d63).   

3.4 Emissions that Remain at 2008 Levels 

The following emission categories from the 2008 Base Case emissions scenario (see Section 2.5) 
were assumed to remain unchanged for the 2021 future year emission scenarios: 

 Biogenic emissions. 

 Wildfires, Prescribed Burns and Agricultural Burning emissions. 

 Lightning emissions. 

 Sea Salt emissions. 

 Windblown Dust emissions. 

 Emissions from Canada, Mexico and offshore sources (used in the 2021 36/12 km 
simulation used to provide boundary conditions for the 4 km CARMMS domain). 

3.5 Western Colorado BLM Planning Area Oil and Gas Emissions 

The emission calculators were used to generate O&G emissions for the eleven-year period of 
2011-2021 for 8 western Colorado BLM Planning Areas: 

 Roan Plateau portion of the Colorado River Valley Field Office (CRVFO) 

 CRVFO outside of the Roan Plateau 

 Grand Junction Field Office (GJFO) 

 Kremmling Field Office (KFO) 

 Little Snake Field Office (LSFO) 

 Tres Rios Field Office (TRFO) 

 Uncompahgre Field Office (UFO) 

 White River Field Office (WRFO) 

For each year between 2011-2021, the emissions calculators were used to estimate O&G 
emissions for upstream (well site) and midstream emission sources and for O&G development 
on Federal and non-Federal lands within in each of the 8 western Colorado BLM Planning Areas 
listed above.   

3.5.1 2021 High, Low and Medium Development Scenarios 

The emissions calculators were used to generate O&G emissions within the 8 western Colorado 
BLM Planning Areas for 2021 High, Low and Medium Development Scenarios.  The High 
Development Scenario is based on BLM COSOs estimates of RFD O&G future development 
within these 8 BLM Planning Areas.  The Low Development Scenario is based on historical 5-
year average O&G development over the 2008-2012 period that was used to grow O&G 
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 http://epa.gov/ttn/chief/emch/2007v5/2007v5_2020base_EmisMod_TSD_13dec2012.pdf 
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emissions to each year between 2011-2021.  Applicable State and Federal controls are applied 
to the O&G emissions starting in the year that they are required. 

The Low Development Scenario assumes 25,710 total active wells in 2021 within the 8 western 
Colorado BLM Planning Areas with 8,121 wells (32%) on Federal and 17,589 wells (68%) on non-
Federal lands.  The High Development Scenario assumes 41,033 total active wells, 1.6 times 
higher than the Low Development Scenario, that are split as 18,347 on Federal (45%) and 
22,686 (55%) on non-Federal lands.  The 2021 Medium Development Scenario has the same 
number of wells as the High Development Scenario but assumes additional levels of controls 
beyond the application of existing state and federal requirements.  The Medium Development 
Scenario assumes additional control of engine and fugitive emission sources for all phases of 
well-site operation for wells drilled on Federal land after 2015 as follows: 

 All development (drilling / completion / fracing) engines will be Tier 4.  Tier 4 gen-set 
standards will be applied for all engines with a horsepower >750; final Tier 4 standards 
will be applied to all engines with horsepower <750. 

 All condensate tank, oil tank, and dehydrator emissions are captured and controlled by 
VRUs (assumed 95% control efficiency attained by vapor recovery). 

 All pneumatic devices are low-bleed or no bleed.  Assumed 50% of devices are low-
bleed (6 cfh) and 50% of devices are no-bleed. 

 Assume that 30% of production engines are powered by electricity (applies to all well-
site engines). 

 Assume 80% dust control for unpaved road traffic. 

 All truck loading emissions are captured and controlled by VRU. 

Table 3-1 and Figure 3-4 compare the total emissions from the 8 western Colorado BLM 
Planning Areas for the 2021 High, Low and Medium Development emission scenarios.   
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Table 3-1.  Comparison of oil and gas emissions (tons per year, TPY) from the 8 western 
Colorado BLM Planning Areas for 2021 High, Low and Medium Development emission 
scenarios. 

Scenario VOC CO NOX PM10 PM2.5 SO2 

All Wells 

Low 44,025 22,715 25,078 4,425 1,270 259 

Medium 78,654 45,453 51,983 7,224 2,355 1,145 

High 95,427 46,014 56,666 9,482 2,714 1,145 

Federal Emissions 

Low 13,950 7,369 7,939 1,233 424 190 

Medium 30,254 22,811 26,003 2,763 1,118 971 

High 47,007 23,371 29,879 4,996 1,452 972 

Non-Federal Emissions 

Low 30,075 15,346 17,139 3,191 846 69 

Medium 48,399 22,642 25,979 4,461 1,237 174 

High 48,420 22,642 26,787 4,486 1,262 174 
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Figure 3-4.  Comparison of total oil and gas emissions from the 8 western Colorado BLM 
Planning Areas for the 2021 High, Low and Medium Development Scenarios. 

 

3.5.2 2021 High, Low and Medium Development Scenarios 

The CARMMS air quality modeling results for the 2021 High, Low and Medium Development 
Scenarios are presented in Chapter 5.  In this section we summarize the emissions for the 8 
western Colorado BLM Planning Areas and the three 2021 emission scenarios.  Figure 3-5 and 
Table 3-2 display the NOX and VOC O&G emissions for the 8 western Colorado BLM Planning 
Areas and the 2011 current year emissions and the three 2021 emission scenarios stratified by 
O&G emissions on Federal and non-Federal lands.  Summary spreadsheets (not shown) also 
include emissions stratified by upstream vs. midstream and provide emissions per well.  Across 
the 8 Colorado Planning Areas, the 2021 High Development Scenario O&G NOX and VOC 
emissions are, respectively, 2.6 and 2.7 times greater than in 2011, whereas the 2021 Low 
Development Scenario are 1.1 and 1.3 times greater than 2011, so the 2021 Low Development 
Scenario emissions are very similar to 2011 O&G emission levels.  The controls assumed in the 
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2021 Medium Development Scenario reduce O&G NOX and VOC emissions by -8.2% and -17.6% 
from the 2021 High Development Scenario.   

Table 3-2a.  Summary of oil and gas NOX and VOC emissions within the 8 western Colorado 
BLM Planning Areas for the 2011 current year and 2021 High Development emission scenarios 
(2021 emissions include both existing and new O&G sources). 

2011 NOX Emissions (TPY) VOC Emissions (TPY) 

BLM Area Federal non-Fed Total Federal non-Fed Total 

CRVFO (No Roan) 1,036 3,575 4,611 2,596 10,407 13,003 

Roan (CRVFO) 1,280 2,158 3,438 1,962 3,356 5,318 

GJFO 535 2,976 3,511 634 4,032 4,665 

KFO 69 40 108 150 138 288 

LSFO 741 189 930 1,493 415 1,907 

TRFO 879 4,551 5,431 837 3,243 4,080 

UFO 61 76 137 55 65 120 

WRFO 3,296 736 4,032 4,433 1,052 5,485 

Grand Total 7,896 14,301 22,198 12,159 22,708 34,867 

2021 High Scenario NOX Emissions (TPY) VOC Emissions (TPY) 

BLM Area Federal non-Fed Total Federal non-Fed Total 

CRVFO (No Roan) 1,679 4,639 6,318 5,070 14,287 19,357 

Roan (CRVFO) 1,835 1,856 3,692 2,971 3,425 6,395 

GJFO 7,670 10,291 17,961 13,744 20,230 33,974 

KFO 236 221 458 424 326 750 

LSFO 2,320 1,723 4,042 3,334 2,349 5,683 

TRFO 3,386 5,096 8,482 2,289 3,861 6,150 

UFO 612 1,067 1,679 620 1,082 1,702 

WRFO 12,141 1,893 14,034 18,556 2,859 21,415 

Grand Total 29,879 26,787 56,666 47,007 48,420 95,427 

Difference NOX Emissions (TPY) VOC Emissions (TPY) 

BLM Area Federal non-Fed Total Federal non-Fed Total 

CRVFO (No Roan) 62% 30% 37% 95% 37% 49% 

Roan (CRVFO) 43% -14% 7% 51% 2% 20% 

GJFO 1333% 246% 412% 2069% 402% 628% 

KFO 244% 455% 322% 183% 136% 160% 

LSFO 213% 813% 335% 123% 467% 198% 

TRFO 285% 12% 56% 173% 19% 51% 

UFO 903% 1302% 1124% 1025% 1565% 1317% 

WRFO 268% 157% 248% 319% 172% 290% 

Grand Total 278% 87% 155% 287% 113% 174% 
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Table 3-2b.  Summary of oil and gas NOX and VOC emissions within the 8 western Colorado 
BLM Planning Areas for the 2011 current year and 2021 Medium Development emission 
scenarios (2021 emissions include both existing and new O&G sources). 

2011 NOX Emissions (TPY) VOC Emissions (TPY) 

BLM Area Federal non-Fed Total Federal non-Fed Total 

CRVFO (No Roan) 1,036 3,575 4,611 2,596 10,407 13,003 

Roan (CRVFO) 1,280 2,158 3,438 1,962 3,356 5,318 

GJFO 535 2,976 3,511 634 4,032 4,666 

KFO 69 40 109 150 138 288 

LSFO 741 189 930 1,493 415 1,908 

TRFO 879 4,551 5,430 837 3,243 4,080 

UFO 61 76 137 55 65 120 

WRFO 3,296 736 4,032 4,433 1,052 5,485 

Grand Total 7,896 14,301 22,197 12,159 22,708 34,867 

2021 Medium Scenario NOX Emissions (TPY) VOC Emissions (TPY) 

BLM Area Federal non-Fed Total Federal non-Fed Total 

CRVFO (No Roan) 1,428 4,459 5,887 3,174 14,283 17,457 

Roan (CRVFO) 1,613 1,820 3,433 2,438 3,424 5,862 

GJFO 6,517 9,927 16,444 6,158 20,221 26,379 

KFO 197 213 410 245 326 571 

LSFO 2,092 1,680 3,772 2,690 2,348 5,038 

TRFO 2,984 5,033 8,017 1,876 3,860 5,735 

UFO 486 1,012 1,498 531 1,081 1,611 

WRFO 10,686 1,835 12,522 13,142 2,857 15,999 

Grand Total 26,003 25,979 51,983 30,254 48,399 78,654 

Difference NOX Emissions (TPY) VOC Emissions (TPY) 

BLM Area Federal non-Fed Total Federal non-Fed Total 

CRVFO (No Roan) 38% 25% 28% 22% 37% 34% 

Roan (CRVFO) 26% -16% 0% 24% 2% 10% 

GJFO 1118% 234% 368% 871% 402% 465% 

KFO 185% 433% 276% 63% 136% 98% 

LSFO 182% 789% 306% 80% 466% 164% 

TRFO 239% 11% 48% 124% 19% 41% 

UFO 696% 1232% 993% 865% 1563% 1243% 

WRFO 224% 149% 211% 196% 172% 192% 

Grand Total 229% 82% 134% 149% 113% 126% 

 
  



January 2015 
 
 

47 

Table 3-2c.  Summary of oil and gas NOX and VOC emissions within the 8 western Colorado 
BLM Planning Areas for the 2011 current year and 2021 Low Development emission scenarios 
(2021 emissions include both existing and new O&G sources). 

2011 NOX Emissions (TPY) VOC Emissions (TPY) 

BLM Area Federal non-Fed Total Federal non-Fed Total 

CRVFO (No Roan) 1,036 3,575 4,611 2,596 10,407 13,003 

Roan (CRVFO) 1,280 2,158 3,438 1,962 3,356 5,318 

GJFO 535 2,976 3,511 634 4,032 4,666 

KFO 69 40 109 150 138 288 

LSFO 741 189 930 1,493 415 1,908 

TRFO 879 4,551 5,430 837 3,243 4,080 

UFO 61 76 137 55 65 120 

WRFO 3,296 736 4,032 4,433 1,052 5,485 

Grand Total 7,896 14,301 22,197 12,159 22,708 34,867 

2021 Low Scenario NOX Emissions (TPY) VOC Emissions (TPY) 

BLM Area Federal non-Fed Total Federal non-Fed Total 

CRVFO (No Roan) 1,212 3,334 4,546 3,701 10,456 14,157 

Roan (CRVFO) 1,248 1,856 3,104 2,208 3,425 5,633 

GJFO 819 5,229 6,049 1,203 10,107 11,310 

KFO 80 94 175 127 145 272 

LSFO 592 389 980 972 536 1,508 

TRFO 1,051 5,261 6,313 782 3,931 4,712 

UFO 176 127 303 200 140 340 

WRFO 2,760 849 3,609 4,758 1,336 6,093 

Grand Total 7,939 17,139 25,078 13,950 30,075 44,025 

Difference NOX Emissions (TPY) VOC Emissions (TPY) 

BLM Area Federal non-Fed Total Federal non-Fed Total 

CRVFO (No Roan) 17% -7% -1% 43% 0% 9% 

Roan (CRVFO) -3% -14% -10% 13% 2% 6% 

GJFO 53% 76% 72% 90% 151% 142% 

KFO 16% 136% 60% -16% 5% -6% 

LSFO -20% 106% 5% -35% 29% -21% 

TRFO 20% 16% 16% -7% 21% 15% 

UFO 189% 67% 121% 264% 116% 184% 

WRFO -16% 15% -11% 7% 27% 11% 

Grand Total 1% 20% 13% 15% 32% 26% 
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Figure 3-5.  NOX and VOC emissions and well counts from oil and gas development within the 
8 western Colorado BLM Planning Areas and for the 2011 current (left) and 2021 High 
Development Scenario (right) emissions scenarios. 

 

3.6 Future Year Emissions Modeling Procedures 

The 2021 future year emissions were processed using the SMOKE emissions model in a similar 
manner as used for the 2008 Base Case emissions scenario described in Section 2.5.  One 
difference in the 2021 SMOKE emissions modeling was that each source category for which 
separate ozone and particulate matter contributions are needed was processed in a separate 
stream in the SMOKE emissions modeling.  This resulted in many different streams of SMOKE 
emissions processing for the three 2021 emission scenarios to provide separate source groups 
so that the AQ/AQRV impacts can be isolated in the source apportionment modeling.   
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3.6.1 Non-Oil and Gas Future-Year Emissions Data 

For most of the inventory sectors, the 2020 inventory and ancillary emissions data were 
obtained directly from the 3SAQS modeling platform, which in turn uses data from EPA’s 
2007v5 modeling platform (EPA, 2012d).  Developed by EPA for use in the PM2.5 NAAQS RIA, the 
2020 inventory represent the best estimate of future year emissions without the 
implementation of any new controls necessary to attain the current PM2.5 annual and 24-hr (35 
μg/m3 and 15 μg/m3) and ozone 8-hr (75 ppb) standards (EPA, 2012d).  These emissions reflect 
rule promulgated or under reconsideration as of July 2012.   

A summary of the 2007v5 modeling platform 2020 inventory is provided below and additional 
details are available from EPA (EPA, 2012d). 

CEM Point:  For Electric Generating Units (EGUs) with Continuous Emissions Monitors (CEMs), 
EGU-specific emissions estimates were obtained from the Integrated Planning Model (IPM®64), 
version 4.10 accounting for controls from the Cross-State Air Pollution Rule (CSAPR65) and 
Mercury and Air Toxics Standard (MATS66) rulemakings. 

Non-CEM Point:  Projection factors and percent reductions reflect CSAPR comments and 
emission reductions due to national rules, control programs, plant closures, consent decrees 
and settlements and 1997 and 2001 ozone State Implementation Plans in NY, CT, and VA. EPA 
used projection approaches for corn ethanol and biodiesel plants, refineries and upstream 
impacts from the Energy Independence and Security Act of 2007 (EISA). Terminal area forecast 
(TAF) data aggregated to the national level were used for aircraft to account for projected 
changes in landing/takeoff activity. 

Nonpoint/Area:  Agricultural sector projection factors for livestock estimates based on expected 
changes in animal population from 2005 Department of Agriculture data, updated based on 
personal communication with EPA experts in July 2012; fertilizer application NH3 emissions 
projections include upstream impacts EISA. Fugitive dust projection factors for dust categories 
related to livestock estimates based on expected changes in animal population and upstream 
impacts from EISA. Other nonpoint source projection factors that implement CSAPR comments 
and reflect emission reductions due to control programs. Residential wood combustion 
projections are based on growth in lower-emitting stoves and a reduction in higher emitting 
stoves. PFC projection factors reflecting impact of the final Mobile Source Air Toxics (MSAT 2) 
rule. Upstream impacts from EISA, including post-2007 cellulosic ethanol plants are also 
reflected. 

Off-road Mobile:  Other than for California, this sector uses data from a run of NMIM that 
utilized NONROAD2008a, using future-year equipment population estimates and control 
programs to the year 2020 and using national level inputs. Final controls from the final 
locomotive-marine and small spark ignition OTAQ rules are included. California-specific data 
were provided by California Air Resources Board (CARB). 

                                                      
64

 http://www.icfi.com/insights/products-and-tools/ipm 
65

 http://www.epa.gov/crossstaterule/ 
66

 http://www.epa.gov/mats/ 

http://www.icfi.com/insights/products-and-tools/ipm
http://www.epa.gov/crossstaterule/
http://www.epa.gov/mats/
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Aircraft/locomotive/marine:  For all states except California, projection factors for Class 1 and 
Class 2 commercial marine and locomotives, which reflect final locomotive-marine controls. 
California projected year-2020 inventory data were provided by CARB.  

Offshore shipping:  Base-year 2007 emissions grown and controlled to 2020, incorporating 
controls based on Emissions Control Area (ECA) and International Marine Organization (IMO) 
global NOX and SO2 controls. 

On-road Mobile, not including refueling:  MOVES2010b emissions factors for year 2020 were 
developed using the same representative counties, state-supplied data, meteorology, and 
procedures that were used to produce the 2007 emission factors. California-specific data were 
provided by CARB. Other than California, this sector includes all non-refueling on-road mobile 
emissions (exhaust, evaporative, evaporative permeation, brake wear and tire wear modes). 

On-road Refueling:  Uses the same projection and processing approach as the on-road sector, 
except for California where EPA projected using MOVES2010b and did not include CARB data.  

Canada Sources:  Held constant and 2006 levels. 

Mexico Sources:  Projections from 1999 to 2018. 

The ancillary data (spatial/temporal/chemical) were held unchanged from the 3SAQS platform 
for preparing the 2021 emissions for CAMx.  In the 3SAQS platform, the base sets of ancillary 
data were taken directly from the EPA 2007v5 modeling platform. The 3SAQS made targeted 
improvements to the ancillary files for counties in the 3-state study region (Figure 3-6).  The 
improvements were focused on the assignments of spatial/chemical/temporal profiles to 
inventory sources and on developing profiles that best represent the emissions patterns in the 
3-state study region. 
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Figure 3-6.  List of counties where the 3SAQS made targeted emission improvements to the 
EPA NEI. 

The 3SAQS improvements over the EPA 2008, 2011 and 2020 National Emissions Inventory 
(NEI) for the CO/UT/WY counties include the following: 

Utah 

 Updated the 2007v5 spatial surrogates for land cover and building square footage with 
NLCD2006 and FEMA-HAZUS data 

 Changed the ATV/ORV/Snowmobile surrogate assignment from rural land area to forest 
land 

 Changed the livestock surrogate assignment from total agricultural land to pasture land 

 Changed the fertilizer surrogate assignment from total agricultural land to crop land 

 Created a state-specific, year 2011 monthly temporal profile for residential natural gas 
heating fuel use with Energy Information Administration data (Figure 3-7). 

 Used point locations of rest areas and truck stops to allocation MOVES extended idling 
emissions to the modeling grid 
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Colorado 

 Updated the 2007v5 spatial surrogates for land cover and building square footage with 
NLCD2006 and FEMA-HAZUS data 

 Changed the ATV/ORV/Snowmobile surrogate assignment from rural land area to forest 
land 

 Created CAFO spatial surrogates from data provided by CDPHE for livestock ammonia 
sources 

 Changed the livestock surrogate assignment from total agricultural land to pasture land 

 Changed the fertilizer surrogate assignment from total agricultural land to crop land 

 Created a state-specific, year 2011 monthly temporal profile for residential natural gas 
heating fuel use with Energy Information Administration data (Figure 3-7). 

 Developed 2008 vehicle miles traveled (VMT)-based spatial surrogates for on-road 
mobile sources. Figure 3-8 compares the U.S. Census year 2010 TIGER line roadway data 
with link-based VMT data from CO.  

 Used point locations of rest areas and truck stops to allocation MOVES extended idling 
emissions to the modeling grid 

Wyoming 

 Updated the NEI08v2 spatial surrogates for land cover and building square footage with 
NLCD2006 and FEMA-HAZUS data 

 Changed the ATV/ORV/Snowmobile surrogate assignment from rural land area to forest 
land 

 Changed the livestock surrogate assignment from total agricultural land to pasture land 

 Changed the fertilizer surrogate assignment from total agricultural land to crop land 

 Created a state-specific, year 2011 monthly temporal profile for residential natural gas 
heating fuel use with Energy Information Administration data (Figure 3-7). 

 Developed confined animal feeding operation (CAFO) spatial surrogates for livestock 
sources. The CAFOs locations data were provided by the state of Wyoming (Figure 3-9).  
The 3SAQS generated WY livestock surrogates for cattle, poultry, and swine.   

 Used point locations of rest areas and truck stops to allocation MOVES extended idling 
emissions to the modeling grid 
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Figure 3-7.  3SAQS 2011 residential natural gas consumption monthly temporal profiles. 

 
 

Figure 3-8.  Colorado roadway spatial data improvement plots. Left: TIGER 2010 Shapefile of 
urban/rural primary/secondary roads. Right: CO 2008 VMT-based roadways. 
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Figure 3-9.  Wyoming CAFO locations. 

3.6.2 Oil and Gas Future-Year Emissions Data 

For oil and gas sources, ENVIRON developed emissions inventories for the western Colorado 
BLM planning areas as described in Section 3.1 and South San Juan basin, NM as described in 
Section 3.2.2.  The oil and gas emissions for all other planning areas were provided by BLM as 
described in Section 3.2.   

Oil and gas sources within 14 BLM planning areas, emissions were divided into existing and RFD 
(new) source categories to facilitate CAMx source apportionment processing.  The RFD sources 
were further divided into oil and gas development on the BLM-authorized land (Federal) and 
other (non-Federal) lands.  The South San Juan basin existing emissions were obtained from the 
WRAP Phase III midterm projection.   

For processing oil and gas emissions, we developed ancillary data (spatial/temporal/chemical) 
specific to planning areas. The area-specific spatial allocation profiles were developed from the 
data provided by BLM and chemical speciation profiles were prepared from the gas 
composition available in the emission calculator.  Table 3-3 provides a list of speciation and 
gridding profiles developed by planning areas.  The conventional (CG) and CBM gas speciation 
profile are assigned to source categories associated with the respective well type.  For spatial 
allocation, gridding profiles were developed for each well type (i.e., conventional, CBM) and 
land type (Federal, non-Federal) combination. 
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Table 3-3.  Source of VOC speciation profile and spatial surrogates used for gridding oil and 
gas emissions in the 14 CO/NM BLM Planning Areas. 

Source Region Speciation Profiles Gridding Profiles 

Colorado 

Colorado River Valley, without Roan CRV{CG} CRVFO {CG}{Fed,non-Fed} 

Grand Junction FO  GJ {CBM,CG,SG} GJFO {CG,CBM}{Fed,non-Fed} 

Kremmling FO  K {CBM,CG,CO} KFO shapefile 

Little Snake FO  LS {CG,CO} CRVFO {CG}{Fed,non-Fed} 

Roan Plateau CRV{CG} CRVFO_Roan_Plateau. 

Tres Rios FO TR {CBM,CG,CO,SHL} TRFO {CG,CBM}{Fed,non-Fed} 

Uncompahgre FO U {CBM,CG} UFO {CG,CBM}{Fed,non-Fed} 

White River FO  WR {CG,CO} WRVFO {CG}{Fed,non-Fed} 

Pawnee National Grasslands DJ{FLA ,VNT} RGFO {CG}{Fed} 

Royal Gorge FO Area1 DJ{FLA ,VNT} RGFO {CG}{Fed,non-Fed} 

Royal Gorge FO Area2 DJ{FLA ,VNT} RGFO {CG}{Fed,non-Fed} 

Royal Gorge FO Area3 DJ{FLA ,VNT} RGFO {CG}{Fed,non-Fed} 

Royal Gorge FO Area4 DJ{FLA ,VNT} RGFO {CG}{Fed,non-Fed} 

New Mexico 

Farmington FO MAN{SG, SO} Shapefile 

  

3.6.3 Mining Future-Year Emissions Data 

For mining sources, emissions were estimated for coal and uranium mines on Federal lands in 
the western Colorado BLM Planning Areas.  The emissions for mines on Federal lands were 
estimated based on the CDPHE APEN database and available EISs and EAs.  The mining 
emissions not on federal lands were obtained from the 2020 EPA/3SAQS inventory.  EPA default 
chemical speciation profiles were used in the SMOKE emissions modeling for mining.   

The estimated coal mining sources were consolidated with the 2020 EPA/3SAQS inventory to 
avoid potential double counting.  The western Colorado uranium mining emissions were 
modeled as “area” and spatially allocated using spatial surrogates developed from the data 
provided by BLM in a shapefile format.  

3.7 Emissions Modeling Results 

Table 3-4 lists the total NOX, VOC, SO2 and PM2.5 emissions for the 20 Source Categories used in 
the CAMx 2021 High Development Scenario source apportionment simulation (see Section 4.1 
and Table 4-1) plus three combined O&G source groups as well as total anthropogenic and all 
emissions within the 4 km CARMMS domain.  These emissions were obtained from CAMx 
source apportionment diagnostic output file for each day of the annual simulation that were 
summed to obtain total annual emissions.  The emissions in Table 3-4 differ from the ones 
presented earlier in Tables 3-1 and 3-2 in that they represent emissions after processing by 
SMOKE emissions model that performs spatial and temporal allocation and chemical speciation.  
Another important differences in the emissions presented in Table 3-4 from those in Tables 3-1 
and 3-2 is that for the BLM Planning Areas (Numbers 1-14) the emissions are in Table 3-4 are 
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just for new O&G emissions on Federal lands, whereas Tables 3-1 and 3-2 Federal O&G 
emissions are for new and existing sources.  For VOC, the differences in emissions between 
Tables 3-2 and Table 3-4 are even greater because SMOKE also does chemical speciation of the 
VOCs into the CB05 chemical mechanism that drops the unreactive portions of VOCs that do 
not participate in photochemistry. 

For new Federal O&G within the 14 BLM Planning Areas and the 2021 High Development 
Scenario, the WRFO has the highest NOX emissions (11,264 tons per year, TPY) followed by 
GJFO (7,293 TPY), FFO (3,321 TPY) and TRFO (2,665 TPY).  Total 2021 O&G NOX emissions in the 
14 BLM Planning Areas is 178,447 TPY that is split 18 percent new Federal (32,566 TPY), 37 
percent new non-Federal (65,713 TPY) and 45 percent existing O&G emissions (81,168 TPY).  
Outside of the 14 BLM Planning Areas, there is an additional 61,220 TPY O&G NOX emissions for 
a total 2021 High Development Scenario O&G NOX emissions across the entire 4 km CARMMS 
domain of 240,667 TPY that represents 34 percent of the total anthropogenic and 30 percent of 
the total (anthropogenic plus natural) NOX emissions in the 4 km domain. 

Total O&G VOC emissions in the 4 km CARMMS domain for the 2021 High Development 
Scenario are 835,785 TPY that represents 73 percent of the total anthropogenic and 39 percent 
of the total anthropogenic plus natural VOC emissions across the domain.  Natural VOC 
emissions represent 46 percent of the annual VOC emissions across the 4 km CARMMS domain.  
Note that biogenic emissions are highly day-specific with higher emissions under warmer 
temperatures and higher light intensity.  Thus, the contributions of biogenic VOC emissions to 
the total annual VOC emissions (46 percent) would be expected to be lower on cooler and 
higher on warmer days.  Also note that the VOC emissions in Table 3-4 were obtained from the 
Carbon Bond chemical mechanism species that will be different than the VOC species input into 
the SMOKE emissions modeling system (for example, includes ethane and excludes nonreactive 
carbon in VOCs).   

With one exception, SO2 emissions from Federal O&G within the 14 BLM Planning Areas are 
fairly low (< 20 TPY).  The exception is the WRFO Planning Area where the 904 TPY SO2 
emissions represent 95 percent of the 950 TPY SO2 emissions from all 14 BLM Planning Areas 
combined in the 2021 High Development Scenario.  A majority of the 2021 SO2 emissions in the 
WRFO Planning Area come from two gas plants: the Enterprise Gas Proc – Meeker Gas Plant 
and the Williams Field – Willow Creek Gas Plant.  These gas plant emissions were based on the 
CDPHE 2008 Air Pollution Emission Notice (APEN) database grown to 2021 using the change in 
gas production between 2008 and 2021 for the 2021 High, Low and Medium Development 
Scenarios.  Total O&G SO2 emissions across the CARMMS domain is 6,071 TPY that is primarily 
(75 percent) due to O&G from outside of the 14 BLM Planning Areas, these areas in the 4 km 
CARMMS domain outside of the 14 BLM Planning Areas includes the Uinta Basin where sour gas 
reserves occur. 

Total PM2.5 emissions from O&G in the 14 BLM Planning Areas and the 2021 High Development 
Scenario is 7,849 TPY of which over half (58 percent) is due to new non-Federal O&G and the 
rest approximately split equally between new Federal and existing O&G.  Mining within the 14 
BLM Planning Areas contributes 6,957 TPY.  By far the largest contribution of primary PM2.5 
emissions is the other (non O&G and mining) anthropogenic emissions category that 
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contributes 74 percent of the region-wide total with natural emissions (mostly due to wildfires) 
contributing most of the rest (23 percent). 

Table 3-5a is like Table 3-4 only for the 2021 Low Development Scenario, with the percent 
reductions of emissions between the Low and High development Scenarios shown in Table 3-
5b.  The total new Federal O&G NOX emissions across the 14 BLM Planning Areas for the low 
scenario (8,385 TPY) is 74% lower than the high scenario (32,566 TPY).  Similar reductions are 
seen for the other species (-63 to -83 percent).  The annual emissions for the 2021 Medium 
Development Scenario are shown in Table 3-6a with the percent reduction from the 2021 High 
Development Scenario given in Table 3-6b.  Total O&G NOX emissions across the 14 BLM 
Planning Areas for the 2021 Medium Development Scenario is 27,071 TPY that is -17% lower 
than the 201 High Development Scenario (Table 3-6b).  Similarly, 2021 Medium Development 
Scenario O&G VOC emissions across the 14 BLM Planning Areas are 35% lower than the 2021 
High Development Scenario. 
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Table 3-4.  Total emissions (tons per year) for each Source Category (see Table 4-1) and 
combinations of Source Categories for the 2021 High Development Scenario from the CAMx 
source apportionment diagnostic output files after processing by SMOKE. 

CARMMS 2021 High Development Scenario (tpy) 

Number Group NOX VOC SO2 PM2.5 PM10 

19 Natural (Biogenics + Fires) 113,165 992,560 1,132 79,453 574,255 

1 LSFO 2,007 4,648 13 73 170 

2 WRFO 11,264 27,258 904 597 1,368 

3 CRVFO 1,311 6,076 2 71 250 

4 RPPA 1,245 2,739 1 48 135 

5 GJFO 7,293 18,108 15 310 1,496 

6 UFO 586 870 1 35 140 

7 TRFO 2,665 1,715 2 125 855 

8 KFO 177 412 0 10 50 

9 RGFO #1 303 875 1 29 225 

10 PGPA 930 2,682 3 90 689 

11 RGFO #2 1,151 1,526 1 22 58 

12 RGFO #3 224 77 0 3 16 

13 RGFO #4 90 944 0 16 134 

14 FFO 3,321 8,747 5 314 1,824 

15 New O&G from non-Fed BLM PAs 65,713 228,655 297 4,548 30,790 

16 Existing O&G from BLM PAs 81,169 228,749 252 1,558 2,838 

17 Mining from BLM PAs 686 46 8 6,957 6,977 

18 All O&G outside 14 BLM PAs 61,220 301,705 4,572 2,680 2,822 

20 Remaining anthro emissions 459,907 312,498 95,720 242,828 1,400,504 

 
14 BLM PAs Fed O&G 32,566 76,676 950 1,744 7,409 

 
14 PAs Total O&G 179,447 534,080 1,499 7,849 41,038 

 
Total O&G 240,667 835,785 6,071 10,530 43,859 

 
Total Anthropogenic 701,260 1,148,329 101,799 260,315 1,451,340 

 
Total All Emissions 814,425 2,140,889 102,931 339,768 2,025,594 
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Table 3-5a.  Total emissions (tons per year) for each Source Category (see Table 4-1) and 
combinations of Source Categories for the 2021 Low Development Scenario from the CAMx 
source apportionment diagnostic output files after processing by SMOKE. 

CARMMS 2021 Low Development Scenario (tpy) 

Number Group NOX VOC SO2 PM2.5 PM10 

19 Natural (Biogenics + Fires) 113,165 992,560 1,132 79,453 574,255 

1 LSFO 275 638 2 10 23 

2 WRFO 1,861 4,502 149 99 226 

3 CRVFO 844 3,916 1 46 161 

4 RPPA 656 1,552 1 26 70 

5 GJFO 425 965 1 20 72 

6 UFO 150 270 0 10 45 

7 TRFO 326 227 0 16 89 

8 KFO 21 34 0 1 5 

9 RGFO #1 61 262 0 5 42 

10 PGPA 188 804 1 17 129 

11 RGFO #2 104 191 0 2 6 

12 RGFO #3 141 51 0 2 11 

13 RGFO #4 14 135 0 2 20 

14 FFO 3,321 8,747 5 314 1,824 

15 New O&G from non-Fed BLM PAs 31,247 104,163 113 2,057 13,769 

16 Existing O&G from BLM PAs 81,169 228,749 252 1,558 2,838 

17 Mining from BLM PAs 686 46 8 6,957 6,977 

18 All O&G outside 14 BLM PAs 61,220 301,705 4,572 2,680 2,822 

20 Remaining anthro emissions 459,907 312,498 95,720 242,828 1,400,504 

  14 BLM PAs Fed O&G 8,385 22,294 161 570 2,723 

  14 PAs Total O&G 120,801 355,207 527 4,185 19,331 

  Total O&G 182,021 656,912 5,099 6,865 22,152 

  Total Anthropogenic 642,614 969,456 100,827 256,651 1,429,633 

  Total All Emissions 755,779 1,962,016 101,958 336,104 2,003,888 
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Table 3-5b.  Percent difference in 2021 High and Low Development Scenario emissions (High – 
Low) for each Source Category (see Table 4-1) and combinations of Source Categories from 
the CAMx source apportionment diagnostic output after processing by SMOKE. 

CARMMS 2021 Low Scenario Percent Change from High Scenario (%) 

Number Group NOX VOC SO2 PM2.5 PM10 

19 Natural (Biogenics + Fires) 0.0% 0.0% 0.0% 0.0% 0.0% 

1 LSFO -86.3% -86.3% -86.4% -86.3% -86.4% 

2 WRFO -83.5% -83.5% -83.5% -83.5% -83.5% 

3 CRVFO -35.6% -35.5% -35.7% -35.2% -35.5% 

4 RPPA -47.3% -43.3% -46.8% -46.3% -48.2% 

5 GJFO -94.2% -94.7% -94.1% -93.6% -95.2% 

6 UFO -74.5% -69.0% -76.5% -70.6% -67.7% 

7 TRFO -87.8% -86.8% -83.8% -87.1% -89.6% 

8 KFO -88.2% -91.7% -88.8% -89.2% -89.8% 

9 RGFO #1 -79.8% -70.0% -81.9% -81.6% -81.3% 

10 PGPA -79.8% -70.0% -81.9% -81.2% -81.2% 

11 RGFO #2 -91.0% -87.5% -90.8% -90.5% -89.3% 

12 RGFO #3 -37.0% -34.0% -37.5% -33.0% -31.0% 

13 RGFO #4 -85.0% -85.7% -85.0% -85.4% -85.4% 

14 FFO 0.0% 0.0% 0.0% 0.0% 0.0% 

15 New O&G from non-Fed BLM PAs -52.4% -54.4% -61.8% -54.8% -55.3% 

16 Existing O&G from BLM PAs 0.0% 0.0% 0.0% 0.0% 0.0% 

17 Mining from BLM PAs 0.0% 0.0% 0.0% 0.0% 0.0% 

18 All O&G outside 14 BLM PAs 0.0% 0.0% 0.0% 0.0% 0.0% 

20 Remaining anthro emissions 0.0% 0.0% 0.0% 0.0% 0.0% 

  14 BLM PAs Fed O&G -74.3% -70.9% -83.1% -67.3% -63.2% 

  14 PAs Total O&G -32.7% -33.5% -64.9% -46.7% -52.9% 

  Total O&G -24.4% -21.4% -16.0% -34.8% -49.5% 

  Total Anthropogenic -8.4% -15.6% -1.0% -1.4% -1.5% 

  Total All Emissions -7.2% -8.4% -0.9% -1.1% -1.1% 

 
  



January 2015 
 
 

61 

 

Table 3-6a.  Total emissions (tons per year) for each Source Category (see Table 4-1) and 
combinations of Source Categories for the 2021 Medium Development Scenario from the 
CAMx source apportionment diagnostic output files after processing by SMOKE. 

CARMMS 2021 Medium Development Scenario (tpy) 

Number Group NOX VOC SO2 PM2.5 PM10 

19 Natural (Biogenics + Fires) 113,165 992,560 1,132 79,453 574,255 

1 LSFO 1,779 3,633 13 58 98 

2 WRFO 9,809 18,803 904 500 810 

3 CRVFO 1,060 3,253 2 51 123 

4 RPPA 1,023 1,848 1 35 70 

5 GJFO 6,149 8,345 15 196 673 

6 UFO 460 733 1 24 66 

7 TRFO 2,263 1,253 2 65 361 

8 KFO 137 210 0 6 23 

9 RGFO #1 193 679 1 10 52 

10 PGPA 593 2,081 3 29 158 

11 RGFO #2 846 1,468 1 15 25 

12 RGFO #3 156 54 0 2 5 

13 RGFO #4 51 679 0 5 30 

14 FFO 2,552 6,808 4 185 745 

15 New O&G from non-Fed BLM PAs 64,849 227,796 297 4,517 30,722 

16 Existing O&G from BLM PAs 81,169 228,749 252 1,558 2,838 

17 Mining from BLM PAs 686 46 8 6,957 6,977 

18 All O&G outside 14 BLM PAs 61,220 301,705 4,572 2,680 2,822 

20 Remaining anthro emissions 459,907 312,498 95,720 242,828 1,400,504 

  14 BLM PAs Fed O&G 27,071 49,849 947 1,180 3,239 

  14 PAs Total O&G 173,089 506,394 1,496 7,254 36,800 

  Total O&G 234,309 808,100 6,068 9,935 39,621 

  Total Anthropogenic 694,902 1,120,643 101,796 259,720 1,447,102 

  Total All Emissions 808,067 2,113,203 102,928 339,173 2,021,356 
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Table 3-6b.  Percent difference in 2021 High and Medium Development Scenario emissions 
(High – Medium) for each Source Category (see Table 4-1) and combinations of Source 
Categories from the CAMx source apportionment diagnostic output files after processing by 
SMOKE. 

CARMMS 2021 Medium Scenario Percent Change from High Scenario (%) 

Number Group NOX VOC SO2 PM2.5 PM10 

19 Natural (Biogenics + Fires) 0.0% 0.0% 0.0% 0.0% 0.0% 

1 LSFO -11.3% -21.8% -1.4% -20.7% -42.7% 

2 WRFO -12.9% -31.0% 0.0% -16.4% -40.8% 

3 CRVFO -19.1% -46.5% -0.4% -27.9% -50.6% 

4 RPPA -17.9% -32.5% -0.3% -26.9% -48.1% 

5 GJFO -15.7% -53.9% -0.6% -36.8% -55.0% 

6 UFO -21.5% -15.7% -5.2% -32.4% -52.5% 

7 TRFO -15.1% -26.9% -4.1% -47.9% -57.8% 

8 KFO -22.5% -48.9% -7.2% -40.1% -55.3% 

9 RGFO #1 -36.2% -22.4% -20.6% -67.0% -77.0% 

10 PGPA -36.2% -22.4% -20.6% -67.2% -77.0% 

11 RGFO #2 -26.5% -3.8% -24.8% -33.2% -56.2% 

12 RGFO #3 -30.2% -29.8% -28.3% -50.5% -68.3% 

13 RGFO #4 -43.5% -28.0% -1.0% -71.0% -77.4% 

14 FFO -23.1% -22.2% -21.4% -41.0% -59.2% 

15 New O&G from non-Fed BLM PAs -1.3% -0.4% -0.1% -0.7% -0.2% 

16 Existing O&G from BLM PAs 0.0% 0.0% 0.0% 0.0% 0.0% 

17 Mining from BLM PAs 0.0% 0.0% 0.0% 0.0% 0.0% 

18 All O&G outside 14 BLM PAs 0.0% 0.0% 0.0% 0.0% 0.0% 

20 Remaining anthro emissions 0.0% 0.0% 0.0% 0.0% 0.0% 

  14 BLM PAs Fed O&G -16.9% -35.0% -0.3% -32.3% -56.3% 

  14 PAs Total O&G -3.5% -5.2% -0.2% -7.6% -10.3% 

  Total O&G -2.6% -3.3% -0.1% -5.7% -9.7% 

  Total Anthropogenic -0.9% -2.4% 0.0% -0.2% -0.3% 

  Total All Emissions -0.8% -1.3% 0.0% -0.2% -0.2% 

 
Figure 3-10 displays spatial maps of NOX, VOC and PM2.5 emissions across the 4 km CARMMS 
domain by different source types for the 2021 High Development Scenario.  The spatial maps 
for the Low and Medium Development Scenarios have the same locations as the High 
Development Scenario just with lower intensity.  Figure 3-10a displays the total new Federal 
and new non-Federal O&G emissions across the 14 CO/NM BLM Planning Areas that shows a 
mixture of Federal and non-Federal O&G emissions in the western Colorado Planning Areas.  
Most of the new O&G emissions in the eastern Colorado Planning Areas (e.g., Weld County) are 
due to non-Federal O&G, except for the development within the Pawnee Grassland Planning 
Area.  The differences in the new Federal and non-Federal O&G emissions for the Mancos Shale 
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Development area in northern New Mexico reflects the assumption that new O&G was split 70 
percent Federal and 30 percent non-Federal. 

Figure 3-10b top panel displays the spatial distribution of emissions that combines the existing 
O&G within the 14 CO/NM BLM Planning Areas with the remainder O&G (new Federal and non-
Federal plus existing) within the 4 km CARMMS domain but outside of the 14 CO/NM BLM 
Planning Areas.  In addition to the familiar Basins within the 14 CO/NM Planning Areas (Denver-
Julesburg, Piceance and North and South San Juan), the Uinta Basin is clearly evident along with 
O&G emissions in southwest Wyoming and in the Texas panhandle.  Mining within the Colorado 
BLM Planning Areas consist of mainly isolated grid cells that can have very high PM2.5 emissions 
(Figure 3-10b, bottom panel).  Figure 3-10c displays the other (remainder) anthropogenic 
emissions and natural emissions.  Roadways and the major urban areas of Denver, Salt Lake 
City, Colorado Springs and Albuquerque are clearly evident in the other anthropogenic 
emissions NOX and VOC maps.  Whereas the spatial maps of other anthropogenic PM2.5 
emissions is more reflective of agricultural sources.  Natural VOC emissions are dominated by 
forested areas, whereas the natural NOX emissions are higher in agricultural areas and the 
locations of fires in 2008. 

3.7.1 Mining PM Speciation Issues 

The EPA default PM speciation profiles as provided with the SMOKE emissions modeling system 
were used to speciate PM emissions for mining sources.  These PM speciation profiles convert 
total PM2.5 emissions into particulate SO4, NO3, NH4, EC, OA and OPM2.5 (other PM2.5) for the 
PGM modeling.  In analyzing the AQ and AQRV impacts associated with mining on Federal lands 
in the CARMMS 2021 modeling results, we noticed sulfur deposition impacts and visibility 
impairment impacts due to SO4 that were higher than expected given the low SO2 emissions 
from mining for the 2021 emission scenarios (8 TPY, see Tables 3-4 through 3-6).  These higher 
than expected sulfur impacts from mining were due to primary SO4 emissions.  Of the 6,957 
TPY PM2.5 emissions from mining (Table 3-4), 874 TPY (12.5%) is due to primary SO4 emissions. 

Table 3-7 lists the mining source categories and emissions by Source Classification Code (SCC) 
and the PM speciation profile code used in the SMOKE modeling system that is used to speciate 
the mining PM emissions using a cross-reference with the SCC number.  SMOKE speciates most 
of the mining PM emissions using the 92047 PM speciation profile that is for “Mineral Products 
– Avg – Simplified.”  Table 3-8 lists the PM2.5 speciation profiles for the three profiles used to 
speciate the mining emissions in SMOKE.  For the dominant 92047 PM profile for mining, 14.1% 
of the PM2.5 emissions are speciated as primary SO4.  The reference for the 92047 PM 
speciation profile in the SPECIATE database is “Shareef, G.S. Engineering Judgment, Radian 
Corporation.  September 1987.”  In our search we could not find this reference. 

For some types of above ground mining that uses blasting, higher sulfur emissions may be 
expected.  However, in Colorado most of the mining is underground that would not include 
blasting so would be expected to have lower sulfur emissions, which is reflected in the low 
mining SO2 emissions.  Thus, it appears that mining primary SO4 emissions are overstated in the 
CARMMS 2021 modeling, which would result in overstated sulfur deposition and visibility 
impacts associated with mining.  This issue will be discussed with EPA so that the SMOKE 
emissions modeling system can be updated in the future. 
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Combined New Federal O&G - NOx Combined New Federal O&G - VOC Combined New Federal O&G - PM 

   
Combined New non-Federal O&G - NOx Combined New non-Federal O&G - VOC Combined New non-Federal O&G - PM 

Figure 3-10a.  Spatial distribution of Federal (top) and non-Federal oil and gas NOX, VOC and PM2.5 emissions (tons per year) for the 14 BLM 
Planning Areas and the 2021 High Development Scenario. 
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Combined Existing O&G - NOx Combined Existing O&G - VOC Combined Existing O&G – PM 

   
Mining - NOx Mining - VOC Mining - PM 

Figure 3-10b.  Spatial distribution of Existing oil and gas (top) and mining on Federal lands NOX, VOC and PM2.5 emissions (tons per year) for the 
14 BLM Planning Areas and the 2021 High Development Scenario. 
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Other Anthropogenic - NOx Other Anthropogenic - VOC Other Anthropogenic – PM 

 
  

Natural - NOx Natural - VOC Natural - PM 
Figure 3-10c.  Spatial distribution of other anthropogenic (top) and natural (biogenic, fires, lightning, sea salt and windblown dust) NOX, VOC and PM2.5 
emissions (tons per year) for the 14 BLM Planning Areas and the 2021 High Development Scenario. 
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Table 3-7.  SCC number and description, PM2.5 speciation profile code and name, and PM emissions for 95% of the mining emissions on Federal 
lands used in the CARMMS 2021 modeling 

SCC SCC Description Profile Profile name 
PM2.5 
(tpy) 

30501099 Coal Mining, Cleaning & Material Handling /Other Not Classified 92047 Mineral Products - Avg - Simplified 1,717 

30501022 Coal Mining, Cleaning & Material Handling /Drilling/Blasting 92047 Mineral Products - Avg - Simplified 1,460 

30501011 Coal Mining, Cleaning & Material Handling /Coal Transfer 92047 Mineral Products - Avg - Simplified 1,449 

30501015 Coal Mining, Cleaning & Material Handling /Loading 92047 Mineral Products - Avg - Simplified 457 

30501049 Coal Mining, Cleaning & Material Handling /Wind Erosion: Exposed Areas 92022 Crustal Material - Simplified 403 

30501038 Coal Mining, Cleaning & Material Handling /Truck Loading: Coal 92047 Mineral Products - Avg - Simplified 333 

30501043 Coal Mining, Cleaning & Material Handling /Open Storage Pile: Coal 92047 Mineral Products - Avg - Simplified 113 

30501024 Coal Mining, Cleaning & Material Handling /Hauling 92047 Mineral Products - Avg - Simplified 105 

30504010 Mining & Quarrying Nonmetallic Minerals /Underground Ventilation 92073 Sand & Gravel - Simplified 72 

30501040 Coal Mining, Cleaning & Material Handling /Truck Unloading: End Dump – Coal 92047 Mineral Products - Avg - Simplified 68 

30501046 Coal Mining, Cleaning & Material Handling /Bulldozing: Coal 92047 Mineral Products - Avg - Simplified 67 

30501009 Coal Mining, Cleaning & Material Handling /Raw Coal Storage 92047 Mineral Products - Avg - Simplified 61 
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Table 3-8.  PM2.5 speciation profiles used to speciate the mining PM emissions. 

Profile Pol Species Fraction 

Mineral Products - Avg - Simplified 

92047 PM2_5 POA 7.4% 

92047 PM2_5 PEC 1.5% 

92047 PM2_5 PNO3 0.3% 

92047 PM2_5 PSO4 14.1% 

92047 PM2_5 PMFINE 76.8% 

Crustal Material - Simplified 

92022 PM2_5 POA 7.5% 

92022 PM2_5 PEC 0.2% 

92022 PM2_5 PNO3 0.1% 

92022 PM2_5 PSO4 0.2% 

92022 PM2_5 PMFINE 92.0% 

Sand & Gravel - Simplified 

92073 PM2_5 POA 0.0% 

92073 PM2_5 PEC 0.0% 

92073 PM2_5 PNO3 0.1% 

92073 PM2_5 PSO4 0.3% 

92073 PM2_5 PMFINE 99.7% 
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4.0 FUTURE YEAR MODELING APPROACH 

The CAMx source apportionment tool was used to obtain separate contributions of BLM 
authorized oil and gas development on Federal lands within 13 Colorado BLM Planning Areas 
plus the Mancos Shale Development area in northwestern New Mexico.  This final report 
addresses the contributions to air quality (AQ) and air quality related value (AQRV) impacts 
associated with the 2021 High, Low and Medium Development Scenarios.  The following 
sections describe how the CARMMS 2021 CAMx source apportionment modeling was 
conducted for the three scenarios and analyzed with the results presented in Chapter 5.   

4.1 CARMMS Source Apportionment Modeling Approach 

The CAMx Anthropogenic Precursor Culpability Assessment (APCA) version of the Ozone Source 
Apportionment Technology (OSAT) and the Particulate Source Apportionment Technology 
(PSAT) were used to obtain separate AQ and AQRV contributions due to BLM-authorized new 
oil and gas development on Federal lands for each of the 13 Colorado BLM Planning Areas and 
the Mancos Shale O&G development area within the New Mexico BLM Farmington Field Office 
(NMFFO) Planning Area (i.e., the 14 BLM Planning Areas).  Separate source apportionment 
contributions from new oil and gas emissions on non-Federal lands and existing oil and gas 
within the combined 14 BLM Planning Areas was also obtained.  Separate source 
apportionment of AQ/AQRV impacts associated with the 10 mines located within Colorado BLM 
Planning Areas discussed at the end of Section 3.1.5 was also obtained.  Separate source 
apportionment contributions was also obtained for oil and gas emissions within the 4 km 
CARMMS domain outside of the 14 BLM Planning Areas, remainder anthropogenic emissions 
and natural emissions (i.e., biogenic sources, fires, lightning, windblown dust and sea salt). 

4.1.1 Overview of Source Apportionment Tools 

The CAMx OSAT/APCA ozone and PSAT PM source apportionment tools use reactive tracers 
that are released from each Source Group for which contributions are desired.  These reactive 
tracers operate in parallel to the host photochemical grid model accessing the model’s 
transport, dispersion, chemistry and deposition algorithms.  For example, the OSAT/APCA 
ozone source apportionment tools represents each Source Group’s ozone contributions using 
four reactive tracers that represent the Source Groups VOC emissions (V), NOX emissions (N) 
and ozone attributed to the Source Group that is formed under more VOC-limited (O3V) and 
NOX-limited (O3N) conditions.  At each time step and in each grid cell, ozone formed is 
allocated to the Source Groups based on the Source Groups relative contribution of VOC or 
more NOX emissions to the total VOC or NOX concentrations after determination of whether 
ozone formation is more VOC-limited or more NOX-limited.  The APCA ozone source 
apportionment tool differs from OSAT in that it recognizes that some precursor emissions are 
not controllable so redirects ozone formed from the uncontrollable to the controllable Source 
Group.  For example, when ozone is formed under VOC-limited conditions due to the 
interaction between biogenic VOC and anthropogenic NOX emissions, a case OSAT would assign 
the ozone formed to the biogenic emissions Source Group, APCA redirects the ozone formed to 
the anthropogenic emissions Source Group recognizing that biogenic VOC emissions are not 
controllable and without the anthropogenic NOX the ozone would not have been generated.  In 
a CAMx APCA source apportionment run, the first Source Category specified in the run is 
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assumed to be the uncontrollable Source Group (typically natural emissions) and ozone will 
only be allocated to natural emissions when it is due to natural VOC and NOX emissions 
interacting with each other (e.g., ozone formed due to reactions between biogenic VOC and 
biogenic NOx).  For the CARMMS modeling, the natural emissions Source Group included 
biogenic, fires (wildfires, prescribed burns and agricultural burning), lightning, windblown dust 
and sea salt emissions.  Although one could argue that emissions from prescribed burns and 
agricultural burning are not natural, emissions from wildfires dominate the fire emissions 
especially within the CARMMS 4 km domain. 

For the CAMx PSAT PM source apportionment tool there are several families of PM source 
apportionment tracers that can be run separately or together that track the different 
components of PM.  Each of these families has a different number of reactive tracers to track 
the pathway from the PM precursor emissions to the ultimate PM compounds.  The five 
different families of PSAT source apportionment are as follows (number of tracers in 
parenthesis): Sulfate-SO4 (2); Nitrate/Ammonium-NO3/NH4 (7); Primary PM (6); Secondary 
Organic Aerosol-SOA (20) and Mercury-Hg (3).  For CARMMS, we used the SO4, NO3/NH4 and 
Primary PM PSAT families of tracers so that 15 total reactive tracers are needed to track PM 
contribution for each Source Group.  The Hg PSAT family was not used because mercury is not a 
focus of CARMMS and O&G sources have negligible Hg emissions.  There are five SOA 
precursors treated in CAMx: toluene and xylene (aromatics), isoprene, terpene and 
sesquiterpene with biogenic sources contributing a majority of the SOA.  O&G VOC emissions 
are dominated by light VOCs that do not form any SOA.  We examined the speciation of the 
O&G emissions and found the five VOC species that are SOA precursors account for 
approximately 0.1 percent of the O&G VOC emissions.  Thus, O&G emission VOCs would have a 
negligible contribution to SOA so the SOA family of PSAT source apportionment tracers was not 
used.  The CARMMS annual source apportionment runs take over a month to complete and use 
of the SOA PSAT family would have more than doubled the number of tracers. 

Thus, SOA is not included in the PM2.5 and visibility impacts associated with Source Groups A 
through V that are based on the PSAT source apportionment modeling results.  But SOA is 
included in the PM2.5 and visibility impacts of Source Groups W and X that represents total 
emissions from the 2021 and 2008 emission scenarios. 

4.1.2 CARMMS Source Apportionment Configuration 

The APCA version of the OSAT and the SO4, NO3/NH4 and Primary PM (i.e., no SOA) families of 
PSAT source apportionment was used to track the AQ/AQRV contributions of new O&G 
development on Federal lands in 14 separate BLM Planning Areas for the 2021 High, Low and 
Medium Development Scenarios using the CARMMS 2008 4 km modeling platform.  The 14 
BLM Planning Areas where separate AQ/AQRV impacts due to new O&G development on 
Federal lands were simulated are shown in Figure 4-1.  In total, the 2021 CAMx source 
apportionment modeling tracked AQ/AQRV contributions for 20 separate Source Categories in 
the order listed in Table 4-1.  Because the APCA version of OSAT is being used, the first Source 
Category has to be natural emissions.  The 2nd through 15th Source Categories correspond to 
new O&G emissions on Federal lands within the 13 Colorado BLM planning areas and the 
Mancos Shale development area within the BLM NMFFO lands (the 14 BLM Planning Areas).  
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The 16th Source Category is the combined emissions from all new O&G within the 14 BLM 
Planning Areas on non-Federal lands.  The 17th and 18th Source Categories are, respectively, 
existing O&G within the 14 BLM Planning Areas and mining on Federal lands within the 14 BLM 
Planning Areas67.  The 19th Source Category is all O&G emissions (existing, new Federal and new 
non-Federal) outside of the 14 BLM Planning Areas (i.e., the yellow area in Figure 4-1).  And the 
final (20th) Source Category is remaining anthropogenic emissions (e.g., point, mobile and area 
sources that are not O&G everywhere or mining on Federal lands within the 14 BLM Planning 
Areas). 

Table 4-1.  Ordering of the 20 Source Categories used in the CAMx 2021 source 
apportionment modeling. 

1 Natural emissions (combined biogenic, fires, lightning, sea salt and WBD). 

2 Little Snake FO 

3 White River FO 

4 Colorado River Valley FO (CRVFO) 

5 Roan Plateau Planning area portion of CRVFO 

6 Grand Junction FO 

7 Uncompahgre FO 

8 Tres Rios FO 

9 Kremmling FO 

10 Royal Gorge FO Area#1 (RGFO#1) -- North 

11 Pawnee Grasslands portion of RGFO#1 

12 RGFO#2 – West-Central/South 

13 RGFO#3 – South 

14 RGFO#4 – East-Central 

15 New Mexico Farmington Field Office 

16 Combined New O&G from non-Federal lands within the 14 BLM Planning Areas 

17 Combined Existing O&G from 14 BLM Planning Areas 

18 Mining from 14 BLM Planning Areas 

19 
All O&G (existing and new on Federal and non-Federal lands) in 4 km domain outside of the 14 
BLM Planning Areas (see yellow region in Figure 1) 

20 
Remaining anthropogenic emissions (on-road and non-road mobile, point and area sources 
everywhere in 4 km domain) 

 
 
 
  

                                                      
67

 There were no mining emissions within the northern New Mexico Mancos Shale development area. 
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Figure 4-1.  13 Colorado and New Mexico BLM planning areas (the 14 BLM Planning Areas) 
where separate contributions of new O&G development on Federal lands was obtain for 2021 
source apportionment modeling. 
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4.2 Post-Processing of the CAMx 2021 Source Apportionment Modeling Results 

The CAMx 2021 total concentrations results were post-processed for comparisons to the 
applicable ambient air quality standards as listed in Table 4-3.  With the exception of ozone, 
where results will be reported in concentration units of part per billion by volume (ppb), all 
concentrations will be reported in units of micrograms per cubic meter (µg/m3).  Gas-phase 
species were converted from parts per million (ppm) to µg/m3 using the conversion factor 
recommended in the Colorado Department of Health and Environment (CDPHE) air permit 
modeling guidance68.  The incremental AQ and AQRV impacts due to each of the 24 Source 
Groups listed in Table 4-2 are reported.  These 24 Source Groups are labeled A through X 
consist of the following sources: 

(A - N) New Federal O&G from each of the 14 BLM Planning Areas as shown in 
Figure 4-1 and listed as Source Categories No. 2 through 15 in Table 4-1. 

(O) Total Federal O&G from the CRVFO that combines the Roan Plateau and 
non-Roan Plateau portions of the CRVFO. 

(P) Total Federal O&G from the RGFO that combines the four RGFO subregions 
plus the Pawnee Grassland portion of the RGFO. 

(Q) Mining on Federal land within the 13 Colorado BLM Planning Areas. 

(R) Combined O&G and mining development on Federal lands within all of the 
13 Colorado BLM Planning Areas. 

(S) Combined new O&G and mining development on Federal lands and new 
O&G development non-Federal lands within the 13 Colorado BLM Planning 
Areas. 

(T) The Cumulative Emissions scenario that includes new O&G development on 
Federal and non-Federal lands and mining development  on Federal lands 
within the 13 Colorado BLM Planning areas plus new O&G development for 
the Mancos Shale area in northern New Mexico. 

(U) Emissions from all O&G development throughout the 4 km CARMMS 
domain (new Federal and non-Federal O&G through the domain plus 
Federal mining in Colorado). 

(V) Natural emissions (biogenic, fires, lightning, WBD and sea salt). 

(W) All emissions from the 2021 CAMx simulation (total concentrations). 

(X) All emissions from the 2008 CAMx base case simulation (total 
concentrations). 

                                                      
68

 C [ppm] = C [µg/m
3
] / (40.9 x MW), where MW = molecular weight in g/mole.  This formula assumes 1 atmosphere pressure 

and 298 K temperature.  http://www.colorado.gov/airquality/permits/guide.pdf 

http://www.colorado.gov/airquality/permits/guide.pdf
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Table 4-2.  24 Source apportionment post-processing Source Groups that separate AQ/AQRV 
impacts at Class I and sensitive Class II areas will be disclosed for the 2021 emission scenarios 
and 2008 base case. 

Processing 
Source 
Group Source Group Name 

Source 
Category No. 

(See Table 4-1) 

A through N See Table 4-1 for names of the new Federal O&G from the 14 BLM Planning 
Areas Source Categories #2 through #15 

Separately #2 - #15  

O Total Colorado River Field Office #4 and #5 

P Total Royal Gorge Field Office #10, #11, #12 #13 
and #14 

Q Mining from 13 Colorado BLM Planning Areas #18 

R Combined new Federal O&G and Mining from the 13 Colorado BLM 
Planning Areas 

#2 -#14 and #18 

S Combined new Federal and non-Federal O&G and Mining from 13 Colorado 
BLM Planning Areas 

#2 - #14 plus #16 
and #18 

T Cumulative Emissions Scenario – New Federal and non-Federal O&G from 
14 BLM Planning Areas plus mining in the 14 BLM Planning Areas 

#2 - #16 and #18 

U Combined O&G and Mining in 4 km domain #2 - #19 

V Natural Emissions #1 

W 2021 All Emissions #1 - #20 

X 2008 Base Case All Emissions -- 
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Table 4-3.  Applicable National and State Ambient Air Quality Standards and PSD 
concentration increments (bold indicates units in which standard was defined, conversion to 
ppm/ppb following CDPHE modeling guidance and with the exception of ozone that will be 
reported in ppb, all modeled concentrations will be reported in µg/m3). 

Pollutant/Averaging 
Time NAAQS CAAQS

13 NMAAQS
14 

PSD Class I  
Increment

1 
PSD Class II 
Increment

1 
CO 

1-hour
2 

35 ppm 
40,000 µg/m

3 -- 
13.1 ppm 

1,100 µg/m
3 -- -- 

8-hour
2 

9 ppm 
10,000 µg/m

3 -- 
8.7 ppm 

10,000 µg/m
3 -- -- 

NO2 

1-hour
3 

100 ppb 
188 µg/m

3 -- -- -- -- 

24-hour -- -- 
0.10 ppm 

1,953 µg/m
3
 -- -- 

Annual
4 

53 ppb 
100 µg/m

3 -- 
0.05 ppm 
98 µg/m

3 2.5 µg/m
3 25 µg/m

3 
O3 

8-hour
5 

0.075 ppm 
147 µg/m

3 -- -- -- -- 
PM10 

24-hour
6 150 µg/m

3 -- -- 8 µg/m
3 30 µg/m

3 
Annual

7 -- -- -- 4 µg/m
3 17 µg/m

3 
PM2.5 

24-hour
8 35 µg/m

3 -- -- 2 µg/m
3 9 µg/m

3 
Annual

9 12 µg/m
3 -- -- 1 µg/m

3 4 µg/m
3 

SO2 

1-hour
10 

75 ppb 
196 µg/m

3 -- -- 
  

3-hour
11 

0.5 ppm 
1,300 µg/m

3 700 µg/m
3 -- 25 µg/m

3 512 µg/m
3 

24-hour
12 -- -- 

0.10 ppm 
262 µg/m

3 5 µg/m
3 91 µg/m

3 

Annual
4
 -- -- 

0.02 ppm 
52 µg/m

3
 2 µg/m

3
 20 µg/m

3
 

1.   The PSD demonstrations serve information purposes only and do not constitute a regulatory PSD increment consumption 
analysis. 

2.   No more than one exceedance per calendar year; for NMAAQS - No more than one exceedance per consecutive 12 months 
3.   98th percentile, averaged over 3 year; for NMAAQS - not to be exceeded more than once over any 12 consecutive months 
4.   Annual mean not to be exceeded; for NMAAQS - arithmetic average over any four consecutive quarters not to be exceeded 
5.   Fourth-highest daily maximum 8-hour ozone concentrations in a year, averaged over 3 years 
6.   Not to be exceeded more than once per calendar year on average over 3 years.  
7.   3 year average of the arithmetic means over a calendar year 
8.   98th percentile, averaged over 3 years 
9. Annual mean, averaged over 3 years, NAAQS promulgated December 14, 2012 
10. 99th percentile of daily maximum 1-hour concentrations in a year, averaged over 3 years 
11. No more than one exceedance per calendar year (secondary NAAQS) and no more than one exceedance in 12 consecutive 

months (CAAQS) 
12. For areas in New Mexico not within 3.5 miles of the Chino Mines Company 
13. http://www.colorado.gov/cs/Satellite/CDPHE-Main/CBON/1251601911433 
14. http://www.nmcpr.state.nm.us/nmac/parts/title20/20.002.0003.htm  

http://www.colorado.gov/cs/Satellite/CDPHE-Main/CBON/1251601911433
http://www.nmcpr.state.nm.us/nmac/parts/title20/20.002.0003.htm
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4.3 Class I and Sensitive Class II Areas for Analysis 

The BLM COSO and NMSO and their contractors worked with the IAQRT to identify the Class I 
and sensitive Class II areas where the AQ/AQRV impacts due to O&G development on Federal 
lands within the Colorado BLM Planning Areas would be assessed.  With the addition of the 
Mancos Shale development area in northwest New Mexico in the CARMMS analysis, the BLM 
NMSO reached out to the IAQRT to assist in identifying additional Class I and sensitive Class II 
areas to analyze in the analysis.  Responses were received from NPS, USFS and FWS and a 
Technical Memorandum was prepared dated September 2, 2014 (Parker and Morris, 2014) for 
the NMSO that identified the Class I and sensitive Class II areas for the CARMMS analysis.  
Although the Class I area list did not change, several additional sensitive Class II areas were 
added to the CARMMS post-processing list that were within 300 km of the Mancos Shale 
development area. 

The Class I and sensitive Class II areas were also analyzed and a few areas that overlapped or 
were adjacent were consolidated.  In addition, new shapefiles of the Class I/II areas were 
acquired and GIS analysis was performed to define the grid cell definition of the Class I/II areas.  
This resulted in changes to the grid cell definitions of the Class I/II areas (i.e., receptors) from 
what was used in the CARMMS May 2014 preliminary draft report.  Section 4.3.1 describes the 
procedures used and examples on how the grid cell definitions of the Class II/II areas were 
performed. 

4.3.1 Final Class I and Sensitive Class II Areas 

The Class I areas where air quality and AQRV impacts were calculated within the 4 km CARMMS 
modeling domain are displayed in Figure 4-2 and listed in Table 4-4.  The sensitive Class II areas 
used in the CARMMS post-processing are displayed in Figure 4-3 by FLM ownership and listed in 
Table 4-5.  Note that several of the Class I areas are portions of a sensitive Class II area.  In total, 
the CARMMS modeling results were post-processed using 26-27 and 58 Class I and sensitive 
Class II areas, respectively.  Details on how the sensitive Class II areas were defined are 
provided in Parker and Morris (2014).  Note that the Colorado side of Dinosaur National 
Monument is considered PSD Class I for just SO2.  Sensitive lakes in the region where acid 
neutralizing capacity (ANC) calculations will be made are listed in Table 4-6.   
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Figure 4-2.  Locations of Class I (dark green) and sensitive Class II (light green) areas where air 
quality and AQRV impacts were assessed as well as sensitive lakes (blue dots) where ANC 
calculations will be made (Class I areas are labeled). 
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Table 4-4.  List of Class I Areas for Impact Analysis 
Class I Area State FLM 

Arches NP UT NPS 

Bandelier Wilderness NM NPS 

Black Canyon of the Gunnison National Park CO NPS 

Bosque del Apache Wilderness NM FWS 

Canyonlands NP UT NPS 

Capitol Reef NP UT NPS 

Eagles Nest Wilderness CO USFS 

Flat Tops Wilderness CO USFS 

Galiuro Wilderness AZ USFS 

Gila Wilderness NM USFS 

Great Sand Dunes Wilderness-NPS CO NPS 

La Garita Wilderness CO USFS 

Maroon Bells-Snowmass Wilderness CO USFS 

Mesa Verde NP CO NPS 

Mount Baldy Wilderness AZ USFS 

Mount Zirkel Wilderness CO USFS 

Pecos Wilderness NM USFS 

Petrified Forest NP AZ NPS 

Rawah Wilderness CO USFS 

Rocky Mountain NP CO NPS 

Salt Creek Wilderness NM FWS 

San Pedro Parks Wilderness NM USFS 

Weminuche Wilderness CO USFS 

West Elk Wilderness CO USFS 

Wheeler Peak Wilderness NM USFS 

White Mountain Wilderness NM USFS 

Dinosaur NM1 UT & CO NPS 

1. The Colorado side of Dinosaur NM is PSD Class I for SO2 
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Figure 4-3a.  NPS sensitive Class II areas for the CARMMS analysis labeled.  Class I areas and 
non-NPS sensitive Class II areas unlabeled. 
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Figure 4-3b.  USFS sensitive Class II areas for the CARMMS analysis labeled. Class I area and 
non-USFS Class II areas displayed but not labeled. 
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Figure 4-3c.  FWS sensitive Class II areas for the CARMMS analysis labeled. Class I areas and 
non-FWS areas shown but not labeled. 
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Table 4-5.  Sensitive Class II areas where air quality and AQRV impacts were assessed. 
Sensitive Class II Area State FLM 

Alamosa NWR CO FWS 

Aldo Leopold Wilderness NM USFS 

Apache Kid Wilderness NM USFS 

Aztec Ruins NM NM NPS 

Baca NWR CO FWS 

Bear Wallow Wilderness AZ USFS 

Bitter Lake NWR NM FWS 

Blue Range Wilderness NM USFS 

Bosque Del Apache NWR NM FWS 

Browns Park NWR CO FWS 

Canyon de Chelly NM AZ NPS 

Capitan Mountains Wilderness NM USFS 

Chaco Culture NHP NM NPS 

Chama River Canyon Wilderness NM USFS 

Chimney Rock NM CO USFS 

Colorado NM CO NPS 

Cruces Basin Wilderness NM USFS 

Curecanti NRA CO NPS 

Dark Canyon Wilderness UT USFS 

Dinosaur NM CO NPS 

Dome Wilderness NM USFS 

El Malpais NM NM NPS 

Escudilla Wilderness AZ USFS 

Flaming Gorge UT USFS 

Florissant Fossil Beds NM CO NPS 

Fossil Ridge Wilderness CO USFS 

Glen Canyon NRA UT NPS 

Great Sand Dunes National Park CO NPS 

Great Sand Dunes National Preserve CO NPS 

Greenhorn Mountain Wilderness CO USFS 

High Uintas Wilderness UT USFS 

Holy Cross Wilderness CO USFS 

Hovenweep NM CO NPS 

Hunter-Fryingpan Wilderness CO USFS 

Las Vegas NWR NM FWS 

Latir Peak Wilderness NM USFS 

Lizard Head Wilderness CO USFS 

Lost Creek Wilderness CO USFS 

Manzano Mountain Wilderness NM USFS 

Maxwell NWR NM FWS 

Monte Vista NWR CO FWS 

Mount Evans Wilderness CO USFS 

Mount Sneffels Wilderness CO USFS 

Natural Bridges NM UT NPS 

Navajo NM AZ NPS 
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Table 4-6.  Sensitive lakes where ANC calculations were made. 

Lake National Forest Name Wilderness Name 

Walk Up Lake Ashley National Forest   

Tabor Lake White River National Forest Collegiate Peaks Wilderness 

Brooklyn Lake White River National Forest Collegiate Peaks Wilderness 

Booth Lake White River National Forest Eagles Nest Wilderness 

Upper Willow Lake White River National Forest Eagles Nest Wilderness 

Upper Ned Wilson Lake White River National Forest Flat Tops Wilderness 

Lower Nwl Packtrail Pothole White River National Forest Flat Tops Wilderness 

Ned Wilson Lake White River National Forest Flat Tops Wilderness 

Upper Nwl Packtrail Pothole White River National Forest Flat Tops Wilderness 

Dean Lake Ashley National Forest High Uintas Wilderness 

No Name (Utah; Duchesne - 
4d2-039) Ashley National Forest High Uintas Wilderness 

Fish Lake Wasatch-Cache National Forest High Uintas Wilderness 

Bluebell ASHLEY NATIONAL FOREST HIGH UINTAS WILDERNESS 

Upper Coffin Ashley National Forest High Uintas Wilderness 

Blodgett Lake, Colorado White River National Forest Holy Cross Wilderness 

Upper Turquoise Lake White River National Forest Holy Cross Wilderness 

Upper West Tennessee Lake San Isabel National Forest Holy Cross Wilderness 

Blue Lake (Colorado; Boulder - 
4e1-040) 

Arapaho And Roosevelt National 
Forests Indian Peaks Wilderness 

No Name (Colorado; Boulder - 
4e1-055) 

Arapaho And Roosevelt National 
Forests Indian Peaks Wilderness 

King Lake (Colorado; Grand - 
4e1-049) 

Arapaho And Roosevelt National 
Forests Indian Peaks Wilderness 

Crater Lake (Colorado; Grand - 
4e1-041) 

Arapaho And Roosevelt National 
Forests Indian Peaks Wilderness 

Upper Lake 
Arapaho And Roosevelt National 
Forests Indian Peaks Wilderness 

Small Lake Above U-Shaped 
Lake Rio Grande National Forest La Garita Wilderness 

U-Shaped Lake Rio Grande National Forest La Garita Wilderness 

Moon Lake (Upper) White River National Forest 
Maroon Bells-Snowmass 
Wilderness 

Avalanche Lake White River National Forest 
Maroon Bells-Snowmass 
Wilderness 

Capitol Lake White River National Forest 
Maroon Bells-Snowmass 
Wilderness 

Upper Middle Beartrack Lake 
Arapaho And Roosevelt National 
Forests Mount Evans Wilderness 

South Lake (Colorado) Pike And San Isabel National Forests Mount Evans Wilderness 

Abyss Lake Pike And San Isabel National Forests Mount Evans Wilderness 

North Lake (Colorado) Pike And San Isabel National Forests Mount Evans Wilderness 

Frozen Lake Pike And San Isabel National Forests Mount Evans Wilderness 

Seven Lakes (Lg.East) Medicine Bow-Routt National Forest Mount Zirkel Wilderness 

Summit Lake (Colorado; Medicine Bow-Routt National Forest Mount Zirkel Wilderness 
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Lake National Forest Name Wilderness Name 

Jackson - 4e2-060) 

Lake Elbert Medicine Bow-Routt National Forest Mount Zirkel Wilderness 

Deep Creek Lake, Colorado Gunnison National Forest Raggeds Wilderness 

Rawah Lake #4 
Arapaho And Roosevelt National 
Forests Rawah Wilderness 

Island Lake 
Arapaho And Roosevelt National 
Forests Rawah Wilderness 

Kelly Lake (Colorado) 
Arapaho And Roosevelt National 
Forests Rawah Wilderness 

Upper Stout Lake San Isabel National Forest Sangre De Cristo Wilderness 

Upper Little Sand Creek Lake San Isabel National Forest Sangre De Cristo Wilderness 

Lower Stout Lake San Isabel National Forest Sangre De Cristo Wilderness 

Crater Lake (Sangre De Cristo) Rio Grande National Forest Sangre De Cristo Wilderness 

Lake South Of Blue Lakes San Juan-Rio Grande National Forest South San Juan Wilderness 

Glacier Lake (Colorado) San Juan-Rio Grande National Forest South San Juan Wilderness 

Little Eldorado Lake San Juan-Rio Grande National Forest Weminuche Wilderness 

White Dome Lake San Juan-Rio Grande National Forest Weminuche Wilderness 

Lake Due South Of Ute Lake San Juan-Rio Grande National Forest Weminuche Wilderness 

Big Eldorado Lake San Juan-Rio Grande National Forest Weminuche Wilderness 

Small Pond Above Trout Lake San Juan-Rio Grande National Forest Weminuche Wilderness 

Upper Sunlight Lake San Juan-Rio Grande National Forest Weminuche Wilderness 

Upper Grizzly Lake San Juan-Rio Grande National Forest Weminuche Wilderness 

West Snowdon Lake San Juan-Rio Grande National Forest Weminuche Wilderness 

Middle Ute Lake San Juan-Rio Grande National Forest Weminuche Wilderness 

Little Granite Lake San Juan-Rio Grande National Forest Weminuche Wilderness 

Lower Sunlight Lake San Juan-Rio Grande National Forest Weminuche Wilderness 

Four Mile Pothole San Juan-Rio Grande National Forest Weminuche Wilderness 

South Golden Lake 
Grand Mesa, Uncompahgre And 
Gunnison National Forests West Elk Wilderness 

 

4.3.2 Class I and Sensitive Class II Area Grid Cell Assignments 

The list of CAMx grid cells that represent each Class I/II area changed slightly between the 
preliminary analysis as documented in the May 2014 report and the final analysis reported 
here.  For some of the Class I/II areas, the CAMx grid cells used to represent the areas are 
identical in the preliminary and final analyses, these areas include Galiuro Wilderness, Mt Baldy 
Wilderness and Colorado NM.  For some other Class I/II areas, the CAMx grid cells used to 
represent the areas differ by a single grid cell (of about 100 total grid cells).  The final results for 
these areas are usually expected to be very close to the preliminary results, those areas include 
Canyonlands National Park and Rocky Mountain National Park.  Some of the other Class I/II 
areas have more grid cell differences between the preliminary and final analysis. 

Determining the grid cells that represent the Class I/II areas is achieved with Graphical 
Information System (GIS) software, and is performed by intersecting the CAMx model grid cells 
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with GIS shapefiles that define the Class I/II boundaries.  Different GIS tools are available to 
perform the intersection that assigns a Class I/II designation to each grid cell, and different 
input shapefiles defining the boundaries are also available. 

To generate the grid cells for the final analysis, we used official Class I boundary shapefiles that 
are available for download from the NPS website69.  The GIS tool “spatial join” was used to 
assign a Class I/II area to each CAMx grid cell if any part of the Class I/II area intersects the grid 
cell, even if the Class I/II area only covers a small fraction of the grid cell.  For example, Figure 4-
4 displays the La Garita Wilderness Class I area boundary and grid cells (receptors) representing 
that area, the numbers displayed in the grid cells are the i and j coordinates of the CARMMS 4 
km domain modeling grid.  In Figure 4-4 it can be seen that many of the grid cells covering the 
boundary of La Garita have more than 50% of the grid cell area outside of the La Garita 
boundary, these grid cells may not have been used in the preliminary analysis.  In fact there are 
numerous grid cells assigned to the La Garita Wilderness where the Class I area covers less than 
10 percent of the grid cell.  The inclusion of any grid cell that intersects any part of the Class I 
area no matter how small introduces conservatisms in the analysis.  In addition, for the final 
processing, attention was paid to grid cells that cover more than one Class I/II area, in those 
cases, a particular grid cell was used twice to represent 2 different neighboring Class I/II areas. 
Figure 4-5 provides an example of a grid cell (56_153) that is used to represent both Black 
Canyon of the Gunnison Class I area and Curecanti NPS Class II area. Figure 4-6 displays a quality 
assurance (QA) plot showing all the Class I areas (including the Colorado side of Dinosaur NM, 
since it is considered a Class I area for SO2), overlaid with the grid cells used to represent the 
Class I/II areas in the final analysis. 
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Figure 4-4. La Garita Wilderness Area represented by 4 km grid cells. 
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Figure4-5. Example of Black Canyon of the Gunnison Class I area grid cell overlap with 
Curecanti Class II area. 
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Figure 4-6. QA Plot showing all Class I Areas and CARMMS 4 km grid cell receptors that 
represent the areas. 
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4.4 Ambient Concentration Analysis using Absolute Modeling Results 

Modeled concentrations predicted by the CAMx due to all sources were compared against 
national and state standards (NAAQS, CAAQS and NMAAQS, see Table 4-3) throughout the 4 km 
modeling domain.  When exceedances of the ozone or PM2.5 NAAQS are estimated, the APCA 
and PSAT source apportionment results was used to determine the contribution of emissions 
from each of the Source Groups to determine the major cause of the modeled exceedance.  The 
incremental air quality concentration contribution due to emissions from oil and gas on Federal 
lands at Class I and sensitive Class II areas for each BLM planning area were compared to 
applicable PSD increments (see Table 4-3).  The PSD demonstrations are for information only 
and are not regulatory PSD Increment consumption analyses, which would be completed as 
necessary by the relevant state or other agency. 

4.5 Ambient Concentration Analysis using Relative Modeling Results 

EPA’s modeling guidance recommends using the PGM modeling results in a relative fashion 
when comparing future year modeling results to the ozone and PM2.5 NAAQS (EPA, 2007).  The 
relative change in the PGM concentrations between the current and future year simulations are 
used to scale the observed current year ozone or PM2.5 Design Value (DVC) to obtain a 
projected future year Design Value (DVF).  The model derived scaling factors are called Relative 
Response Factors (RRFs) and are based on the ratio of future year to current year modeling 
results: 

DVF = DVC x RRF 

EPA’s PGM modeling guidance provides recommended procedures for calculating DVCs and 
RRFs (EPA, 2007) that have been implemented in EPA’s Modeled Attainment Test Software 
(MATS70; Abt, 2012).  The MATS projection tool was used with the CAMx 2008 Base Case and 
2021 High, Low and Medium Development Scenarios modeling results to project future year 
ozone DVFs that were compared to the NAAQS.  MATS also has a capability of projecting PM2.5 
DVFs but there is much less observed PM2.5 data in the region so such projections would be 
extremely limited, so MATS was not used for PM2.5.  The MATS default settings for making 
future year ozone projections were used that includes using a current year Design Value (DVC) 
based on an average of three-years of Design Values (DVs) centered on the Base Case modeling 
year (2008) and constructing RRFs using at least 10 days of modeling results.  As the Base Case 
year is 2008, then this means using a DVC based on DVs from the following 3-year periods, 
2006-2008, 2007-2009 and 2008-2010.   

4.6 Visibility Analysis 

Visibility impacts were calculated for new oil and gas emissions on Federal lands within each 
BLM Planning Areas as well as for cumulative emissions sources. The approach used the 
incremental concentrations as quantified by the CAMx PSAT tool simulation of oil and gas and 
mining activities within each BLM planning area.  Changes in light extinction from CAMx model 
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concentration increments due to emissions from oil and gas and other activity emissions were 
calculated for each day at grid cells that intersect Class I and sensitive Class II areas within the 4 
km modeling domain (see Section 4.3.2).  The FLAG (2010) procedures were used in the 
incremental BLM planning area-specific visibility assessment analysis. 

The visibility evaluation metric used in this analysis is based on the Haze Index which is 
measured in deciview (dv) units and is defined as follows: 

HI = 10 x ln[bext/10] . 

bext is the atmospheric light extinction measured in inverse megameters (Mm-1) and is 
calculated primarily from atmospheric concentrations of particulates.  A more intuitive measure 
of haze is visual range (VR), which is defined as the distance at which a large black object just 
disappears from view, and is measured in km. Visual range is related to bext by the formula VR = 
3912 / bext.  Visual range will not be used as a threshold in the analysis, but could be back-
calculated from extinction to give a more easily understood visibility metric. 

The incremental concentrations due to BLM planning area emissions were added to 
background concentrations in the extinction equation (bext) and the difference between the 
Haze Index with added BLM planning area concentrations to the Haze Index based solely on 
background concentrations is calculated.  This quantity is the change in Haze Index, which is 

referred to as “delta deciview” (dv) : 

Δdv = 10 x ln[bext(BLM+background)/10] - 10 x ln[bext(background)/10] 

Δdv = 10 x ln[bext(BLM+background)/bext(background)] 

Here bext(BLM+background)  refers to atmospheric light extinction due to oil and gas and other 
activities in each BLM planning area  plus background concentrations, and bext(background) refers to 
atmospheric light extinction due to background concentrations only.  

For each individual BLM Planning Areas, the estimated visibility degradation at the Class I areas 
and sensitive Class II areas due to new O&G emissions on Federal lands are presented in terms 

of the number of days that exceed a threshold change in deciview (dv) relative to background 
conditions.  In the next section we describe the method for calculating the extinction, bext. 

4.6.1 IMPROVE Reconstructed Mass Extinction Equations 

The FLAG (2010) procedures for evaluating visibility impacts at Class I areas use the revised 
IMPROVE reconstructed mass extinction equation to convert PM species in μgm-3 to light 
extinction (bext) in inverse megameters (Mm-1) as follows: 

bext  =  bSO4 + bNO3 + bEC + bOCM + bSoil + bPMC+ bSeaSalt+ bRayleigh+ bNO2 

where 

bSO4 =  2.2 × fS(RH) × [Small Sulfate]  + 4.8 × fL(RH) × [Large Sulfate] 
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bNO3 =  2.4 × fS(RH) × [Small Nitrate] + 5.1 × fL(RH) × [Large Nitrate] 

bOCM  =  2.8 × [Small Organic Mass] + 6.1 × [Large Organic Mass] 

bEC =  10 × [Elemental Carbon] 

bSoil =  1 × [Fine Soil] 

bCM =  0.6 × [Coarse Mass] 

bSeaSalt = 1.7 × fSS(RH) × [Sea Salt] 

bRayleigh = Rayleigh Scattering (Site-specific) 

bNO2 =  0.33 × [NO2 (ppb)] {or as: 0.1755 × [NO2 (μg/m3)]}. 

f(RH) are relative humidity adjustment factors that account for the fact that sulfate, nitrate and 
sea salt aerosols are hygroscopic and are more effective at scattering radiation at higher 
relative humidity.  FLAG (2010) recommends using monthly average f(RH) values rather than 
the hourly averages recommended in the previous FLAG (2000) guidance document in order to 
moderate the effects of extreme weather events on the visibility results.   

The revised IMPROVE equation treats “large sulfate” and “small sulfate” separately because 
large and small aerosols affect an incoming beam of light differently.  However, the IMPROVE 
measurements do not separately measure large and small sulfate; they measure only the total 
PM2.5 sulfate.  Similarly, CAMx writes out a single concentration of particulate sulfate for each 
grid cell.  Part of the definition of the new IMPROVE equation is a procedure for calculating the 
large and small sulfate contributions based on the magnitude of the model output sulfate 
concentrations; the procedure is documented in FLAG (2010).  The sulfate concentration 
magnitude is used as a surrogate for distinguishing between large and small sulfate 
concentrations.  For a given grid cell, the large and small sulfate contributions are calculated 
from the model output sulfate (which is the “Total Sulfate” referred to in the FLAG (2010) 
guidance) as: 

For Total Sulfate < 20 μg/m3:  

[Large Sulfate] = ([Total Sulfate] / 20 μg/m3) × [Total Sulfate] 

For Total Sulfate ≥ 20 μg/m3:  

[Large Sulfate] = [Total Sulfate] 

For all values of Total Sulfate: 

[Small Sulfate] = [Total Sulfate] – [Large Sulfate] 

The procedure is identical for nitrate and organic mass.  Sulfate, nitrate and organic mass 
concentrations for the western U.S. are expected to be mainly in the small fraction.  
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The PSAT source apportionment algorithm does not separately track NO2 concentrations but 
instead tracks total reactive nitrogen (RGN) that consistent mainly of NO plus NO2.  Thus for 
each hour and each grid cell representing a Class I/II area, a Source Group’s incremental PSAT 
RGN contribution is converted to NO2 by multiplying by the total (all emissions) CAMx model 
NO2/RGN concentration ratio, which is then used in the IMPROVE visibility equation. 

Although sodium and particulate chloride are treated in the CAMx core model, these species 
are not carried in the CAMx PSAT tool; neglecting sea salt in the visibility calculations in the 4 
km CARMMS impact assessment domains does not compromise the accuracy of the analysis as 
IMPROVE measurements show that sea salt concentrations are negligible in this inland area and 
there would be no sea salt associated with any of the O&G emissions. 

Predicted daily average modeled concentrations due to each BLM planning area for grid cells 
containing Class I and sensitive Class II area receptors were processed using the revised 
IMPROVE reconstructed mass extinction equation FLAG (2010) to obtain changes in bext at each 
sensitive receptor area that are converted to deciview and reported. 

The FLAG (2010) method was used to estimate the visibility impacts from each Colorado and 
northern New Mexico BLM Planning Area.  This method used the revised IMPROVE equation 
together with annual average natural conditions (see Table 6 in FLAG, 2010) and monthly 

relative humidity factors for each Class I area (see Tables 7-9 in FLAG, 2010).  The dv was 
calculated for each grid cell that overlaps a Class I or sensitive Class II area for each day of the 

annual CAMx run.  The highest dv across all grid cells overlapping a Class I or sensitive Class II 
area was selected to represent the daily value at that Class I/II area.  Visibility impacts due to 
new O&G emissions on Federal lands within each BLM Planning Areas that are more than 0.5 
and 1.0 dv will be reported.  

4.6.2 Cumulative Visibility 

The cumulative visibility impacts due to the development of oil and gas and other (e.g., mining) 
activities on all BLM Planning Areas were assessed following the recommendations from the 
FWS and NPS that was outlined in their February 10, 2012 letter to the Wyoming Department of 
Environmental Quality on recommended cumulative visibility method for the Continental 
Divide-Creston gas infill development EIS (FWS and NPS, 2012) and subsequent conversations 
with the FLMs.  This approach is based on an abbreviated regional haze rule method that 
estimates the future year visibility at Class I and sensitive Class II areas for the average of the 
Worst 20% (W20%) and Best 20% (B20%) visibility days with and without the effects of the 
cumulative emissions on visibility impairment.  The cumulative visibility impacts used CAMx 
model output from the 2008 Base Case and 2021 emissions scenarios in conjunction with 
monitoring data to produce cumulative visibility impacts at each Class I area in the CARMMS 
domain.  EPA’s Modeled Attainment Test Software (MATS71) was used to make the 2021 
visibility projections for the W20% and B20% days.  The basic steps in the recommended 
cumulative visibility method are as follows (FWS and NPS, 2012): 
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1. Calculate the observed average 2008 current year cumulative visibility impact using the 
Haze Index (HI, in deciviews) at each Class I or associated sensitive Class II area to determine 
the 20% of days with the worst and 20% of days with the best visibility.  The intent is to 
incorporate 5 years of monitoring data surrounding the 2008 Base Case year, which would 
include 2006-2010.  MATS uses the IMPROVE data associate with each Class I area and 
modeling results at the location of the IMPROVE monitoring site will be used.   

2. Estimate the relative response factors (RRFs) for each component of PM2.5 and for coarse 
mass (CM) corresponding to the new IMPROVE visibility algorithm using the CAMx 2008 and 
2021 model output. 

3. Using the RRFs and ambient data, calculate 2021 future-year daily concentration data for 
the B20% and W20% days using the CAMx 2008 Base Case and 2021 standard model 
concentration estimates and PSAT source apportionment modeling results two ways:  

a. 2021 Total Emissions: Use total 2021 High, Low and Medium Development Scenario 
CAMx concentration results due to all emissions; 

b. 2021 No Cumulative Emissions:  Use PSAT source apportionment results to eliminate 
contributions of PM concentrations associated with combined emission scenarios 
corresponding to Source Groups R,S,T and U in Table 4-2.  

4. Use the information in step 3 to calculate the average 2021 visibility for the 20% Best and 
20% Worst visibility days and the 2021 emissions. 

5. Assess the average differences in cumulative visibility impacts for the four combined 
scenarios and also compare with the current observed Baseline visibility conditions. 

4.7 Sulfur and Nitrogen Deposition 

CAMx-predicted wet and dry fluxes of sulfur- and nitrogen-containing species were processed 
to estimate total annual sulfur (S) and nitrogen (N) deposition values at each Class I and 
sensitive Class II area as well as at each acid sensitive lake.  The Maximum annual S and N 
deposition values from any grid cell that intersects a Class I or sensitive Class II receptor area 
was used to represent deposition for that area, in addition to the Average annual deposition 
values of all grid cells that intersect a Class I or sensitive Class II receptor area.  Maximum and 
Average predicted S and N deposition impacts were estimated separately for each BLM 
planning area and together across all BLM planning areas using the Source Groups in Table 4-2.   

Nitrogen deposition impacts were calculated by taking the sum of the nitrogen contained in the 
fluxes of all nitrogen species modeled by CAMx PSAT source apportionment tool.  CAMx species 
used in the nitrogen deposition flux calculation are: reactive gaseous nitrate species, RGN (NO, 
NO2, NO3 radical, HONO, N2O5), TPN (PAN, PANX, PNA), organic nitrates (NTR), particulate 
nitrate formed from primary emissions plus secondarily formed particulate nitrate (NO3), 
gaseous nitric acid (HNO3), gaseous ammonia (NH3) and particulate ammonium (NH4).  CAMx 
species used in the sulfur deposition calculation are primarily sulfur dioxide emissions (SO2) and 
particulate sulfate ion from primary emissions plus secondarily formed sulfate (SO4).  
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FLAG (2010) recommends that applicable sources assess impacts of nitrogen and sulfur 
deposition at Class I areas.  This guidance recognizes the importance of establishing critical 
deposition loading values (“Critical Loads”) for each specific Class I area as these Critical Loads 
are completely dependent on local atmospheric, aquatic and terrestrial conditions and 
chemistry.  Critical Load thresholds are essentially a level of atmospheric pollutant deposition 
below which negative ecosystem effects are not likely to occur.  FLAG (2010) does not include 
any Critical Load levels for specific Class I areas and refers to site-specific critical load 
information on FLM websites for each area of concern.  This guidance does, however 
recommend the use of deposition analysis thresholds (DATs72) developed by the National Park 
Service and the Fish and Wildlife Service.  The DATs represent screening level values for 
nitrogen and sulfur deposition for individual projects with deposition impacts below the DATS 
considered negligible.  DAT have been established for both nitrogen and sulfur deposition and 
in western Class I areas they are 0.005 kilograms per hectare per year (kg/ha/yr) for both 
nitrogen and sulfur deposition.  As a screening analysis, results for oil and gas and mining 
activities for each BLM planning area, which is Source Groups A through P were separately 
compared to the DATs.  Comparison of deposition impacts from combined Source Groups to 
the DAT is not appropriate. 

For the combined Source Groups and total 2008 and 2021 emissions Source Groups W and X, 
the annual nitrogen and sulfur deposition were compared against Critical Load values 
established for the Rocky Mountain region to assess total deposition impacts. The NPS has 
provided recent information on nitrogen critical load values applicable for Wyoming and 
Colorado Class I and sensitive Class II areas (NPS, 2014).  For Class I and sensitive Class II areas in 
Wyoming a critical load value of 2.2 kg/ha/yr for nitrogen deposition (estimated from a wet 
deposition critical load value of 1.4 kg N/ha/yr) is applicable, based on research conducted by 
Saros et. al.(2010) in the eastern Sierra Nevada and Greater Yellowstone ecosystems.  This is a 
critical load value that is protective of high elevation surface waters.  For Colorado Class I and 
sensitive Class II areas (with the exception of Dinosaur National Monument) a critical load value 
2.3 kg N/ha/yr is applicable for total nitrogen deposition, based on research conducted by Jill 
Baron (Baron 2006) that estimated 1.5 kg/ha/yr as a critical loading value for wet nitrogen 
deposition for high-elevation lakes in Rocky Mountain National Park, Colorado.  For Dinosaur 
National Monument, which is an arid region, a nitrogen deposition critical load value is based 
on research conducted by Pardo et al. (2011) which concluded that the cumulative critical load 
necessary to protect shrublands and lichen communities in Dinosaur NM is 3 kg N/ha/year. 

For sulfur deposition, the critical load threshold published by Fox et al. (Fox 1989) for total 
sulfur deposition of 5 kg/ha/yr, for the Bob Marshall Wilderness Area in Montana and Bridger 
Wilderness Area in Wyoming, was used as critical load threshold for each of the Class I and 
sensitive Class II areas. 

In summary, we will compare the total annual sulfur and nitrogen deposition amounts for the 
cumulative Source Groups Q through X to the following Critical Load values: 
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Nitrogen 

 Wyoming – 2.2 kg/ha/yr 

 Colorado – 2.3 kg/ha/yr, except for Dinosaur Monument that will use 3.0 kg/ha/yr 

Sulfur 

 5.0 kg/ha/yr – all areas 

4.8 Acid Neutralizing Capacity 

In addition to calculation of total deposition fluxes, an additional analysis was performed to 
assess the change in water chemistry associated with atmospheric deposition from BLM oil and 
gas and mining activities and cumulative sources for each of the sensitive lakes listed in Table 4-
5.  This analysis assesses the change in the acid neutralizing capacity (ANC) of sensitive lakes.  
An estimate of potential changes in ANC was made by following the procedure developed by 
the USFS Rocky Mountain Region (USFS, 2000).  Predicted changes in ANC are compared with 
the threshold (10 percent change in ANC for lakes with background ANC values greater than 25 
micro equivalents per liter [µeq/L], and no more than a 1 µeq/L change in ANC for lakes with 
background ANC values equal to or less than 25 µeq/L).  A list of sensitive lakes was obtained 
from the USFS (Table 4-5).  The most recent lake chemistry background ANC data was obtained 
from the VIEWS website for each of the sensitive lakes in the 4 km CARMMS modeling domain.   
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5.0  2021 MODELING RESULTS 

In this Chapter we present the CARMMS modeling results for the 2021 High, Low and Medium 
Development Scenarios following the procedures given in Chapter 4 using examples from the 
24 Source Group contributions given in Table 4-2.  Electronic attachments are provided that 
contain modeling results for all of the Source Groups with summaries provided in this Chapter.  
In this Chapter we present results for several Source Groups as examples given below, results 
for the rest of the Source Groups are provided in the interactive electronic attachments: 

(E) New O&G on Federal lands within the BLM Grand Junction Field Office 
(GJFO) Planning Area; 

(F) New O&G on Federal lands in the BLM Uncompahgre Field Office (UFO) 
Planning Area; 

(J) New O&G on Federal lands within the U.S. Forest Service Pawnee 
Grasslands Planning Area(USFS-PG); 

(R) New O&G and mining on Federal lands within the 13 Colorado Planning 
Areas; 

(T) New O&G on Federal and non-Federal lands and mining on Federal lands 
within the 14 BLM Planning Areas (Colorado and northern New Mexico 
BLM Planning Areas0; and 

(U) All O&G (new Federal and non-Federal as well as existing) and Federal 
mining in Colorado within the 4 km CARMMS domain.  

5.1 PSD Pollutant Concentration Impacts at Class I and Sensitive Class II Areas 

Attachment A-1, A-2 and A-3 are three Excel spreadsheets that contain the contributions of 
emissions from each Source Group listed in Table 4-2 to pollutant concentrations at the 27 Class 
I (Table 4-4) and 58 sensitive Class II (Table 4-5) areas for the, respectively, 2021 High, Low and 
Medium Development Scenarios.  Results are presented for each PSD pollutant and averaging 
time given in Table 4-3.  Attachment A contains two pivot table sheets: 

The first pivot table sheet is “Summary” that lists the impacts of a user selected Source 
Group to all PSD pollutants across all Class I/II areas.  It is controlled by selecting the Source 
Group in cell B1 and whether contributions of the maximum receptor or average across all 
receptors in a Class I/II area is desired in cell B2; we always select the “Maximum” option.  
If a concentration at a Class I or sensitive Class II area is above the, respectively, PSD Class I 
or II Increments, the cell is shaded yellow. 

The second pivot table sheet is “MaxImpact” and for a user-selected PSD pollutant it lists 
the maximum concentration impact at any Class I and sensitive Class II area due to 
emissions from each Source Group along with the percentage the concentration is of the 
PSD Increment and the Class I and II area where the maximum occurs.  The pivot table is 
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controlled by selecting the pollutant and averaging time in cell B1 and whether maximum 
or average concentrations across the Class I/II area is desired in cell B2.  

The sheet “Readme” has a brief explanation of the sheets in the spreadsheet and maps for the 
locations of the Class I and sensitive Class II areas. 

The PSD incremental concentrations are reported for informational purposes only and the 
analyses presented in this section are not a comprehensive PSD increment consumption 
assessment, which must be performed by the appropriate state or federal agency.  

5.1.1 Maximum PSD Concentration Impacts at any Class I or II Area 

EPA has defined PSD Concentrations Increments for Class I and II areas for 8 different pollutant 
concentration/averaging time combinations (see Table 4-3).  In this section we present the 
“Maximum” PSD concentration impacts at Class I and sensitive Class II areas due to each of the 
relevant 24 Source Groups from Table 4-2 (i.e., from the MaxImpact sheet in Attachments A-1 
and A-2).  The modeled impacts are based on the CAMx PSAT source apportionment 
contributions.  For short-term averaging times (i.e., not annual), the highest second high 
concentration at each Class I/II area is selected for comparison with the PSD increment. 

5.1.1.1 Annual NO2 PSD Concentrations 

The maximum (highest 2nd high) contribution to annual NO2 concentrations at any Class I or 
sensitive Class II area due to emissions from the 24 Source Groups for the 2021 High, Low and 
Medium Development Scenarios are shown in Table 5-1, which was obtained from the 
MaxImpact sheet in Attachments A-1, A-2 and A-3.  The Class I and II PSD Increments for annual 
NO2 are 2.5 and 25 µg/m3, respectively.  The annual NO2 contributions from each of the 
individual BLM Planning Areas in Colorado and northern New Mexico (i.e., Source Groups A 
through P) are all below the annual NO2 PSD Increment in all Class I and sensitive Class II areas 
for all three 2021 emission scenarios.  The BLM Planning Area with the highest annual NO2 
concentration contribution to any Class I area is the BLM Colorado Tres Rios Field Office (TRFO) 
Planning Area whose annual NO2 concentration contribution at Mesa Verde National Park for 
the 2021 High Development Scenarios is 1.97 µg/m3, which represents 79% of the Class I area 
Increment.  The mitigation in the 2021 Medium Development Scenario reduces this impact by -
16% to 1.66 µg/m3, which represents 66% of the PSD Class I area annual NO2 increment.  The 
corresponding TRFO annual NO2 impact for the Low Development Scenario is 0.24 µg/m3, which 
represents 9% of the Class I increment.  The maximum annual NO2 contribution at any Class I 
area from any other of the 14 BLM Planning Areas are less than 5% of the Class I area NO2 PSD 
Increment.  The highest annual NO2 concentration at any sensitive Class II area due to new O&G 
emissions on Federal lands in any of the 14 BLM Planning Areas is the New Mexico Farmington 
Field Office (NMFFO) with a 2.0 µg/m3 annual NO2 at the Aztec Ruins Class II area that 
represents 8% of the PSD Class II area Increment; recall that the same high emissions scenario 
was used for the BLM NMFFO Planning Area for both the CARMMS 2021 High and Low 
Development Scenarios.  The NMFFO Planning Area new Federal O&G annual NO2 impacts at 
Mesa Verde for the 2021 Medium Development Scenario is 1.6 µg/m3 that is -23% lower than 
seen for the 2021 High Development Scenario. 
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The maximum annual NO2 contribution due to all new O&G and mining on Federal lands within 
the 13 Colorado BLM Planning Areas combined (i.e., Source Group R) for the High, Low and 
Medium Development Scenarios are, respectively, 1.98, 0.24 and 1.67 µg/m3at Mesa Verde 
National Park, which represents 79%, 10% and 67% of the NO2 PSD Class I increment and is 
primarily due to Federal O&G emissions from the TRFO Planning Area as discussed above.  For 
the Cumulative Emissions Scenario that represents all new O&G on both Federal and non-
Federal lands and mining within the 14 CO/NM BLM Planning Areas (Source Group T) the 
maximum NO2 contribution are 4.5, 2.9 and 4.1 µg/m3 for the High, Low and Medium 
Development Scenarios, respectively, that are above the annual NO2 PSD Class I Increment (2.5 
µg/m3).  The maximum contribution of the Cumulative Emissions Scenario (T) to annual NO2 at 
any sensitive Class II area is 4.1 µg/m3 for the High Scenario at the South San Juan Class II area, 
3.0 µg/m3 at the Aztec Ruins Class II area for the Low Scenario and 3.7 µg/m3 for the Medium 
Development Scenario all of which are below the Class II area annual NO2 PSD Increment.  
Finally, the maximum annual NO2 contribution at any Class I area due to the combined effects 
of all O&G development in the 4 km CARMS domain plus Federal mining in Colorado (Source 
Group U) is 4.8 µg/m3 for the High, 3.1 µg/m3 for the Low and 4.4 µg/m3 for the Medium 
Development Scenarios both occurring at Mesa Verde. 

Table 5-1a.  Maximum annual NO2 concentration at any Class I or sensitive Class II area due to 
the different Source Groups for the 2021 High Development Scenario. 

 

Choose NO2, Annual μg/m3 NO2 annavg

Across grid cells Maximum Max

Group Group Name
PSD Class I 

Increment

Max @ any 

Class I area

Percent of 

PSD Class I 

Increment

Class I Area where Max 

occurred

PSD Class II 

Increment

Max @ any 

Class II area

Percent of 

PSD Class II 

Increment

Class II Area where Max 

occurred

A Little Snake FO 2.5 0.019 0.8% Mount_Zirkel 25 0.031 0.1% Dinosaur_all

B White River FO 2.5 0.117 4.7% Flat_Tops 25 0.451 1.8% Dinosaur_all

C Colorado River Valley FO (CRVFO) 2.5 0.025 1.0% Flat_Tops 25 0.010 0.0% Holy_Cross

D Roan Plateau Planning area portion of CRVFO 2.5 0.025 1.0% Flat_Tops 25 0.009 0.0% Holy_Cross

E Grand Junction FO 2.5 0.079 3.2% Arches 25 0.149 0.6% Colorado

F Uncompahgre FO 2.5 0.105 4.2% Maroon_Bells 25 0.164 0.7% Raggeds

G Tres Rios FO 2.5 1.968 78.7% Mesa_Verde 25 1.921 7.7% South_San_Juan

H Kremmling FO 2.5 0.036 1.4% Rawah 25 0.011 0.0% Savage_Run

I Royal Gorge FO Area#1 (RGFO#1) -- North 2.5 0.000 0.0% Rocky_Mountain 25 0.000 0.0% Mount_Evans

J Pawnee Grasslands portion of RGFO#1 2.5 0.001 0.0% Rocky_Mountain 25 0.001 0.0% Mount_Evans

K RGFO#2 – West-Central/South 2.5 0.000 0.0% Salt_Creek 25 0.001 0.0% Maxwell_NWR

L RGFO#3 – South 2.5 0.003 0.1% Great_Sand_Dunes 25 0.190 0.8% Greenhorn_Mounta

M RGFO#4 – East-Central 2.5 0.000 0.0% Eagles_Nest 25 0.015 0.1% Lost_Creek

N New Mexico Farmington District 2.5 0.042 1.7% Mesa_Verde 25 2.041 8.2% Aztec_Ruins

O Total Colorado River Field Office 2.5 0.050 2.0% Flat_Tops 25 0.020 0.1% Holy_Cross

P Total Royal Gorge Field Office 2.5 0.003 0.1% Great_Sand_Dunes 25 0.191 0.8% Greenhorn_Mounta

Q Mining from 13 Colorado BLM Planning Areas 2.5 0.011 0.4% West_Elk 25 0.017 0.1% Raggeds

R Combined new Federal O&G and Mining from the 

13 Colorado BLM Planning Areas

2.5 1.979 79.1% Mesa_Verde 25 1.927 7.7% South_San_Juan

S Combined new Federal and non-Federal O&G and 

Mining from 13 Colorado BLM Planning Areas

2.5 4.477 179.1% Mesa_Verde 25 4.033 16.1% South_San_Juan

T Cumulative Emissions Scenario – New Federal and 

non-Federal O&G from 14 BLM Planning Areas plus 

mining in the 14 BLM Planning Areas

2.5 4.498 179.9% Mesa_Verde 25 4.086 16.3% South_San_Juan

U Combined O&G and Mining in 4 km domain 2.5 4.779 191.2% Mesa_Verde 25 20.535 82.1% Aztec_Ruins

V Natural Emissions 2.5 2.698 107.9% Bandelier 25 1.226 4.9% Dome

W 2021 All Emissions 2.5 6.100 244.0% Mesa_Verde 25 26.453 105.8% Aztec_Ruins

X 2008 All Emissions 2.5 15.638 625.5% Eagles_Nest 25 23.759 95.0% Aztec_Ruins



January 2015 
 
 

99 

Table 5-1b.  Maximum annual NO2 concentration at any Class I or sensitive Class II area due to 
the different Source Groups for the 2021 Low Development Scenario. 

 
 

Table 5-1c.  Maximum annual NO2 concentration at any Class I or sensitive Class II area due to 
the different Source Groups for the 2021 Medium Development Scenario. 

 
  

Choose NO2, Annual μg/m3 NO2 annavg

Across grid cells Maximum Max

Group Group Name
PSD Class I 

Increment

Max @ any 

Class I area

Percent of 

PSD Class I 

Increment

Class I Area where Max 

occurred

PSD Class II 

Increment

Max @ any 

Class II area

Percent of 

PSD Class II 

Increment

Class II Area where Max 

occurred

A Little Snake FO 2.5 0.003 0.1% Mount_Zirkel 25 0.004 0.0% Dinosaur_all

B White River FO 2.5 0.019 0.8% Flat_Tops 25 0.071 0.3% Dinosaur_all

C Colorado River Valley FO (CRVFO) 2.5 0.016 0.6% Flat_Tops 25 0.006 0.0% Holy_Cross

D Roan Plateau Planning area portion of CRVFO 2.5 0.013 0.5% Flat_Tops 25 0.005 0.0% Holy_Cross

E Grand Junction FO 2.5 0.004 0.2% Maroon_Bells 25 0.008 0.0% Colorado

F Uncompahgre FO 2.5 0.031 1.2% Maroon_Bells 25 0.050 0.2% Raggeds

G Tres Rios FO 2.5 0.236 9.4% Mesa_Verde 25 0.236 0.9% South_San_Juan

H Kremmling FO 2.5 0.004 0.2% Rawah 25 0.001 0.0% Savage_Run

I Royal Gorge FO Area#1 (RGFO#1) -- North 2.5 0.000 0.0% Rocky_Mountain 25 0.000 0.0% Mount_Evans

J Pawnee Grasslands portion of RGFO#1 2.5 0.000 0.0% Rocky_Mountain 25 0.000 0.0% Mount_Evans

K RGFO#2 – West-Central/South 2.5 0.000 0.0% Salt_Creek 25 0.000 0.0% Maxwell_NWR

L RGFO#3 – South 2.5 0.002 0.1% Great_Sand_Dunes 25 0.118 0.5% Greenhorn_Mounta

M RGFO#4 – East-Central 2.5 0.000 0.0% Eagles_Nest 25 0.002 0.0% Lost_Creek

N New Mexico Farmington District 2.5 0.042 1.7% Mesa_Verde 25 2.040 8.2% Aztec_Ruins

O Total Colorado River Field Office 2.5 0.029 1.2% Flat_Tops 25 0.011 0.0% Holy_Cross

P Total Royal Gorge Field Office 2.5 0.002 0.1% Great_Sand_Dunes 25 0.118 0.5% Greenhorn_Mounta

Q Mining from 13 Colorado BLM Planning Areas 2.5 0.011 0.4% West_Elk 25 0.017 0.1% Raggeds

R Combined new Federal O&G and Mining from the 

13 Colorado BLM Planning Areas

2.5 0.239 9.6% Mesa_Verde 25 0.238 1.0% South_San_Juan

S Combined new Federal and non-Federal O&G and 

Mining from 13 Colorado BLM Planning Areas

2.5 2.850 114.0% Mesa_Verde 25 2.500 10.0% South_San_Juan

T Cumulative Emissions Scenario – New Federal and 

non-Federal O&G from 14 BLM Planning Areas plus 

mining in the 14 BLM Planning Areas

2.5 2.870 114.8% Mesa_Verde 25 2.971 11.9% Aztec_Ruins

U Combined O&G and Mining in 4 km domain 2.5 3.146 125.8% Mesa_Verde 25 20.491 82.0% Aztec_Ruins

V Natural Emissions 2.5 2.698 107.9% Bandelier 25 1.226 4.9% Dome

W 2021 All Emissions 2.5 5.620 224.8% Petrified_Forest 25 26.407 105.6% Aztec_Ruins

X 2008 All Emissions 2.5 15.638 625.5% Eagles_Nest 25 23.759 95.0% Aztec_Ruins

Choose NO2, Annual μg/m3 NO2 annavg

Across grid cells Maximum Max

Group Group Name
PSD Class I 

Increment

Max @ any 

Class I area

Percent of 

PSD Class I 

Increment

Class I Area where Max 

occurred

PSD Class II 

Increment

Max @ any 

Class II area

Percent of 

PSD Class II 

Increment

Class II Area where Max 

occurred

A Little Snake FO 2.5 0.016 0.6% Mount_Zirkel 25 0.027 0.1% Dinosaur_all

B White River FO 2.5 0.089 3.6% Flat_Tops 25 0.424 1.7% Dinosaur_all

C Colorado River Valley FO (CRVFO) 2.5 0.019 0.8% Flat_Tops 25 0.008 0.0% Holy_Cross

D Roan Plateau Planning area portion of CRVFO 2.5 0.020 0.8% Flat_Tops 25 0.008 0.0% Holy_Cross

E Grand Junction FO 2.5 0.075 3.0% Arches 25 0.137 0.5% Colorado

F Uncompahgre FO 2.5 0.071 2.9% Maroon_Bells 25 0.111 0.4% Raggeds

G Tres Rios FO 2.5 1.660 66.4% Mesa_Verde 25 1.627 6.5% South_San_Juan

H Kremmling FO 2.5 0.031 1.2% Eagles_Nest 25 0.007 0.0% Savage_Run

I Royal Gorge FO Area#1 (RGFO#1) -- North 2.5 0.000 0.0% Rocky_Mountain 25 0.000 0.0% Mount_Evans

J Pawnee Grasslands portion of RGFO#1 2.5 0.001 0.0% Rocky_Mountain 25 0.000 0.0% Mount_Evans

K RGFO#2 – West-Central/South 2.5 0.000 0.0% Salt_Creek 25 0.000 0.0% Maxwell_NWR

L RGFO#3 – South 2.5 0.002 0.1% Great_Sand_Dunes 25 0.132 0.5% Greenhorn_Mounta

M RGFO#4 – East-Central 2.5 0.000 0.0% Eagles_Nest 25 0.008 0.0% Lost_Creek

N New Mexico Farmington District 2.5 0.033 1.3% Mesa_Verde 25 1.573 6.3% Aztec_Ruins

O Total Colorado River Field Office 2.5 0.040 1.6% Flat_Tops 25 0.016 0.1% Holy_Cross

P Total Royal Gorge Field Office 2.5 0.002 0.1% Great_Sand_Dunes 25 0.132 0.5% Greenhorn_Mounta

Q Mining from 13 Colorado BLM Planning Areas 2.5 0.011 0.4% West_Elk 25 0.017 0.1% Raggeds

R Combined new Federal O&G and Mining from the 

13 Colorado BLM Planning Areas

2.5 1.669 66.8% Mesa_Verde 25 1.631 6.5% South_San_Juan

S Combined new Federal and non-Federal O&G and 

Mining from 13 Colorado BLM Planning Areas

2.5 4.087 163.5% Mesa_Verde 25 3.679 14.7% South_San_Juan

T Cumulative Emissions Scenario – New Federal and 

non-Federal O&G from 14 BLM Planning Areas plus 

mining in the 14 BLM Planning Areas

2.5 4.103 164.1% Mesa_Verde 25 3.720 14.9% South_San_Juan

U Combined O&G and Mining in 4 km domain 2.5 4.383 175.3% Mesa_Verde 25 20.080 80.3% Aztec_Ruins

V Natural Emissions 2.5 2.698 107.9% Bandelier 25 1.226 4.9% Dome

W 2021 All Emissions 2.5 5.703 228.1% Mesa_Verde 25 26.011 104.0% Aztec_Ruins

X 2008 All Emissions 2.5 15.638 625.5% Eagles_Nest 25 23.759 95.0% Aztec_Ruins
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5.1.1.2 SO2 PSD Concentrations 

Tables 5-2 through 5-4 presents the comparison of the, respectively, maximum annual, 24-hour 
and 3-hour SO2 concentrations at Class I/II areas with the PSD SO2 increments for the 24 Source 
Groups.  Note that the Colorado portion of the Dinosaur National Monument is Class I for SO2 
only, so it is included in the Class I area grouping in these Tables.  None of the Source Groups 
exceed the annual PSD Class I Increment at any Class I/II area (Table 5-2).  For 24-hour and 3-
hour SO2 contributions, there are wildfires that cause exceedances of the PSD Class I increment 
at the Bandelier Class I area for the Natural, total 2021 and total 2008 (Source Groups V, X and 
W) emission groups, but none of the other Source Groups exhibit any exceedances of the 24-
hour and 3-hour SO2 PSD Increments at any Class I or sensitive Class II area.  Note that PSD 
Increments are not applicable for Natural or Total emissions.  The contributions of the 14 BLM 
Planning Areas to SO2 concentrations at Class I/II areas are extremely small, mostly much less 
than 1% of the PSD Increments.  Of the 14 BLM Planning Areas, Federal O&G from the White 
River Field Office (WRFO) Planning Area has by far the largest contribution to annual, 24-hour 
and 3-hour SO2 concentrations at any Class I area with maximum contributions of 5, 8 and 5 
percent of the PSD Increment for the High and Medium Development Scenarios (the mitigation 
in the Medium Development Scenario did not address SO2 emissions) and approximately 1 
percent of the PSD Increment for the Low Development Scenarios that occurs at the Colorado 
portion of Dinosaur National Monument. 

Table 5-2a.  Maximum annual SO2 concentration at any Class I or sensitive Class II area due to 
the different Source Groups for the 2021 High Development Scenario. 

 

Choose SO2, Annual μg/m3 SO2 annavg

Across grid cells Maximum Max

Group Group Name
PSD Class I 

Increment

Max @ any 

Class I area

Percent of 

PSD Class I 

Increment

Class I Area where Max 

occurred

PSD Class II 

Increment

Max @ any 

Class II area

Percent of 

PSD Class II 

Increment

Class II Area where Max 

occurred

A Little Snake FO 2 0.000 0.0% Mount_Zirkel 20 0.000 0.0% Dinosaur_all

B White River FO 2 0.089 4.5% Dinosaur_CO 20 0.089 0.4% Dinosaur_all

C Colorado River Valley FO (CRVFO) 2 0.000 0.0% Flat_Tops 20 0.000 0.0% Holy_Cross

D Roan Plateau Planning area portion of CRVFO 2 0.000 0.0% Flat_Tops 20 0.000 0.0% Holy_Cross

E Grand Junction FO 2 0.000 0.0% Arches 20 0.001 0.0% Colorado

F Uncompahgre FO 2 0.000 0.0% Maroon_Bells 20 0.000 0.0% Raggeds

G Tres Rios FO 2 0.001 0.1% Mesa_Verde 20 0.001 0.0% South_San_Juan

H Kremmling FO 2 0.000 0.0% Rawah 20 0.000 0.0% Savage_Run

I Royal Gorge FO Area#1 (RGFO#1) -- North 2 0.000 0.0% Rocky_Mountain 20 0.000 0.0% Mount_Evans

J Pawnee Grasslands portion of RGFO#1 2 0.000 0.0% Rocky_Mountain 20 0.000 0.0% Mount_Evans

K RGFO#2 – West-Central/South 2 0.000 0.0% Salt_Creek 20 0.000 0.0% Maxwell_NWR

L RGFO#3 – South 2 0.000 0.0% Great_Sand_Dunes 20 0.000 0.0% Greenhorn_Mounta

M RGFO#4 – East-Central 2 0.000 0.0% Eagles_Nest 20 0.000 0.0% Lost_Creek

N New Mexico Farmington District 2 0.000 0.0% Mesa_Verde 20 0.003 0.0% Aztec_Ruins

O Total Colorado River Field Office 2 0.000 0.0% Flat_Tops 20 0.000 0.0% Holy_Cross

P Total Royal Gorge Field Office 2 0.000 0.0% Rocky_Mountain 20 0.000 0.0% Greenhorn_Mounta

Q Mining from 13 Colorado BLM Planning Areas 2 0.000 0.0% West_Elk 20 0.000 0.0% Raggeds

R Combined new Federal O&G and Mining from the 

13 Colorado BLM Planning Areas

2 0.090 4.5% Dinosaur_CO 20 0.090 0.4% Dinosaur_all

S Combined new Federal and non-Federal O&G and 

Mining from 13 Colorado BLM Planning Areas

2 0.102 5.1% Dinosaur_CO 20 0.102 0.5% Dinosaur_all

T Cumulative Emissions Scenario – New Federal and 

non-Federal O&G from 14 BLM Planning Areas plus 

mining in the 14 BLM Planning Areas

2 0.102 5.1% Dinosaur_CO 20 0.102 0.5% Dinosaur_all

U Combined O&G and Mining in 4 km domain 2 0.108 5.4% Dinosaur_CO 20 0.108 0.5% Dinosaur_all

V Natural Emissions 2 0.410 20.5% Bandelier 20 0.171 0.9% Dome

W 2021 All Emissions 2 1.857 92.8% Galiuro 20 0.968 4.8% Bitter_Lake_NWR

X 2008 All Emissions 2 1.240 62.0% Petrified_Forest 20 1.143 5.7% Aztec_Ruins
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Table 5-2b.  Maximum annual SO2 concentration at any Class I or sensitive Class II area due to 
the different Source Groups for the 2021 Low Development Scenario. 

 
 

Table 5-2c.  Maximum annual SO2 concentration at any Class I or sensitive Class II area due to 
the different Source Groups for the 2021 Medium Development Scenario. 

 

  

Choose SO2, Annual μg/m3 SO2 annavg

Across grid cells Maximum Max

Group Group Name
PSD Class I 

Increment

Max @ any 

Class I area

Percent of 

PSD Class I 

Increment

Class I Area where Max 

occurred

PSD Class II 

Increment

Max @ any 

Class II area

Percent of 

PSD Class II 

Increment

Class II Area where Max 

occurred

A Little Snake FO 2 0.000 0.0% Mount_Zirkel 20 0.000 0.0% Dinosaur_all

B White River FO 2 0.014 0.7% Dinosaur_CO 20 0.014 0.1% Dinosaur_all

C Colorado River Valley FO (CRVFO) 2 0.000 0.0% Flat_Tops 20 0.000 0.0% Holy_Cross

D Roan Plateau Planning area portion of CRVFO 2 0.000 0.0% Flat_Tops 20 0.000 0.0% Holy_Cross

E Grand Junction FO 2 0.000 0.0% Arches 20 0.000 0.0% Colorado

F Uncompahgre FO 2 0.000 0.0% Maroon_Bells 20 0.000 0.0% Raggeds

G Tres Rios FO 2 0.000 0.0% Mesa_Verde 20 0.000 0.0% South_San_Juan

H Kremmling FO 2 0.000 0.0% Rawah 20 0.000 0.0% Savage_Run

I Royal Gorge FO Area#1 (RGFO#1) -- North 2 0.000 0.0% Rocky_Mountain 20 0.000 0.0% Mount_Evans

J Pawnee Grasslands portion of RGFO#1 2 0.000 0.0% Rocky_Mountain 20 0.000 0.0% Mount_Evans

K RGFO#2 – West-Central/South 2 0.000 0.0% Pecos 20 0.000 0.0% Maxwell_NWR

L RGFO#3 – South 2 0.000 0.0% Great_Sand_Dunes 20 0.000 0.0% Greenhorn_Mounta

M RGFO#4 – East-Central 2 0.000 0.0% Eagles_Nest 20 0.000 0.0% Lost_Creek

N New Mexico Farmington District 2 0.000 0.0% Mesa_Verde 20 0.003 0.0% Aztec_Ruins

O Total Colorado River Field Office 2 0.000 0.0% Flat_Tops 20 0.000 0.0% Holy_Cross

P Total Royal Gorge Field Office 2 0.000 0.0% Rocky_Mountain 20 0.000 0.0% Greenhorn_Mounta

Q Mining from 13 Colorado BLM Planning Areas 2 0.000 0.0% West_Elk 20 0.000 0.0% Raggeds

R Combined new Federal O&G and Mining from the 

13 Colorado BLM Planning Areas

2 0.014 0.7% Dinosaur_CO 20 0.014 0.1% Dinosaur_all

S Combined new Federal and non-Federal O&G and 

Mining from 13 Colorado BLM Planning Areas

2 0.018 0.9% Dinosaur_CO 20 0.018 0.1% Dinosaur_all

T Cumulative Emissions Scenario – New Federal and 

non-Federal O&G from 14 BLM Planning Areas plus 

mining in the 14 BLM Planning Areas

2 0.018 0.9% Dinosaur_CO 20 0.018 0.1% Dinosaur_all

U Combined O&G and Mining in 4 km domain 2 0.024 1.2% Dinosaur_CO 20 0.083 0.4% Aztec_Ruins

V Natural Emissions 2 0.410 20.5% Bandelier 20 0.171 0.9% Dome

W 2021 All Emissions 2 1.857 92.8% Galiuro 20 0.968 4.8% Bitter_Lake_NWR

X 2008 All Emissions 2 1.240 62.0% Petrified_Forest 20 1.143 5.7% Aztec_Ruins

Choose SO2, Annual μg/m3 SO2 annavg

Across grid cells Maximum Max

Group Group Name
PSD Class I 

Increment

Max @ any 

Class I area

Percent of 

PSD Class I 

Increment

Class I Area where Max 

occurred

PSD Class II 

Increment

Max @ any 

Class II area

Percent of 

PSD Class II 

Increment

Class II Area where Max 

occurred

A Little Snake FO 2 0.000 0.0% Mount_Zirkel 20 0.000 0.0% Dinosaur_all

B White River FO 2 0.089 4.5% Dinosaur_CO 20 0.089 0.4% Dinosaur_all

C Colorado River Valley FO (CRVFO) 2 0.000 0.0% Flat_Tops 20 0.000 0.0% Holy_Cross

D Roan Plateau Planning area portion of CRVFO 2 0.000 0.0% Flat_Tops 20 0.000 0.0% Holy_Cross

E Grand Junction FO 2 0.000 0.0% Arches 20 0.001 0.0% Colorado

F Uncompahgre FO 2 0.000 0.0% Maroon_Bells 20 0.000 0.0% Raggeds

G Tres Rios FO 2 0.001 0.1% Mesa_Verde 20 0.001 0.0% South_San_Juan

H Kremmling FO 2 0.000 0.0% Rawah 20 0.000 0.0% Savage_Run

I Royal Gorge FO Area#1 (RGFO#1) -- North 2 0.000 0.0% Rocky_Mountain 20 0.000 0.0% Mount_Evans

J Pawnee Grasslands portion of RGFO#1 2 0.000 0.0% Rocky_Mountain 20 0.000 0.0% Mount_Evans

K RGFO#2 – West-Central/South 2 0.000 0.0% Salt_Creek 20 0.000 0.0% Maxwell_NWR

L RGFO#3 – South 2 0.000 0.0% Great_Sand_Dunes 20 0.000 0.0% Greenhorn_Mounta

M RGFO#4 – East-Central 2 0.000 0.0% Eagles_Nest 20 0.000 0.0% Lost_Creek

N New Mexico Farmington District 2 0.000 0.0% Mesa_Verde 20 0.003 0.0% Aztec_Ruins

O Total Colorado River Field Office 2 0.000 0.0% Flat_Tops 20 0.000 0.0% Holy_Cross

P Total Royal Gorge Field Office 2 0.000 0.0% Rocky_Mountain 20 0.000 0.0% Greenhorn_Mounta

Q Mining from 13 Colorado BLM Planning Areas 2 0.000 0.0% West_Elk 20 0.000 0.0% Raggeds

R Combined new Federal O&G and Mining from the 

13 Colorado BLM Planning Areas

2 0.090 4.5% Dinosaur_CO 20 0.090 0.4% Dinosaur_all

S Combined new Federal and non-Federal O&G and 

Mining from 13 Colorado BLM Planning Areas

2 0.102 5.1% Dinosaur_CO 20 0.102 0.5% Dinosaur_all

T Cumulative Emissions Scenario – New Federal and 

non-Federal O&G from 14 BLM Planning Areas plus 

mining in the 14 BLM Planning Areas

2 0.102 5.1% Dinosaur_CO 20 0.102 0.5% Dinosaur_all

U Combined O&G and Mining in 4 km domain 2 0.108 5.4% Dinosaur_CO 20 0.108 0.5% Dinosaur_all

V Natural Emissions 2 0.410 20.5% Bandelier 20 0.171 0.9% Dome

W 2021 All Emissions 2 1.857 92.8% Galiuro 20 0.968 4.8% Bitter_Lake_NWR

X 2008 All Emissions 2 1.240 62.0% Petrified_Forest 20 1.143 5.7% Aztec_Ruins
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Table 5-3a.  Maximum 24-hour SO2 concentration at any Class I or sensitive Class II area due 
to the different Source Groups for the 2021 High Development Scenario. 

 
 

Table 5-3b.  Maximum 24-hour SO2 concentration at any Class I or sensitive Class II area due 
to the different Source Groups for the 2021 Low Development Scenario. 

 

Across grid cells Maximum Max

Group Group Name
PSD Class I 

Increment

Max @ any 

Class I area

Percent of 

PSD Class I 

Increment

Class I Area where Max 

occurred

PSD Class II 

Increment

Max @ any 

Class II area

Percent of 

PSD Class II 

Increment

Class II Area where Max 

occurred

A Little Snake FO 5 0.002 0.0% Dinosaur_CO 91 0.002 0.0% Dinosaur_all

B White River FO 5 0.412 8.2% Dinosaur_CO 91 0.412 0.5% Dinosaur_all

C Colorado River Valley FO (CRVFO) 5 0.000 0.0% Flat_Tops 91 0.000 0.0% Colorado

D Roan Plateau Planning area portion of CRVFO 5 0.000 0.0% Flat_Tops 91 0.000 0.0% Colorado

E Grand Junction FO 5 0.002 0.0% Arches 91 0.003 0.0% Colorado

F Uncompahgre FO 5 0.001 0.0% Maroon_Bells 91 0.001 0.0% Raggeds

G Tres Rios FO 5 0.003 0.1% Mesa_Verde 91 0.003 0.0% South_San_Juan

H Kremmling FO 5 0.000 0.0% Rawah 91 0.000 0.0% Savage_Run

I Royal Gorge FO Area#1 (RGFO#1) -- North 5 0.000 0.0% Rocky_Mountain 91 0.000 0.0% Mount_Evans

J Pawnee Grasslands portion of RGFO#1 5 0.000 0.0% Rocky_Mountain 91 0.000 0.0% Mount_Evans

K RGFO#2 – West-Central/South 5 0.000 0.0% Pecos 91 0.000 0.0% Greenhorn_Mounta

L RGFO#3 – South 5 0.000 0.0% Great_Sand_Dunes 91 0.000 0.0% Greenhorn_Mounta

M RGFO#4 – East-Central 5 0.000 0.0% Eagles_Nest 91 0.000 0.0% Lost_Creek

N New Mexico Farmington District 5 0.001 0.0% Mesa_Verde 91 0.009 0.0% Aztec_Ruins

O Total Colorado River Field Office 5 0.000 0.0% Flat_Tops 91 0.000 0.0% Colorado

P Total Royal Gorge Field Office 5 0.000 0.0% Rocky_Mountain 91 0.000 0.0% Greenhorn_Mounta

Q Mining from 13 Colorado BLM Planning Areas 5 0.001 0.0% West_Elk 91 0.002 0.0% Raggeds

R Combined new Federal O&G and Mining from the 

13 Colorado BLM Planning Areas

5 0.412 8.2% Dinosaur_CO 91 0.412 0.5% Dinosaur_all

S Combined new Federal and non-Federal O&G and 

Mining from 13 Colorado BLM Planning Areas

5 0.469 9.4% Dinosaur_CO 91 0.469 0.5% Dinosaur_all

T Cumulative Emissions Scenario – New Federal and 

non-Federal O&G from 14 BLM Planning Areas plus 

mining in the 14 BLM Planning Areas

5 0.469 9.4% Dinosaur_CO 91 0.469 0.5% Dinosaur_all

U Combined O&G and Mining in 4 km domain 5 0.487 9.7% Dinosaur_CO 91 0.565 0.6% Aztec_Ruins

V Natural Emissions 5 50.751 1015.0% Bandelier 91 20.045 22.0% Dome

W 2021 All Emissions 5 51.160 1023.2% Bandelier 91 20.791 22.8% Dome

X 2008 All Emissions 5 50.921 1018.4% Bandelier 91 20.894 23.0% Dome

Choose SO2, 24-hour μg/m3 SO2 2nddavg

Across grid cells Maximum Max

Group Group Name
PSD Class I 

Increment

Max @ any 

Class I area

Percent of 

PSD Class I 

Increment

Class I Area where Max 

occurred

PSD Class II 

Increment

Max @ any 

Class II area

Percent of 

PSD Class II 

Increment

Class II Area where Max 

occurred

A Little Snake FO 5 0.000 0.0% Dinosaur_CO 91 0.000 0.0% Dinosaur_all

B White River FO 5 0.067 1.3% Dinosaur_CO 91 0.067 0.1% Dinosaur_all

C Colorado River Valley FO (CRVFO) 5 0.000 0.0% Flat_Tops 91 0.000 0.0% Colorado

D Roan Plateau Planning area portion of CRVFO 5 0.000 0.0% Flat_Tops 91 0.000 0.0% Colorado

E Grand Junction FO 5 0.000 0.0% Arches 91 0.000 0.0% Colorado

F Uncompahgre FO 5 0.000 0.0% Maroon_Bells 91 0.000 0.0% Raggeds

G Tres Rios FO 5 0.001 0.0% Mesa_Verde 91 0.001 0.0% South_San_Juan

H Kremmling FO 5 0.000 0.0% Rawah 91 0.000 0.0% Savage_Run

I Royal Gorge FO Area#1 (RGFO#1) -- North 5 0.000 0.0% Rocky_Mountain 91 0.000 0.0% Mount_Evans

J Pawnee Grasslands portion of RGFO#1 5 0.000 0.0% Rocky_Mountain 91 0.000 0.0% Mount_Evans

K RGFO#2 – West-Central/South 5 0.000 0.0% Pecos 91 0.000 0.0% Greenhorn_Mounta

L RGFO#3 – South 5 0.000 0.0% Great_Sand_Dunes 91 0.000 0.0% Greenhorn_Mounta

M RGFO#4 – East-Central 5 0.000 0.0% Eagles_Nest 91 0.000 0.0% Lost_Creek

N New Mexico Farmington District 5 0.001 0.0% Mesa_Verde 91 0.009 0.0% Aztec_Ruins

O Total Colorado River Field Office 5 0.000 0.0% Flat_Tops 91 0.000 0.0% Colorado

P Total Royal Gorge Field Office 5 0.000 0.0% Rocky_Mountain 91 0.000 0.0% Greenhorn_Mounta

Q Mining from 13 Colorado BLM Planning Areas 5 0.001 0.0% West_Elk 91 0.002 0.0% Raggeds

R Combined new Federal O&G and Mining from the 

13 Colorado BLM Planning Areas

5 0.067 1.3% Dinosaur_CO 91 0.067 0.1% Dinosaur_all

S Combined new Federal and non-Federal O&G and 

Mining from 13 Colorado BLM Planning Areas

5 0.085 1.7% Dinosaur_CO 91 0.085 0.1% Dinosaur_all

T Cumulative Emissions Scenario – New Federal and 

non-Federal O&G from 14 BLM Planning Areas plus 

mining in the 14 BLM Planning Areas

5 0.085 1.7% Dinosaur_CO 91 0.085 0.1% Dinosaur_all

U Combined O&G and Mining in 4 km domain 5 0.125 2.5% Mesa_Verde 91 0.561 0.6% Aztec_Ruins

V Natural Emissions 5 50.751 1015.0% Bandelier 91 20.045 22.0% Dome

W 2021 All Emissions 5 51.158 1023.2% Bandelier 91 20.790 22.8% Dome

X 2008 All Emissions 5 50.921 1018.4% Bandelier 91 20.894 23.0% Dome
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Table 5-3c.  Maximum 24-hour SO2 concentration at any Class I or sensitive Class II area due 
to the different Source Groups for the 2021 Medium Development Scenario. 

 
 

Table 5-4a.  Maximum 3-hour SO2 concentration at any Class I or sensitive Class II area due to 
the different Source Groups for the 2021 High Development Scenario. 

 
 

Choose SO2, 24-hour μg/m3 SO2 2nddavg

Across grid cells Maximum Max

Group Group Name
PSD Class I 

Increment

Max @ any 

Class I area

Percent of 

PSD Class I 

Increment

Class I Area where Max 

occurred

PSD Class II 

Increment

Max @ any 

Class II area

Percent of 

PSD Class II 

Increment

Class II Area where Max 

occurred

A Little Snake FO 5 0.002 0.0% Dinosaur_CO 91 0.002 0.0% Dinosaur_all

B White River FO 5 0.412 8.2% Dinosaur_CO 91 0.412 0.5% Dinosaur_all

C Colorado River Valley FO (CRVFO) 5 0.000 0.0% Flat_Tops 91 0.000 0.0% Colorado

D Roan Plateau Planning area portion of CRVFO 5 0.000 0.0% Flat_Tops 91 0.000 0.0% Colorado

E Grand Junction FO 5 0.002 0.0% Arches 91 0.003 0.0% Colorado

F Uncompahgre FO 5 0.001 0.0% Maroon_Bells 91 0.001 0.0% Raggeds

G Tres Rios FO 5 0.003 0.1% Mesa_Verde 91 0.003 0.0% South_San_Juan

H Kremmling FO 5 0.000 0.0% Rawah 91 0.000 0.0% Savage_Run

I Royal Gorge FO Area#1 (RGFO#1) -- North 5 0.000 0.0% Rocky_Mountain 91 0.000 0.0% Mount_Evans

J Pawnee Grasslands portion of RGFO#1 5 0.000 0.0% Rocky_Mountain 91 0.000 0.0% Mount_Evans

K RGFO#2 – West-Central/South 5 0.000 0.0% Pecos 91 0.000 0.0% Greenhorn_Mounta

L RGFO#3 – South 5 0.000 0.0% Great_Sand_Dunes 91 0.000 0.0% Greenhorn_Mounta

M RGFO#4 – East-Central 5 0.000 0.0% Eagles_Nest 91 0.000 0.0% Lost_Creek

N New Mexico Farmington District 5 0.001 0.0% Mesa_Verde 91 0.007 0.0% Aztec_Ruins

O Total Colorado River Field Office 5 0.000 0.0% Flat_Tops 91 0.000 0.0% Colorado

P Total Royal Gorge Field Office 5 0.000 0.0% Rocky_Mountain 91 0.000 0.0% Greenhorn_Mounta

Q Mining from 13 Colorado BLM Planning Areas 5 0.001 0.0% West_Elk 91 0.002 0.0% Raggeds

R Combined new Federal O&G and Mining from the 

13 Colorado BLM Planning Areas

5 0.412 8.2% Dinosaur_CO 91 0.412 0.5% Dinosaur_all

S Combined new Federal and non-Federal O&G and 

Mining from 13 Colorado BLM Planning Areas

5 0.468 9.4% Dinosaur_CO 91 0.468 0.5% Dinosaur_all

T Cumulative Emissions Scenario – New Federal and 

non-Federal O&G from 14 BLM Planning Areas plus 

mining in the 14 BLM Planning Areas

5 0.468 9.4% Dinosaur_CO 91 0.468 0.5% Dinosaur_all

U Combined O&G and Mining in 4 km domain 5 0.487 9.7% Dinosaur_CO 91 0.563 0.6% Aztec_Ruins

V Natural Emissions 5 50.751 1015.0% Bandelier 91 20.045 22.0% Dome

W 2021 All Emissions 5 51.160 1023.2% Bandelier 91 20.791 22.8% Dome

X 2008 All Emissions 5 50.921 1018.4% Bandelier 91 20.894 23.0% Dome

Choose SO2, 3-hour μg/m3 SO2 2ndbav3

Across grid cells Maximum Max

Group Group Name
PSD Class I 

Increment

Max @ any 

Class I area

Percent of 

PSD Class I 

Increment

Class I Area where Max 

occurred

PSD Class II 

Increment

Max @ any 

Class II area

Percent of 

PSD Class II 

Increment

Class II Area where Max 

occurred

A Little Snake FO 25 0.005 0.0% Dinosaur_CO 512 0.005 0.0% Dinosaur_all

B White River FO 25 1.262 5.0% Dinosaur_CO 512 1.262 0.2% Dinosaur_all

C Colorado River Valley FO (CRVFO) 25 0.001 0.0% Flat_Tops 512 0.000 0.0% Colorado

D Roan Plateau Planning area portion of CRVFO 25 0.001 0.0% Flat_Tops 512 0.000 0.0% Colorado

E Grand Junction FO 25 0.003 0.0% Arches 512 0.006 0.0% Colorado

F Uncompahgre FO 25 0.002 0.0% Maroon_Bells 512 0.002 0.0% Raggeds

G Tres Rios FO 25 0.006 0.0% Mesa_Verde 512 0.005 0.0% South_San_Juan

H Kremmling FO 25 0.000 0.0% Rawah 512 0.000 0.0% Savage_Run

I Royal Gorge FO Area#1 (RGFO#1) -- North 25 0.000 0.0% Rocky_Mountain 512 0.000 0.0% Lost_Creek

J Pawnee Grasslands portion of RGFO#1 25 0.001 0.0% Rocky_Mountain 512 0.000 0.0% Mount_Evans

K RGFO#2 – West-Central/South 25 0.000 0.0% Pecos 512 0.000 0.0% Greenhorn_Mounta

L RGFO#3 – South 25 0.000 0.0% Great_Sand_Dunes 512 0.000 0.0% Greenhorn_Mounta

M RGFO#4 – East-Central 25 0.000 0.0% Eagles_Nest 512 0.000 0.0% Lost_Creek

N New Mexico Farmington District 25 0.002 0.0% Mesa_Verde 512 0.015 0.0% Aztec_Ruins

O Total Colorado River Field Office 25 0.001 0.0% Flat_Tops 512 0.001 0.0% Colorado

P Total Royal Gorge Field Office 25 0.001 0.0% Rocky_Mountain 512 0.000 0.0% Greenhorn_Mounta

Q Mining from 13 Colorado BLM Planning Areas 25 0.004 0.0% West_Elk 512 0.008 0.0% Raggeds

R Combined new Federal O&G and Mining from the 

13 Colorado BLM Planning Areas

25 1.262 5.0% Dinosaur_CO 512 1.262 0.2% Dinosaur_all

S Combined new Federal and non-Federal O&G and 

Mining from 13 Colorado BLM Planning Areas

25 1.435 5.7% Dinosaur_CO 512 1.435 0.3% Dinosaur_all

T Cumulative Emissions Scenario – New Federal and 

non-Federal O&G from 14 BLM Planning Areas plus 

mining in the 14 BLM Planning Areas

25 1.435 5.7% Dinosaur_CO 512 1.435 0.3% Dinosaur_all

U Combined O&G and Mining in 4 km domain 25 1.495 6.0% Dinosaur_CO 512 1.495 0.3% Dinosaur_all

V Natural Emissions 25 95.970 383.9% Bandelier 512 64.686 12.6% Dome

W 2021 All Emissions 25 96.160 384.6% Bandelier 512 65.144 12.7% Dome

X 2008 All Emissions 25 96.190 384.8% Bandelier 512 65.161 12.7% Dome
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Table 5-4b.  Maximum 3-hour SO2 concentration at any Class I or sensitive Class II area due to 
the different Source Groups for the 2021 Low Development Scenario. 

 
 

Table 5-4c.  Maximum 3-hour SO2 concentration at any Class I or sensitive Class II area due to 
the different Source Groups for the 2021 Medium Development Scenario. 

 

  

Choose SO2, 3-hour μg/m3 SO2 2ndbav3

Across grid cells Maximum Max

Group Group Name
PSD Class I 

Increment

Max @ any 

Class I area

Percent of 

PSD Class I 

Increment

Class I Area where Max 

occurred

PSD Class II 

Increment

Max @ any 

Class II area

Percent of 

PSD Class II 

Increment

Class II Area where Max 

occurred

A Little Snake FO 25 0.001 0.0% Dinosaur_CO 512 0.001 0.0% Dinosaur_all

B White River FO 25 0.189 0.8% Dinosaur_CO 512 0.189 0.0% Dinosaur_all

C Colorado River Valley FO (CRVFO) 25 0.000 0.0% Flat_Tops 512 0.000 0.0% Colorado

D Roan Plateau Planning area portion of CRVFO 25 0.000 0.0% Flat_Tops 512 0.000 0.0% Colorado

E Grand Junction FO 25 0.000 0.0% Arches 512 0.000 0.0% Colorado

F Uncompahgre FO 25 0.001 0.0% Maroon_Bells 512 0.001 0.0% Raggeds

G Tres Rios FO 25 0.001 0.0% Mesa_Verde 512 0.001 0.0% South_San_Juan

H Kremmling FO 25 0.000 0.0% Rawah 512 0.000 0.0% Savage_Run

I Royal Gorge FO Area#1 (RGFO#1) -- North 25 0.000 0.0% Rocky_Mountain 512 0.000 0.0% Lost_Creek

J Pawnee Grasslands portion of RGFO#1 25 0.000 0.0% Rocky_Mountain 512 0.000 0.0% Mount_Evans

K RGFO#2 – West-Central/South 25 0.000 0.0% Pecos 512 0.000 0.0% Greenhorn_Mounta

L RGFO#3 – South 25 0.000 0.0% Great_Sand_Dunes 512 0.000 0.0% Greenhorn_Mounta

M RGFO#4 – East-Central 25 0.000 0.0% Eagles_Nest 512 0.000 0.0% Lost_Creek

N New Mexico Farmington District 25 0.002 0.0% Mesa_Verde 512 0.015 0.0% Aztec_Ruins

O Total Colorado River Field Office 25 0.001 0.0% Flat_Tops 512 0.000 0.0% Colorado

P Total Royal Gorge Field Office 25 0.000 0.0% Rocky_Mountain 512 0.000 0.0% Greenhorn_Mounta

Q Mining from 13 Colorado BLM Planning Areas 25 0.004 0.0% West_Elk 512 0.008 0.0% Raggeds

R Combined new Federal O&G and Mining from the 

13 Colorado BLM Planning Areas

25 0.189 0.8% Dinosaur_CO 512 0.189 0.0% Dinosaur_all

S Combined new Federal and non-Federal O&G and 

Mining from 13 Colorado BLM Planning Areas

25 0.240 1.0% Dinosaur_CO 512 0.240 0.0% Dinosaur_all

T Cumulative Emissions Scenario – New Federal and 

non-Federal O&G from 14 BLM Planning Areas plus 

mining in the 14 BLM Planning Areas

25 0.240 1.0% Dinosaur_CO 512 0.240 0.0% Dinosaur_all

U Combined O&G and Mining in 4 km domain 25 0.497 2.0% Mesa_Verde 512 1.328 0.3% Aztec_Ruins

V Natural Emissions 25 95.970 383.9% Bandelier 512 64.688 12.6% Dome

W 2021 All Emissions 25 96.160 384.6% Bandelier 512 65.140 12.7% Dome

X 2008 All Emissions 25 96.190 384.8% Bandelier 512 65.161 12.7% Dome

Choose SO2, 3-hour μg/m3 SO2 2ndbav3

Across grid cells Maximum Max

Group Group Name
PSD Class I 

Increment

Max @ any 

Class I area

Percent of 

PSD Class I 

Increment

Class I Area where Max 

occurred

PSD Class II 

Increment

Max @ any 

Class II area

Percent of 

PSD Class II 

Increment

Class II Area where Max 

occurred

A Little Snake FO 25 0.005 0.0% Dinosaur_CO 512 0.005 0.0% Dinosaur_all

B White River FO 25 1.262 5.0% Dinosaur_CO 512 1.262 0.2% Dinosaur_all

C Colorado River Valley FO (CRVFO) 25 0.001 0.0% Flat_Tops 512 0.000 0.0% Colorado

D Roan Plateau Planning area portion of CRVFO 25 0.001 0.0% Flat_Tops 512 0.000 0.0% Colorado

E Grand Junction FO 25 0.003 0.0% Arches 512 0.006 0.0% Colorado

F Uncompahgre FO 25 0.002 0.0% Maroon_Bells 512 0.002 0.0% Raggeds

G Tres Rios FO 25 0.006 0.0% Mesa_Verde 512 0.005 0.0% South_San_Juan

H Kremmling FO 25 0.000 0.0% Rawah 512 0.000 0.0% Savage_Run

I Royal Gorge FO Area#1 (RGFO#1) -- North 25 0.000 0.0% Rocky_Mountain 512 0.000 0.0% Lost_Creek

J Pawnee Grasslands portion of RGFO#1 25 0.000 0.0% Rocky_Mountain 512 0.000 0.0% Mount_Evans

K RGFO#2 – West-Central/South 25 0.000 0.0% Pecos 512 0.000 0.0% Greenhorn_Mounta

L RGFO#3 – South 25 0.000 0.0% Great_Sand_Dunes 512 0.000 0.0% Greenhorn_Mounta

M RGFO#4 – East-Central 25 0.000 0.0% Eagles_Nest 512 0.000 0.0% Lost_Creek

N New Mexico Farmington District 25 0.001 0.0% Mesa_Verde 512 0.012 0.0% Aztec_Ruins

O Total Colorado River Field Office 25 0.001 0.0% Flat_Tops 512 0.001 0.0% Colorado

P Total Royal Gorge Field Office 25 0.000 0.0% Rocky_Mountain 512 0.000 0.0% Lost_Creek

Q Mining from 13 Colorado BLM Planning Areas 25 0.004 0.0% West_Elk 512 0.008 0.0% Raggeds

R Combined new Federal O&G and Mining from the 

13 Colorado BLM Planning Areas

25 1.262 5.0% Dinosaur_CO 512 1.262 0.2% Dinosaur_all

S Combined new Federal and non-Federal O&G and 

Mining from 13 Colorado BLM Planning Areas

25 1.435 5.7% Dinosaur_CO 512 1.435 0.3% Dinosaur_all

T Cumulative Emissions Scenario – New Federal and 

non-Federal O&G from 14 BLM Planning Areas plus 

mining in the 14 BLM Planning Areas

25 1.435 5.7% Dinosaur_CO 512 1.435 0.3% Dinosaur_all

U Combined O&G and Mining in 4 km domain 25 1.495 6.0% Dinosaur_CO 512 1.495 0.3% Dinosaur_all

V Natural Emissions 25 95.970 383.9% Bandelier 512 64.686 12.6% Dome

W 2021 All Emissions 25 96.160 384.6% Bandelier 512 65.144 12.7% Dome

X 2008 All Emissions 25 96.190 384.8% Bandelier 512 65.161 12.7% Dome
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5.1.1.3 PM2.5 PSD Concentrations 

Tables 5-5 and 5-6 displays the, respectively, maximum annual and 24-hour PM2.5 
concentrations due the Source Groups at any Class I and II area and compares them with the 
PSD PM2.5 Increments for the 2021 High, Low and Medium Development Scenarios.  PM2.5 
concentrations due to emissions from Federal O&G within any of the 14 BLM Planning Areas do 
not come close to exceeding any of the PSD PM2.5 Increments.  The BLM Planning Area with the 
largest Federal O&G PM2.5 contribution at any Class I area is the TRFO Planning Area that 
contributes PM2.5 concentrations of 9 and 15 percent for the High, 5 and 9 percent for the 
Medium and 1 and 2 percent for the Low Development Scenarios to the, respectively, annual 
and 24-hour PM2.5 Class I PSD Increments at the Mesa Verde Class I area.  Mining on Federal 
land within all of the 13 Colorado BLM Planning Areas (Source Group Q) contributes a maximum 
of 0.16 µg/m3  for annual PM2.5 at Mount Zirkel and 0.79 µg/m3 for 24-hour PM2.5 at Flat Tops 
that represents 16% and 39% of the PSD Class I Increments, respectively, for all three  of the 
2021 Scenarios (BLM mining emissions were not altered in the three 2021 scenarios). 

The maximum contribution at any Class I area to annual PM2.5 due to all Federal O&G and 
mining in the 13 Colorado BLM Planning Areas (Source Group R), the Cumulative Emissions 
scenario of all Federal O&G and mining and non-Federal O&G in the 14 CO/NM Planning Areas 
(Source Group T) and all O&G emissions throughout the 4 km CARMMS domain are, 
respectively, 0.18 to 0.22 µg/m3 that represents 18 to 22 percent of the Class I area increment 
for the High Development Scenario with similar results seen for the Medium and slightly lower 
values seen for the Low Development Scenarios.  Similar results are seen for 24-hour PM2.5 with 
the Source Groups R, S, T and U contributing 42 to 58 percent of the 24-hour PM2.5 Class I 
Increment for the High and Medium and 40 to 43 percent of the Increment for the Low 
Development Scenario at Rocky Mountain National Park. 

Extremely high maximum annual and 24-hour PM2.5 contributions are seen due to natural 
emissions (Source Group V) that are also reflected in the total 2021 (W) and 2008 (X) Source 
Groups that are due to wildfires that occurred in 2008 for which the PSD Increments are not 
applicable.   

Note that PSD increments are not applicable to natural emissions or existing sources, thus 
results from Source Groups U, V, W and X are not appropriate for comparison with PSD 
increments. 
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Table 5-5a.  Maximum Annual PM2.5 concentration at any Class I or sensitive Class II area due 
to the different Source Groups for the 2021 High Development Scenario. 

 
 

Table 5-5b.  Maximum Annual PM2.5 concentration at any Class I or sensitive Class II area due 
to the different Source Groups for the 2021 Low Development Scenario. 

 

Choose PM2.5, Annual μg/m3 P25 annavg

Across grid cells Maximum Max

Group Group Name
PSD Class I 

Increment

Max @ any 

Class I area

Percent of 

PSD Class I 

Increment

Class I Area where Max 

occurred

PSD Class II 

Increment

Max @ any 

Class II area

Percent of 

PSD Class II 

Increment

Class II Area where Max 

occurred

A Little Snake FO 1 0.003 0.3% Mount_Zirkel 4 0.003 0.1% Dinosaur_all

B White River FO 1 0.021 2.1% Flat_Tops 4 0.046 1.2% Dinosaur_all

C Colorado River Valley FO (CRVFO) 1 0.003 0.3% Flat_Tops 4 0.002 0.1% Holy_Cross

D Roan Plateau Planning area portion of CRVFO 1 0.003 0.3% Flat_Tops 4 0.002 0.0% Holy_Cross

E Grand Junction FO 1 0.011 1.1% Maroon_Bells 4 0.023 0.6% Colorado

F Uncompahgre FO 1 0.012 1.2% Maroon_Bells 4 0.017 0.4% Raggeds

G Tres Rios FO 1 0.087 8.7% Mesa_Verde 4 0.084 2.1% South_San_Juan

H Kremmling FO 1 0.004 0.4% Rawah 4 0.002 0.0% Savage_Run

I Royal Gorge FO Area#1 (RGFO#1) -- North 1 0.000 0.0% Rocky_Mountain 4 0.000 0.0% Mount_Evans

J Pawnee Grasslands portion of RGFO#1 1 0.001 0.1% Rocky_Mountain 4 0.000 0.0% Mount_Evans

K RGFO#2 – West-Central/South 1 0.000 0.0% Pecos 4 0.000 0.0% Maxwell_NWR

L RGFO#3 – South 1 0.000 0.0% Great_Sand_Dunes 4 0.003 0.1% Greenhorn_Mounta

M RGFO#4 – East-Central 1 0.000 0.0% Eagles_Nest 4 0.003 0.1% Lost_Creek

N New Mexico Farmington District 1 0.007 0.7% Weminuche 4 0.205 5.1% Aztec_Ruins

O Total Colorado River Field Office 1 0.006 0.6% Flat_Tops 4 0.004 0.1% Holy_Cross

P Total Royal Gorge Field Office 1 0.001 0.1% Rocky_Mountain 4 0.003 0.1% Greenhorn_Mounta

Q Mining from 13 Colorado BLM Planning Areas 1 0.164 16.4% Mount_Zirkel 4 0.168 4.2% Raggeds

R Combined new Federal O&G and Mining from the 

13 Colorado BLM Planning Areas

1 0.182 18.2% Mount_Zirkel 4 0.195 4.9% Raggeds

S Combined new Federal and non-Federal O&G and 

Mining from 13 Colorado BLM Planning Areas

1 0.216 21.6% Mesa_Verde 4 0.224 5.6% Raggeds

T Cumulative Emissions Scenario – New Federal and 

non-Federal O&G from 14 BLM Planning Areas plus 

mining in the 14 BLM Planning Areas

1 0.220 22.0% Mesa_Verde 4 0.319 8.0% Aztec_Ruins

U Combined O&G and Mining in 4 km domain 1 0.252 25.2% Mesa_Verde 4 0.699 17.5% Aztec_Ruins

V Natural Emissions 1 9.730 973.0% Bandelier 4 4.249 106.2% Dome

W 2021 All Emissions 1 14.610 1461.0% Bandelier 4 14.412 360.3% Valle_De_Oro_NWR

X 2008 All Emissions 1 14.217 1421.7% Bandelier 4 12.072 301.8% Petroglyph

Choose PM2.5, Annual μg/m3 P25 annavg

Across grid cells Maximum Max

Group Group Name
PSD Class I 

Increment

Max @ any 

Class I area

Percent of 

PSD Class I 

Increment

Class I Area where Max 

occurred

PSD Class II 

Increment

Max @ any 

Class II area

Percent of 

PSD Class II 

Increment

Class II Area where Max 

occurred

A Little Snake FO 1 0.000 0.0% Mount_Zirkel 4 0.000 0.0% Dinosaur_all

B White River FO 1 0.004 0.4% Flat_Tops 4 0.008 0.2% Dinosaur_all

C Colorado River Valley FO (CRVFO) 1 0.002 0.2% Flat_Tops 4 0.001 0.0% Holy_Cross

D Roan Plateau Planning area portion of CRVFO 1 0.002 0.2% Flat_Tops 4 0.001 0.0% Holy_Cross

E Grand Junction FO 1 0.001 0.1% Maroon_Bells 4 0.001 0.0% Colorado

F Uncompahgre FO 1 0.004 0.4% Maroon_Bells 4 0.005 0.1% Raggeds

G Tres Rios FO 1 0.011 1.1% Mesa_Verde 4 0.011 0.3% South_San_Juan

H Kremmling FO 1 0.000 0.0% Rawah 4 0.000 0.0% Savage_Run

I Royal Gorge FO Area#1 (RGFO#1) -- North 1 0.000 0.0% Rocky_Mountain 4 0.000 0.0% Mount_Evans

J Pawnee Grasslands portion of RGFO#1 1 0.000 0.0% Rocky_Mountain 4 0.000 0.0% Mount_Evans

K RGFO#2 – West-Central/South 1 0.000 0.0% Pecos 4 0.000 0.0% Maxwell_NWR

L RGFO#3 – South 1 0.000 0.0% Great_Sand_Dunes 4 0.002 0.1% Greenhorn_Mounta

M RGFO#4 – East-Central 1 0.000 0.0% Eagles_Nest 4 0.000 0.0% Lost_Creek

N New Mexico Farmington District 1 0.007 0.7% Weminuche 4 0.205 5.1% Aztec_Ruins

O Total Colorado River Field Office 1 0.004 0.4% Flat_Tops 4 0.002 0.1% Holy_Cross

P Total Royal Gorge Field Office 1 0.000 0.0% Rocky_Mountain 4 0.002 0.1% Greenhorn_Mounta

Q Mining from 13 Colorado BLM Planning Areas 1 0.164 16.4% Mount_Zirkel 4 0.168 4.2% Raggeds

R Combined new Federal O&G and Mining from the 

13 Colorado BLM Planning Areas

1 0.167 16.7% Mount_Zirkel 4 0.175 4.4% Raggeds

S Combined new Federal and non-Federal O&G and 

Mining from 13 Colorado BLM Planning Areas

1 0.173 17.3% Mount_Zirkel 4 0.185 4.6% Raggeds

T Cumulative Emissions Scenario – New Federal and 

non-Federal O&G from 14 BLM Planning Areas plus 

mining in the 14 BLM Planning Areas

1 0.173 17.3% Mount_Zirkel 4 0.311 7.8% Aztec_Ruins

U Combined O&G and Mining in 4 km domain 1 0.199 19.9% Mount_Zirkel 4 0.692 17.3% Aztec_Ruins

V Natural Emissions 1 9.730 973.0% Bandelier 4 4.249 106.2% Dome

W 2021 All Emissions 1 14.608 1460.8% Bandelier 4 14.409 360.2% Valle_De_Oro_NWR

X 2008 All Emissions 1 14.217 1421.7% Bandelier 4 12.072 301.8% Petroglyph
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Table 5-5c.  Maximum Annual PM2.5 concentration at any Class I or sensitive Class II area due 
to the different Source Groups for the 2021 Medium Development Scenario. 

 
 

Table 5-6a.  Maximum 24-Hour PM2.5 concentration at any Class I or sensitive Class II area due 
to the different Source Groups for the 2021 High Development Scenario. 

 
 

Choose PM2.5, Annual μg/m3 P25 annavg

Across grid cells Maximum Max

Group Group Name
PSD Class I 

Increment

Max @ any 

Class I area

Percent of 

PSD Class I 

Increment

Class I Area where Max 

occurred

PSD Class II 

Increment

Max @ any 

Class II area

Percent of 

PSD Class II 

Increment

Class II Area where Max 

occurred

A Little Snake FO 1 0.002 0.2% Mount_Zirkel 4 0.002 0.1% Dinosaur_all

B White River FO 1 0.018 1.8% Flat_Tops 4 0.044 1.1% Dinosaur_all

C Colorado River Valley FO (CRVFO) 1 0.002 0.2% Flat_Tops 4 0.002 0.0% Holy_Cross

D Roan Plateau Planning area portion of CRVFO 1 0.002 0.2% Flat_Tops 4 0.001 0.0% Holy_Cross

E Grand Junction FO 1 0.008 0.8% Arches 4 0.020 0.5% Colorado

F Uncompahgre FO 1 0.008 0.8% Maroon_Bells 4 0.011 0.3% Raggeds

G Tres Rios FO 1 0.048 4.8% Mesa_Verde 4 0.045 1.1% South_San_Juan

H Kremmling FO 1 0.002 0.2% Rawah 4 0.001 0.0% Savage_Run

I Royal Gorge FO Area#1 (RGFO#1) -- North 1 0.000 0.0% Rocky_Mountain 4 0.000 0.0% Mount_Evans

J Pawnee Grasslands portion of RGFO#1 1 0.000 0.0% Rocky_Mountain 4 0.000 0.0% Mount_Evans

K RGFO#2 – West-Central/South 1 0.000 0.0% Pecos 4 0.000 0.0% Maxwell_NWR

L RGFO#3 – South 1 0.000 0.0% Great_Sand_Dunes 4 0.002 0.0% Greenhorn_Mounta

M RGFO#4 – East-Central 1 0.000 0.0% Eagles_Nest 4 0.001 0.0% Lost_Creek

N New Mexico Farmington District 1 0.005 0.5% Weminuche 4 0.122 3.1% Aztec_Ruins

O Total Colorado River Field Office 1 0.004 0.4% Flat_Tops 4 0.003 0.1% Holy_Cross

P Total Royal Gorge Field Office 1 0.000 0.0% Rocky_Mountain 4 0.002 0.0% Greenhorn_Mounta

Q Mining from 13 Colorado BLM Planning Areas 1 0.164 16.4% Mount_Zirkel 4 0.168 4.2% Raggeds

R Combined new Federal O&G and Mining from the 

13 Colorado BLM Planning Areas

1 0.179 17.9% Mount_Zirkel 4 0.188 4.7% Raggeds

S Combined new Federal and non-Federal O&G and 

Mining from 13 Colorado BLM Planning Areas

1 0.191 19.1% Mount_Zirkel 4 0.216 5.4% Raggeds

T Cumulative Emissions Scenario – New Federal and 

non-Federal O&G from 14 BLM Planning Areas plus 

mining in the 14 BLM Planning Areas

1 0.191 19.1% Mount_Zirkel 4 0.230 5.7% Aztec_Ruins

U Combined O&G and Mining in 4 km domain 1 0.216 21.6% Mount_Zirkel 4 0.611 15.3% Aztec_Ruins

V Natural Emissions 1 9.730 973.0% Bandelier 4 4.249 106.2% Dome

W 2021 All Emissions 1 14.609 1460.9% Bandelier 4 14.411 360.3% Valle_De_Oro_NWR

X 2008 All Emissions 1 14.217 1421.7% Bandelier 4 12.072 301.8% Petroglyph

Choose PM2.5, 24-hour μg/m3 P25 2nddavg

Across grid cells Maximum Max

Group Group Name
PSD Class I 

Increment

Max @ any 

Class I area

Percent of 

PSD Class I 

Increment

Class I Area where Max 

occurred

PSD Class II 

Increment

Max @ any 

Class II area

Percent of 

PSD Class II 

Increment

Class II Area where Max 

occurred

A Little Snake FO 2 0.031 1.6% Mount_Zirkel 9 0.030 0.3% Dinosaur_all

B White River FO 2 0.133 6.6% Flat_Tops 9 0.293 3.3% Dinosaur_all

C Colorado River Valley FO (CRVFO) 2 0.015 0.7% Flat_Tops 9 0.026 0.3% Colorado

D Roan Plateau Planning area portion of CRVFO 2 0.012 0.6% Flat_Tops 9 0.025 0.3% Colorado

E Grand Junction FO 2 0.094 4.7% Arches 9 0.242 2.7% Colorado

F Uncompahgre FO 2 0.060 3.0% Maroon_Bells 9 0.062 0.7% Raggeds

G Tres Rios FO 2 0.302 15.1% Mesa_Verde 9 0.260 2.9% Hovenweep

H Kremmling FO 2 0.011 0.5% Mount_Zirkel 9 0.008 0.1% Savage_Run

I Royal Gorge FO Area#1 (RGFO#1) -- North 2 0.004 0.2% Rocky_Mountain 9 0.002 0.0% Mount_Evans

J Pawnee Grasslands portion of RGFO#1 2 0.018 0.9% Rocky_Mountain 9 0.007 0.1% Mount_Evans

K RGFO#2 – West-Central/South 2 0.003 0.1% Pecos 9 0.005 0.1% Greenhorn_Mounta

L RGFO#3 – South 2 0.003 0.1% Great_Sand_Dunes 9 0.023 0.3% Greenhorn_Mounta

M RGFO#4 – East-Central 2 0.002 0.1% Eagles_Nest 9 0.011 0.1% Lost_Creek

N New Mexico Farmington District 2 0.053 2.6% Mesa_Verde 9 0.799 8.9% Aztec_Ruins

O Total Colorado River Field Office 2 0.027 1.3% Flat_Tops 9 0.050 0.6% Colorado

P Total Royal Gorge Field Office 2 0.023 1.1% Rocky_Mountain 9 0.023 0.3% Greenhorn_Mounta

Q Mining from 13 Colorado BLM Planning Areas 2 0.787 39.3% Flat_Tops 9 1.075 11.9% Raggeds

R Combined new Federal O&G and Mining from the 

13 Colorado BLM Planning Areas

2 0.842 42.1% Flat_Tops 9 1.191 13.2% Dinosaur_all

S Combined new Federal and non-Federal O&G and 

Mining from 13 Colorado BLM Planning Areas

2 0.884 44.2% Rocky_Mountain 9 1.248 13.9% Dinosaur_all

T Cumulative Emissions Scenario – New Federal and 

non-Federal O&G from 14 BLM Planning Areas plus 

mining in the 14 BLM Planning Areas

2 0.886 44.3% Rocky_Mountain 9 1.249 13.9% Dinosaur_all

U Combined O&G and Mining in 4 km domain 2 1.164 58.2% Rocky_Mountain 9 3.535 39.3% Dinosaur_all

V Natural Emissions 2 1224.900 61245.0% Bandelier 9 481.211 5346.8% Dome

W 2021 All Emissions 2 1228.190 61409.5% Bandelier 9 486.073 5400.8% Dome

X 2008 All Emissions 2 1227.070 61353.5% Bandelier 9 485.583 5395.4% Dome
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Table 5-6b.  Maximum 24-Hour PM2.5 concentration at any Class I or sensitive Class II area due 
to the different Source Groups for the 2021 Low Development Scenario. 

 
 

Table 5-6c.  Maximum 24-Hour PM2.5 concentration at any Class I or sensitive Class II area due 
to the different Source Groups for the 2021 Medium Development Scenario. 

 
  

Choose PM2.5, 24-hour μg/m3 P25 2nddavg

Across grid cells Maximum Max

Group Group Name
PSD Class I 

Increment

Max @ any 

Class I area

Percent of 

PSD Class I 

Increment

Class I Area where Max 

occurred

PSD Class II 

Increment

Max @ any 

Class II area

Percent of 

PSD Class II 

Increment

Class II Area where Max 

occurred

A Little Snake FO 2 0.004 0.2% Mount_Zirkel 9 0.005 0.1% Dinosaur_all

B White River FO 2 0.026 1.3% Flat_Tops 9 0.056 0.6% Dinosaur_all

C Colorado River Valley FO (CRVFO) 2 0.011 0.6% Flat_Tops 9 0.018 0.2% Colorado

D Roan Plateau Planning area portion of CRVFO 2 0.008 0.4% Flat_Tops 9 0.013 0.1% Colorado

E Grand Junction FO 2 0.006 0.3% Black_Canyon 9 0.014 0.2% Colorado

F Uncompahgre FO 2 0.021 1.0% Maroon_Bells 9 0.020 0.2% Raggeds

G Tres Rios FO 2 0.041 2.0% Mesa_Verde 9 0.034 0.4% Hovenweep

H Kremmling FO 2 0.001 0.1% Mount_Zirkel 9 0.001 0.0% Savage_Run

I Royal Gorge FO Area#1 (RGFO#1) -- North 2 0.001 0.0% Rocky_Mountain 9 0.000 0.0% Mount_Evans

J Pawnee Grasslands portion of RGFO#1 2 0.004 0.2% Rocky_Mountain 9 0.001 0.0% Mount_Evans

K RGFO#2 – West-Central/South 2 0.000 0.0% Pecos 9 0.000 0.0% Greenhorn_Mounta

L RGFO#3 – South 2 0.002 0.1% Great_Sand_Dunes 9 0.015 0.2% Greenhorn_Mounta

M RGFO#4 – East-Central 2 0.000 0.0% Eagles_Nest 9 0.002 0.0% Lost_Creek

N New Mexico Farmington District 2 0.053 2.6% Mesa_Verde 9 0.800 8.9% Aztec_Ruins

O Total Colorado River Field Office 2 0.019 1.0% Flat_Tops 9 0.031 0.3% Colorado

P Total Royal Gorge Field Office 2 0.005 0.2% Rocky_Mountain 9 0.015 0.2% Greenhorn_Mounta

Q Mining from 13 Colorado BLM Planning Areas 2 0.787 39.4% Flat_Tops 9 1.081 12.0% Raggeds

R Combined new Federal O&G and Mining from the 

13 Colorado BLM Planning Areas

2 0.804 40.2% Flat_Tops 9 1.094 12.2% Raggeds

S Combined new Federal and non-Federal O&G and 

Mining from 13 Colorado BLM Planning Areas

2 0.830 41.5% Flat_Tops 9 1.110 12.3% Raggeds

T Cumulative Emissions Scenario – New Federal and 

non-Federal O&G from 14 BLM Planning Areas plus 

mining in the 14 BLM Planning Areas

2 0.835 41.7% Flat_Tops 9 1.181 13.1% Aztec_Ruins

U Combined O&G and Mining in 4 km domain 2 0.852 42.6% Flat_Tops 9 3.524 39.2% Dinosaur_all

V Natural Emissions 2 1224.890 61244.5% Bandelier 9 481.209 5346.8% Dome

W 2021 All Emissions 2 1228.160 61408.0% Bandelier 9 486.060 5400.7% Dome

X 2008 All Emissions 2 1227.070 61353.5% Bandelier 9 485.583 5395.4% Dome

Choose PM2.5, 24-hour μg/m3 P25 2nddavg

Across grid cells Maximum Max

Group Group Name
PSD Class I 

Increment

Max @ any 

Class I area

Percent of 

PSD Class I 

Increment

Class I Area where Max 

occurred

PSD Class II 

Increment

Max @ any 

Class II area

Percent of 

PSD Class II 

Increment

Class II Area where Max 

occurred

A Little Snake FO 2 0.027 1.4% Mount_Zirkel 9 0.024 0.3% Dinosaur_all

B White River FO 2 0.132 6.6% Flat_Tops 9 0.272 3.0% Dinosaur_all

C Colorado River Valley FO (CRVFO) 2 0.012 0.6% Maroon_Bells 9 0.021 0.2% Colorado

D Roan Plateau Planning area portion of CRVFO 2 0.010 0.5% Flat_Tops 9 0.020 0.2% Colorado

E Grand Junction FO 2 0.092 4.6% Arches 9 0.207 2.3% Colorado

F Uncompahgre FO 2 0.039 1.9% Maroon_Bells 9 0.041 0.5% Raggeds

G Tres Rios FO 2 0.186 9.3% Mesa_Verde 9 0.188 2.1% Hovenweep

H Kremmling FO 2 0.007 0.3% Eagles_Nest 9 0.005 0.1% Savage_Run

I Royal Gorge FO Area#1 (RGFO#1) -- North 2 0.002 0.1% Rocky_Mountain 9 0.001 0.0% Mount_Evans

J Pawnee Grasslands portion of RGFO#1 2 0.010 0.5% Rocky_Mountain 9 0.004 0.0% Mount_Evans

K RGFO#2 – West-Central/South 2 0.002 0.1% Pecos 9 0.004 0.0% Greenhorn_Mounta

L RGFO#3 – South 2 0.002 0.1% Great_Sand_Dunes 9 0.015 0.2% Greenhorn_Mounta

M RGFO#4 – East-Central 2 0.001 0.0% Eagles_Nest 9 0.004 0.0% Lost_Creek

N New Mexico Farmington District 2 0.033 1.7% Mesa_Verde 9 0.494 5.5% Aztec_Ruins

O Total Colorado River Field Office 2 0.022 1.1% Eagles_Nest 9 0.042 0.5% Colorado

P Total Royal Gorge Field Office 2 0.013 0.6% Rocky_Mountain 9 0.015 0.2% Greenhorn_Mounta

Q Mining from 13 Colorado BLM Planning Areas 2 0.787 39.3% Flat_Tops 9 1.076 12.0% Raggeds

R Combined new Federal O&G and Mining from the 

13 Colorado BLM Planning Areas

2 0.841 42.1% Flat_Tops 9 1.175 13.1% Dinosaur_all

S Combined new Federal and non-Federal O&G and 

Mining from 13 Colorado BLM Planning Areas

2 0.878 43.9% Rocky_Mountain 9 1.231 13.7% Dinosaur_all

T Cumulative Emissions Scenario – New Federal and 

non-Federal O&G from 14 BLM Planning Areas plus 

mining in the 14 BLM Planning Areas

2 0.879 43.9% Rocky_Mountain 9 1.232 13.7% Dinosaur_all

U Combined O&G and Mining in 4 km domain 2 1.152 57.6% Rocky_Mountain 9 3.533 39.3% Dinosaur_all

V Natural Emissions 2 1224.900 61245.0% Bandelier 9 481.211 5346.8% Dome

W 2021 All Emissions 2 1228.190 61409.5% Bandelier 9 486.069 5400.8% Dome

X 2008 All Emissions 2 1227.070 61353.5% Bandelier 9 485.583 5395.4% Dome
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5.1.1.4 PM10 PSD Concentrations 

The results of the comparisons against the PM10 PSD increments is very similar to PM2.5 with 
none of the Source Groups, except Natural Emissions (Source Group V) that are also included in 
the total 2021 and 2008 Source Groups, showing any exceedances of the annual or 24-hour 
PM10 PSD increment (Tables 5-7 and 5-8).  Wildfires within the Natural Emissions Source Group 
can produce very high PM concentrations. 

Of the BLM Planning Areas, Federal O&G from the TRFO has the largest annual and 24-hour 
PM10 concentrations at any Class I area with maximum values that of 12 and 16 percent for the 
High, 5 and 7 percent for the Medium and 1 and 2 percent for the Low Development Scenarios 
of the PSD PM10 increment.  The combined Source Groups R, S, T and U PM10 impacts at any 
Class I area are 36% or less of the PM10 PSD increments.   

Table 5-7a.  Maximum Annual PM10 concentration at any Class I or sensitive Class II area due 
to the different Source Groups for the 2021 High Development Scenario. 

 

Choose PM10, Annual μg/m3 P10 annavg

Across grid cells Maximum Max

Group Group Name
PSD Class I 

Increment

Max @ any 

Class I area

Percent of 

PSD Class I 

Increment

Class I Area where Max 

occurred

PSD Class II 

Increment

Max @ any 

Class II area

Percent of 

PSD Class II 

Increment

Class II Area where Max 

occurred

A Little Snake FO 4 0.004 0.1% Mount_Zirkel 17 0.004 0.0% Dinosaur_all

B White River FO 4 0.034 0.8% Flat_Tops 17 0.054 0.3% Dinosaur_all

C Colorado River Valley FO (CRVFO) 4 0.007 0.2% Flat_Tops 17 0.003 0.0% Holy_Cross

D Roan Plateau Planning area portion of CRVFO 4 0.004 0.1% Flat_Tops 17 0.002 0.0% Holy_Cross

E Grand Junction FO 4 0.025 0.6% Maroon_Bells 17 0.036 0.2% Colorado

F Uncompahgre FO 4 0.034 0.9% Maroon_Bells 17 0.054 0.3% Raggeds

G Tres Rios FO 4 0.473 11.8% Mesa_Verde 17 0.522 3.1% South_San_Juan

H Kremmling FO 4 0.015 0.4% Rawah 17 0.005 0.0% Savage_Run

I Royal Gorge FO Area#1 (RGFO#1) -- North 4 0.000 0.0% Rocky_Mountain 17 0.000 0.0% Mount_Evans

J Pawnee Grasslands portion of RGFO#1 4 0.001 0.0% Rocky_Mountain 17 0.001 0.0% Mount_Evans

K RGFO#2 – West-Central/South 4 0.000 0.0% Pecos 17 0.000 0.0% Maxwell_NWR

L RGFO#3 – South 4 0.000 0.0% Great_Sand_Dunes 17 0.009 0.1% Greenhorn_Mounta

M RGFO#4 – East-Central 4 0.000 0.0% Eagles_Nest 17 0.013 0.1% Lost_Creek

N New Mexico Farmington District 4 0.024 0.6% Weminuche 17 0.900 5.3% Aztec_Ruins

O Total Colorado River Field Office 4 0.011 0.3% Flat_Tops 17 0.005 0.0% Holy_Cross

P Total Royal Gorge Field Office 4 0.002 0.0% Rocky_Mountain 17 0.014 0.1% Lost_Creek

Q Mining from 13 Colorado BLM Planning Areas 4 0.164 4.1% Mount_Zirkel 17 0.168 1.0% Raggeds

R Combined new Federal O&G and Mining from the 

13 Colorado BLM Planning Areas

4 0.492 12.3% Mesa_Verde 17 0.530 3.1% South_San_Juan

S Combined new Federal and non-Federal O&G and 

Mining from 13 Colorado BLM Planning Areas

4 1.058 26.4% Mesa_Verde 17 1.077 6.3% South_San_Juan

T Cumulative Emissions Scenario – New Federal and 

non-Federal O&G from 14 BLM Planning Areas plus 

mining in the 14 BLM Planning Areas

4 1.071 26.8% Mesa_Verde 17 1.330 7.8% Aztec_Ruins

U Combined O&G and Mining in 4 km domain 4 1.108 27.7% Mesa_Verde 17 1.796 10.6% Aztec_Ruins

V Natural Emissions 4 10.653 266.3% Bandelier 17 5.251 30.9% Sevilleta_NWR

W 2021 All Emissions 4 21.754 543.8% Wheeler_Peak 17 65.725 386.6% Valle_De_Oro_NWR

X 2008 All Emissions 4 17.449 436.2% Bandelier 17 51.874 305.1% Petroglyph



January 2015 
 
 

110 

Table 5-7b.  Maximum Annual PM10 concentration at any Class I or sensitive Class II area due 
to the different Source Groups for the 2021 Low Development Scenario. 

 
 

Table 5-7c.  Maximum Annual PM10 concentration at any Class I or sensitive Class II area due 
to the different Source Groups for the 2021 Medium Development Scenario. 

 

Choose PM10, Annual μg/m3 P10 annavg

Across grid cells Maximum Max

Group Group Name
PSD Class I 

Increment

Max @ any 

Class I area

Percent of 

PSD Class I 

Increment

Class I Area where Max 

occurred

PSD Class II 

Increment

Max @ any 

Class II area

Percent of 

PSD Class II 

Increment

Class II Area where Max 

occurred

A Little Snake FO 4 0.001 0.0% Mount_Zirkel 17 0.001 0.0% Dinosaur_all

B White River FO 4 0.006 0.1% Flat_Tops 17 0.010 0.1% Dinosaur_all

C Colorado River Valley FO (CRVFO) 4 0.004 0.1% Flat_Tops 17 0.002 0.0% Holy_Cross

D Roan Plateau Planning area portion of CRVFO 4 0.002 0.1% Flat_Tops 17 0.001 0.0% Holy_Cross

E Grand Junction FO 4 0.001 0.0% Maroon_Bells 17 0.002 0.0% Colorado

F Uncompahgre FO 4 0.011 0.3% Maroon_Bells 17 0.019 0.1% Raggeds

G Tres Rios FO 4 0.049 1.2% Mesa_Verde 17 0.055 0.3% South_San_Juan

H Kremmling FO 4 0.002 0.0% Rawah 17 0.000 0.0% Savage_Run

I Royal Gorge FO Area#1 (RGFO#1) -- North 4 0.000 0.0% Rocky_Mountain 17 0.000 0.0% Mount_Evans

J Pawnee Grasslands portion of RGFO#1 4 0.000 0.0% Rocky_Mountain 17 0.000 0.0% Mount_Evans

K RGFO#2 – West-Central/South 4 0.000 0.0% Pecos 17 0.000 0.0% Maxwell_NWR

L RGFO#3 – South 4 0.000 0.0% Great_Sand_Dunes 17 0.006 0.0% Greenhorn_Mounta

M RGFO#4 – East-Central 4 0.000 0.0% Eagles_Nest 17 0.002 0.0% Lost_Creek

N New Mexico Farmington District 4 0.024 0.6% Weminuche 17 0.900 5.3% Aztec_Ruins

O Total Colorado River Field Office 4 0.007 0.2% Flat_Tops 17 0.003 0.0% Holy_Cross

P Total Royal Gorge Field Office 4 0.000 0.0% Rocky_Mountain 17 0.007 0.0% Greenhorn_Mounta

Q Mining from 13 Colorado BLM Planning Areas 4 0.164 4.1% Mount_Zirkel 17 0.168 1.0% Raggeds

R Combined new Federal O&G and Mining from the 

13 Colorado BLM Planning Areas

4 0.169 4.2% Mount_Zirkel 17 0.183 1.1% Raggeds

S Combined new Federal and non-Federal O&G and 

Mining from 13 Colorado BLM Planning Areas

4 0.688 17.2% Mesa_Verde 17 0.672 4.0% South_San_Juan

T Cumulative Emissions Scenario – New Federal and 

non-Federal O&G from 14 BLM Planning Areas plus 

mining in the 14 BLM Planning Areas

4 0.701 17.5% Mesa_Verde 17 1.315 7.7% Aztec_Ruins

U Combined O&G and Mining in 4 km domain 4 0.738 18.5% Mesa_Verde 17 1.781 10.5% Aztec_Ruins

V Natural Emissions 4 10.653 266.3% Bandelier 17 5.251 30.9% Sevilleta_NWR

W 2021 All Emissions 4 21.747 543.7% Wheeler_Peak 17 65.719 386.6% Valle_De_Oro_NWR

X 2008 All Emissions 4 17.449 436.2% Bandelier 17 51.874 305.1% Petroglyph

Choose PM10, Annual μg/m3 P10 annavg

Across grid cells Maximum Max

Group Group Name
PSD Class I 

Increment

Max @ any 

Class I area

Percent of 

PSD Class I 

Increment

Class I Area where Max 

occurred

PSD Class II 

Increment

Max @ any 

Class II area

Percent of 

PSD Class II 

Increment

Class II Area where Max 

occurred

A Little Snake FO 4 0.003 0.1% Mount_Zirkel 17 0.003 0.0% Dinosaur_all

B White River FO 4 0.023 0.6% Flat_Tops 17 0.047 0.3% Dinosaur_all

C Colorado River Valley FO (CRVFO) 4 0.004 0.1% Flat_Tops 17 0.002 0.0% Holy_Cross

D Roan Plateau Planning area portion of CRVFO 4 0.003 0.1% Flat_Tops 17 0.002 0.0% Holy_Cross

E Grand Junction FO 4 0.014 0.3% Maroon_Bells 17 0.025 0.1% Colorado

F Uncompahgre FO 4 0.017 0.4% Maroon_Bells 17 0.027 0.2% Raggeds

G Tres Rios FO 4 0.203 5.1% Mesa_Verde 17 0.222 1.3% South_San_Juan

H Kremmling FO 4 0.007 0.2% Rawah 17 0.002 0.0% Savage_Run

I Royal Gorge FO Area#1 (RGFO#1) -- North 4 0.000 0.0% Rocky_Mountain 17 0.000 0.0% Mount_Evans

J Pawnee Grasslands portion of RGFO#1 4 0.000 0.0% Rocky_Mountain 17 0.000 0.0% Mount_Evans

K RGFO#2 – West-Central/South 4 0.000 0.0% Pecos 17 0.000 0.0% Maxwell_NWR

L RGFO#3 – South 4 0.000 0.0% Great_Sand_Dunes 17 0.004 0.0% Greenhorn_Mounta

M RGFO#4 – East-Central 4 0.000 0.0% Eagles_Nest 17 0.003 0.0% Lost_Creek

N New Mexico Farmington District 4 0.011 0.3% Weminuche 17 0.380 2.2% Aztec_Ruins

O Total Colorado River Field Office 4 0.007 0.2% Flat_Tops 17 0.004 0.0% Holy_Cross

P Total Royal Gorge Field Office 4 0.001 0.0% Rocky_Mountain 17 0.004 0.0% Greenhorn_Mounta

Q Mining from 13 Colorado BLM Planning Areas 4 0.164 4.1% Mount_Zirkel 17 0.168 1.0% Raggeds

R Combined new Federal O&G and Mining from the 

13 Colorado BLM Planning Areas

4 0.219 5.5% Mesa_Verde 17 0.229 1.3% South_San_Juan

S Combined new Federal and non-Federal O&G and 

Mining from 13 Colorado BLM Planning Areas

4 0.776 19.4% Mesa_Verde 17 0.772 4.5% South_San_Juan

T Cumulative Emissions Scenario – New Federal and 

non-Federal O&G from 14 BLM Planning Areas plus 

mining in the 14 BLM Planning Areas

4 0.782 19.6% Mesa_Verde 17 0.786 4.6% South_San_Juan

U Combined O&G and Mining in 4 km domain 4 0.819 20.5% Mesa_Verde 17 1.241 7.3% Aztec_Ruins

V Natural Emissions 4 10.653 266.3% Bandelier 17 5.251 30.9% Sevilleta_NWR

W 2021 All Emissions 4 21.748 543.7% Wheeler_Peak 17 65.722 386.6% Valle_De_Oro_NWR

X 2008 All Emissions 4 17.449 436.2% Bandelier 17 51.874 305.1% Petroglyph
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Table 5-8a.  Maximum 24-Hour PM10 concentration at any Class I or sensitive Class II area due 
to the different Source Groups for the 2021 High Development Scenario. 

 
 

Table 5-8b.  Maximum 24-Hour PM10 concentration at any Class I or sensitive Class II area due 
to the different Source Groups for the 2021 Low Development Scenario. 

 

Choose PM10, 24-hour μg/m3 P10 2nddavg

Across grid cells Maximum Max

Group Group Name
PSD Class I 

Increment

Max @ any 

Class I area

Percent of 

PSD Class I 

Increment

Class I Area where Max 

occurred

PSD Class II 

Increment

Max @ any 

Class II area

Percent of 

PSD Class II 

Increment

Class II Area where Max 

occurred

A Little Snake FO 8 0.036 0.4% Mount_Zirkel 30 0.042 0.1% Dinosaur_all

B White River FO 8 0.161 2.0% Flat_Tops 30 0.327 1.1% Dinosaur_all

C Colorado River Valley FO (CRVFO) 8 0.029 0.4% Flat_Tops 30 0.031 0.1% Colorado

D Roan Plateau Planning area portion of CRVFO 8 0.019 0.2% Flat_Tops 30 0.027 0.1% Colorado

E Grand Junction FO 8 0.130 1.6% Arches 30 0.295 1.0% Colorado

F Uncompahgre FO 8 0.160 2.0% Maroon_Bells 30 0.168 0.6% Raggeds

G Tres Rios FO 8 1.249 15.6% Mesa_Verde 30 1.160 3.9% South_San_Juan

H Kremmling FO 8 0.038 0.5% Rawah 30 0.020 0.1% Savage_Run

I Royal Gorge FO Area#1 (RGFO#1) -- North 8 0.009 0.1% Rocky_Mountain 30 0.003 0.0% Mount_Evans

J Pawnee Grasslands portion of RGFO#1 8 0.035 0.4% Rocky_Mountain 30 0.012 0.0% Mount_Evans

K RGFO#2 – West-Central/South 8 0.003 0.0% Pecos 30 0.005 0.0% Greenhorn_Mounta

L RGFO#3 – South 8 0.004 0.1% Great_Sand_Dunes 30 0.035 0.1% Greenhorn_Mounta

M RGFO#4 – East-Central 8 0.006 0.1% Eagles_Nest 30 0.053 0.2% Lost_Creek

N New Mexico Farmington District 8 0.176 2.2% Mesa_Verde 30 2.778 9.3% Aztec_Ruins

O Total Colorado River Field Office 8 0.049 0.6% Flat_Tops 30 0.058 0.2% Colorado

P Total Royal Gorge Field Office 8 0.044 0.6% Rocky_Mountain 30 0.053 0.2% Lost_Creek

Q Mining from 13 Colorado BLM Planning Areas 8 0.787 9.8% Flat_Tops 30 1.075 3.6% Raggeds

R Combined new Federal O&G and Mining from the 

13 Colorado BLM Planning Areas

8 1.284 16.1% Mesa_Verde 30 1.234 4.1% Dinosaur_all

S Combined new Federal and non-Federal O&G and 

Mining from 13 Colorado BLM Planning Areas

8 2.746 34.3% Mesa_Verde 30 2.372 7.9% South_San_Juan

T Cumulative Emissions Scenario – New Federal and 

non-Federal O&G from 14 BLM Planning Areas plus 

mining in the 14 BLM Planning Areas

8 2.773 34.7% Mesa_Verde 30 4.063 13.5% Aztec_Ruins

U Combined O&G and Mining in 4 km domain 8 2.880 36.0% Mesa_Verde 30 6.475 21.6% Aztec_Ruins

V Natural Emissions 8 1310.760 16384.5% Bandelier 30 512.681 1708.9% Dome

W 2021 All Emissions 8 1318.400 16480.0% Bandelier 30 522.924 1743.1% Dome

X 2008 All Emissions 8 1314.400 16430.0% Bandelier 30 520.280 1734.3% Dome

Choose PM10, 24-hour μg/m3 P10 2nddavg

Across grid cells Maximum Max

Group Group Name
PSD Class I 

Increment

Max @ any 

Class I area

Percent of 

PSD Class I 

Increment

Class I Area where Max 

occurred

PSD Class II 

Increment

Max @ any 

Class II area

Percent of 

PSD Class II 

Increment

Class II Area where Max 

occurred

A Little Snake FO 8 0.005 0.1% Mount_Zirkel 30 0.006 0.0% Dinosaur_all

B White River FO 8 0.029 0.4% Flat_Tops 30 0.062 0.2% Dinosaur_all

C Colorado River Valley FO (CRVFO) 8 0.020 0.3% Flat_Tops 30 0.022 0.1% Colorado

D Roan Plateau Planning area portion of CRVFO 8 0.011 0.1% Flat_Tops 30 0.015 0.1% Colorado

E Grand Junction FO 8 0.007 0.1% Black_Canyon 30 0.017 0.1% Colorado

F Uncompahgre FO 8 0.056 0.7% Maroon_Bells 30 0.054 0.2% Raggeds

G Tres Rios FO 8 0.133 1.7% Mesa_Verde 30 0.121 0.4% South_San_Juan

H Kremmling FO 8 0.004 0.0% Rawah 30 0.002 0.0% Savage_Run

I Royal Gorge FO Area#1 (RGFO#1) -- North 8 0.002 0.0% Rocky_Mountain 30 0.001 0.0% Mount_Evans

J Pawnee Grasslands portion of RGFO#1 8 0.007 0.1% Rocky_Mountain 30 0.002 0.0% Mount_Evans

K RGFO#2 – West-Central/South 8 0.000 0.0% Pecos 30 0.000 0.0% Greenhorn_Mounta

L RGFO#3 – South 8 0.003 0.0% Great_Sand_Dunes 30 0.023 0.1% Greenhorn_Mounta

M RGFO#4 – East-Central 8 0.001 0.0% Eagles_Nest 30 0.008 0.0% Lost_Creek

N New Mexico Farmington District 8 0.176 2.2% Mesa_Verde 30 2.778 9.3% Aztec_Ruins

O Total Colorado River Field Office 8 0.031 0.4% Flat_Tops 30 0.038 0.1% Colorado

P Total Royal Gorge Field Office 8 0.009 0.1% Rocky_Mountain 30 0.023 0.1% Greenhorn_Mounta

Q Mining from 13 Colorado BLM Planning Areas 8 0.787 9.8% Flat_Tops 30 1.081 3.6% Raggeds

R Combined new Federal O&G and Mining from the 

13 Colorado BLM Planning Areas

8 0.808 10.1% Flat_Tops 30 1.114 3.7% Raggeds

S Combined new Federal and non-Federal O&G and 

Mining from 13 Colorado BLM Planning Areas

8 1.788 22.3% Mesa_Verde 30 1.483 4.9% South_San_Juan

T Cumulative Emissions Scenario – New Federal and 

non-Federal O&G from 14 BLM Planning Areas plus 

mining in the 14 BLM Planning Areas

8 1.815 22.7% Mesa_Verde 30 4.038 13.5% Aztec_Ruins

U Combined O&G and Mining in 4 km domain 8 1.925 24.1% Mesa_Verde 30 6.458 21.5% Aztec_Ruins

V Natural Emissions 8 1310.760 16384.5% Bandelier 30 512.679 1708.9% Dome

W 2021 All Emissions 8 1318.360 16479.5% Bandelier 30 522.909 1743.0% Dome

X 2008 All Emissions 8 1314.400 16430.0% Bandelier 30 520.280 1734.3% Dome
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Table 5-8c.  Maximum 24-Hour PM10 concentration at any Class I or sensitive Class II area due 
to the different Source Groups for the 2021 Medium Development Scenario. 

 
 
 
5.1.2 PSD Concentration across All Class I and Sensitive Class II Areas 

In this section we present examples of the contributions of PSD pollutant concentrations across 
all PSD Class I and sensitive Class II areas for the BLM GJFO Planning Areas as well as several of 
the combined Planning Area Source Groups.  The tables below were obtained from the 
“Summary” sheet of Attachments A-1, A-2 and A-3 Excel spreadsheet that contains results for 
all of the Source Groups. 

5.1.2.1 Individual BLM Planning Area PSD Contributions 

Table 5-9 displays the contributions of new oil and gas emissions on Federal lands to PSD 
pollutant concentrations at all Class I and sensitive Class II areas in the CARMMS 4 km domain 
for the BLM Grand Junction Field Office (GJFO) Planning Area.  All of the PSD pollutant 
concentrations at Class I areas due to new O&G on Federal lands within the BLM GJFO Planning 
Area (as well as the other 14 BLM other Planning Areas) are well below the Class I and II PSD 
concentration increments.  Similar Tables of concentrations contributions at all of the Class I 
and sensitive Class II areas from each of the 24 Source Groups and the High and Low 
Development Scenarios can be found in Attachments A-1, A-2 and A-3. 

Choose PM10, 24-hour μg/m3 P10 2nddavg

Across grid cells Maximum Max

Group Group Name
PSD Class I 

Increment

Max @ any 

Class I area

Percent of 

PSD Class I 

Increment

Class I Area where Max 

occurred

PSD Class II 

Increment

Max @ any 

Class II area

Percent of 

PSD Class II 

Increment

Class II Area where Max 

occurred

A Little Snake FO 8 0.029 0.4% Mount_Zirkel 30 0.029 0.1% Dinosaur_all

B White River FO 8 0.132 1.7% Flat_Tops 30 0.286 1.0% Dinosaur_all

C Colorado River Valley FO (CRVFO) 8 0.017 0.2% Flat_Tops 30 0.023 0.1% Colorado

D Roan Plateau Planning area portion of CRVFO 8 0.012 0.2% Flat_Tops 30 0.022 0.1% Colorado

E Grand Junction FO 8 0.096 1.2% Arches 30 0.223 0.7% Colorado

F Uncompahgre FO 8 0.079 1.0% Maroon_Bells 30 0.081 0.3% Raggeds

G Tres Rios FO 8 0.561 7.0% Mesa_Verde 30 0.492 1.6% South_San_Juan

H Kremmling FO 8 0.017 0.2% Rawah 30 0.010 0.0% Savage_Run

I Royal Gorge FO Area#1 (RGFO#1) -- North 8 0.003 0.0% Rocky_Mountain 30 0.001 0.0% Mount_Evans

J Pawnee Grasslands portion of RGFO#1 8 0.014 0.2% Rocky_Mountain 30 0.005 0.0% Mount_Evans

K RGFO#2 – West-Central/South 8 0.002 0.0% Pecos 30 0.004 0.0% Greenhorn_Mounta

L RGFO#3 – South 8 0.002 0.0% Great_Sand_Dunes 30 0.018 0.1% Greenhorn_Mounta

M RGFO#4 – East-Central 8 0.001 0.0% Eagles_Nest 30 0.012 0.0% Lost_Creek

N New Mexico Farmington District 8 0.077 1.0% Mesa_Verde 30 1.234 4.1% Aztec_Ruins

O Total Colorado River Field Office 8 0.028 0.4% Flat_Tops 30 0.045 0.2% Colorado

P Total Royal Gorge Field Office 8 0.017 0.2% Rocky_Mountain 30 0.019 0.1% Greenhorn_Mounta

Q Mining from 13 Colorado BLM Planning Areas 8 0.787 9.8% Flat_Tops 30 1.076 3.6% Raggeds

R Combined new Federal O&G and Mining from the 

13 Colorado BLM Planning Areas

8 0.842 10.5% Flat_Tops 30 1.192 4.0% Dinosaur_all

S Combined new Federal and non-Federal O&G and 

Mining from 13 Colorado BLM Planning Areas

8 2.028 25.3% Mesa_Verde 30 1.706 5.7% South_San_Juan

T Cumulative Emissions Scenario – New Federal and 

non-Federal O&G from 14 BLM Planning Areas plus 

mining in the 14 BLM Planning Areas

8 2.042 25.5% Mesa_Verde 30 2.405 8.0% Aztec_Ruins

U Combined O&G and Mining in 4 km domain 8 2.150 26.9% Mesa_Verde 30 4.742 15.8% Aztec_Ruins

V Natural Emissions 8 1310.760 16384.5% Bandelier 30 512.681 1708.9% Dome

W 2021 All Emissions 8 1318.390 16479.9% Bandelier 30 522.916 1743.1% Dome

X 2008 All Emissions 8 1314.400 16430.0% Bandelier 30 520.280 1734.3% Dome
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Table 5-9a.  Contributions of new oil and gas emissions on Federal lands within the BLM 
Grand Junction Field Office Planning Area to PSD pollutant concentrations at Class I and 
sensitive Class II areas for the 2021 High Development Scenario. 

 

Group G_E Grand Junction FO

Across grid cells Maximum Max

NO2 P10 P10 P25 P25 SO2 SO2 SO2

annavg 2nddavg annavg 2nddavg annavg 2ndbav3 2nddavg annavg

NO2 (μg/m3)

Annual3 24-hour2 Annual3 24-hour4 Annual3 3-hour2 24-hour2 Annual3

2.5 8 4 2 1 25 5 2

Arches NP UT NPS 0.079 0.130 0.014 0.094 0.010 0.003 0.002 0.000

Bandelier NM NM NPS 0.001 0.014 0.001 0.010 0.001 0.000 0.000 0.000

Black Canyon of the Gunnison NM CO NPS 0.029 0.129 0.013 0.093 0.008 0.001 0.001 0.000

Bosque del Apache Wilderness NM FWS 0.000 0.008 0.000 0.005 0.000 0.000 0.000 0.000

Canyonlands NP UT NPS 0.012 0.073 0.004 0.043 0.002 0.001 0.001 0.000

Capitol Reef NP UT NPS 0.001 0.016 0.001 0.011 0.000 0.000 0.000 0.000

Eagles Nest Wilderness CO FS 0.038 0.086 0.016 0.051 0.008 0.001 0.001 0.000

Flat Tops Wilderness CO FS 0.062 0.081 0.019 0.045 0.009 0.003 0.001 0.000

Galiuro Wilderness AZ FS 0.000 0.001 0.000 0.001 0.000 0.000 0.000 0.000

Gila Wilderness NM FS 0.000 0.005 0.000 0.003 0.000 0.000 0.000 0.000

Great Sand Dunes NM CO NPS 0.004 0.042 0.005 0.034 0.003 0.000 0.000 0.000

La Garita Wilderness CO FS 0.007 0.043 0.005 0.030 0.003 0.000 0.000 0.000

Maroon Bells-Snowmass Wilderness CO FS 0.067 0.121 0.025 0.065 0.011 0.002 0.001 0.000

Mesa Verde NP CO NPS 0.004 0.035 0.003 0.023 0.001 0.001 0.000 0.000

Mount Baldy Wilderness AZ FS 0.000 0.005 0.000 0.005 0.000 0.000 0.000 0.000

Mount Zirkel Wilderness CO FS 0.014 0.036 0.006 0.023 0.003 0.001 0.000 0.000

Pecos Wilderness NM FS 0.001 0.017 0.001 0.012 0.001 0.000 0.000 0.000

Petrified Forest NP AZ NPS 0.000 0.008 0.000 0.005 0.000 0.000 0.000 0.000

Rawah Wilderness CO FS 0.009 0.032 0.005 0.022 0.003 0.001 0.000 0.000

Rocky Mountain NP CO NPS 0.016 0.056 0.008 0.037 0.005 0.001 0.000 0.000

Salt Creek Wilderness NM FWS 0.000 0.008 0.000 0.005 0.000 0.000 0.000 0.000

San Pedro Parks Wilderness NM FS 0.001 0.014 0.001 0.010 0.001 0.000 0.000 0.000

Weminuche Wilderness CO FS 0.005 0.031 0.003 0.021 0.002 0.001 0.000 0.000

West Elk Wilderness CO FS 0.031 0.084 0.013 0.059 0.007 0.001 0.001 0.000

Wheeler Peak Wilderness NM FS 0.002 0.021 0.002 0.017 0.001 0.000 0.000 0.000

White Mountain Wilderness NM FS 0.000 0.005 0.000 0.003 0.000 0.000 0.000 0.000

Dinosaur NM5 CO NPS NA NA NA NA NA 0.003 0.001 0.000

25 30 17 9 4 512 91 20

Alamosa NWR CO FWS 0.003 0.041 0.004 0.033 0.003 0.000 0.000 0.000

Aldo Leopold Wilderness NM USFS 0.000 0.005 0.000 0.004 0.000 0.000 0.000 0.000

Apache Kid Wilderness NM USFS 0.000 0.007 0.000 0.005 0.000 0.000 0.000 0.000

Aztec Ruins NM NM NPS 0.002 0.017 0.002 0.012 0.001 0.000 0.000 0.000

Baca NWR CO FWS 0.005 0.045 0.005 0.039 0.004 0.000 0.000 0.000

Bear Wallow Wilderness AZ USFS 0.000 0.003 0.000 0.002 0.000 0.000 0.000 0.000

Bitter Lake NWR NM FWS 0.000 0.008 0.000 0.005 0.000 0.000 0.000 0.000

Blue Range Wilderness NM USFS 0.000 0.004 0.000 0.003 0.000 0.000 0.000 0.000

Bosque Del Apache NWR NM FWS 0.000 0.008 0.000 0.005 0.000 0.000 0.000 0.000

Browns Park NWR CO FWS 0.002 0.014 0.001 0.009 0.001 0.001 0.000 0.000

Canyon de Chelly NM AZ NPS 0.001 0.014 0.001 0.009 0.000 0.000 0.000 0.000

Capitan Mountains Wilderness NM USFS 0.000 0.005 0.000 0.003 0.000 0.000 0.000 0.000

Chaco Culture NHP NM NPS 0.001 0.010 0.001 0.006 0.000 0.000 0.000 0.000

Chama River Canyon Wilderness NM USFS 0.001 0.014 0.001 0.011 0.001 0.000 0.000 0.000

Chimney Rock NM CO USFS 0.003 0.016 0.002 0.013 0.001 0.000 0.000 0.000

Colorado NM CO NPS 0.149 0.295 0.036 0.242 0.023 0.006 0.003 0.001

Cruces Basin Wilderness NM USFS 0.002 0.018 0.002 0.013 0.001 0.000 0.000 0.000

Curecanti NRA CO NPS 0.018 0.081 0.010 0.058 0.006 0.001 0.001 0.000

Dark Canyon Wilderness UT USFS 0.002 0.020 0.001 0.014 0.001 0.001 0.000 0.000

Dinosaur NM CO NPS 0.021 0.054 0.004 0.031 0.002 0.003 0.001 0.000

Dome Wilderness NM USFS 0.001 0.014 0.001 0.009 0.001 0.000 0.000 0.000

El Malpais NM NM NPS 0.001 0.011 0.001 0.006 0.000 0.000 0.000 0.000

Escudilla Wilderness AZ USFS 0.000 0.005 0.000 0.003 0.000 0.000 0.000 0.000

Flaming Gorge UT USFS 0.001 0.010 0.000 0.008 0.000 0.000 0.000 0.000

Florissant Fossil Beds NM CO NPS 0.006 0.037 0.004 0.025 0.003 0.001 0.000 0.000

Fossil Ridge Wilderness CO USFS 0.015 0.051 0.008 0.036 0.004 0.001 0.000 0.000

Glen Canyon NRA UT NPS 0.009 0.051 0.003 0.035 0.002 0.001 0.001 0.000

Great Sand Dunes National Park CO NPS 0.004 0.043 0.005 0.035 0.003 0.000 0.000 0.000

Great Sand Dunes National Preserve CO NPS 0.004 0.034 0.004 0.027 0.002 0.000 0.000 0.000

Greenhorn Mountain Wilderness CO USFS 0.003 0.021 0.002 0.016 0.001 0.000 0.000 0.000

High Uintas Wilderness UT USFS 0.000 0.006 0.000 0.003 0.000 0.000 0.000 0.000

Holy Cross Wilderness CO USFS 0.038 0.089 0.016 0.053 0.008 0.001 0.001 0.000

Hovenweep NM CO NPS 0.004 0.025 0.003 0.016 0.002 0.001 0.000 0.000

Hunter-Fryingpan Wilderness CO USFS 0.033 0.081 0.014 0.050 0.007 0.001 0.000 0.000

Las Vegas NWR NM FWS 0.001 0.015 0.001 0.012 0.001 0.000 0.000 0.000

Latir Peak Wilderness NM USFS 0.002 0.027 0.002 0.021 0.001 0.000 0.000 0.000

Lizard Head Wilderness CO USFS 0.006 0.042 0.004 0.023 0.002 0.001 0.000 0.000

Lost Creek Wilderness CO USFS 0.013 0.039 0.006 0.026 0.003 0.001 0.000 0.000

Manzano Mountain Wilderness NM USFS 0.001 0.011 0.001 0.007 0.000 0.000 0.000 0.000

Maxwell NWR NM FWS 0.001 0.017 0.001 0.012 0.001 0.000 0.000 0.000

Monte Vista NWR CO FWS 0.003 0.036 0.004 0.029 0.003 0.000 0.000 0.000

Mount Evans Wilderness CO USFS 0.014 0.042 0.007 0.027 0.004 0.001 0.000 0.000

Mount Sneffels Wilderness CO USFS 0.009 0.054 0.006 0.041 0.003 0.001 0.000 0.000

Natural Bridges NM UT NPS 0.001 0.016 0.001 0.010 0.001 0.000 0.000 0.000

Navajo NM AZ NPS 0.001 0.017 0.001 0.010 0.000 0.000 0.000 0.000

Petroglyph NM NM NPS 0.001 0.012 0.001 0.006 0.000 0.000 0.000 0.000

Powderhorn Wilderness CO USFS 0.008 0.044 0.005 0.030 0.003 0.001 0.000 0.000

Raggeds Wilderness CO USFS 0.046 0.097 0.017 0.054 0.008 0.001 0.001 0.000

Rio Mora NWR and CA NM FWS 0.001 0.014 0.001 0.010 0.001 0.000 0.000 0.000

Sandia Mountain Wilderness NM USFS 0.001 0.013 0.001 0.008 0.000 0.000 0.000 0.000

Sangre de Cristo Wilderness CO USFS 0.007 0.040 0.005 0.030 0.003 0.000 0.000 0.000

Savage Run Wilderness WY USFS 0.006 0.025 0.003 0.015 0.002 0.001 0.000 0.000

Sevilleta NWR NM FWS 0.000 0.015 0.001 0.011 0.000 0.000 0.000 0.000

South San Juan Wilderness CO USFS 0.003 0.024 0.002 0.016 0.001 0.000 0.000 0.000

Spanish Peaks Wilderness CO USFS 0.003 0.024 0.002 0.018 0.001 0.000 0.000 0.000

Uncompahgre Wilderness CO USFS 0.009 0.059 0.006 0.039 0.004 0.001 0.000 0.000

Valle De Oro NWR NM FWS 0.001 0.014 0.001 0.010 0.001 0.000 0.000 0.000

Withington Wilderness NM USFS 0.000 0.007 0.000 0.005 0.000 0.000 0.000 0.000

Averaging Time

Class I State Owner
PSD Class I Increment1

Pollutant PM10  (μg/m3) PM25  (μg/m3) SO2 (μg/m3)

Class II State Owner
PSD Class II Increment1
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Table 5-9b.  Contributions of new oil and gas emissions on Federal lands within the BLM 
Grand Junction Field Office Planning Area to PSD pollutant concentrations at Class I and 
sensitive Class II areas for the 2021 Low Development Scenario. 

 

Group G_E Grand Junction FO

Across grid cells Maximum Max

NO2 P10 P10 P25 P25 SO2 SO2 SO2

annavg 2nddavg annavg 2nddavg annavg 2ndbav3 2nddavg annavg

NO2 (μg/m3)

Annual3 24-hour2 Annual3 24-hour4 Annual3 3-hour2 24-hour2 Annual3

2.5 8 4 2 1 25 5 2

Arches NP UT NPS 0.004 0.007 0.001 0.006 0.001 0.000 0.000 0.000

Bandelier NM NM NPS 0.000 0.001 0.000 0.001 0.000 0.000 0.000 0.000

Black Canyon of the Gunnison NM CO NPS 0.002 0.007 0.001 0.006 0.000 0.000 0.000 0.000

Bosque del Apache Wilderness NM FWS 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Canyonlands NP UT NPS 0.001 0.004 0.000 0.003 0.000 0.000 0.000 0.000

Capitol Reef NP UT NPS 0.000 0.001 0.000 0.001 0.000 0.000 0.000 0.000

Eagles Nest Wilderness CO FS 0.002 0.005 0.001 0.004 0.001 0.000 0.000 0.000

Flat Tops Wilderness CO FS 0.004 0.004 0.001 0.003 0.001 0.000 0.000 0.000

Galiuro Wilderness AZ FS 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Gila Wilderness NM FS 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Great Sand Dunes NM CO NPS 0.000 0.002 0.000 0.002 0.000 0.000 0.000 0.000

La Garita Wilderness CO FS 0.000 0.003 0.000 0.002 0.000 0.000 0.000 0.000

Maroon Bells-Snowmass Wilderness CO FS 0.004 0.007 0.001 0.005 0.001 0.000 0.000 0.000

Mesa Verde NP CO NPS 0.000 0.002 0.000 0.001 0.000 0.000 0.000 0.000

Mount Baldy Wilderness AZ FS 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Mount Zirkel Wilderness CO FS 0.001 0.002 0.000 0.001 0.000 0.000 0.000 0.000

Pecos Wilderness NM FS 0.000 0.001 0.000 0.001 0.000 0.000 0.000 0.000

Petrified Forest NP AZ NPS 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Rawah Wilderness CO FS 0.001 0.002 0.000 0.001 0.000 0.000 0.000 0.000

Rocky Mountain NP CO NPS 0.001 0.003 0.000 0.002 0.000 0.000 0.000 0.000

Salt Creek Wilderness NM FWS 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

San Pedro Parks Wilderness NM FS 0.000 0.001 0.000 0.001 0.000 0.000 0.000 0.000

Weminuche Wilderness CO FS 0.000 0.002 0.000 0.001 0.000 0.000 0.000 0.000

West Elk Wilderness CO FS 0.002 0.005 0.001 0.004 0.000 0.000 0.000 0.000

Wheeler Peak Wilderness NM FS 0.000 0.001 0.000 0.001 0.000 0.000 0.000 0.000

White Mountain Wilderness NM FS 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Dinosaur NM5 CO NPS NA NA NA NA NA 0.000 0.000 0.000
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Alamosa NWR CO FWS 0.000 0.002 0.000 0.002 0.000 0.000 0.000 0.000

Aldo Leopold Wilderness NM USFS 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Apache Kid Wilderness NM USFS 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Aztec Ruins NM NM NPS 0.000 0.001 0.000 0.001 0.000 0.000 0.000 0.000

Baca NWR CO FWS 0.000 0.003 0.000 0.002 0.000 0.000 0.000 0.000

Bear Wallow Wilderness AZ USFS 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Bitter Lake NWR NM FWS 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Blue Range Wilderness NM USFS 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Bosque Del Apache NWR NM FWS 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Browns Park NWR CO FWS 0.000 0.001 0.000 0.001 0.000 0.000 0.000 0.000

Canyon de Chelly NM AZ NPS 0.000 0.001 0.000 0.001 0.000 0.000 0.000 0.000

Capitan Mountains Wilderness NM USFS 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Chaco Culture NHP NM NPS 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000

Chama River Canyon Wilderness NM USFS 0.000 0.001 0.000 0.001 0.000 0.000 0.000 0.000

Chimney Rock NM CO USFS 0.000 0.001 0.000 0.001 0.000 0.000 0.000 0.000

Colorado NM CO NPS 0.008 0.017 0.002 0.014 0.001 0.000 0.000 0.000

Cruces Basin Wilderness NM USFS 0.000 0.001 0.000 0.001 0.000 0.000 0.000 0.000

Curecanti NRA CO NPS 0.001 0.005 0.001 0.004 0.000 0.000 0.000 0.000

Dark Canyon Wilderness UT USFS 0.000 0.001 0.000 0.001 0.000 0.000 0.000 0.000

Dinosaur NM CO NPS 0.001 0.003 0.000 0.002 0.000 0.000 0.000 0.000

Dome Wilderness NM USFS 0.000 0.001 0.000 0.001 0.000 0.000 0.000 0.000

El Malpais NM NM NPS 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000

Escudilla Wilderness AZ USFS 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Flaming Gorge UT USFS 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000

Florissant Fossil Beds NM CO NPS 0.000 0.002 0.000 0.002 0.000 0.000 0.000 0.000

Fossil Ridge Wilderness CO USFS 0.001 0.003 0.000 0.002 0.000 0.000 0.000 0.000

Glen Canyon NRA UT NPS 0.000 0.003 0.000 0.002 0.000 0.000 0.000 0.000

Great Sand Dunes National Park CO NPS 0.000 0.002 0.000 0.002 0.000 0.000 0.000 0.000

Great Sand Dunes National Preserve CO NPS 0.000 0.002 0.000 0.002 0.000 0.000 0.000 0.000

Greenhorn Mountain Wilderness CO USFS 0.000 0.001 0.000 0.001 0.000 0.000 0.000 0.000

High Uintas Wilderness UT USFS 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Holy Cross Wilderness CO USFS 0.002 0.005 0.001 0.004 0.001 0.000 0.000 0.000

Hovenweep NM CO NPS 0.000 0.002 0.000 0.001 0.000 0.000 0.000 0.000

Hunter-Fryingpan Wilderness CO USFS 0.002 0.005 0.001 0.004 0.000 0.000 0.000 0.000

Las Vegas NWR NM FWS 0.000 0.001 0.000 0.001 0.000 0.000 0.000 0.000

Latir Peak Wilderness NM USFS 0.000 0.002 0.000 0.001 0.000 0.000 0.000 0.000

Lizard Head Wilderness CO USFS 0.000 0.003 0.000 0.002 0.000 0.000 0.000 0.000

Lost Creek Wilderness CO USFS 0.001 0.002 0.000 0.002 0.000 0.000 0.000 0.000

Manzano Mountain Wilderness NM USFS 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000

Maxwell NWR NM FWS 0.000 0.001 0.000 0.001 0.000 0.000 0.000 0.000

Monte Vista NWR CO FWS 0.000 0.002 0.000 0.002 0.000 0.000 0.000 0.000

Mount Evans Wilderness CO USFS 0.001 0.002 0.000 0.002 0.000 0.000 0.000 0.000

Mount Sneffels Wilderness CO USFS 0.001 0.003 0.000 0.003 0.000 0.000 0.000 0.000

Natural Bridges NM UT NPS 0.000 0.001 0.000 0.001 0.000 0.000 0.000 0.000

Navajo NM AZ NPS 0.000 0.001 0.000 0.001 0.000 0.000 0.000 0.000

Petroglyph NM NM NPS 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000

Powderhorn Wilderness CO USFS 0.000 0.003 0.000 0.002 0.000 0.000 0.000 0.000

Raggeds Wilderness CO USFS 0.003 0.006 0.001 0.004 0.001 0.000 0.000 0.000

Rio Mora NWR and CA NM FWS 0.000 0.001 0.000 0.001 0.000 0.000 0.000 0.000

Sandia Mountain Wilderness NM USFS 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000

Sangre de Cristo Wilderness CO USFS 0.000 0.002 0.000 0.002 0.000 0.000 0.000 0.000

Savage Run Wilderness WY USFS 0.000 0.001 0.000 0.001 0.000 0.000 0.000 0.000

Sevilleta NWR NM FWS 0.000 0.001 0.000 0.001 0.000 0.000 0.000 0.000

South San Juan Wilderness CO USFS 0.000 0.001 0.000 0.001 0.000 0.000 0.000 0.000

Spanish Peaks Wilderness CO USFS 0.000 0.001 0.000 0.001 0.000 0.000 0.000 0.000

Uncompahgre Wilderness CO USFS 0.000 0.003 0.000 0.003 0.000 0.000 0.000 0.000

Valle De Oro NWR NM FWS 0.000 0.001 0.000 0.001 0.000 0.000 0.000 0.000

Withington Wilderness NM USFS 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Class II State Owner
PSD Class II Increment1

Pollutant PM10  (μg/m3) PM25  (μg/m3) SO2 (μg/m3)

Averaging Time

Class I State Owner
PSD Class I Increment1
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Table 5-9c.  Contributions of new oil and gas emissions on Federal lands within the BLM 
Grand Junction Field Office Planning Area to PSD pollutant concentrations at Class I and 
sensitive Class II areas for the 2021 Medium Development Scenario. 

 

  

Group G_E Grand Junction FO

Across grid cells Maximum Max

NO2 P10 P10 P25 P25 SO2 SO2 SO2

annavg 2nddavg annavg 2nddavg annavg 2ndbav3 2nddavg annavg

NO2 (μg/m3)

Annual3 24-hour2 Annual3 24-hour4 Annual3 3-hour2 24-hour2 Annual3

2.5 8 4 2 1 25 5 2

Arches NP UT NPS 0.075 0.096 0.010 0.092 0.008 0.003 0.002 0.000

Bandelier NM NM NPS 0.001 0.010 0.001 0.008 0.001 0.000 0.000 0.000

Black Canyon of the Gunnison NM CO NPS 0.026 0.092 0.009 0.078 0.007 0.001 0.001 0.000

Bosque del Apache Wilderness NM FWS 0.000 0.005 0.000 0.004 0.000 0.000 0.000 0.000

Canyonlands NP UT NPS 0.011 0.051 0.003 0.033 0.002 0.001 0.001 0.000

Capitol Reef NP UT NPS 0.001 0.011 0.000 0.009 0.000 0.000 0.000 0.000

Eagles Nest Wilderness CO FS 0.031 0.054 0.009 0.041 0.006 0.001 0.001 0.000

Flat Tops Wilderness CO FS 0.050 0.044 0.011 0.036 0.007 0.003 0.001 0.000

Galiuro Wilderness AZ FS 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000

Gila Wilderness NM FS 0.000 0.003 0.000 0.003 0.000 0.000 0.000 0.000

Great Sand Dunes NM CO NPS 0.003 0.031 0.003 0.028 0.003 0.000 0.000 0.000

La Garita Wilderness CO FS 0.006 0.032 0.003 0.025 0.002 0.000 0.000 0.000

Maroon Bells-Snowmass Wilderness CO FS 0.054 0.073 0.014 0.050 0.008 0.002 0.001 0.000

Mesa Verde NP CO NPS 0.004 0.023 0.002 0.019 0.001 0.001 0.000 0.000

Mount Baldy Wilderness AZ FS 0.000 0.004 0.000 0.004 0.000 0.000 0.000 0.000

Mount Zirkel Wilderness CO FS 0.012 0.022 0.004 0.019 0.002 0.001 0.000 0.000

Pecos Wilderness NM FS 0.001 0.012 0.001 0.010 0.001 0.000 0.000 0.000

Petrified Forest NP AZ NPS 0.000 0.005 0.000 0.004 0.000 0.000 0.000 0.000

Rawah Wilderness CO FS 0.008 0.023 0.003 0.018 0.002 0.001 0.000 0.000

Rocky Mountain NP CO NPS 0.013 0.035 0.005 0.029 0.004 0.001 0.000 0.000

Salt Creek Wilderness NM FWS 0.000 0.005 0.000 0.004 0.000 0.000 0.000 0.000

San Pedro Parks Wilderness NM FS 0.001 0.010 0.001 0.009 0.000 0.000 0.000 0.000

Weminuche Wilderness CO FS 0.004 0.021 0.002 0.017 0.002 0.001 0.000 0.000

West Elk Wilderness CO FS 0.025 0.059 0.008 0.049 0.005 0.001 0.001 0.000

Wheeler Peak Wilderness NM FS 0.001 0.015 0.001 0.014 0.001 0.000 0.000 0.000

White Mountain Wilderness NM FS 0.000 0.003 0.000 0.002 0.000 0.000 0.000 0.000

Dinosaur NM5 CO NPS NA NA NA NA NA 0.003 0.001 0.000
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Alamosa NWR CO FWS 0.003 0.030 0.003 0.028 0.002 0.000 0.000 0.000

Aldo Leopold Wilderness NM USFS 0.000 0.003 0.000 0.003 0.000 0.000 0.000 0.000

Apache Kid Wilderness NM USFS 0.000 0.005 0.000 0.004 0.000 0.000 0.000 0.000

Aztec Ruins NM NM NPS 0.002 0.011 0.001 0.009 0.001 0.000 0.000 0.000

Baca NWR CO FWS 0.004 0.034 0.004 0.032 0.003 0.000 0.000 0.000

Bear Wallow Wilderness AZ USFS 0.000 0.002 0.000 0.002 0.000 0.000 0.000 0.000

Bitter Lake NWR NM FWS 0.000 0.005 0.000 0.004 0.000 0.000 0.000 0.000

Blue Range Wilderness NM USFS 0.000 0.003 0.000 0.002 0.000 0.000 0.000 0.000

Bosque Del Apache NWR NM FWS 0.000 0.005 0.000 0.004 0.000 0.000 0.000 0.000

Browns Park NWR CO FWS 0.002 0.009 0.001 0.008 0.000 0.001 0.000 0.000

Canyon de Chelly NM AZ NPS 0.001 0.009 0.000 0.007 0.000 0.000 0.000 0.000

Capitan Mountains Wilderness NM USFS 0.000 0.003 0.000 0.003 0.000 0.000 0.000 0.000

Chaco Culture NHP NM NPS 0.001 0.006 0.000 0.005 0.000 0.000 0.000 0.000

Chama River Canyon Wilderness NM USFS 0.001 0.010 0.001 0.009 0.000 0.000 0.000 0.000

Chimney Rock NM CO USFS 0.002 0.012 0.001 0.010 0.001 0.000 0.000 0.000

Colorado NM CO NPS 0.137 0.223 0.025 0.207 0.020 0.006 0.003 0.001

Cruces Basin Wilderness NM USFS 0.002 0.013 0.001 0.011 0.001 0.000 0.000 0.000

Curecanti NRA CO NPS 0.016 0.057 0.007 0.048 0.005 0.001 0.001 0.000

Dark Canyon Wilderness UT USFS 0.002 0.014 0.001 0.012 0.001 0.001 0.000 0.000

Dinosaur NM CO NPS 0.018 0.035 0.002 0.022 0.002 0.003 0.001 0.000

Dome Wilderness NM USFS 0.001 0.009 0.001 0.008 0.000 0.000 0.000 0.000

El Malpais NM NM NPS 0.001 0.006 0.000 0.005 0.000 0.000 0.000 0.000

Escudilla Wilderness AZ USFS 0.000 0.003 0.000 0.003 0.000 0.000 0.000 0.000

Flaming Gorge UT USFS 0.001 0.007 0.000 0.007 0.000 0.000 0.000 0.000

Florissant Fossil Beds NM CO NPS 0.005 0.024 0.003 0.020 0.002 0.001 0.000 0.000

Fossil Ridge Wilderness CO USFS 0.012 0.034 0.005 0.030 0.003 0.001 0.000 0.000

Glen Canyon NRA UT NPS 0.008 0.035 0.002 0.028 0.002 0.001 0.001 0.000

Great Sand Dunes National Park CO NPS 0.003 0.032 0.003 0.029 0.003 0.000 0.000 0.000

Great Sand Dunes National Preserve CO NPS 0.003 0.025 0.003 0.022 0.002 0.000 0.000 0.000

Greenhorn Mountain Wilderness CO USFS 0.003 0.015 0.001 0.013 0.001 0.000 0.000 0.000

High Uintas Wilderness UT USFS 0.000 0.003 0.000 0.003 0.000 0.000 0.000 0.000

Holy Cross Wilderness CO USFS 0.030 0.053 0.009 0.042 0.006 0.001 0.001 0.000

Hovenweep NM CO NPS 0.004 0.017 0.002 0.012 0.001 0.001 0.000 0.000

Hunter-Fryingpan Wilderness CO USFS 0.026 0.050 0.008 0.040 0.005 0.001 0.000 0.000

Las Vegas NWR NM FWS 0.001 0.011 0.001 0.010 0.001 0.000 0.000 0.000

Latir Peak Wilderness NM USFS 0.002 0.020 0.001 0.017 0.001 0.000 0.000 0.000

Lizard Head Wilderness CO USFS 0.005 0.026 0.002 0.018 0.002 0.001 0.000 0.000

Lost Creek Wilderness CO USFS 0.011 0.026 0.004 0.021 0.003 0.001 0.000 0.000

Manzano Mountain Wilderness NM USFS 0.001 0.007 0.000 0.005 0.000 0.000 0.000 0.000

Maxwell NWR NM FWS 0.001 0.011 0.001 0.009 0.001 0.000 0.000 0.000

Monte Vista NWR CO FWS 0.003 0.026 0.003 0.024 0.003 0.000 0.000 0.000

Mount Evans Wilderness CO USFS 0.011 0.027 0.004 0.021 0.003 0.001 0.000 0.000

Mount Sneffels Wilderness CO USFS 0.008 0.040 0.004 0.035 0.003 0.001 0.000 0.000

Natural Bridges NM UT NPS 0.001 0.010 0.001 0.008 0.000 0.000 0.000 0.000

Navajo NM AZ NPS 0.001 0.010 0.000 0.008 0.000 0.000 0.000 0.000

Petroglyph NM NM NPS 0.001 0.007 0.001 0.004 0.000 0.000 0.000 0.000

Powderhorn Wilderness CO USFS 0.007 0.030 0.003 0.025 0.002 0.001 0.000 0.000

Raggeds Wilderness CO USFS 0.038 0.060 0.010 0.044 0.006 0.001 0.001 0.000

Rio Mora NWR and CA NM FWS 0.001 0.010 0.001 0.009 0.001 0.000 0.000 0.000

Sandia Mountain Wilderness NM USFS 0.001 0.008 0.000 0.006 0.000 0.000 0.000 0.000

Sangre de Cristo Wilderness CO USFS 0.006 0.028 0.003 0.024 0.003 0.000 0.000 0.000

Savage Run Wilderness WY USFS 0.005 0.016 0.002 0.012 0.001 0.000 0.000 0.000

Sevilleta NWR NM FWS 0.000 0.010 0.000 0.009 0.000 0.000 0.000 0.000

South San Juan Wilderness CO USFS 0.003 0.017 0.002 0.013 0.001 0.000 0.000 0.000

Spanish Peaks Wilderness CO USFS 0.002 0.017 0.002 0.015 0.001 0.000 0.000 0.000

Uncompahgre Wilderness CO USFS 0.007 0.040 0.004 0.033 0.003 0.001 0.000 0.000

Valle De Oro NWR NM FWS 0.000 0.010 0.001 0.008 0.000 0.000 0.000 0.000

Withington Wilderness NM USFS 0.000 0.005 0.000 0.004 0.000 0.000 0.000 0.000

Averaging Time

Class I State Owner
PSD Class I Increment1

Pollutant PM10  (μg/m3) PM25  (μg/m3) SO2 (μg/m3)

Class II State Owner
PSD Class II Increment1
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5.1.2.2 Combined BLM Planning Area PSD Contributions 

Below we examine the contributions of emissions to concentrations at Class I areas for three of 
the combination Source Groups: (R) Federal O&G and mining within the 13 Colorado BLM 
Planning Areas; (T) the Cumulative Emissions Scenario that includes new O&G and mining on 
Federal lands and new O&G on non-Federal lands within the 14 NM BLM Planning Areas; and 
(U) all O&G (new Federal and non-Federal and existing) throughout the 4 km CARMMS domain 
plus Federal mining.  Results for the other Source Groups as well as results for the sensitive 
Class II areas are contained in Attachments A-1, A-2 and A-3. 

Source Group R represents mining and new O&G development on Federal lands within the 13 
Colorado BLM Planning Areas so represents potential new emissions that may be mitigated by 
the BLM COSO.  The PSD contributions of Source Group R are below the Class I and Class II PSD 
increments at all Class I and sensitive Class II areas, respectively, for all PSD pollutants and 
averaging times and the 2021 High, Low and Medium Scenarios (Table 5-10).  As a percentage 
of a PSD increment, the largest contribution at any Class I area due to Source Group R is 79% 
(1.979 µg/m3), 10% (0.239 µg/m3) and 67% (1.669 µg/m3) of the 2.5 µg/m3 annual NO2 PSD 
Class I increment for the, respectively, High, Low and Medium Development Scenarios and 
occurs at the Mesa Verde National Park.  These NO2 impacts are primarily (99%) due to new 
Federal O&G emissions from the TRFO Planning Area.   

Source Group T is the Cumulative Emissions Scenario that includes new Federal and non-
Federal oil and gas and Federal mining within the 14 BLM Colorado and Northern New Mexico 
Planning Areas whose PSD pollutant concentrations for the 2021 High and Low Development 
Scenarios are shown in Table 5-11.  With one exception, the contribution of the Cumulative 
Emissions Scenario to PSD concentrations at all Class I and sensitive Class II areas are below the 
PSD Class I and II concentrations increments.  The exception is for annual NO2 at the Mesa 
Verde Class I area where the 2021 High, Low and Medium Development Scenario estimate an 
annual NO2 contributions of, respectively, 4.50, 4.11 and 2.87 µg/m3 that exceed the 2.5 µg/m3 
annual NO2 PSD Class I area increment.  Note that new Federal O&G emissions from the TRFO 
Planning Area contributed 1.97 µg/m3 (High Scenario), 0.24 µg/m3 (Low Scenario) and 1.66 
µg/m3 (Medium Scenario) to the maximum annual NO2 at Mesa Verde and the split between 
new Federal and non-Federal O&G in the TRFO planning Area is 40% and 60%, respectively (see 
Table 3-2).  Thus, the Cumulative Emissions Source Group T annual NO2 contribution at Mesa 
Verde is mainly due to new Federal and non-Federal O&G development within the TRFO 
Planning Area. 

The contributions of all O&G within the 4 km CARMMS domain plus Federal mining in Colorado 
(Source Group U) to PSD pollutants at Class I areas for the two 2021 emission scenarios are 
shown in Table 5-12.  Again, with one exception, the contributions of all O&G emissions 
throughout the 4 km CARMMS domain produce PSD pollutant concentrations at all Class I and 
sensitive Class II areas that are below the PSD Class I and II area increments, respectively.  The 
exception is the annual NO2 at Mesa Verde Class I area where Source Group U contributes 4.78, 
3.15 and 4.38 µg/m3 for the High, Low and Medium Development Scenarios, respectively. 
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Table 5-10a.  Contributions of new oil and gas and mining on Federal lands within the 13 
Colorado BLM Planning Areas to PSD pollutant concentrations at Class I areas (Source Group 
R) for the 2021 High Development Scenario. 

 
 

Table 5-10b.  Contributions of new oil and gas and mining on Federal lands within the 13 
Colorado BLM Planning Areas to PSD pollutant concentrations at Class I areas (Source Group 
R) for the 2021 Low Development Scenario. 

 
 

Group G_R Combined new Federal O&G and Mining from the 13 Colorado BLM Planning Areas

Across grid cells Maximum Max

NO2 P10 P10 P25 P25 SO2 SO2 SO2

annavg 2nddavg annavg 2nddavg annavg 2ndbav3 2nddavg annavg

NO2 (μg/m3)

Annual3 24-hour2 Annual3 24-hour4 Annual3 3-hour2 24-hour2 Annual3

2.5 8 4 2 1 25 5 2

Arches NP UT NPS 0.117 0.248 0.040 0.213 0.033 0.087 0.037 0.003

Bandelier NM NM NPS 0.006 0.080 0.009 0.069 0.006 0.011 0.005 0.000

Black Canyon of the Gunnison NM CO NPS 0.064 0.380 0.057 0.327 0.046 0.071 0.043 0.004

Bosque del Apache Wilderness NM FWS 0.002 0.047 0.003 0.036 0.002 0.010 0.004 0.000

Canyonlands NP UT NPS 0.037 0.177 0.019 0.138 0.014 0.062 0.026 0.002

Capitol Reef NP UT NPS 0.003 0.060 0.003 0.047 0.003 0.021 0.007 0.000

Eagles Nest Wilderness CO FS 0.091 0.244 0.072 0.202 0.057 0.076 0.022 0.003

Flat Tops Wilderness CO FS 0.225 0.844 0.160 0.842 0.133 0.356 0.132 0.013

Galiuro Wilderness AZ FS 0.000 0.006 0.000 0.005 0.000 0.002 0.000 0.000

Gila Wilderness NM FS 0.001 0.025 0.001 0.020 0.001 0.009 0.003 0.000

Great Sand Dunes NM CO NPS 0.015 0.128 0.023 0.111 0.019 0.023 0.009 0.001

La Garita Wilderness CO FS 0.019 0.147 0.022 0.116 0.017 0.045 0.014 0.001

Maroon Bells-Snowmass Wilderness CO FS 0.202 0.534 0.157 0.442 0.118 0.096 0.030 0.005

Mesa Verde NP CO NPS 1.979 1.284 0.492 0.339 0.104 0.047 0.018 0.002

Mount Baldy Wilderness AZ FS 0.000 0.030 0.001 0.026 0.001 0.005 0.002 0.000

Mount Zirkel Wilderness CO FS 0.092 0.753 0.190 0.741 0.182 0.150 0.054 0.008

Pecos Wilderness NM FS 0.005 0.064 0.008 0.054 0.006 0.014 0.005 0.000

Petrified Forest NP AZ NPS 0.001 0.039 0.002 0.034 0.002 0.007 0.003 0.000

Rawah Wilderness CO FS 0.076 0.344 0.084 0.314 0.068 0.080 0.024 0.004

Rocky Mountain NP CO NPS 0.053 0.297 0.075 0.282 0.066 0.072 0.017 0.003

Salt Creek Wilderness NM FWS 0.001 0.038 0.002 0.032 0.002 0.005 0.002 0.000

San Pedro Parks Wilderness NM FS 0.008 0.077 0.009 0.057 0.006 0.019 0.007 0.000

Weminuche Wilderness CO FS 0.019 0.111 0.017 0.088 0.013 0.051 0.014 0.001

West Elk Wilderness CO FS 0.121 0.678 0.172 0.659 0.151 0.079 0.031 0.003

Wheeler Peak Wilderness NM FS 0.006 0.077 0.011 0.065 0.008 0.019 0.006 0.001

White Mountain Wilderness NM FS 0.001 0.028 0.002 0.022 0.002 0.008 0.003 0.000

Dinosaur NM5 CO NPS NA NA NA NA NA 1.262 0.412 0.090

Averaging Time

Class I State Owner
PSD Class I Increment1

Pollutant PM10  (μg/m3) PM25  (μg/m3) SO2 (μg/m3)

Group G_R Combined new Federal O&G and Mining from the 13 Colorado BLM Planning Areas

Across grid cells Maximum Max

NO2 P10 P10 P25 P25 SO2 SO2 SO2

annavg 2nddavg annavg 2nddavg annavg 2ndbav3 2nddavg annavg

NO2 (μg/m3)

Annual3 24-hour2 Annual3 24-hour4 Annual3 3-hour2 24-hour2 Annual3

2.5 8 4 2 1 25 5 2

Arches NP UT NPS 0.017 0.141 0.020 0.131 0.019 0.014 0.005 0.001

Bandelier NM NM NPS 0.001 0.038 0.004 0.037 0.004 0.002 0.001 0.000

Black Canyon of the Gunnison NM CO NPS 0.010 0.211 0.031 0.204 0.030 0.011 0.006 0.001

Bosque del Apache Wilderness NM FWS 0.000 0.028 0.002 0.027 0.001 0.002 0.001 0.000

Canyonlands NP UT NPS 0.006 0.107 0.009 0.102 0.009 0.009 0.004 0.000

Capitol Reef NP UT NPS 0.000 0.039 0.002 0.037 0.002 0.004 0.001 0.000

Eagles Nest Wilderness CO FS 0.020 0.149 0.043 0.148 0.041 0.011 0.003 0.001

Flat Tops Wilderness CO FS 0.051 0.808 0.110 0.804 0.105 0.053 0.021 0.002

Galiuro Wilderness AZ FS 0.000 0.003 0.000 0.003 0.000 0.000 0.000 0.000

Gila Wilderness NM FS 0.000 0.016 0.001 0.015 0.001 0.001 0.001 0.000

Great Sand Dunes NM CO NPS 0.004 0.066 0.011 0.063 0.011 0.004 0.002 0.000

La Garita Wilderness CO FS 0.004 0.110 0.011 0.108 0.011 0.007 0.002 0.000

Maroon Bells-Snowmass Wilderness CO FS 0.054 0.380 0.105 0.356 0.095 0.014 0.005 0.001

Mesa Verde NP CO NPS 0.239 0.160 0.063 0.130 0.031 0.007 0.003 0.000

Mount Baldy Wilderness AZ FS 0.000 0.012 0.001 0.012 0.000 0.001 0.000 0.000

Mount Zirkel Wilderness CO FS 0.022 0.714 0.169 0.712 0.167 0.022 0.008 0.001

Pecos Wilderness NM FS 0.001 0.035 0.004 0.034 0.004 0.002 0.001 0.000

Petrified Forest NP AZ NPS 0.000 0.022 0.001 0.022 0.001 0.001 0.001 0.000

Rawah Wilderness CO FS 0.013 0.303 0.057 0.300 0.056 0.013 0.004 0.001

Rocky Mountain NP CO NPS 0.011 0.257 0.054 0.256 0.053 0.012 0.003 0.001

Salt Creek Wilderness NM FWS 0.000 0.020 0.001 0.020 0.001 0.001 0.000 0.000

San Pedro Parks Wilderness NM FS 0.001 0.040 0.004 0.037 0.004 0.003 0.001 0.000

Weminuche Wilderness CO FS 0.003 0.080 0.008 0.076 0.008 0.007 0.002 0.000

West Elk Wilderness CO FS 0.034 0.646 0.139 0.642 0.134 0.011 0.005 0.001

Wheeler Peak Wilderness NM FS 0.001 0.046 0.006 0.044 0.005 0.003 0.001 0.000

White Mountain Wilderness NM FS 0.000 0.020 0.001 0.019 0.001 0.001 0.000 0.000

Dinosaur NM5 CO NPS NA NA NA NA NA 0.189 0.067 0.014

Pollutant PM10  (μg/m3) PM25  (μg/m3) SO2 (μg/m3)

Averaging Time

Class I State Owner
PSD Class I Increment1
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Table 5-10c.  Contributions of new oil and gas and mining on Federal lands within the 13 
Colorado BLM Planning Areas to PSD pollutant concentrations at Class I areas (Source Group 
R) for the 2021 Medium Development Scenario. 

 
 

Table 5-11a.  Contributions of new oil and gas and mining on Federal lands and new oil and 
gas on non-Federal lands within the 14 BLM Planning Areas to PSD pollutant concentrations 
at Class I and sensitive Class II areas (Source Group T) for the 2021 High Development 
Scenario. 

 

Group G_R Combined new Federal O&G and Mining from the 13 Colorado BLM Planning Areas

Across grid cells Maximum Max

NO2 P10 P10 P25 P25 SO2 SO2 SO2

annavg 2nddavg annavg 2nddavg annavg 2ndbav3 2nddavg annavg

NO2 (μg/m3)

Annual3 24-hour2 Annual3 24-hour4 Annual3 3-hour2 24-hour2 Annual3

2.5 8 4 2 1 25 5 2

Arches NP UT NPS 0.111 0.212 0.034 0.197 0.031 0.087 0.037 0.003

Bandelier NM NM NPS 0.005 0.066 0.007 0.062 0.006 0.011 0.005 0.000

Black Canyon of the Gunnison NM CO NPS 0.056 0.321 0.047 0.300 0.042 0.071 0.043 0.004

Bosque del Apache Wilderness NM FWS 0.001 0.036 0.002 0.032 0.002 0.010 0.004 0.000

Canyonlands NP UT NPS 0.033 0.143 0.015 0.128 0.013 0.062 0.026 0.002

Capitol Reef NP UT NPS 0.002 0.049 0.003 0.044 0.002 0.021 0.007 0.000

Eagles Nest Wilderness CO FS 0.078 0.194 0.059 0.183 0.053 0.076 0.022 0.003

Flat Tops Wilderness CO FS 0.176 0.842 0.137 0.841 0.126 0.356 0.132 0.013

Galiuro Wilderness AZ FS 0.000 0.005 0.000 0.004 0.000 0.002 0.000 0.000

Gila Wilderness NM FS 0.001 0.021 0.001 0.018 0.001 0.009 0.003 0.000

Great Sand Dunes NM CO NPS 0.012 0.103 0.018 0.097 0.017 0.023 0.009 0.001

La Garita Wilderness CO FS 0.016 0.117 0.018 0.113 0.016 0.045 0.014 0.001

Maroon Bells-Snowmass Wilderness CO FS 0.150 0.454 0.126 0.414 0.110 0.096 0.030 0.005

Mesa Verde NP CO NPS 1.669 0.597 0.219 0.221 0.064 0.047 0.018 0.002

Mount Baldy Wilderness AZ FS 0.000 0.025 0.001 0.024 0.001 0.005 0.002 0.000

Mount Zirkel Wilderness CO FS 0.079 0.743 0.182 0.739 0.179 0.150 0.053 0.008

Pecos Wilderness NM FS 0.005 0.052 0.006 0.048 0.005 0.014 0.005 0.000

Petrified Forest NP AZ NPS 0.001 0.034 0.002 0.032 0.002 0.007 0.003 0.000

Rawah Wilderness CO FS 0.056 0.318 0.071 0.310 0.065 0.080 0.024 0.004

Rocky Mountain NP CO NPS 0.043 0.279 0.066 0.272 0.063 0.072 0.017 0.003

Salt Creek Wilderness NM FWS 0.001 0.031 0.002 0.029 0.002 0.005 0.002 0.000

San Pedro Parks Wilderness NM FS 0.007 0.058 0.007 0.050 0.005 0.019 0.007 0.000

Weminuche Wilderness CO FS 0.017 0.093 0.013 0.084 0.011 0.051 0.014 0.001

West Elk Wilderness CO FS 0.094 0.662 0.154 0.654 0.146 0.079 0.031 0.003

Wheeler Peak Wilderness NM FS 0.005 0.064 0.008 0.060 0.007 0.019 0.006 0.001

White Mountain Wilderness NM FS 0.001 0.023 0.002 0.021 0.002 0.007 0.003 0.000

Dinosaur NM5 CO NPS NA NA NA NA NA 1.262 0.412 0.090

Averaging Time

Class I State Owner
PSD Class I Increment1

Pollutant PM10  (μg/m3) PM25  (μg/m3) SO2 (μg/m3)

Group G_T Cumulative Emissions Scenario – New Federal and non-Federal O&G from 14 BLM Planning Areas plus mining in the 14 BLM Planning Areas

Across grid cells Maximum Max

NO2 P10 P10 P25 P25 SO2 SO2 SO2

annavg 2nddavg annavg 2nddavg annavg 2ndbav3 2nddavg annavg

NO2 (μg/m3)

Annual3 24-hour2 Annual3 24-hour4 Annual3 3-hour2 24-hour2 Annual3

2.5 8 4 2 1 25 5 2

Arches NP UT NPS 0.233 0.443 0.063 0.345 0.049 0.103 0.044 0.004

Bandelier NM NM NPS 0.028 0.200 0.027 0.138 0.014 0.013 0.006 0.000

Black Canyon of the Gunnison NM CO NPS 0.424 0.691 0.171 0.511 0.078 0.083 0.050 0.004

Bosque del Apache Wilderness NM FWS 0.004 0.083 0.007 0.051 0.004 0.012 0.004 0.000

Canyonlands NP UT NPS 0.069 0.249 0.032 0.178 0.021 0.072 0.031 0.002

Capitol Reef NP UT NPS 0.011 0.090 0.009 0.069 0.005 0.025 0.009 0.000

Eagles Nest Wilderness CO FS 0.185 0.391 0.105 0.312 0.077 0.088 0.026 0.004

Flat Tops Wilderness CO FS 0.387 0.974 0.201 0.856 0.156 0.405 0.150 0.015

Galiuro Wilderness AZ FS 0.000 0.022 0.000 0.010 0.000 0.002 0.001 0.000

Gila Wilderness NM FS 0.001 0.039 0.002 0.031 0.002 0.011 0.004 0.000

Great Sand Dunes NM CO NPS 0.037 0.218 0.047 0.187 0.033 0.027 0.011 0.001

La Garita Wilderness CO FS 0.044 0.240 0.038 0.179 0.026 0.052 0.016 0.002

Maroon Bells-Snowmass Wilderness CO FS 0.377 0.709 0.214 0.528 0.144 0.110 0.034 0.006

Mesa Verde NP CO NPS 4.498 2.773 1.071 0.726 0.220 0.054 0.021 0.004

Mount Baldy Wilderness AZ FS 0.001 0.045 0.002 0.039 0.001 0.006 0.002 0.000

Mount Zirkel Wilderness CO FS 0.154 0.800 0.212 0.758 0.194 0.173 0.061 0.009

Pecos Wilderness NM FS 0.025 0.144 0.024 0.102 0.012 0.017 0.006 0.001

Petrified Forest NP AZ NPS 0.004 0.076 0.005 0.048 0.003 0.009 0.004 0.000

Rawah Wilderness CO FS 0.141 0.410 0.117 0.328 0.082 0.091 0.028 0.004

Rocky Mountain NP CO NPS 0.187 1.612 0.183 0.886 0.094 0.083 0.020 0.004

Salt Creek Wilderness NM FWS 0.004 0.068 0.007 0.048 0.004 0.005 0.003 0.000

San Pedro Parks Wilderness NM FS 0.038 0.201 0.029 0.095 0.013 0.023 0.009 0.001

Weminuche Wilderness CO FS 0.081 0.199 0.056 0.128 0.025 0.059 0.017 0.001

West Elk Wilderness CO FS 0.234 0.736 0.214 0.684 0.172 0.091 0.036 0.004

Wheeler Peak Wilderness NM FS 0.025 0.127 0.028 0.095 0.016 0.022 0.007 0.001

White Mountain Wilderness NM FS 0.003 0.059 0.005 0.036 0.003 0.009 0.003 0.000

Dinosaur NM5 CO NPS NA NA NA NA NA 1.435 0.469 0.102

Averaging Time

Class I State Owner
PSD Class I Increment1

Pollutant PM10  (μg/m3) PM25  (μg/m3) SO2 (μg/m3)
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Table 5-11b.  Contributions of new oil and gas and mining on Federal lands and new oil and 
gas on non-Federal lands within the 14 BLM Planning Areas to PSD pollutant concentrations 
at Class I and sensitive Class II areas (Source Group T) for the 2021 Low Development 
Scenario. 

 

Table 5-11c.  Contributions of new oil and gas and mining on Federal lands and new oil and 
gas on non-Federal lands within the 14 BLM Planning Areas to PSD pollutant concentrations 
at Class I and sensitive Class II areas (Source Group T) for the 2021 Medium Development 
Scenario. 

 

Group G_T Cumulative Emissions Scenario – New Federal and non-Federal O&G from 14 BLM Planning Areas plus mining in the 14 BLM Planning Areas

Across grid cells Maximum Max

NO2 P10 P10 P25 P25 SO2 SO2 SO2

annavg 2nddavg annavg 2nddavg annavg 2ndbav3 2nddavg annavg

NO2 (μg/m3)

Annual3 24-hour2 Annual3 24-hour4 Annual3 3-hour2 24-hour2 Annual3

2.5 8 4 2 1 25 5 2

Arches NP UT NPS 0.071 0.198 0.033 0.171 0.028 0.019 0.008 0.001

Bandelier NM NM NPS 0.021 0.157 0.021 0.095 0.010 0.003 0.001 0.000

Black Canyon of the Gunnison NM CO NPS 0.070 0.297 0.051 0.261 0.040 0.015 0.009 0.001

Bosque del Apache Wilderness NM FWS 0.002 0.057 0.004 0.035 0.003 0.002 0.001 0.000

Canyonlands NP UT NPS 0.028 0.148 0.019 0.119 0.013 0.012 0.006 0.000

Capitol Reef NP UT NPS 0.008 0.072 0.007 0.046 0.004 0.005 0.002 0.000

Eagles Nest Wilderness CO FS 0.064 0.191 0.062 0.174 0.052 0.015 0.005 0.001

Flat Tops Wilderness CO FS 0.142 0.837 0.134 0.835 0.118 0.068 0.027 0.003

Galiuro Wilderness AZ FS 0.000 0.013 0.000 0.007 0.000 0.000 0.000 0.000

Gila Wilderness NM FS 0.001 0.023 0.001 0.018 0.001 0.002 0.001 0.000

Great Sand Dunes NM CO NPS 0.018 0.096 0.027 0.083 0.019 0.005 0.002 0.000

La Garita Wilderness CO FS 0.021 0.118 0.023 0.113 0.017 0.009 0.003 0.000

Maroon Bells-Snowmass Wilderness CO FS 0.111 0.444 0.127 0.396 0.106 0.018 0.006 0.001

Mesa Verde NP CO NPS 2.870 1.815 0.701 0.512 0.148 0.010 0.005 0.002

Mount Baldy Wilderness AZ FS 0.000 0.028 0.001 0.018 0.001 0.001 0.000 0.000

Mount Zirkel Wilderness CO FS 0.046 0.728 0.179 0.719 0.173 0.029 0.011 0.002

Pecos Wilderness NM FS 0.019 0.112 0.018 0.063 0.009 0.003 0.001 0.000

Petrified Forest NP AZ NPS 0.002 0.045 0.003 0.035 0.002 0.002 0.001 0.000

Rawah Wilderness CO FS 0.038 0.314 0.072 0.306 0.062 0.016 0.005 0.001

Rocky Mountain NP CO NPS 0.068 0.679 0.090 0.397 0.062 0.016 0.004 0.001

Salt Creek Wilderness NM FWS 0.002 0.042 0.004 0.029 0.002 0.001 0.001 0.000

San Pedro Parks Wilderness NM FS 0.029 0.169 0.023 0.066 0.010 0.004 0.002 0.000

Weminuche Wilderness CO FS 0.066 0.177 0.047 0.091 0.020 0.010 0.003 0.000

West Elk Wilderness CO FS 0.072 0.661 0.157 0.650 0.144 0.015 0.007 0.001

Wheeler Peak Wilderness NM FS 0.016 0.097 0.020 0.058 0.011 0.004 0.001 0.000

White Mountain Wilderness NM FS 0.002 0.040 0.003 0.023 0.002 0.002 0.001 0.000

Dinosaur NM5 CO NPS NA NA NA NA NA 0.240 0.085 0.018

Pollutant PM10  (μg/m3) PM25  (μg/m3) SO2 (μg/m3)

Averaging Time

Class I State Owner
PSD Class I Increment1

Group G_T Cumulative Emissions Scenario – New Federal and non-Federal O&G from 14 BLM Planning Areas plus mining in the 14 BLM Planning Areas

Across grid cells Maximum Max

NO2 P10 P10 P25 P25 SO2 SO2 SO2

annavg 2nddavg annavg 2nddavg annavg 2ndbav3 2nddavg annavg

NO2 (μg/m3)

Annual3 24-hour2 Annual3 24-hour4 Annual3 3-hour2 24-hour2 Annual3

2.5 8 4 2 1 25 5 2

Arches NP UT NPS 0.226 0.388 0.056 0.321 0.046 0.103 0.044 0.004

Bandelier NM NM NPS 0.024 0.158 0.020 0.120 0.012 0.013 0.006 0.000

Black Canyon of the Gunnison NM CO NPS 0.384 0.636 0.160 0.469 0.074 0.083 0.050 0.004

Bosque del Apache Wilderness NM FWS 0.003 0.066 0.005 0.047 0.004 0.012 0.004 0.000

Canyonlands NP UT NPS 0.064 0.207 0.026 0.168 0.019 0.072 0.031 0.002

Capitol Reef NP UT NPS 0.009 0.075 0.006 0.060 0.004 0.025 0.009 0.000

Eagles Nest Wilderness CO FS 0.171 0.331 0.090 0.283 0.072 0.088 0.026 0.004

Flat Tops Wilderness CO FS 0.330 0.868 0.177 0.852 0.148 0.405 0.150 0.015

Galiuro Wilderness AZ FS 0.000 0.018 0.000 0.008 0.000 0.002 0.001 0.000

Gila Wilderness NM FS 0.001 0.034 0.002 0.028 0.002 0.011 0.004 0.000

Great Sand Dunes NM CO NPS 0.032 0.189 0.039 0.168 0.029 0.027 0.011 0.001

La Garita Wilderness CO FS 0.039 0.205 0.032 0.163 0.024 0.052 0.016 0.002

Maroon Bells-Snowmass Wilderness CO FS 0.314 0.627 0.182 0.494 0.135 0.110 0.035 0.006

Mesa Verde NP CO NPS 4.103 2.042 0.782 0.600 0.176 0.054 0.021 0.004

Mount Baldy Wilderness AZ FS 0.001 0.039 0.002 0.035 0.001 0.006 0.002 0.000

Mount Zirkel Wilderness CO FS 0.138 0.777 0.203 0.755 0.191 0.172 0.061 0.009

Pecos Wilderness NM FS 0.022 0.112 0.018 0.090 0.011 0.016 0.006 0.001

Petrified Forest NP AZ NPS 0.003 0.067 0.004 0.045 0.003 0.009 0.004 0.000

Rawah Wilderness CO FS 0.116 0.368 0.103 0.324 0.078 0.091 0.028 0.004

Rocky Mountain NP CO NPS 0.180 1.594 0.178 0.879 0.092 0.083 0.020 0.004

Salt Creek Wilderness NM FWS 0.003 0.055 0.006 0.044 0.003 0.005 0.003 0.000

San Pedro Parks Wilderness NM FS 0.033 0.137 0.021 0.085 0.011 0.022 0.009 0.001

Weminuche Wilderness CO FS 0.069 0.141 0.039 0.117 0.021 0.059 0.017 0.001

West Elk Wilderness CO FS 0.200 0.712 0.195 0.679 0.166 0.091 0.036 0.004

Wheeler Peak Wilderness NM FS 0.022 0.106 0.022 0.087 0.014 0.022 0.007 0.001

White Mountain Wilderness NM FS 0.003 0.054 0.004 0.033 0.003 0.009 0.003 0.000

Dinosaur NM5 CO NPS NA NA NA NA NA 1.435 0.468 0.102

Averaging Time

Class I State Owner
PSD Class I Increment1

Pollutant PM10  (μg/m3) PM25  (μg/m3) SO2 (μg/m3)
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Table 5-12a.  Contributions of new Federal and non-Federal and existing oil and gas 
throughout the CARMMS 4 km domain and mining on Federal lands in Colorado to PSD 
pollutant concentrations at Class I areas (Source Group U) for the 2021 High Development 
Scenario. 

 

Table 5-12b.  Contributions of new Federal and non-Federal and existing oil and gas 
throughout the CARMMS 4 km domain and mining on Federal lands in Colorado to PSD 
pollutant concentrations at Class I areas (Source Group U) for the 2021 Low Development 
Scenario. 

 

Group G_U Combined O&G and Mining in 4 km domain

Across grid cells Maximum Max

NO2 P10 P10 P25 P25 SO2 SO2 SO2

annavg 2nddavg annavg 2nddavg annavg 2ndbav3 2nddavg annavg

NO2 (μg/m3)

Annual3 24-hour2 Annual3 24-hour4 Annual3 3-hour2 24-hour2 Annual3

2.5 8 4 2 1 25 5 2

Arches NP UT NPS 0.357 0.577 0.096 0.430 0.080 0.107 0.046 0.006

Bandelier NM NM NPS 0.348 0.611 0.063 0.561 0.048 0.106 0.039 0.005

Black Canyon of the Gunnison NM CO NPS 0.481 0.763 0.199 0.617 0.104 0.086 0.052 0.006

Bosque del Apache Wilderness NM FWS 0.022 0.152 0.013 0.126 0.010 0.047 0.019 0.001

Canyonlands NP UT NPS 0.160 0.356 0.052 0.288 0.041 0.176 0.070 0.006

Capitol Reef NP UT NPS 0.083 0.171 0.019 0.166 0.014 0.162 0.054 0.004

Eagles Nest Wilderness CO FS 0.246 0.566 0.131 0.485 0.099 0.093 0.029 0.005

Flat Tops Wilderness CO FS 0.515 1.093 0.241 0.882 0.189 0.422 0.157 0.017

Galiuro Wilderness AZ FS 0.001 0.038 0.001 0.027 0.001 0.008 0.002 0.000

Gila Wilderness NM FS 0.004 0.072 0.004 0.064 0.004 0.016 0.006 0.000

Great Sand Dunes NM CO NPS 0.117 0.331 0.078 0.297 0.063 0.057 0.016 0.003

La Garita Wilderness CO FS 0.135 0.341 0.059 0.293 0.045 0.074 0.024 0.004

Maroon Bells-Snowmass Wilderness CO FS 0.447 0.824 0.241 0.587 0.167 0.114 0.036 0.007

Mesa Verde NP CO NPS 4.779 2.880 1.108 0.833 0.252 0.497 0.130 0.016

Mount Baldy Wilderness AZ FS 0.003 0.080 0.004 0.066 0.003 0.017 0.006 0.000

Mount Zirkel Wilderness CO FS 0.228 0.893 0.240 0.822 0.219 0.179 0.065 0.010

Pecos Wilderness NM FS 0.195 0.337 0.046 0.272 0.033 0.096 0.040 0.005

Petrified Forest NP AZ NPS 0.028 0.112 0.008 0.089 0.007 0.137 0.018 0.001

Rawah Wilderness CO FS 0.210 0.492 0.148 0.379 0.103 0.095 0.029 0.005

Rocky Mountain NP CO NPS 0.240 1.882 0.207 1.164 0.116 0.087 0.021 0.005

Salt Creek Wilderness NM FWS 0.027 0.120 0.012 0.097 0.009 0.176 0.038 0.002

San Pedro Parks Wilderness NM FS 0.433 0.329 0.058 0.230 0.041 0.175 0.066 0.011

Weminuche Wilderness CO FS 0.446 0.494 0.097 0.459 0.062 0.171 0.046 0.006

West Elk Wilderness CO FS 0.289 0.790 0.238 0.706 0.193 0.095 0.037 0.005

Wheeler Peak Wilderness NM FS 0.145 0.251 0.052 0.207 0.038 0.072 0.021 0.004

White Mountain Wilderness NM FS 0.015 0.116 0.010 0.095 0.008 0.025 0.010 0.001

Dinosaur NM5 CO NPS NA NA NA NA NA 1.495 0.487 0.108

Averaging Time

Class I State Owner
PSD Class I Increment1

Pollutant PM10  (μg/m3) PM25  (μg/m3) SO2 (μg/m3)

Group G_U Combined O&G and Mining in 4 km domain

Across grid cells Maximum Max

NO2 P10 P10 P25 P25 SO2 SO2 SO2

annavg 2nddavg annavg 2nddavg annavg 2ndbav3 2nddavg annavg

NO2 (μg/m3)

Annual3 24-hour2 Annual3 24-hour4 Annual3 3-hour2 24-hour2 Annual3

2.5 8 4 2 1 25 5 2

Arches NP UT NPS 0.192 0.372 0.068 0.311 0.060 0.066 0.032 0.003

Bandelier NM NM NPS 0.342 0.531 0.057 0.495 0.045 0.105 0.038 0.005

Black Canyon of the Gunnison NM CO NPS 0.124 0.431 0.080 0.382 0.068 0.040 0.014 0.003

Bosque del Apache Wilderness NM FWS 0.021 0.129 0.011 0.112 0.009 0.047 0.019 0.001

Canyonlands NP UT NPS 0.138 0.320 0.040 0.249 0.033 0.175 0.070 0.006

Capitol Reef NP UT NPS 0.080 0.168 0.017 0.163 0.013 0.160 0.054 0.003

Eagles Nest Wilderness CO FS 0.128 0.401 0.090 0.360 0.076 0.020 0.014 0.002

Flat Tops Wilderness CO FS 0.269 0.856 0.176 0.852 0.154 0.082 0.033 0.005

Galiuro Wilderness AZ FS 0.000 0.029 0.001 0.023 0.000 0.008 0.002 0.000

Gila Wilderness NM FS 0.003 0.058 0.003 0.052 0.003 0.015 0.005 0.000

Great Sand Dunes NM CO NPS 0.099 0.298 0.059 0.263 0.049 0.057 0.016 0.002

La Garita Wilderness CO FS 0.118 0.283 0.044 0.260 0.036 0.074 0.024 0.003

Maroon Bells-Snowmass Wilderness CO FS 0.193 0.518 0.156 0.449 0.130 0.029 0.012 0.003

Mesa Verde NP CO NPS 3.146 1.925 0.738 0.621 0.181 0.497 0.125 0.015

Mount Baldy Wilderness AZ FS 0.002 0.066 0.003 0.051 0.003 0.017 0.006 0.000

Mount Zirkel Wilderness CO FS 0.119 0.797 0.209 0.781 0.199 0.035 0.015 0.003

Pecos Wilderness NM FS 0.189 0.235 0.040 0.203 0.030 0.096 0.039 0.004

Petrified Forest NP AZ NPS 0.026 0.102 0.007 0.084 0.006 0.136 0.017 0.001

Rawah Wilderness CO FS 0.106 0.391 0.103 0.337 0.083 0.020 0.007 0.002

Rocky Mountain NP CO NPS 0.119 0.998 0.115 0.715 0.082 0.020 0.009 0.002

Salt Creek Wilderness NM FWS 0.025 0.103 0.010 0.085 0.008 0.176 0.038 0.002

San Pedro Parks Wilderness NM FS 0.425 0.299 0.052 0.229 0.038 0.174 0.064 0.010

Weminuche Wilderness CO FS 0.431 0.494 0.088 0.459 0.057 0.171 0.046 0.006

West Elk Wilderness CO FS 0.126 0.680 0.183 0.667 0.167 0.034 0.011 0.003

Wheeler Peak Wilderness NM FS 0.137 0.223 0.044 0.193 0.033 0.072 0.021 0.003

White Mountain Wilderness NM FS 0.014 0.105 0.008 0.090 0.007 0.022 0.008 0.001

Dinosaur NM5 CO NPS NA NA NA NA NA 0.294 0.103 0.024

Pollutant PM10  (μg/m3) PM25  (μg/m3) SO2 (μg/m3)

Averaging Time

Class I State Owner
PSD Class I Increment1



January 2015 
 
 

121 

Table 5-12c.  Contributions of new Federal and non-Federal and existing oil and gas 
throughout the CARMMS 4 km domain and mining on Federal lands in Colorado to PSD 
pollutant concentrations at Class I areas (Source Group U) for the 2021 Medium Development 
Scenario. 

 

5.2 Visibility Impacts at Class I/II Areas using FLAG (2010) 

Attachments B-1, B-2 and B-3 are interactive Excel spreadsheets that contain the visibility 
impacts at Class I and sensitive Class II areas due to emissions from the 24 Source Groups using 
the FLAG (2010) procedures as described in Section 4.6.  There are four interactive sheets in 
Attachment B: 

“Table1” shows maximum change in (delta) visibility (Δdv), the day of maximum Δdv and 
number of days that Δdv exceed the 0.5 and 1.0 dv thresholds for all Class I/II areas and 
a user selected Source Group that is controlled in cell B1. 

“Table2” shows the temporal distribution (i.e., maximum and minimum and 98th, 80th 
and 20th percentiles) of Δdv by user selected Source Group (controlled by cell B1) for all 
Class I and II areas. 

“Table3” shows maximum (or 98th, 80th, 20th or minimum controlled by cell B1) impact 
of Δdv from all Source Groups across all Class I, all Class II and combined all Class I and II 
areas. 

“Table4” shows the maximum number of days that Δdv is greater than the 0.5 and 1.0 
dv thresholds at any Class I or II area for all 24 Source Groups. 

Group G_U Combined O&G and Mining in 4 km domain

Across grid cells Maximum Max

NO2 P10 P10 P25 P25 SO2 SO2 SO2

annavg 2nddavg annavg 2nddavg annavg 2ndbav3 2nddavg annavg

NO2 (μg/m3)

Annual3 24-hour2 Annual3 24-hour4 Annual3 3-hour2 24-hour2 Annual3

2.5 8 4 2 1 25 5 2

Arches NP UT NPS 0.349 0.505 0.089 0.414 0.077 0.107 0.046 0.006

Bandelier NM NM NPS 0.344 0.579 0.056 0.545 0.046 0.106 0.039 0.005

Black Canyon of the Gunnison NM CO NPS 0.440 0.710 0.189 0.571 0.100 0.086 0.052 0.006

Bosque del Apache Wilderness NM FWS 0.022 0.140 0.012 0.123 0.010 0.047 0.019 0.001

Canyonlands NP UT NPS 0.155 0.314 0.047 0.278 0.039 0.176 0.070 0.006

Capitol Reef NP UT NPS 0.082 0.166 0.016 0.163 0.014 0.162 0.054 0.004

Eagles Nest Wilderness CO FS 0.222 0.512 0.117 0.463 0.094 0.093 0.028 0.005

Flat Tops Wilderness CO FS 0.458 0.959 0.218 0.878 0.182 0.421 0.157 0.017

Galiuro Wilderness AZ FS 0.001 0.034 0.001 0.026 0.001 0.008 0.002 0.000

Gila Wilderness NM FS 0.003 0.067 0.004 0.061 0.003 0.016 0.006 0.000

Great Sand Dunes NM CO NPS 0.113 0.303 0.071 0.279 0.060 0.057 0.016 0.003

La Garita Wilderness CO FS 0.130 0.316 0.052 0.282 0.043 0.074 0.024 0.004

Maroon Bells-Snowmass Wilderness CO FS 0.392 0.701 0.209 0.560 0.158 0.115 0.036 0.007

Mesa Verde NP CO NPS 4.383 2.150 0.819 0.709 0.208 0.497 0.130 0.015

Mount Baldy Wilderness AZ FS 0.003 0.072 0.004 0.063 0.003 0.017 0.006 0.000

Mount Zirkel Wilderness CO FS 0.212 0.858 0.232 0.821 0.216 0.179 0.065 0.010

Pecos Wilderness NM FS 0.192 0.324 0.040 0.266 0.032 0.096 0.040 0.005

Petrified Forest NP AZ NPS 0.027 0.097 0.008 0.084 0.006 0.137 0.018 0.001

Rawah Wilderness CO FS 0.185 0.447 0.134 0.367 0.099 0.095 0.029 0.005

Rocky Mountain NP CO NPS 0.234 1.850 0.201 1.152 0.114 0.087 0.021 0.005

Salt Creek Wilderness NM FWS 0.026 0.108 0.011 0.092 0.009 0.176 0.038 0.002

San Pedro Parks Wilderness NM FS 0.429 0.266 0.050 0.225 0.039 0.175 0.066 0.010

Weminuche Wilderness CO FS 0.434 0.470 0.080 0.449 0.058 0.171 0.046 0.006

West Elk Wilderness CO FS 0.255 0.746 0.219 0.695 0.188 0.095 0.037 0.005

Wheeler Peak Wilderness NM FS 0.142 0.234 0.046 0.201 0.036 0.072 0.021 0.004

White Mountain Wilderness NM FS 0.015 0.105 0.009 0.093 0.007 0.025 0.010 0.001

Dinosaur NM5 CO NPS NA NA NA NA NA 1.495 0.487 0.108

Averaging Time

Class I State Owner
PSD Class I Increment1

Pollutant PM10  (μg/m3) PM25  (μg/m3) SO2 (μg/m3)
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“Table 5” shows the number of days that Δdv is greater than the 0.5 and 1.0 dv 
thresholds and the maximum Δdv at each Class I and sensitive Class II area for a user-
selected Source Group controlled by cell B1. 

Addition information describing the Attachment B-1 and B-2 spreadsheets are contained in 
sheets “Readme” and “Ref.” 

5.2.1 Maximum Visibility Impacts at any Class I Area for all Source Groups 

Table 5-13 displays the Class I and II areas where the maximum number of days Δdv exceeds 
the 0.5 and 1.0 thresholds occurred for each of the 24 Source Groups and the 2021 High 
Development Scenario.  Tables 5-14 and 5-15 show the same information only for the 2021 Low 
and Medium Development Scenarios, respectively.  These Tables were obtained from “Table4” 
in Attachments B-1, B-2 and B-3.  The maximum Δdv impact at any Class I and II area due to 
each the 24 Source Groups for the 2021 High, Low and Medium Development Scenarios are 
shown in Table 5-16.   

Of the 14 BLM Colorado and New Mexico Planning Areas (Source Groups A through N) plus the 
total CRFO (Source Group O) and RGFO (Source Group P) Planning Areas, only three have 
Federal O&G with Δdv visibility impacts at any Class I area that exceed the 0.5 dv threshold for 
the 2021 High Development Scenario as follows (Table 5-13a): 

 WRFO with 6 days of Δdv > 0.5 and no days with Δdv > 1.0  (Table 5-13a) and max Δdv of 
0.789 at Flats Tops Wilderness Area (Table 5-16a). 

 GRFO with 2 days of Δdv > 0.5 and no days with Δdv > 1.0 and max Δdv of 0.900 at 
Arches National Park. 

 TRFO with 35 days of Δdv > 0.5 and 4 days with Δdv > 1.0 and max Δdv of 1.42 at Mesa 
Verde National Park. 

The individual Source Groups A through P of Federal O&G emissions in BLM Planning have no 
days with Δdv > 0.5 at any Class I area for the 2021 Low Development Scenario (Table 5-14a).  
The maximum Δdv at any Class I area for Federal O&G within an individual BLM Planning Area 
and the 2021 Low Development Scenario is 0.31 from the Farmington Field Office (Mancos 
Shale Development) (Table 5-16b). 

Results for the 2021 Medium Development Scenario are similar but lower than the High 
Development Scenario with WRFO, GRFO and TRFO having 4, 2 and 5 days with Δdv > 0.5 at any 
Class I area with TRFO having 1 day with Δdv > 1.0 at any Class I area (Table 5-15a). 

When looking at the 2021 High Development Scenario visibility impacts at Class II areas, there 
are four of the 18 BLM Planning Areas (Source Groups A through P) that have maximum Δdv 
that exceeds the 0.5 threshold, WRFO, GJFO and TRFO, as seen for Class I areas, but also 
NMFFO for the Class II areas (Tables 5-13b and 5-16a). 

 WRFO with 40 days of Δdv > 0.5 and 5 days with Δdv > 1.0 and max Δdv of 1.43 at 
Dinosaur National Monument. 
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 GRFO with 23 days of Δdv > 0.5 and 3 days with Δdv > 1.0 and max Δdv of 1.46 at 
Colorado National Monument. 

 TRFO with 16 days of Δdv > 0.5 and 3 days with Δdv > 1.0 and max Δdv of 2.46 at 
Hovenweep National Monument. 

 NMFFO with 210 days of Δdv > 0.5 and 50 days with Δdv > 1.0 and max Δdv of 2.46 at 
Aztec Ruins National Monument. 

For the 2021 Low Development Scenario, there is only one individual BLM Planning Area that 
has visibility impacts greater than 0.5 dv at any Class II area and that is for the NMFFO that has 
the exact same impacts as listed in the above bullet for the 2021 High Development Scenario 
(Table 5-14b).  This is because the same high O&G development emissions were used for the 
Mancos Shale Development area in the 2021 High and Low Development Scenario because the 
contract from the BLM NMSO for developing emissions for the Mancos Shale Development area 
came in after the CARMMS 2021 Low Development Scenario source apportionment simulation 
was performed. 

New O&G development on Federal lands result in exceedances of the 0.5 dv visibility threshold 
at Class II areas for the 2021 Medium Development Scenario for the same four BLM Planning 
Areas as seen for the 2021 High Development Scenarios only with lower number of days (Tables 
5-15b and 5-16c). 

 WRFO with 38 days of Δdv > 0.5 and 5 days with Δdv > 1.0 and max Δdv of 1.34 at 
Dinosaur National Monument. 

 GRFO with 19 days of Δdv > 0.5 and 3 days with Δdv > 1.0 and max Δdv of 1.28 at 
Colorado National Monument. 

 TRFO with 5 days of Δdv > 0.5 and 1 day with Δdv > 1.0 and max Δdv of 1.18 at 
Hovenweep National Monument. 

 NMFFO with 77 days of Δdv > 0.5 and 3 days with Δdv > 1.0 and max Δdv of 1.60 at 
Aztec Ruins National Monument. 

Not surprisingly, when looking at visibility impacts using the FLAG (2010) approach at Class I/II 
areas due to O&G emissions across combined BLM Planning Areas there are greater visibility 
impacts than for any individual BLM Planning Area.  The FLMs have developed a Cumulative 
Visibility approach using the regional haze Worst 20 percent days (W20%) and Best 20 percent 
days (B20%) regional haze rule metric that is used to assess the visibility impacts for these 
combined Source Groups that is discussed in Section 5.3.  The combined Source Group visibility 
impacts at Class I/II areas using the FLAG (2010) method in Figures 5-13 through 5-15 are 
provided for information only.   
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Table 5-13a.  Class I area where each of the 24 Source Groups have the maximum number of 
days that Δdv exceeds the 0.5 and 1.0 dv thresholds for the High Development Scenario. 

 

 

Table 5-13b.  Sensitive Class II area where each of the 24 Source Groups has the maximum 
number of days that Δdv exceeds the 0.5 and 1.0 dv thresholds for the High Development 
Scenario. 

 
 

Max # of Day

@ Class I Class I (Max Occurs)

Max # of Day

@ Class I Class I (Max Occurs)

A Little Snake FO 0 NA 0 NA

B White River FO 6 CI_Flat_Tops 0 NA

C Colorado River Valley FO (CRVFO) 0 NA 0 NA

D Roan Plateau Planning area portion of CRVFO 0 NA 0 NA

E Grand Junction FO 2 CI_Arches 0 NA

F Uncompahgre FO 0 NA 0 NA

G Tres Rios FO 35 CI_Mesa_Verde 4 CI_Mesa_Verde

H Kremmling FO 0 NA 0 NA

I Royal Gorge FO Area#1 (RGFO#1) -- North 0 NA 0 NA

J Pawnee Grasslands portion of RGFO#1 0 NA 0 NA

K RGFO#2 – West-Central/South 0 NA 0 NA

L RGFO#3 – South 0 NA 0 NA

M RGFO#4 – East-Central 0 NA 0 NA

N New Mexico Farmington District 0 NA 0 NA

O Total Colorado River Field Office 0 NA 0 NA

P Total Royal Gorge Field Office 0 NA 0 NA

Q Mining from 13 Colorado BLM Planning Areas 48 CI_Mount_Zirkel 5 CI_Flat_Tops

R Combined new Federal O&G and Mining from the 13 Colorado BLM Planning Areas72 CI_Mount_Zirkel 12 CI_Mount_Zirkel

S Combined new Federal and non-Federal O&G and Mining from 13 Colorado BLM Planning Areas281 CI_Mesa_Verde 55 CI_Mesa_Verde

T Cumulative Emissions Scenario – New Federal and non-Federal O&G from 14 BLM Planning Areas plus mining in the 14 BLM Planning Areas285 CI_Mesa_Verde 62 CI_Mesa_Verde

U Combined O&G and Mining in 4 km domain 312 CI_Mesa_Verde 105 CI_Mesa_Verde

V Natural Emissions 192 CI_Bosque 139 CI_Bosque

W 2021 All Emissions 365 CI_Arches 365 CI_Arches

X 2008 All Emissions 365 CI_Arches 365 CI_Arches

Source Group Group Name

>0.5 >1.0

Max # of Day

@ Class II Class II (Max Occurs)

Max # of Day

@ Class II Class II (Max Occurs)

A Little Snake FO 0 NA 0 NA

B White River FO 40 CII_Dinosaur_all 5 CII_Dinosaur_all

C Colorado River Valley FO (CRVFO) 0 NA 0 NA

D Roan Plateau Planning area portion of CRVFO 0 NA 0 NA

E Grand Junction FO 23 CII_Colorado 3 CII_Colorado

F Uncompahgre FO 0 NA 0 NA

G Tres Rios FO 16 CII_South_San_Juan 3 CII_Hovenweep

H Kremmling FO 0 NA 0 NA

I Royal Gorge FO Area#1 (RGFO#1) -- North 0 NA 0 NA

J Pawnee Grasslands portion of RGFO#1 0 NA 0 NA

K RGFO#2 – West-Central/South 0 NA 0 NA

L RGFO#3 – South 0 NA 0 NA

M RGFO#4 – East-Central 0 NA 0 NA

N New Mexico Farmington District 210 CII_Aztec_Ruins 50 CII_Aztec_Ruins

O Total Colorado River Field Office 0 NA 0 NA

P Total Royal Gorge Field Office 0 NA 0 NA

Q Mining from 13 Colorado BLM Planning Areas 39 CII_Raggeds 8 CII_Dinosaur_all

R Combined new Federal O&G and Mining from the 13 Colorado BLM Planning Areas110 CII_Dinosaur_all 27 CII_Dinosaur_all

S Combined new Federal and non-Federal O&G and Mining from 13 Colorado BLM Planning Areas288 CII_South_San_Juan 43 CII_Colorado

T Cumulative Emissions Scenario – New Federal and non-Federal O&G from 14 BLM Planning Areas plus mining in the 14 BLM Planning Areas299 CII_South_San_Juan 133 CII_Aztec_Ruins

U Combined O&G and Mining in 4 km domain 350 CII_Aztec_Ruins 278 CII_Aztec_Ruins

V Natural Emissions 246 CII_Sevilleta_NWR 202 CII_Sevilleta_NWR

W 2021 All Emissions 365 CII_Alamosa_NWR 365 CII_Alamosa_NWR

X 2008 All Emissions 365 CII_Alamosa_NWR 365 CII_Alamosa_NWR

Source Group Group Name

>0.5 >1.0
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Table 5-14a.  Class I area where each of the 24 Source Groups have the maximum number of 
days that Δdv exceeds the 0.5 and 1.0 dv thresholds for the Low Development Scenario. 

 

Table 5-14b.  Sensitive Class II area where each of the 24 Source Groups has the maximum 
number of days that Δdv exceeds the 0.5 and 1.0 dv thresholds for the Low Development 
Scenario. 

 
 

Max # of Day

@ Class I Class I (Max Occurs)

Max # of Day

@ Class I Class I (Max Occurs)

A Little Snake FO 0 NA 0 NA

B White River FO 0 NA 0 NA

C Colorado River Valley FO (CRVFO) 0 NA 0 NA

D Roan Plateau Planning area portion of CRVFO 0 NA 0 NA

E Grand Junction FO 0 NA 0 NA

F Uncompahgre FO 0 NA 0 NA

G Tres Rios FO 0 NA 0 NA

H Kremmling FO 0 NA 0 NA

I Royal Gorge FO Area#1 (RGFO#1) -- North 0 NA 0 NA

J Pawnee Grasslands portion of RGFO#1 0 NA 0 NA

K RGFO#2 – West-Central/South 0 NA 0 NA

L RGFO#3 – South 0 NA 0 NA

M RGFO#4 – East-Central 0 NA 0 NA

N New Mexico Farmington District 0 NA 0 NA

O Total Colorado River Field Office 0 NA 0 NA

P Total Royal Gorge Field Office 0 NA 0 NA

Q Mining from 13 Colorado BLM Planning Areas 48 CI_Mount_Zirkel 5 CI_Flat_Tops

R Combined new Federal O&G and Mining from the 13 Colorado BLM Planning Areas51 CI_Mount_Zirkel 6 CI_Flat_Tops

S Combined new Federal and non-Federal O&G and Mining from 13 Colorado BLM Planning Areas135 CI_Mesa_Verde 10 CI_Mesa_Verde

T Cumulative Emissions Scenario – New Federal and non-Federal O&G from 14 BLM Planning Areas plus mining in the 14 BLM Planning Areas143 CI_Mesa_Verde 11 CI_Mesa_Verde

U Combined O&G and Mining in 4 km domain 201 CI_Mesa_Verde 44 CI_Mesa_Verde

V Natural Emissions 192 CI_Bosque 139 CI_Bosque

W 2021 All Emissions 365 CI_Arches 365 CI_Arches

X 2008 All Emissions 365 CI_Arches 365 CI_Arches

Source Group Group Name

>0.5 >1.0

Max # of Day

@ Class II Class II (Max Occurs)

Max # of Day

@ Class II Class II (Max Occurs)

A Little Snake FO 0 NA 0 NA

B White River FO 0 NA 0 NA

C Colorado River Valley FO (CRVFO) 0 NA 0 NA

D Roan Plateau Planning area portion of CRVFO 0 NA 0 NA

E Grand Junction FO 0 NA 0 NA

F Uncompahgre FO 0 NA 0 NA

G Tres Rios FO 0 NA 0 NA

H Kremmling FO 0 NA 0 NA

I Royal Gorge FO Area#1 (RGFO#1) -- North 0 NA 0 NA

J Pawnee Grasslands portion of RGFO#1 0 NA 0 NA

K RGFO#2 – West-Central/South 0 NA 0 NA

L RGFO#3 – South 0 NA 0 NA

M RGFO#4 – East-Central 0 NA 0 NA

N New Mexico Farmington District 210 CII_Aztec_Ruins 50 CII_Aztec_Ruins

O Total Colorado River Field Office 0 NA 0 NA

P Total Royal Gorge Field Office 0 NA 0 NA

Q Mining from 13 Colorado BLM Planning Areas 39 CII_Raggeds 8 CII_Dinosaur_all

R Combined new Federal O&G and Mining from the 13 Colorado BLM Planning Areas46 CII_Raggeds 9 CII_Dinosaur_all

S Combined new Federal and non-Federal O&G and Mining from 13 Colorado BLM Planning Areas91 CII_South_San_Juan 16 CII_Hovenweep

T Cumulative Emissions Scenario – New Federal and non-Federal O&G from 14 BLM Planning Areas plus mining in the 14 BLM Planning Areas278 CII_Aztec_Ruins 127 CII_Aztec_Ruins

U Combined O&G and Mining in 4 km domain 349 CII_Aztec_Ruins 275 CII_Aztec_Ruins

V Natural Emissions 246 CII_Sevilleta_NWR 202 CII_Sevilleta_NWR

W 2021 All Emissions 365 CII_Alamosa_NWR 365 CII_Alamosa_NWR

X 2008 All Emissions 365 CII_Alamosa_NWR 365 CII_Alamosa_NWR

Source Group Group Name

>0.5 >1.0
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Table 5-15a.  Class I area where each of the 24 Source Groups have the maximum number of 
days that Δdv exceeds the 0.5 and 1.0 dv thresholds for the Medium Development Scenario. 

 

Table 5-15b.  Sensitive Class II area where each of the 24 Source Groups has the maximum 
number of days that Δdv exceeds the 0.5 and 1.0 dv thresholds for the Medium Development 
Scenario. 

 
 
 

Max # of Day

@ Class I Class I (Max Occurs)

Max # of Day

@ Class I Class I (Max Occurs)

A Little Snake FO 0 NA 0 NA

B White River FO 4 CI_Flat_Tops 0 NA

C Colorado River Valley FO (CRVFO) 0 NA 0 NA

D Roan Plateau Planning area portion of CRVFO 0 NA 0 NA

E Grand Junction FO 2 CI_Arches 0 NA

F Uncompahgre FO 0 NA 0 NA

G Tres Rios FO 5 CI_Mesa_Verde 1 CI_Mesa_Verde

H Kremmling FO 0 NA 0 NA

I Royal Gorge FO Area#1 (RGFO#1) -- North 0 NA 0 NA

J Pawnee Grasslands portion of RGFO#1 0 NA 0 NA

K RGFO#2 – West-Central/South 0 NA 0 NA

L RGFO#3 – South 0 NA 0 NA

M RGFO#4 – East-Central 0 NA 0 NA

N New Mexico Farmington District 0 NA 0 NA

O Total Colorado River Field Office 0 NA 0 NA

P Total Royal Gorge Field Office 0 NA 0 NA

Q Mining from 13 Colorado BLM Planning Areas 48 CI_Mount_Zirkel 5 CI_Flat_Tops

R Combined new Federal O&G and Mining from the 13 Colorado BLM Planning Areas69 CI_Mount_Zirkel 12 CI_Mount_Zirkel

S Combined new Federal and non-Federal O&G and Mining from 13 Colorado BLM Planning Areas209 CI_Mesa_Verde 28 CI_Rocky_Mountain

T Cumulative Emissions Scenario – New Federal and non-Federal O&G from 14 BLM Planning Areas plus mining in the 14 BLM Planning Areas213 CI_Mesa_Verde 28 CI_Rocky_Mountain

U Combined O&G and Mining in 4 km domain 265 CI_Mesa_Verde 64 CI_Mesa_Verde

V Natural Emissions 192 CI_Bosque 139 CI_Bosque

W 2021 All Emissions 365 CI_Arches 365 CI_Arches

X 2008 All Emissions 365 CI_Arches 365 CI_Arches

Source Group Group Name

>0.5 >1.0

Max # of Day

@ Class II Class II (Max Occurs)

Max # of Day

@ Class II Class II (Max Occurs)

A Little Snake FO 0 NA 0 NA

B White River FO 38 CII_Dinosaur_all 5 CII_Dinosaur_all

C Colorado River Valley FO (CRVFO) 0 NA 0 NA

D Roan Plateau Planning area portion of CRVFO 0 NA 0 NA

E Grand Junction FO 19 CII_Colorado 3 CII_Colorado

F Uncompahgre FO 0 NA 0 NA

G Tres Rios FO 5 CII_Hovenweep 1 CII_Hovenweep

H Kremmling FO 0 NA 0 NA

I Royal Gorge FO Area#1 (RGFO#1) -- North 0 NA 0 NA

J Pawnee Grasslands portion of RGFO#1 0 NA 0 NA

K RGFO#2 – West-Central/South 0 NA 0 NA

L RGFO#3 – South 0 NA 0 NA

M RGFO#4 – East-Central 0 NA 0 NA

N New Mexico Farmington District 77 CII_Aztec_Ruins 3 CII_Aztec_Ruins

O Total Colorado River Field Office 0 NA 0 NA

P Total Royal Gorge Field Office 0 NA 0 NA

Q Mining from 13 Colorado BLM Planning Areas 39 CII_Raggeds 8 CII_Dinosaur_all

R Combined new Federal O&G and Mining from the 13 Colorado BLM Planning Areas102 CII_Dinosaur_all 26 CII_Dinosaur_all

S Combined new Federal and non-Federal O&G and Mining from 13 Colorado BLM Planning Areas163 CII_South_San_Juan 38 CII_Colorado

T Cumulative Emissions Scenario – New Federal and non-Federal O&G from 14 BLM Planning Areas plus mining in the 14 BLM Planning Areas226 CII_Aztec_Ruins 57 CII_Aztec_Ruins

U Combined O&G and Mining in 4 km domain 342 CII_Aztec_Ruins 240 CII_Aztec_Ruins

V Natural Emissions 246 CII_Sevilleta_NWR 202 CII_Sevilleta_NWR

W 2021 All Emissions 365 CII_Alamosa_NWR 365 CII_Alamosa_NWR

X 2008 All Emissions 365 CII_Alamosa_NWR 365 CII_Alamosa_NWR

Source Group Group Name

>0.5 >1.0
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Table 5-16a.  Maximum Δdv impact at any Class I and sensitive Class II area due to each of the 
24 Source Groups for the 2021 High Development Scenario. 

 

Table 5-16b.  Maximum Δdv impact at any Class I and sensitive Class II area due to each of the 
24 Source Groups for the 2021 Low Development Scenario. 

 
 

Source Group Group Name

Max dv

@ Class I Class I (Max Occurs)

Max dv

@ Class II Class II (Max Occurs)

A Little Snake FO 0.21939 CI_Mount_Zirkel 0.22310 CII_Dinosaur_all

B White River FO 0.78870 CI_Flat_Tops 1.43427 CII_Dinosaur_all

C Colorado River Valley FO (CRVFO) 0.10714 CI_Eagles_Nest 0.15269 CII_Colorado

D Roan Plateau Planning area portion of CRVFO 0.09446 CI_Maroon_Bells 0.14267 CII_Colorado

E Grand Junction FO 0.90007 CI_Arches 1.46046 CII_Colorado

F Uncompahgre FO 0.21822 CI_Maroon_Bells 0.26247 CII_Raggeds

G Tres Rios FO 1.41540 CI_Mesa_Verde 1.46604 CII_Hovenweep

H Kremmling FO 0.07991 CI_Eagles_Nest 0.05406 CII_Savage_Run

I Royal Gorge FO Area#1 (RGFO#1) -- North 0.02253 CI_Rocky_Mountain 0.01337 CII_Mount_Evans

J Pawnee Grasslands portion of RGFO#1 0.12545 CI_Rocky_Mountain 0.05321 CII_Mount_Evans

K RGFO#2 – West-Central/South 0.02275 CI_Pecos 0.03937 CII_Greenhorn_Mounta

L RGFO#3 – South 0.01940 CI_Great_Sand_Dunes 0.11458 CII_Greenhorn_Mounta

M RGFO#4 – East-Central 0.00772 CI_Eagles_Nest 0.04298 CII_Lost_Creek

N New Mexico Farmington District 0.30608 CI_Weminuche 2.45884 CII_Aztec_Ruins

O Total Colorado River Field Office 0.19924 CI_Eagles_Nest 0.29345 CII_Colorado

P Total Royal Gorge Field Office 0.14801 CI_Rocky_Mountain 0.11458 CII_Greenhorn_Mounta

Q Mining from 13 Colorado BLM Planning Areas 1.27398 CI_Flat_Tops 1.90579 CII_Dinosaur_all

R Combined new Federal O&G and Mining from the 13 

Colorado BLM Planning Areas 1.63971 CI_Flat_Tops 2.63206 CII_Colorado

S Combined new Federal and non-Federal O&G and Mining 

from 13 Colorado BLM Planning Areas 4.19030 CI_Rocky_Mountain 4.59771 CII_Colorado

T Cumulative Emissions Scenario – New Federal and non-

Federal O&G from 14 BLM Planning Areas plus mining in the 

14 BLM Planning Areas 4.19144 CI_Rocky_Mountain 4.60319 CII_Colorado

U Combined O&G and Mining in 4 km domain 5.53454 CI_Rocky_Mountain 11.71349 CII_Dinosaur_all

V Natural Emissions 61.82309 CI_Bandelier 57.86500 CII_Dome

W 2021 All Emissions 81.23828 CI_Pecos 57.91427 CII_Dome

X 2008 All Emissions 123.70431 CI_Bandelier 115.81325 CII_Dome

Source Group Group Name

Max dv

@ Class I Class I (Max Occurs)

Max dv

@ Class II Class II (Max Occurs)

A Little Snake FO 0.03379 CI_Mount_Zirkel 0.03217 CII_Dinosaur_all

B White River FO 0.17342 CI_Flat_Tops 0.35529 CII_Dinosaur_all

C Colorado River Valley FO (CRVFO) 0.08399 CI_Eagles_Nest 0.10547 CII_Colorado

D Roan Plateau Planning area portion of CRVFO 0.06573 CI_Maroon_Bells 0.08541 CII_Colorado

E Grand Junction FO 0.06394 CI_Arches 0.10458 CII_Colorado

F Uncompahgre FO 0.09830 CI_Maroon_Bells 0.08642 CII_Raggeds

G Tres Rios FO 0.21039 CI_Mesa_Verde 0.20104 CII_Hovenweep

H Kremmling FO 0.00866 CI_Eagles_Nest 0.00657 CII_Savage_Run

I Royal Gorge FO Area#1 (RGFO#1) -- North 0.00538 CI_Rocky_Mountain 0.00288 CII_Mount_Evans

J Pawnee Grasslands portion of RGFO#1 0.02803 CI_Rocky_Mountain 0.01093 CII_Mount_Evans

K RGFO#2 – West-Central/South 0.00197 CI_Pecos 0.00361 CII_Greenhorn_Mounta

L RGFO#3 – South 0.01214 CI_Great_Sand_Dunes 0.07568 CII_Greenhorn_Mounta

M RGFO#4 – East-Central 0.00116 CI_Eagles_Nest 0.00677 CII_Lost_Creek

N New Mexico Farmington District 0.30611 CI_Weminuche 2.45923 CII_Aztec_Ruins

O Total Colorado River Field Office 0.14638 CI_Maroon_Bells 0.19010 CII_Colorado

P Total Royal Gorge Field Office 0.03345 CI_Rocky_Mountain 0.07568 CII_Greenhorn_Mounta

Q Mining from 13 Colorado BLM Planning Areas 1.27455 CI_Flat_Tops 1.90811 CII_Dinosaur_all

R Combined new Federal O&G and Mining from the 13 Colorado BLM Planning Areas1.32779 CI_Flat_Tops 1.92664 CII_Dinosaur_all

S Combined new Federal and non-Federal O&G and Mining from 13 Colorado BLM Planning Areas2.33257 CI_Mesa_Verde 2.89740 CII_Hovenweep

T Cumulative Emissions Scenario – New Federal and non-Federal O&G from 14 BLM Planning Areas plus mining in the 14 BLM Planning Areas2.34277 CI_Mesa_Verde 3.43746 CII_Aztec_Ruins

U Combined O&G and Mining in 4 km domain 3.86495 CI_Rocky_Mountain 11.69008 CII_Dinosaur_all

V Natural Emissions 61.82309 CI_Bandelier 57.86496 CII_Dome

W 2021 All Emissions 81.23822 CI_Pecos 57.91372 CII_Dome

X 2008 All Emissions 123.70431 CI_Bandelier 115.81325 CII_Dome
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Table 5-16c.  Maximum Δdv impact at any Class I and sensitive Class II area due to each of the 
24 Source Groups for the 2021 Medium Development Scenario. 

 
 
 
5.2.2 Individual Planning Area Contributions to Visibility Impairment at Class I and II Areas 

using FLAG (2010) 

Below we present the visibility impacts at Class I areas due to Federal O&G in five BLM Planning 
Areas: WRFO, GJFO, TRFO, NMFFO and USFS-PG and the 2021 High, Low and Medium 
Development Scenarios.  The first four BLM Planning Areas were selected because they were 
the ones that had Δdv impacts of greater than 0.5 at any Class I or II area (see Table 5-15), 
whereas USFS-PG was selected as it is one of our example Planning Areas.  Tables 5-17 through 
5-21 displays the maximum Δdv and number of days Δdv exceeds the 0.5 and 1.0 thresholds for 
all Class I areas due to emissions from Federal O&G development within the WRFO, GJFO, 
TRFO, NMFFO and USFS-PG Planning Areas, respectively.  These Tables were obtained from 
sheet “Table1” in Attachments B-1, B-2 and B-3.  The visibility results for the 2021 High, Low 
and Medium Development Scenario and these five BLM Planning Areas are summarized as 
follows, results for the other Source Groups and for sensitive Class II areas can be found in 
Attachments B-1, B-2 and B-3: 

 Federal O&G from the WRFO Planning Area and the 2021 High Development Scenario 
results in 6 days at Flat Tops, 1 day at Eagles Nest and 2 days at Maroon Bells-Snowmass 
Class I areas with Δdv > 0.5 and no days > 1.0 and maximum Δdv of 0.789, 0.538 and 
0.559 at these three Class I areas, respectively (Table 5-17a).  The mitigation in the 2021 
Medium Development Scenario reduces these values to 4, 0 and 0 days with Δdv > 0.5 
and 0.782, 0.439 and 0.479 maximum Δdv at Flat Tops, Eagles Nest and Maroon-Bells 
Class I areas, respectively (Table 5-17c).  For the 2021 Low Development Scenario new 
Federal O&G from the WRFO Planning Are have no days with Δdv > 0.5 with maximum 

Source Group Group Name

Max dv

@ Class I Class I (Max Occurs)

Max dv

@ Class II Class II (Max Occurs)

A Little Snake FO 0.18773 CI_Mount_Zirkel 0.18619 CII_Dinosaur_all

B White River FO 0.78275 CI_Flat_Tops 1.33901 CII_Dinosaur_all

C Colorado River Valley FO (CRVFO) 0.08876 CI_Eagles_Nest 0.12445 CII_Colorado

D Roan Plateau Planning area portion of CRVFO 0.08081 CI_Maroon_Bells 0.12163 CII_Colorado

E Grand Junction FO 0.83689 CI_Arches 1.28333 CII_Colorado

F Uncompahgre FO 0.14666 CI_Maroon_Bells 0.17131 CII_Raggeds

G Tres Rios FO 1.02858 CI_Mesa_Verde 1.18014 CII_Hovenweep

H Kremmling FO 0.07964 CI_Eagles_Nest 0.03373 CII_Savage_Run

I Royal Gorge FO Area#1 (RGFO#1) -- North 0.01231 CI_Rocky_Mountain 0.00764 CII_Mount_Evans

J Pawnee Grasslands portion of RGFO#1 0.07521 CI_Rocky_Mountain 0.03252 CII_Mount_Evans

K RGFO#2 – West-Central/South 0.01639 CI_Pecos 0.02875 CII_Greenhorn_Mounta

L RGFO#3 – South 0.01298 CI_Great_Sand_Dunes 0.07842 CII_Greenhorn_Mounta

M RGFO#4 – East-Central 0.00366 CI_Eagles_Nest 0.01837 CII_Lost_Creek

N New Mexico Farmington District 0.22871 CI_Weminuche 1.60245 CII_Aztec_Ruins

O Total Colorado River Field Office 0.16619 CI_Eagles_Nest 0.24274 CII_Colorado

P Total Royal Gorge Field Office 0.08758 CI_Rocky_Mountain 0.07842 CII_Greenhorn_Mounta

Q Mining from 13 Colorado BLM Planning Areas 1.27401 CI_Flat_Tops 1.90580 CII_Dinosaur_all

R Combined new Federal O&G and Mining from the 13 Colorado BLM Planning Areas1.60208 CI_Flat_Tops 2.32929 CII_Colorado

S Combined new Federal and non-Federal O&G and Mining from 13 Colorado BLM Planning Areas4.14160 CI_Rocky_Mountain 4.32611 CII_Colorado

T Cumulative Emissions Scenario – New Federal and non-Federal O&G from 14 BLM Planning Areas plus mining in the 14 BLM Planning Areas4.14242 CI_Rocky_Mountain 4.33038 CII_Colorado

U Combined O&G and Mining in 4 km domain 5.49465 CI_Rocky_Mountain 11.71799 CII_Dinosaur_all

V Natural Emissions 61.82309 CI_Bandelier 57.86499 CII_Dome

W 2021 All Emissions 81.23827 CI_Pecos 57.91420 CII_Dome

X 2008 All Emissions 123.70431 CI_Bandelier 115.81325 CII_Dome
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Δdv at Flat Tops, Eagles Nest and Maroon Bells-Snowmass of 0.173, 0.107 and 0.122, 
respectively (Table 5-16b). 

 For the 2021 High and Medium Development Scenarios, the GJFO Planning Area has two 
Class I areas where new Federal O&G emissions result in Δdv greater than 0.5 with 2 
days at Arches and 1 day at Black Canyon of the Gunnison that have maximum Δdv of 
0.900/0.837 (High/Medium) and 0.580/0.500 (High/Medium), respective (Table 5-
18a,c).  There are no days with Δdv > 0.5 at any Class I area due to new Federal O&G 
emissions within the GJFO Planning area for the 2021 Low Development Scenario (Table 
5-18b). 

 For new Federal O&G within the TRFO Planning Area the 2021 High Development 
Scenario has 35 days with Δdv > 0.5 and 4 days with Δdv > 1.0 at just the Mesa Verde 
Class I area (Table 5-19a).  These values are reduced to 5 days with Δdv > 0.5 and 1 day 
with Δdv > 1.0 at the Mesa Verde Class I area due to the mitigation in the 2021 Medium 
Development Scenario (Table 5-19c).  There are no days greater than these thresholds 
for the 2021 Low Development Scenario (Table 5-19b).  The maximum Δdv due to the 
TRFO at Mesa Verde are 1.412, 0.210 and 1.029 for the 2021 High, Low and Medium 
Development Scenario, respectively.   

 There are no days with Δdv > 0.5 at any Class I area due to Federal O&G emissions from 
the NMFFO Mancos Shale Development area for all three 2021 emission scenarios 
(Table 5-20).  However, as shown in Attachments B-1, B-2 and B-3, there are 210, 210 
and 77 days with Δdv > 0.5 and 50, 50 and 3 days with Δdv > 1.0 at the Aztec Ruins 
sensitive Class II area for the 2021 High, Low and Medium Development Scenarios.  Note 
that the CARMMS 2021 High and Low Development Scenarios both ran with the same 
High Development Scenario emissions for the NMFFO Mancos Shale O&G emissions 
since the Low Scenario emissions were not available at the time of the CARMMS 2021 
Low Development Scenario CAMx source apportionment simulation.  

 New Federal O&G from the USFS-PG Planning Area has no days with Δdv > 0.5 at any 
Class I or sensitive Class II area for all three 2021 emissions scenarios (Table 5-21).  The 
maximum Δdv impact due to new Federal O&G development in the USGS-PG Planning 
Area is 0.125, 0.028 and 0.075 at Rocky Mountain National Park for the, respectively, 
2021 High, Low and Medium Development Scenarios (Table 5-21). 
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Table 5-17a.  Maximum Δdv and number of days Δdv exceeds 0.5 and 1.0 for each Class I area 
due to emissions from Federal O&G within the WRFO Planning Area (2021 High Development 
Scenario). 

 
 

> 1.0 > 0.5

CI_Arches Arches NP 0.43533 1/14/2008 0 0

CI_Bandelier Bandelier NM 0.11148 1/17/2008 0 0

CI_Black_Canyon Black Canyon of the Gunnison NM 0.47587 2/17/2008 0 0

CI_Bosque Bosque del Apache Wilderness 0.03747 3/7/2008 0 0

CI_Canyonlands Canyonlands NP 0.26536 1/14/2008 0 0

CI_Capitol_Reef Capitol Reef NP 0.07285 2/15/2008 0 0

CI_Eagles_Nest Eagles Nest Wilderness 0.53773 1/12/2008 0 1

CI_Flat_Tops Flat Tops Wilderness 0.78870 1/22/2008 0 6

CI_Galiuro Galiuro Wilderness 0.00336 5/14/2008 0 0

CI_Gila Gila Wilderness 0.02166 1/17/2008 0 0

CI_Great_Sand_Dunes Great Sand Dunes NM 0.20730 2/17/2008 0 0

CI_La_Garita La Garita Wilderness 0.14817 3/6/2008 0 0

CI_Maroon_Bells Maroon Bells-Snowmass Wilderness 0.55850 1/12/2008 0 2

CI_Mesa_Verde Mesa Verde NP 0.17805 3/6/2008 0 0

CI_Mount_Baldy Mount Baldy Wilderness 0.04517 1/17/2008 0 0

CI_Mount_Zirkel Mount Zirkel Wilderness 0.32817 1/12/2008 0 0

CI_Pecos Pecos Wilderness 0.08404 4/13/2008 0 0

CI_Petrified_Forest Petrified Forest NP 0.04465 3/23/2008 0 0

CI_Rawah Rawah Wilderness 0.22532 12/17/2008 0 0

CI_Rocky_Mountain Rocky Mountain NP 0.20118 3/27/2008 0 0

CI_Salt_Creek Salt Creek Wilderness 0.03710 5/19/2008 0 0

CI_San_Pedro San Pedro Parks Wilderness 0.07923 3/7/2008 0 0

CI_Weminuche Weminuche Wilderness 0.12011 5/14/2008 0 0

CI_West_Elk West Elk Wilderness 0.32166 1/12/2008 0 0

CI_Wheeler_Peak Wheeler Peak Wilderness 0.09681 5/20/2008 0 0

CI_White_Mountain White Mountain Wilderness 0.02573 1/14/2008 0 0

Class I

Short Name Class I&II Name dv Date

Number of Day

White River FO
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Table 5-17b.  Maximum Δdv and number of days Δdv exceeds 0.5 and 1.0 for each Class I area 
due to emissions from Federal O&G within the WRFO Planning Area (2021 Low Development 
Scenario). 

 
  

> 1.0 > 0.5

CI_Arches Arches NP 0.09570 1/14/2008 0 0

CI_Bandelier Bandelier NM 0.01819 1/17/2008 0 0

CI_Black_Canyon Black Canyon of the Gunnison NM 0.08959 2/17/2008 0 0

CI_Bosque Bosque del Apache Wilderness 0.00606 3/7/2008 0 0

CI_Canyonlands Canyonlands NP 0.05029 1/14/2008 0 0

CI_Capitol_Reef Capitol Reef NP 0.01199 2/15/2008 0 0

CI_Eagles_Nest Eagles Nest Wilderness 0.10731 1/12/2008 0 0

CI_Flat_Tops Flat Tops Wilderness 0.17342 1/22/2008 0 0

CI_Galiuro Galiuro Wilderness 0.00057 5/14/2008 0 0

CI_Gila Gila Wilderness 0.00357 1/14/2008 0 0

CI_Great_Sand_Dunes Great Sand Dunes NM 0.03269 1/12/2008 0 0

CI_La_Garita La Garita Wilderness 0.02915 3/6/2008 0 0

CI_Maroon_Bells Maroon Bells-Snowmass Wilderness 0.12272 1/12/2008 0 0

CI_Mesa_Verde Mesa Verde NP 0.02813 3/6/2008 0 0

CI_Mount_Baldy Mount Baldy Wilderness 0.00755 1/17/2008 0 0

CI_Mount_Zirkel Mount Zirkel Wilderness 0.06246 1/12/2008 0 0

CI_Pecos Pecos Wilderness 0.01509 4/13/2008 0 0

CI_Petrified_Forest Petrified Forest NP 0.00758 3/23/2008 0 0

CI_Rawah Rawah Wilderness 0.03847 3/25/2008 0 0

CI_Rocky_Mountain Rocky Mountain NP 0.03799 3/27/2008 0 0

CI_Salt_Creek Salt Creek Wilderness 0.00666 5/19/2008 0 0

CI_San_Pedro San Pedro Parks Wilderness 0.01379 3/7/2008 0 0

CI_Weminuche Weminuche Wilderness 0.02257 3/6/2008 0 0

CI_West_Elk West Elk Wilderness 0.06922 1/12/2008 0 0

CI_Wheeler_Peak Wheeler Peak Wilderness 0.01743 5/20/2008 0 0

CI_White_Mountain White Mountain Wilderness 0.00433 1/14/2008 0 0

Class I

Short Name Class I&II Name dv Date

Number of Day

White River FO
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Table 5-17c.  Maximum Δdv and number of days Δdv exceeds 0.5 and 1.0 for each Class I area 
due to emissions from Federal O&G within the WRFO Planning Area (2021 Medium 
Development Scenario). 

 

> 1.0 > 0.5

CI_Arches Arches NP 0.38770 1/14/2008 0 0

CI_Bandelier Bandelier NM 0.09901 1/17/2008 0 0

CI_Black_Canyon Black Canyon of the Gunnison NM 0.46855 2/17/2008 0 0

CI_Bosque Bosque del Apache Wilderness 0.03146 3/7/2008 0 0

CI_Canyonlands Canyonlands NP 0.23310 1/14/2008 0 0

CI_Capitol_Reef Capitol Reef NP 0.06555 2/15/2008 0 0

CI_Eagles_Nest Eagles Nest Wilderness 0.43903 1/12/2008 0 0

CI_Flat_Tops Flat Tops Wilderness 0.78275 1/12/2008 0 4

CI_Galiuro Galiuro Wilderness 0.00308 5/14/2008 0 0

CI_Gila Gila Wilderness 0.01893 1/17/2008 0 0

CI_Great_Sand_Dunes Great Sand Dunes NM 0.18367 2/17/2008 0 0

CI_La_Garita La Garita Wilderness 0.12817 3/6/2008 0 0

CI_Maroon_Bells Maroon Bells-Snowmass Wilderness 0.47918 11/11/2008 0 0

CI_Mesa_Verde Mesa Verde NP 0.15716 3/6/2008 0 0

CI_Mount_Baldy Mount Baldy Wilderness 0.03930 1/17/2008 0 0

CI_Mount_Zirkel Mount Zirkel Wilderness 0.32707 1/12/2008 0 0

CI_Pecos Pecos Wilderness 0.07481 4/13/2008 0 0

CI_Petrified_Forest Petrified Forest NP 0.04403 3/23/2008 0 0

CI_Rawah Rawah Wilderness 0.18687 12/17/2008 0 0

CI_Rocky_Mountain Rocky Mountain NP 0.19646 3/27/2008 0 0

CI_Salt_Creek Salt Creek Wilderness 0.03306 5/19/2008 0 0

CI_San_Pedro San Pedro Parks Wilderness 0.06799 3/7/2008 0 0

CI_Weminuche Weminuche Wilderness 0.10672 5/14/2008 0 0

CI_West_Elk West Elk Wilderness 0.30428 2/17/2008 0 0

CI_Wheeler_Peak Wheeler Peak Wilderness 0.08643 5/20/2008 0 0

CI_White_Mountain White Mountain Wilderness 0.02139 1/14/2008 0 0

Class I

Short Name Class I&II Name dv Date

Number of Day

White River FO
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Table 5-18a.  Maximum Δdv and number of days Δdv exceeds 0.5 and 1.0 for each Class I area 
due to emissions from Federal O&G within the GJFO Planning Area (2021 High Development 
Scenario). 

 

> 1.0 > 0.5

CI_Arches Arches NP 0.90007 1/13/2008 0 2

CI_Bandelier Bandelier NM 0.07374 1/17/2008 0 0

CI_Black_Canyon Black Canyon of the Gunnison NM 0.58026 2/16/2008 0 1

CI_Bosque Bosque del Apache Wilderness 0.02721 3/7/2008 0 0

CI_Canyonlands Canyonlands NP 0.34965 1/13/2008 0 0

CI_Capitol_Reef Capitol Reef NP 0.13423 1/2/2008 0 0

CI_Eagles_Nest Eagles Nest Wilderness 0.29818 1/22/2008 0 0

CI_Flat_Tops Flat Tops Wilderness 0.34568 5/25/2008 0 0

CI_Galiuro Galiuro Wilderness 0.00199 5/18/2008 0 0

CI_Gila Gila Wilderness 0.01637 1/14/2008 0 0

CI_Great_Sand_Dunes Great Sand Dunes NM 0.18116 1/12/2008 0 0

CI_La_Garita La Garita Wilderness 0.15510 1/12/2008 0 0

CI_Maroon_Bells Maroon Bells-Snowmass Wilderness 0.43962 1/12/2008 0 0

CI_Mesa_Verde Mesa Verde NP 0.14631 1/17/2008 0 0

CI_Mount_Baldy Mount Baldy Wilderness 0.02719 1/17/2008 0 0

CI_Mount_Zirkel Mount Zirkel Wilderness 0.28359 5/25/2008 0 0

CI_Pecos Pecos Wilderness 0.07952 1/13/2008 0 0

CI_Petrified_Forest Petrified Forest NP 0.02661 3/9/2008 0 0

CI_Rawah Rawah Wilderness 0.14821 5/25/2008 0 0

CI_Rocky_Mountain Rocky Mountain NP 0.16054 3/24/2008 0 0

CI_Salt_Creek Salt Creek Wilderness 0.02422 1/13/2008 0 0

CI_San_Pedro San Pedro Parks Wilderness 0.05123 3/6/2008 0 0

CI_Weminuche Weminuche Wilderness 0.09183 3/5/2008 0 0

CI_West_Elk West Elk Wilderness 0.40600 1/12/2008 0 0

CI_Wheeler_Peak Wheeler Peak Wilderness 0.10652 1/12/2008 0 0

CI_White_Mountain White Mountain Wilderness 0.01722 1/14/2008 0 0

Class I

Short Name Class I&II Name dv Date

Number of Day

Grand Junction FO
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Table 5-18b.  Maximum Δdv and number of days Δdv exceeds 0.5 and 1.0 for each Class I area 
due to emissions from Federal O&G within the GJFO Planning Area (2021 Low Development 
Scenario). 

 

  

> 1.0 > 0.5

CI_Arches Arches NP 0.06394 1/13/2008 0 0

CI_Bandelier Bandelier NM 0.00426 1/17/2008 0 0

CI_Black_Canyon Black Canyon of the Gunnison NM 0.03463 2/16/2008 0 0

CI_Bosque Bosque del Apache Wilderness 0.00157 3/7/2008 0 0

CI_Canyonlands Canyonlands NP 0.02204 1/13/2008 0 0

CI_Capitol_Reef Capitol Reef NP 0.00678 1/2/2008 0 0

CI_Eagles_Nest Eagles Nest Wilderness 0.02113 1/22/2008 0 0

CI_Flat_Tops Flat Tops Wilderness 0.01884 5/25/2008 0 0

CI_Galiuro Galiuro Wilderness 0.00012 5/18/2008 0 0

CI_Gila Gila Wilderness 0.00099 1/14/2008 0 0

CI_Great_Sand_Dunes Great Sand Dunes NM 0.01113 1/13/2008 0 0

CI_La_Garita La Garita Wilderness 0.01015 3/22/2008 0 0

CI_Maroon_Bells Maroon Bells-Snowmass Wilderness 0.03801 1/12/2008 0 0

CI_Mesa_Verde Mesa Verde NP 0.00879 1/17/2008 0 0

CI_Mount_Baldy Mount Baldy Wilderness 0.00165 1/17/2008 0 0

CI_Mount_Zirkel Mount Zirkel Wilderness 0.01705 5/25/2008 0 0

CI_Pecos Pecos Wilderness 0.00503 1/13/2008 0 0

CI_Petrified_Forest Petrified Forest NP 0.00157 3/9/2008 0 0

CI_Rawah Rawah Wilderness 0.00923 4/22/2008 0 0

CI_Rocky_Mountain Rocky Mountain NP 0.01079 3/24/2008 0 0

CI_Salt_Creek Salt Creek Wilderness 0.00146 1/13/2008 0 0

CI_San_Pedro San Pedro Parks Wilderness 0.00328 3/6/2008 0 0

CI_Weminuche Weminuche Wilderness 0.00642 3/5/2008 0 0

CI_West_Elk West Elk Wilderness 0.03084 1/12/2008 0 0

CI_Wheeler_Peak Wheeler Peak Wilderness 0.00653 1/13/2008 0 0

CI_White_Mountain White Mountain Wilderness 0.00101 1/14/2008 0 0

Class I

Short Name Class I&II Name dv Date

Number of Day

Grand Junction FO
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Table 5-18c.  Maximum Δdv and number of days Δdv exceeds 0.5 and 1.0 for each Class I area 
due to emissions from Federal O&G within the GJFO Planning Area (2021 Medium 
Development Scenario). 

 

 
  

> 1.0 > 0.5

CI_Arches Arches NP 0.83689 1/13/2008 0 2

CI_Bandelier Bandelier NM 0.06171 1/17/2008 0 0

CI_Black_Canyon Black Canyon of the Gunnison NM 0.50011 2/16/2008 0 1

CI_Bosque Bosque del Apache Wilderness 0.02177 3/7/2008 0 0

CI_Canyonlands Canyonlands NP 0.32464 1/13/2008 0 0

CI_Capitol_Reef Capitol Reef NP 0.11614 1/2/2008 0 0

CI_Eagles_Nest Eagles Nest Wilderness 0.24399 1/22/2008 0 0

CI_Flat_Tops Flat Tops Wilderness 0.27841 5/25/2008 0 0

CI_Galiuro Galiuro Wilderness 0.00155 5/18/2008 0 0

CI_Gila Gila Wilderness 0.01337 1/14/2008 0 0

CI_Great_Sand_Dunes Great Sand Dunes NM 0.15145 1/12/2008 0 0

CI_La_Garita La Garita Wilderness 0.13364 1/12/2008 0 0

CI_Maroon_Bells Maroon Bells-Snowmass Wilderness 0.36723 1/12/2008 0 0

CI_Mesa_Verde Mesa Verde NP 0.12182 1/17/2008 0 0

CI_Mount_Baldy Mount Baldy Wilderness 0.02259 1/17/2008 0 0

CI_Mount_Zirkel Mount Zirkel Wilderness 0.23447 5/25/2008 0 0

CI_Pecos Pecos Wilderness 0.06703 1/13/2008 0 0

CI_Petrified_Forest Petrified Forest NP 0.02307 3/9/2008 0 0

CI_Rawah Rawah Wilderness 0.11926 5/25/2008 0 0

CI_Rocky_Mountain Rocky Mountain NP 0.13008 3/24/2008 0 0

CI_Salt_Creek Salt Creek Wilderness 0.02030 1/13/2008 0 0

CI_San_Pedro San Pedro Parks Wilderness 0.04261 3/6/2008 0 0

CI_Weminuche Weminuche Wilderness 0.07837 3/5/2008 0 0

CI_West_Elk West Elk Wilderness 0.34239 1/12/2008 0 0

CI_Wheeler_Peak Wheeler Peak Wilderness 0.08939 1/12/2008 0 0

CI_White_Mountain White Mountain Wilderness 0.01405 1/14/2008 0 0

Class I

Short Name Class I&II Name dv Date

Number of Day

Grand Junction FO
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Table 5-19a.  Maximum Δdv and number of days Δdv exceeds 0.5 and 1.0 for each Class I area 
due to emissions from Federal O&G within the TRFO Planning Area (2021 High Development 
Scenario). 

 

> 1.0 > 0.5

CI_Arches Arches NP 0.08112 2/10/2008 0 0

CI_Bandelier Bandelier NM 0.08282 1/18/2008 0 0

CI_Black_Canyon Black Canyon of the Gunnison NM 0.15138 2/11/2008 0 0

CI_Bosque Bosque del Apache Wilderness 0.03171 1/13/2008 0 0

CI_Canyonlands Canyonlands NP 0.14171 12/21/2008 0 0

CI_Capitol_Reef Capitol Reef NP 0.02766 1/3/2008 0 0

CI_Eagles_Nest Eagles Nest Wilderness 0.06000 5/24/2008 0 0

CI_Flat_Tops Flat Tops Wilderness 0.08493 5/25/2008 0 0

CI_Galiuro Galiuro Wilderness 0.00177 3/23/2008 0 0

CI_Gila Gila Wilderness 0.01053 4/13/2008 0 0

CI_Great_Sand_Dunes Great Sand Dunes NM 0.03540 11/19/2008 0 0

CI_La_Garita La Garita Wilderness 0.05190 3/21/2008 0 0

CI_Maroon_Bells Maroon Bells-Snowmass Wilderness 0.08297 5/24/2008 0 0

CI_Mesa_Verde Mesa Verde NP 1.41540 2/10/2008 4 35

CI_Mount_Baldy Mount Baldy Wilderness 0.01073 3/23/2008 0 0

CI_Mount_Zirkel Mount Zirkel Wilderness 0.07637 5/25/2008 0 0

CI_Pecos Pecos Wilderness 0.03618 3/11/2008 0 0

CI_Petrified_Forest Petrified Forest NP 0.03174 1/14/2008 0 0

CI_Rawah Rawah Wilderness 0.05117 5/25/2008 0 0

CI_Rocky_Mountain Rocky Mountain NP 0.03678 5/24/2008 0 0

CI_Salt_Creek Salt Creek Wilderness 0.01197 1/13/2008 0 0

CI_San_Pedro San Pedro Parks Wilderness 0.06324 1/12/2008 0 0

CI_Weminuche Weminuche Wilderness 0.06845 3/21/2008 0 0

CI_West_Elk West Elk Wilderness 0.07588 12/20/2008 0 0

CI_Wheeler_Peak Wheeler Peak Wilderness 0.02479 2/8/2008 0 0

CI_White_Mountain White Mountain Wilderness 0.01629 1/13/2008 0 0

Class I

Short Name Class I&II Name dv Date

Number of Day

Tres Rios FO



January 2015 
 
 

137 

Table 5-19b.  Maximum Δdv and number of days Δdv exceeds 0.5 and 1.0 for each Class I area 
due to emissions from Federal O&G within the TRFO Planning Area (2021 Low Development 
Scenario). 

 

  

> 1.0 > 0.5

CI_Arches Arches NP 0.01083 2/10/2008 0 0

CI_Bandelier Bandelier NM 0.00987 1/18/2008 0 0

CI_Black_Canyon Black Canyon of the Gunnison NM 0.01743 2/11/2008 0 0

CI_Bosque Bosque del Apache Wilderness 0.00383 1/13/2008 0 0

CI_Canyonlands Canyonlands NP 0.01906 12/21/2008 0 0

CI_Capitol_Reef Capitol Reef NP 0.00330 1/3/2008 0 0

CI_Eagles_Nest Eagles Nest Wilderness 0.00728 5/24/2008 0 0

CI_Flat_Tops Flat Tops Wilderness 0.01074 5/25/2008 0 0

CI_Galiuro Galiuro Wilderness 0.00021 3/23/2008 0 0

CI_Gila Gila Wilderness 0.00133 4/13/2008 0 0

CI_Great_Sand_Dunes Great Sand Dunes NM 0.00413 11/19/2008 0 0

CI_La_Garita La Garita Wilderness 0.00642 3/21/2008 0 0

CI_Maroon_Bells Maroon Bells-Snowmass Wilderness 0.00984 5/24/2008 0 0

CI_Mesa_Verde Mesa Verde NP 0.21039 2/10/2008 0 0

CI_Mount_Baldy Mount Baldy Wilderness 0.00130 3/23/2008 0 0

CI_Mount_Zirkel Mount Zirkel Wilderness 0.00984 5/25/2008 0 0

CI_Pecos Pecos Wilderness 0.00427 3/11/2008 0 0

CI_Petrified_Forest Petrified Forest NP 0.00384 1/14/2008 0 0

CI_Rawah Rawah Wilderness 0.00634 5/25/2008 0 0

CI_Rocky_Mountain Rocky Mountain NP 0.00465 5/24/2008 0 0

CI_Salt_Creek Salt Creek Wilderness 0.00149 1/13/2008 0 0

CI_San_Pedro San Pedro Parks Wilderness 0.00768 1/12/2008 0 0

CI_Weminuche Weminuche Wilderness 0.00834 3/21/2008 0 0

CI_West_Elk West Elk Wilderness 0.00900 12/20/2008 0 0

CI_Wheeler_Peak Wheeler Peak Wilderness 0.00302 2/8/2008 0 0

CI_White_Mountain White Mountain Wilderness 0.00201 1/13/2008 0 0

Class I

Short Name Class I&II Name dv Date

Number of Day

Tres Rios FO
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Table 5-19c.  Maximum Δdv and number of days Δdv exceeds 0.5 and 1.0 for each Class I area 
due to emissions from Federal O&G within the TRFO Planning Area (2021 Medium 
Development Scenario). 

 

 

> 1.0 > 0.5

CI_Arches Arches NP 0.06784 2/10/2008 0 0

CI_Bandelier Bandelier NM 0.06815 1/18/2008 0 0

CI_Black_Canyon Black Canyon of the Gunnison NM 0.12458 2/11/2008 0 0

CI_Bosque Bosque del Apache Wilderness 0.02502 1/13/2008 0 0

CI_Canyonlands Canyonlands NP 0.11730 12/21/2008 0 0

CI_Capitol_Reef Capitol Reef NP 0.02288 1/3/2008 0 0

CI_Eagles_Nest Eagles Nest Wilderness 0.04997 5/24/2008 0 0

CI_Flat_Tops Flat Tops Wilderness 0.07172 5/25/2008 0 0

CI_Galiuro Galiuro Wilderness 0.00146 3/23/2008 0 0

CI_Gila Gila Wilderness 0.00855 4/13/2008 0 0

CI_Great_Sand_Dunes Great Sand Dunes NM 0.02765 3/21/2008 0 0

CI_La_Garita La Garita Wilderness 0.04270 3/21/2008 0 0

CI_Maroon_Bells Maroon Bells-Snowmass Wilderness 0.06869 5/24/2008 0 0

CI_Mesa_Verde Mesa Verde NP 1.02858 2/10/2008 1 5

CI_Mount_Baldy Mount Baldy Wilderness 0.00885 3/23/2008 0 0

CI_Mount_Zirkel Mount Zirkel Wilderness 0.06459 5/25/2008 0 0

CI_Pecos Pecos Wilderness 0.02941 3/11/2008 0 0

CI_Petrified_Forest Petrified Forest NP 0.02271 1/14/2008 0 0

CI_Rawah Rawah Wilderness 0.04288 5/25/2008 0 0

CI_Rocky_Mountain Rocky Mountain NP 0.03083 5/24/2008 0 0

CI_Salt_Creek Salt Creek Wilderness 0.00975 1/13/2008 0 0

CI_San_Pedro San Pedro Parks Wilderness 0.05047 1/12/2008 0 0

CI_Weminuche Weminuche Wilderness 0.05626 3/21/2008 0 0

CI_West_Elk West Elk Wilderness 0.06237 12/20/2008 0 0

CI_Wheeler_Peak Wheeler Peak Wilderness 0.02032 2/8/2008 0 0

CI_White_Mountain White Mountain Wilderness 0.01354 1/13/2008 0 0

Class I

Short Name Class I&II Name dv Date

Number of Day

Tres Rios FO
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Table 5-20a.  Maximum Δdv and number of days Δdv exceeds 0.5 and 1.0 for each Class I area 
due to emissions from Federal O&G within the NMFFO Planning Area (2021 High 
Development Scenario). 

 

> 1.0 > 0.5

CI_Arches Arches NP 0.05561 11/25/2008 0 0

CI_Bandelier Bandelier NM 0.15626 1/18/2008 0 0

CI_Black_Canyon Black Canyon of the Gunnison NM 0.12266 5/25/2008 0 0

CI_Bosque Bosque del Apache Wilderness 0.02491 3/7/2008 0 0

CI_Canyonlands Canyonlands NP 0.08824 12/30/2008 0 0

CI_Capitol_Reef Capitol Reef NP 0.08109 1/3/2008 0 0

CI_Eagles_Nest Eagles Nest Wilderness 0.07141 5/25/2008 0 0

CI_Flat_Tops Flat Tops Wilderness 0.07557 5/25/2008 0 0

CI_Galiuro Galiuro Wilderness 0.00596 5/17/2008 0 0

CI_Gila Gila Wilderness 0.01445 5/18/2008 0 0

CI_Great_Sand_Dunes Great Sand Dunes NM 0.12535 12/8/2008 0 0

CI_La_Garita La Garita Wilderness 0.15074 5/24/2008 0 0

CI_Maroon_Bells Maroon Bells-Snowmass Wilderness 0.09903 5/25/2008 0 0

CI_Mesa_Verde Mesa Verde NP 0.19519 1/1/2008 0 0

CI_Mount_Baldy Mount Baldy Wilderness 0.01094 5/17/2008 0 0

CI_Mount_Zirkel Mount Zirkel Wilderness 0.04961 5/26/2008 0 0

CI_Pecos Pecos Wilderness 0.08594 3/11/2008 0 0

CI_Petrified_Forest Petrified Forest NP 0.07565 1/14/2008 0 0

CI_Rawah Rawah Wilderness 0.03416 5/25/2008 0 0

CI_Rocky_Mountain Rocky Mountain NP 0.03444 5/25/2008 0 0

CI_Salt_Creek Salt Creek Wilderness 0.02992 1/13/2008 0 0

CI_San_Pedro San Pedro Parks Wilderness 0.13503 3/18/2008 0 0

CI_Weminuche Weminuche Wilderness 0.30608 5/24/2008 0 0

CI_West_Elk West Elk Wilderness 0.11344 5/25/2008 0 0

CI_Wheeler_Peak Wheeler Peak Wilderness 0.07107 3/24/2008 0 0

CI_White_Mountain White Mountain Wilderness 0.02660 1/13/2008 0 0

Class I

Short Name Class I&II Name dv Date

Number of Day

New Mexico Farmington District
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Table 5-20b.  Maximum Δdv and number of days Δdv exceeds 0.5 and 1.0 for each Class I area 
due to emissions from Federal O&G within the NMFFO Planning Area (2021 Low 
Development Scenario). 

 

 
 
  

> 1.0 > 0.5

CI_Arches Arches NP 0.05560 11/25/2008 0 0

CI_Bandelier Bandelier NM 0.15753 1/18/2008 0 0

CI_Black_Canyon Black Canyon of the Gunnison NM 0.12277 5/25/2008 0 0

CI_Bosque Bosque del Apache Wilderness 0.02532 3/7/2008 0 0

CI_Canyonlands Canyonlands NP 0.08843 12/30/2008 0 0

CI_Capitol_Reef Capitol Reef NP 0.08074 1/3/2008 0 0

CI_Eagles_Nest Eagles Nest Wilderness 0.07157 5/25/2008 0 0

CI_Flat_Tops Flat Tops Wilderness 0.07693 5/25/2008 0 0

CI_Galiuro Galiuro Wilderness 0.00600 5/17/2008 0 0

CI_Gila Gila Wilderness 0.01454 5/18/2008 0 0

CI_Great_Sand_Dunes Great Sand Dunes NM 0.12514 12/8/2008 0 0

CI_La_Garita La Garita Wilderness 0.15069 5/24/2008 0 0

CI_Maroon_Bells Maroon Bells-Snowmass Wilderness 0.09914 5/25/2008 0 0

CI_Mesa_Verde Mesa Verde NP 0.19566 1/1/2008 0 0

CI_Mount_Baldy Mount Baldy Wilderness 0.01103 5/17/2008 0 0

CI_Mount_Zirkel Mount Zirkel Wilderness 0.05047 5/26/2008 0 0

CI_Pecos Pecos Wilderness 0.08613 3/11/2008 0 0

CI_Petrified_Forest Petrified Forest NP 0.07619 1/14/2008 0 0

CI_Rawah Rawah Wilderness 0.03453 5/25/2008 0 0

CI_Rocky_Mountain Rocky Mountain NP 0.03407 5/25/2008 0 0

CI_Salt_Creek Salt Creek Wilderness 0.03084 1/13/2008 0 0

CI_San_Pedro San Pedro Parks Wilderness 0.13617 3/18/2008 0 0

CI_Weminuche Weminuche Wilderness 0.30611 5/24/2008 0 0

CI_West_Elk West Elk Wilderness 0.11343 5/25/2008 0 0

CI_Wheeler_Peak Wheeler Peak Wilderness 0.07176 3/24/2008 0 0

CI_White_Mountain White Mountain Wilderness 0.02696 1/13/2008 0 0

Class I

Short Name Class I&II Name dv Date

Number of Day

New Mexico Farmington District
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Table 5-20c.  Maximum Δdv and number of days Δdv exceeds 0.5 and 1.0 for each Class I area 
due to emissions from Federal O&G within the NMFFO Planning Area (2021 Medium 
Development Scenario). 

 

> 1.0 > 0.5

CI_Arches Arches NP 0.03949 11/25/2008 0 0

CI_Bandelier Bandelier NM 0.11621 1/18/2008 0 0

CI_Black_Canyon Black Canyon of the Gunnison NM 0.09211 5/25/2008 0 0

CI_Bosque Bosque del Apache Wilderness 0.01757 3/7/2008 0 0

CI_Canyonlands Canyonlands NP 0.06564 12/30/2008 0 0

CI_Capitol_Reef Capitol Reef NP 0.06059 1/3/2008 0 0

CI_Eagles_Nest Eagles Nest Wilderness 0.05397 5/25/2008 0 0

CI_Flat_Tops Flat Tops Wilderness 0.05739 5/25/2008 0 0

CI_Galiuro Galiuro Wilderness 0.00370 5/17/2008 0 0

CI_Gila Gila Wilderness 0.00984 5/18/2008 0 0

CI_Great_Sand_Dunes Great Sand Dunes NM 0.09241 12/8/2008 0 0

CI_La_Garita La Garita Wilderness 0.11350 5/24/2008 0 0

CI_Maroon_Bells Maroon Bells-Snowmass Wilderness 0.07456 5/25/2008 0 0

CI_Mesa_Verde Mesa Verde NP 0.14509 12/30/2008 0 0

CI_Mount_Baldy Mount Baldy Wilderness 0.00702 5/17/2008 0 0

CI_Mount_Zirkel Mount Zirkel Wilderness 0.03725 5/26/2008 0 0

CI_Pecos Pecos Wilderness 0.06296 3/11/2008 0 0

CI_Petrified_Forest Petrified Forest NP 0.04816 1/14/2008 0 0

CI_Rawah Rawah Wilderness 0.02590 5/25/2008 0 0

CI_Rocky_Mountain Rocky Mountain NP 0.02598 5/25/2008 0 0

CI_Salt_Creek Salt Creek Wilderness 0.02222 1/13/2008 0 0

CI_San_Pedro San Pedro Parks Wilderness 0.08660 3/18/2008 0 0

CI_Weminuche Weminuche Wilderness 0.22871 5/24/2008 0 0

CI_West_Elk West Elk Wilderness 0.08529 5/25/2008 0 0

CI_Wheeler_Peak Wheeler Peak Wilderness 0.04916 2/8/2008 0 0

CI_White_Mountain White Mountain Wilderness 0.01987 1/13/2008 0 0

Class I

Short Name Class I&II Name dv Date

Number of Day

New Mexico Farmington District
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Table 5-21a.  Maximum Δdv and number of days Δdv exceeds 0.5 and 1.0 for each Class I area 
due to emissions from Federal O&G within the USFS-PG Planning Area (2021 High 
Development Scenario). 

 

> 1.0 > 0.5

CI_Arches Arches NP 0.00006 9/30/2008 0 0

CI_Bandelier Bandelier NM 0.00242 12/9/2008 0 0

CI_Black_Canyon Black Canyon of the Gunnison NM 0.00137 3/17/2008 0 0

CI_Bosque Bosque del Apache Wilderness 0.00144 11/15/2008 0 0

CI_Canyonlands Canyonlands NP 0.00007 7/10/2008 0 0

CI_Capitol_Reef Capitol Reef NP 0.00004 7/10/2008 0 0

CI_Eagles_Nest Eagles Nest Wilderness 0.00630 3/9/2008 0 0

CI_Flat_Tops Flat Tops Wilderness 0.00154 3/17/2008 0 0

CI_Galiuro Galiuro Wilderness 0.00008 5/17/2008 0 0

CI_Gila Gila Wilderness 0.00096 5/17/2008 0 0

CI_Great_Sand_Dunes Great Sand Dunes NM 0.00676 11/27/2008 0 0

CI_La_Garita La Garita Wilderness 0.00159 4/17/2008 0 0

CI_Maroon_Bells Maroon Bells-Snowmass Wilderness 0.00261 3/17/2008 0 0

CI_Mesa_Verde Mesa Verde NP 0.00030 3/17/2008 0 0

CI_Mount_Baldy Mount Baldy Wilderness 0.00039 5/16/2008 0 0

CI_Mount_Zirkel Mount Zirkel Wilderness 0.00255 5/26/2008 0 0

CI_Pecos Pecos Wilderness 0.00395 11/24/2008 0 0

CI_Petrified_Forest Petrified Forest NP 0.00056 5/16/2008 0 0

CI_Rawah Rawah Wilderness 0.02765 5/26/2008 0 0

CI_Rocky_Mountain Rocky Mountain NP 0.12545 11/20/2008 0 0

CI_Salt_Creek Salt Creek Wilderness 0.00225 5/18/2008 0 0

CI_San_Pedro San Pedro Parks Wilderness 0.00120 5/16/2008 0 0

CI_Weminuche Weminuche Wilderness 0.00183 4/17/2008 0 0

CI_West_Elk West Elk Wilderness 0.00204 3/17/2008 0 0

CI_Wheeler_Peak Wheeler Peak Wilderness 0.00246 5/15/2008 0 0

CI_White_Mountain White Mountain Wilderness 0.00268 5/18/2008 0 0

Class I

Short Name Class I&II Name dv Date

Number of Day

Pawnee Grasslands portion of RGFO#1
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Table 5-21b.  Maximum Δdv and number of days Δdv exceeds 0.5 and 1.0 for each Class I area 
due to emissions from Federal O&G within the USFS-PG Planning Area (2021 Low 
Development Scenario). 

 

> 1.0 > 0.5

CI_Arches Arches NP 0.00001 12/30/2008 0 0

CI_Bandelier Bandelier NM 0.00048 12/9/2008 0 0

CI_Black_Canyon Black Canyon of the Gunnison NM 0.00032 3/17/2008 0 0

CI_Bosque Bosque del Apache Wilderness 0.00028 11/15/2008 0 0

CI_Canyonlands Canyonlands NP 0.00008 12/30/2008 0 0

CI_Capitol_Reef Capitol Reef NP 0.00001 7/10/2008 0 0

CI_Eagles_Nest Eagles Nest Wilderness 0.00130 3/9/2008 0 0

CI_Flat_Tops Flat Tops Wilderness 0.00031 3/17/2008 0 0

CI_Galiuro Galiuro Wilderness 0.00002 5/17/2008 0 0

CI_Gila Gila Wilderness 0.00019 5/17/2008 0 0

CI_Great_Sand_Dunes Great Sand Dunes NM 0.00139 11/27/2008 0 0

CI_La_Garita La Garita Wilderness 0.00035 3/17/2008 0 0

CI_Maroon_Bells Maroon Bells-Snowmass Wilderness 0.00055 3/17/2008 0 0

CI_Mesa_Verde Mesa Verde NP 0.00007 3/17/2008 0 0

CI_Mount_Baldy Mount Baldy Wilderness 0.00008 5/16/2008 0 0

CI_Mount_Zirkel Mount Zirkel Wilderness 0.00054 5/26/2008 0 0

CI_Pecos Pecos Wilderness 0.00074 11/24/2008 0 0

CI_Petrified_Forest Petrified Forest NP 0.00011 5/16/2008 0 0

CI_Rawah Rawah Wilderness 0.00556 5/26/2008 0 0

CI_Rocky_Mountain Rocky Mountain NP 0.02803 11/20/2008 0 0

CI_Salt_Creek Salt Creek Wilderness 0.00047 5/18/2008 0 0

CI_San_Pedro San Pedro Parks Wilderness 0.00023 5/16/2008 0 0

CI_Weminuche Weminuche Wilderness 0.00038 4/17/2008 0 0

CI_West_Elk West Elk Wilderness 0.00046 3/17/2008 0 0

CI_Wheeler_Peak Wheeler Peak Wilderness 0.00049 5/15/2008 0 0

CI_White_Mountain White Mountain Wilderness 0.00056 5/18/2008 0 0

Class I

Short Name Class I&II Name dv Date

Number of Day

Pawnee Grasslands portion of RGFO#1
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Table 5-21c.  Maximum Δdv and number of days Δdv exceeds 0.5 and 1.0 for each Class I area 
due to emissions from Federal O&G within the USFS-PG Planning Area (2021 Medium 
Development Scenario). 

 

 

5.3 Cumulative Visibility Impacts at Class I Areas 

The visibility impacts due to new oil and gas emissions from combined BLM Planning Areas 
were examined following the procedures provided by the FWS and NPS (FWS and NPS, 2012) 
and described in Section 4.6.2.  These procedures use EPA’s Modeled Attainment Test Software 
(MATS) to project current year observed visibility impairment for the observed best 20 percent 
(B20%) and worst 20 percent (W20%) visibility days to the future year using the CAMx 2008 
Base Case and 2021 High, Low and Medium Development Scenarios modeling results with and 
without emissions from each of the combined emission Source Groups.  The cumulative 
visibility analysis was conducted for the following four combined Source Groups: 

 Source Group R:  New oil and gas and mining on Federal lands within the 13 Colorado 
BLM Planning Areas; 

 Source Group S:  New oil and gas on Federal and non-Federal lands and mining on 
Federal lands within the 13 Colorado BLM Planning Areas; 

> 1.0 > 0.5

CI_Arches Arches NP 0.00002 9/30/2008 0 0

CI_Bandelier Bandelier NM 0.00146 12/9/2008 0 0

CI_Black_Canyon Black Canyon of the Gunnison NM 0.00086 3/17/2008 0 0

CI_Bosque Bosque del Apache Wilderness 0.00079 11/15/2008 0 0

CI_Canyonlands Canyonlands NP 0.00003 7/10/2008 0 0

CI_Capitol_Reef Capitol Reef NP 0.00002 7/10/2008 0 0

CI_Eagles_Nest Eagles Nest Wilderness 0.00369 3/9/2008 0 0

CI_Flat_Tops Flat Tops Wilderness 0.00091 3/17/2008 0 0

CI_Galiuro Galiuro Wilderness 0.00003 5/17/2008 0 0

CI_Gila Gila Wilderness 0.00047 5/17/2008 0 0

CI_Great_Sand_Dunes Great Sand Dunes NM 0.00371 11/27/2008 0 0

CI_La_Garita La Garita Wilderness 0.00099 3/17/2008 0 0

CI_Maroon_Bells Maroon Bells-Snowmass Wilderness 0.00158 3/17/2008 0 0

CI_Mesa_Verde Mesa Verde NP 0.00018 3/17/2008 0 0

CI_Mount_Baldy Mount Baldy Wilderness 0.00019 5/16/2008 0 0

CI_Mount_Zirkel Mount Zirkel Wilderness 0.00155 5/26/2008 0 0

CI_Pecos Pecos Wilderness 0.00234 11/24/2008 0 0

CI_Petrified_Forest Petrified Forest NP 0.00024 5/16/2008 0 0

CI_Rawah Rawah Wilderness 0.01687 5/26/2008 0 0

CI_Rocky_Mountain Rocky Mountain NP 0.07521 11/20/2008 0 0

CI_Salt_Creek Salt Creek Wilderness 0.00124 2/18/2008 0 0

CI_San_Pedro San Pedro Parks Wilderness 0.00066 11/24/2008 0 0

CI_Weminuche Weminuche Wilderness 0.00106 4/17/2008 0 0

CI_West_Elk West Elk Wilderness 0.00126 3/17/2008 0 0

CI_Wheeler_Peak Wheeler Peak Wilderness 0.00135 5/15/2008 0 0

CI_White_Mountain White Mountain Wilderness 0.00146 5/18/2008 0 0

Class I

Short Name Class I&II Name dv Date

Number of Day

Pawnee Grasslands portion of RGFO#1
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 Source Group T: Cumulative Emissions Scenario of new oil and gas on Federal and non-
Federal lands and mining on Federal lands within the 14 Colorado and northern New 
Mexico BLM Planning Areas; 

 Source Group U:  Existing and New Federal and non-Federal oil and gas throughout the 4 
km CARMMS domain plus mining on Federal land within the 13 Colorado BLM Planning 
Areas. 

Attachments C-1, C-2 and C-3 contain the 2008 observed and 2021 projected visibility for the 
W20% and B20% days at Class I and sensitive Class II areas for the, respectively, High, Low and 
Medium Development Scenarios with and without each of the combined Source Groups.  
Tables 5-22 through 5-27 from Attachments C-1, C-2 and C-3 displays the cumulative visibility 
results at Class I areas for the 2021 High, Low and Medium Development Scenarios, the four 
combined emission Source Groups listed above and the W20% and B20% days.  MATS uses 
observed PM species concentrations and monthly average relative humidity from IMPROVE 
monitoring sites to calculate daily visibility impairment from which the W20% and B20% 
visibility days metrics are determined.  Not all Class I areas have a co-located IMPROVE 
monitoring site.  Thus, IMPROVE observations were mapped to nearby Class I areas that did not 
include an IMPROVE monitor.  In Tables 5-22 through 5-27, the Class I area of interest is shown 
in the first column and the IMPROVE site used to represent observed visibility at the Class I area 
is shown in the third column.  For example, the IMPROVE data from Canyonlands National Park 
was used to represent observed visibility for both the Canyonlands and Arches National Parks.  
The MATS includes the IMPROVE site to Class I area mappings.  However, MATS does not 
include mappings between IMPROVE sites and sensitive Class II areas.  Thus, we assigned an 
IMPROVE monitoring site to each sensitive Class II area based mainly on proximity so that MATS 
could calculate cumulative visibility impacts for the W20%/B20% days at sensitive Class II areas.  
Tables 5-22 through 5-26 include cumulative visibility impacts for just the Class I areas, the 
results for the sensitive Class II areas are included in Attachments C-1, C-2 and C-3. 

Table 5-22a displays the observed W20% visibility metric for the current year (2008) and the 
projected W20% metric for the 2021 High Development Scenario with and without each of the 
four combined Source Groups with differences in the W20% visibility metric shown in Table 5-
22b.  From the 2008 current year to the 2021 High Development Scenario future year, the 
W20% visibility metric is estimated to improve at 24 and degrade at 2 of the 26 Class I areas.  
The biggest improvement in W20% visibility between 2008 and 2021 High Scenario is a 
reduction of 0.89 dv that occurs at Rocky Mountain National Park that goes from 12.04 dv in 
2008 to 11.15 dv in the 2021 High Development Scenario.  The two Class I areas with 
degradation are Salt Creek (0.22 dv increase) and White Mountain (0.23 dv increase).   

There are even more improvements in the W20% visibility between 2008 and 2021 for the Low 
Development Scenario (Table 5-23).  Again the Class I area with the biggest improvement 
between 2008 and 2021 Low Scenario is a reduction of 0.92 dv at Rocky Mountain National 
Park.  Again 24 of the 26 Class I areas see W20% visibility improvements between 2008 and 
2021 Low Scenario with the same two Class I areas showing W20% visibility degradation in the 
High and Low Development Scenarios.  The results for the 2021 Medium Development Scenario 
are similar with 24 of 26 Class I areas showing improvements in the W20% visibility metric with 
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the largest improvement (0.89 dv decrease) occurring at Rocky Mountain National Park (Table 
5-24). 

The Source Group R (new Federal O&G and mining in Colorado) contribution to 2021 W20% 
visibility ranges from a minimum of zero to maximums of 0.12 (High), 0.10 (Low) and 0.12 
(Medium) dv (Tables 5-22b, 5-23b and 5-24b).  Whereas, the contributions of all O&G emissions 
in the 4 km CARMMS domain (Source Group U) to the W20% days is always positive with 
maximum values of 0.50, 0.40 and 0.45 dv for the High, Low and Medium Development 
Scenarios, respectively. 

The results for the B20% visibility days and High, Low and Medium Development Scenarios are 
shown in Tables 5-25 through 5-27.  Between 2008 and 2021 the B20% visibility improves for 
approximately half and degrades for the other half of the Class I areas for all three 2021 
emission scenarios.  The largest improvement in B20% visibility for the High, Low and Medium 
Development Scenarios are 0.16, 0.20 and 0.17 dv and the largest degradation in B20% visibility 
is 0.61, 0.57 and 0.61 dv, respectively.  The Source Groups’ R, S, T and U contributions to the 
B20% visibility range from zero to 0.16, 0.33, 0.40 and 0.80 dv for the High and zero to 0.13, 
0.16, 0.23 and 0.75 dv for the Low Development Scenarios with the 2021 Medium Development 
scenario results falling between the High and Low Development Scenarios. 
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Table 5-22a.  Cumulative visibility results for W20% visibility days at Class I areas for current 
year (2008) and 2021 High Development Scenario using all emissions and without Source 
Groups R, S, T and U. 

 

 

Table 5-22b.  Differences in cumulative visibility results for W20% visibility days at Class I 
areas between current year (2008) and 2021 High Development Scenario (2008-2021) and 
contributions of Source Groups R, S, T and U to 2021 W20% day’s visibility. 

 

Class I Name State IMPROVE Site 2008 Base 2021 High
2021 High 

w/o R

2021 High 

w/o S

2021 High 

w/o T

2021 High 

w/o U

Arches NP UT CANY1 11.02 10.37 10.34 10.26 10.26 10.19

Mount Baldy Wilderness AZ BALD1 11.10 10.56 10.56 10.55 10.55 10.54

Bandelier NM NM BAND1 11.33 10.88 10.83 10.80 10.79 10.44

Black Canyon of the Gunnison NM CO WEMI1 9.95 9.31 9.30 9.11 9.11 9.05

Bosque del Apache NM BOAP1 12.72 12.31 12.30 12.30 12.30 12.27

Canyonlands NP UT CANY1 12.49 11.98 11.96 11.91 11.91 11.86

Capitol Reef NP UT CAPI1 12.92 12.72 12.71 12.65 12.65 12.61

Eagles Nest Wilderness CO WHRI1 8.68 7.87 7.85 7.78 7.78 7.70

Flat Tops Wilderness CO WHRI1 8.68 8.07 8.06 7.89 7.89 7.85

Galiuro Wilderness1 AZ CHIR1 11.58 11.19 11.19 11.19 11.19 11.18

Gila Wilderness NM GICL1 11.58 11.54 11.54 11.54 11.54 11.54

Great Sand Dunes NM CO GRSA1 10.90 10.78 10.73 10.70 10.70 10.66

La Garita Wilderness CO WEMI1 9.95 9.36 9.35 9.34 9.33 9.31

Maroon Bells-Snowmass Wilderness CO WHRI1 8.68 7.91 7.89 7.84 7.84 7.80

Mesa Verde NP CO MEVE1 11.20 10.82 10.79 10.77 10.76 10.71

Mount Zirkel Wilderness CO MOZI1 9.36 8.54 8.53 8.45 8.45 8.42

Pecos Wilderness2 NM BAND1 11.33 10.86 10.80 10.76 10.75 10.51

Petrified Forest NP AZ PEFO1 12.49 12.06 12.04 12.02 12.02 11.89

Rawah Wilderness CO MOZI1 9.36 8.53 8.52 8.44 8.44 8.39

Rocky Mountain NP CO ROMO1 12.04 11.15 11.14 11.09 11.09 11.03

Salt Creek NM SACR1 16.87 17.09 17.08 17.08 17.08 17.06

San Pedro Parks Wilderness NM SAPE1 9.43 8.72 8.60 8.58 8.58 8.54

West Elk Wilderness CO WHRI1 8.68 8.08 8.06 8.01 8.01 7.97

Weminuche Wilderness CO WEMI1 9.95 9.49 9.46 9.45 9.45 9.42

Wheeler Peak Wilderness2 NM BAND1 11.33 10.86 10.75 10.59 10.52 10.36

White Mountain Wilderness NM WHIT1 12.92 13.15 13.15 13.15 13.15 13.13

Class I Name State IMPROVE Site

2021 High 

Improvement 

from 2008

Contribution 

from R

Contribution 

from S

Contribution 

from T

Contribution 

from U

Arches NP UT CANY1 0.65 0.03 0.11 0.11 0.18

Mount Baldy Wilderness AZ BALD1 0.54 0.00 0.01 0.01 0.02

Bandelier NM NM BAND1 0.45 0.05 0.08 0.09 0.44

Black Canyon of the Gunnison NM CO WEMI1 0.64 0.01 0.20 0.20 0.26

Bosque del Apache NM BOAP1 0.41 0.01 0.01 0.01 0.04

Canyonlands NP UT CANY1 0.51 0.02 0.07 0.07 0.12

Capitol Reef NP UT CAPI1 0.20 0.01 0.07 0.07 0.11

Eagles Nest Wilderness CO WHRI1 0.81 0.02 0.09 0.09 0.17

Flat Tops Wilderness CO WHRI1 0.61 0.01 0.18 0.18 0.22

Galiuro Wilderness1 AZ CHIR1 0.39 0.00 0.00 0.00 0.01

Gila Wilderness NM GICL1 0.04 0.00 0.00 0.00 0.00

Great Sand Dunes NM CO GRSA1 0.12 0.05 0.08 0.08 0.12

La Garita Wilderness CO WEMI1 0.59 0.01 0.02 0.03 0.05

Maroon Bells-Snowmass Wilderness CO WHRI1 0.77 0.02 0.07 0.07 0.11

Mesa Verde NP CO MEVE1 0.38 0.03 0.05 0.06 0.11

Mount Zirkel Wilderness CO MOZI1 0.82 0.01 0.09 0.09 0.12

Pecos Wilderness2 NM BAND1 0.47 0.06 0.10 0.11 0.35

Petrified Forest NP AZ PEFO1 0.43 0.02 0.04 0.04 0.17

Rawah Wilderness CO MOZI1 0.83 0.01 0.09 0.09 0.14

Rocky Mountain NP CO ROMO1 0.89 0.01 0.06 0.06 0.12

Salt Creek NM SACR1 -0.22 0.01 0.01 0.01 0.03

San Pedro Parks Wilderness NM SAPE1 0.71 0.12 0.14 0.14 0.18

West Elk Wilderness CO WHRI1 0.60 0.02 0.07 0.07 0.11

Weminuche Wilderness CO WEMI1 0.46 0.03 0.04 0.04 0.07

Wheeler Peak Wilderness2 NM BAND1 0.47 0.11 0.27 0.34 0.50

White Mountain Wilderness NM WHIT1 -0.23 0.00 0.00 0.00 0.02
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Table 5-23a.  Cumulative visibility results for W20% visibility days at Class I areas for current 
year (2008) and 2021 Low Development Scenario using all emissions and without Source 
Groups R, S, T and U. 

 

 

Table 5-23b.  Differences in cumulative visibility results for W20% visibility days at Class I 
areas between current year (2008) and 2021 Low Development Scenario (2008-2021) and 
contributions of Source Groups R, S, T and U to 2021 W20% day’s visibility. 

 

  

Class I Name State IMPROVE Site 2008 Base 2021 Low
2021 Low 

w/o R

2021 Low w/o 

S

2021 Low w/o 

T

2021 Low w/o 

U

Arches NP UT CANY1 11.02 10.33 10.32 10.28 10.28 10.21

Mount Baldy Wilderness AZ BALD1 11.10 10.56 10.56 10.55 10.55 10.54

Bandelier NM NM BAND1 11.33 10.85 10.83 10.81 10.81 10.45

Black Canyon of the Gunnison NM CO WEMI1 9.95 9.21 9.20 9.12 9.12 9.06

Bosque del Apache NM BOAP1 12.72 12.31 12.31 12.30 12.30 12.27

Canyonlands NP UT CANY1 12.49 11.95 11.94 11.92 11.91 11.87

Capitol Reef NP UT CAPI1 12.92 12.69 12.69 12.66 12.66 12.62

Eagles Nest Wilderness CO WHRI1 8.68 7.83 7.82 7.79 7.79 7.71

Flat Tops Wilderness CO WHRI1 8.68 8.00 7.99 7.91 7.91 7.86

Galiuro Wilderness1 AZ CHIR1 11.58 11.19 11.19 11.19 11.19 11.18

Gila Wilderness NM GICL1 11.58 11.54 11.54 11.54 11.54 11.54

Great Sand Dunes NM CO GRSA1 10.90 10.76 10.73 10.72 10.71 10.67

La Garita Wilderness CO WEMI1 9.95 9.35 9.35 9.34 9.34 9.31

Maroon Bells-Snowmass Wilderness CO WHRI1 8.68 7.88 7.87 7.85 7.85 7.81

Mesa Verde NP CO MEVE1 11.20 10.81 10.79 10.78 10.78 10.72

Mount Zirkel Wilderness CO MOZI1 9.36 8.49 8.49 8.45 8.45 8.42

Pecos Wilderness2 NM BAND1 11.33 10.82 10.80 10.78 10.77 10.52

Petrified Forest NP AZ PEFO1 12.49 12.04 12.04 12.02 12.02 11.89

Rawah Wilderness CO MOZI1 9.36 8.48 8.47 8.44 8.44 8.39

Rocky Mountain NP CO ROMO1 12.04 11.12 11.12 11.09 11.09 11.03

Salt Creek NM SACR1 16.87 17.09 17.08 17.08 17.08 17.06

San Pedro Parks Wilderness NM SAPE1 9.43 8.70 8.60 8.59 8.59 8.55

West Elk Wilderness CO WHRI1 8.68 8.05 8.04 8.02 8.01 7.98

Weminuche Wilderness CO WEMI1 9.95 9.48 9.46 9.46 9.45 9.43

Wheeler Peak Wilderness2 NM BAND1 11.33 10.75 10.70 10.61 10.55 10.38

White Mountain Wilderness NM WHIT1 12.92 13.15 13.15 13.15 13.15 13.13

Class I Name State IMPROVE Site

2021 Low 

Improvement 

from 2008

Contribution 

from R

Contribution 

from S

Contribution 

from T

Contribution 

from U

Arches NP UT CANY1 0.69 0.01 0.05 0.05 0.12

Mount Baldy Wilderness AZ BALD1 0.54 0.00 0.01 0.01 0.02

Bandelier NM NM BAND1 0.48 0.02 0.04 0.04 0.40

Black Canyon of the Gunnison NM CO WEMI1 0.74 0.01 0.09 0.09 0.15

Bosque del Apache NM BOAP1 0.41 0.00 0.01 0.01 0.04

Canyonlands NP UT CANY1 0.54 0.01 0.03 0.04 0.08

Capitol Reef NP UT CAPI1 0.23 0.00 0.03 0.03 0.07

Eagles Nest Wilderness CO WHRI1 0.85 0.01 0.04 0.04 0.12

Flat Tops Wilderness CO WHRI1 0.68 0.01 0.09 0.09 0.14

Galiuro Wilderness1 AZ CHIR1 0.39 0.00 0.00 0.00 0.01

Gila Wilderness NM GICL1 0.04 0.00 0.00 0.00 0.00

Great Sand Dunes NM CO GRSA1 0.14 0.03 0.04 0.05 0.09

La Garita Wilderness CO WEMI1 0.60 0.00 0.01 0.01 0.04

Maroon Bells-Snowmass Wilderness CO WHRI1 0.80 0.01 0.03 0.03 0.07

Mesa Verde NP CO MEVE1 0.39 0.02 0.03 0.03 0.09

Mount Zirkel Wilderness CO MOZI1 0.87 0.00 0.04 0.04 0.07

Pecos Wilderness2 NM BAND1 0.51 0.02 0.04 0.05 0.30

Petrified Forest NP AZ PEFO1 0.45 0.00 0.02 0.02 0.15

Rawah Wilderness CO MOZI1 0.88 0.01 0.04 0.04 0.09

Rocky Mountain NP CO ROMO1 0.92 0.00 0.03 0.03 0.09

Salt Creek NM SACR1 -0.22 0.01 0.01 0.01 0.03

San Pedro Parks Wilderness NM SAPE1 0.73 0.10 0.11 0.11 0.15

West Elk Wilderness CO WHRI1 0.63 0.01 0.03 0.04 0.07

Weminuche Wilderness CO WEMI1 0.47 0.02 0.02 0.03 0.05

Wheeler Peak Wilderness2 NM BAND1 0.58 0.05 0.14 0.20 0.37

White Mountain Wilderness NM WHIT1 -0.23 0.00 0.00 0.00 0.02
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Table 5-24a.  Cumulative visibility results for W20% visibility days at Class I areas for current 
year (2008) and 2021 Medium Development Scenario using all emissions and without Source 
Groups R, S, T and U. 

 

Table 5-24b.  Differences in cumulative visibility results for W20% visibility days at Class I 
areas between current year (2008) and 2021 Medium Development Scenario (2008-2021) and 
contributions of Source Groups R, S, T and U to 2021 W20% day’s visibility. 

 

 

 

Class I Name State IMPROVE Site 2008 Base 2021 Medium
2021 Med 

w/o R

2021 Med 

w/o S

2021 Med 

w/o T

2021 Med 

w/o U

Arches NP UT CANY1 11.02 10.36 10.35 10.26 10.26 10.19

Mount Baldy Wilderness AZ BALD1 11.10 10.56 10.56 10.55 10.55 10.54

Bandelier NM NM BAND1 11.33 10.87 10.83 10.80 10.79 10.44

Black Canyon of the Gunnison NM CO WEMI1 9.95 9.31 9.30 9.11 9.11 9.05

Bosque del Apache NM BOAP1 12.72 12.31 12.30 12.30 12.30 12.27

Canyonlands NP UT CANY1 12.49 11.98 11.96 11.91 11.91 11.86

Capitol Reef NP UT CAPI1 12.92 12.72 12.71 12.65 12.65 12.61

Eagles Nest Wilderness CO WHRI1 8.68 7.86 7.85 7.78 7.78 7.70

Flat Tops Wilderness CO WHRI1 8.68 8.07 8.06 7.89 7.89 7.85

Galiuro Wilderness1 AZ CHIR1 11.58 11.19 11.19 11.19 11.19 11.18

Gila Wilderness NM GICL1 11.58 11.54 11.54 11.54 11.54 11.54

Great Sand Dunes NM CO GRSA1 10.90 10.77 10.73 10.71 10.70 10.66

La Garita Wilderness CO WEMI1 9.95 9.36 9.35 9.33 9.33 9.31

Maroon Bells-Snowmass Wilderness CO WHRI1 8.68 7.90 7.89 7.85 7.84 7.80

Mesa Verde NP CO MEVE1 11.20 10.82 10.79 10.77 10.77 10.71

Mount Zirkel Wilderness CO MOZI1 9.36 8.54 8.53 8.45 8.45 8.42

Pecos Wilderness2 NM BAND1 11.33 10.84 10.80 10.76 10.75 10.51

Petrified Forest NP AZ PEFO1 12.49 12.06 12.04 12.02 12.02 11.89

Rawah Wilderness CO MOZI1 9.36 8.53 8.52 8.44 8.44 8.39

Rocky Mountain NP CO ROMO1 12.04 11.15 11.14 11.09 11.09 11.03

Salt Creek NM SACR1 16.87 17.09 17.08 17.08 17.08 17.06

San Pedro Parks Wilderness NM SAPE1 9.43 8.72 8.60 8.58 8.58 8.54

West Elk Wilderness CO WHRI1 8.68 8.08 8.06 8.01 8.01 7.97

Weminuche Wilderness CO WEMI1 9.95 9.48 9.46 9.45 9.45 9.42

Wheeler Peak Wilderness2 NM BAND1 11.33 10.81 10.72 10.56 10.53 10.36

White Mountain Wilderness NM WHIT1 12.92 13.15 13.15 13.15 13.15 13.13

Class I Name State IMPROVE Site

2021 Med 

Improvement 

from 2008

Contribution 

from R

Contribution 

from S

Contribution 

from T

Contribution 

from U

Arches NP UT CANY1 0.66 0.01 0.10 0.10 0.17

Mount Baldy Wilderness AZ BALD1 0.54 0.00 0.01 0.01 0.02

Bandelier NM NM BAND1 0.46 0.04 0.07 0.08 0.43

Black Canyon of the Gunnison NM CO WEMI1 0.64 0.01 0.20 0.20 0.26

Bosque del Apache NM BOAP1 0.41 0.01 0.01 0.01 0.04

Canyonlands NP UT CANY1 0.51 0.02 0.07 0.07 0.12

Capitol Reef NP UT CAPI1 0.20 0.01 0.07 0.07 0.11

Eagles Nest Wilderness CO WHRI1 0.82 0.01 0.08 0.08 0.16

Flat Tops Wilderness CO WHRI1 0.61 0.01 0.18 0.18 0.22

Galiuro Wilderness1 AZ CHIR1 0.39 0.00 0.00 0.00 0.01

Gila Wilderness NM GICL1 0.04 0.00 0.00 0.00 0.00

Great Sand Dunes NM CO GRSA1 0.13 0.04 0.06 0.07 0.11

La Garita Wilderness CO WEMI1 0.59 0.01 0.03 0.03 0.05

Maroon Bells-Snowmass Wilderness CO WHRI1 0.78 0.01 0.05 0.06 0.10

Mesa Verde NP CO MEVE1 0.38 0.03 0.05 0.05 0.11

Mount Zirkel Wilderness CO MOZI1 0.82 0.01 0.09 0.09 0.12

Pecos Wilderness2 NM BAND1 0.49 0.04 0.08 0.09 0.33

Petrified Forest NP AZ PEFO1 0.43 0.02 0.04 0.04 0.17

Rawah Wilderness CO MOZI1 0.83 0.01 0.09 0.09 0.14

Rocky Mountain NP CO ROMO1 0.89 0.01 0.06 0.06 0.12

Salt Creek NM SACR1 -0.22 0.01 0.01 0.01 0.03

San Pedro Parks Wilderness NM SAPE1 0.71 0.12 0.14 0.14 0.18

West Elk Wilderness CO WHRI1 0.60 0.02 0.07 0.07 0.11

Weminuche Wilderness CO WEMI1 0.47 0.02 0.03 0.03 0.06

Wheeler Peak Wilderness2 NM BAND1 0.52 0.09 0.25 0.28 0.45

White Mountain Wilderness NM WHIT1 -0.23 0.00 0.00 0.00 0.02
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Table 5-25a.  Cumulative visibility results for B20% visibility days at Class I areas for current 
year (2008) and 2021 High Development Scenario using all emissions and without Source 
Groups R, S, T and U. 

 
 

Table 5-25b.  Differences in cumulative visibility results for B20% visibility days at Class I areas 
between current year (2008) and 2021 High Development Scenario (2008-2021) and 
contributions of Source Groups R, S, T and U to 2021 W20% day’s visibility. 

 

Class I Name IMPROVE Site 2008 Base 2021 High
2021 High 

w/o R

2021 High 

w/o S

2021 High 

w/o T

2021 High 

w/o U

Arches NP UT CANY1 2.86 2.86 2.85 2.81 2.81 2.78

Mount Baldy Wilderness AZ BALD1 2.86 2.84 2.83 2.83 2.83 2.80

Bandelier NM NM BAND1 4.01 4.62 4.57 4.53 4.51 3.82

Black Canyon of the Gunnison NM CO WEMI1 2.25 2.18 2.17 2.07 2.07 2.04

Bosque del Apache NM BOAP1 5.50 5.42 5.42 5.42 5.42 5.41

Canyonlands NP UT CANY1 4.54 4.72 4.69 4.62 4.62 4.57

Capitol Reef NP UT CAPI1 3.33 3.43 3.41 3.37 3.36 3.33

Eagles Nest Wilderness CO WHRI1 0.69 0.55 0.54 0.50 0.50 0.48

Flat Tops Wilderness CO WHRI1 0.69 0.55 0.53 0.41 0.41 0.38

Galiuro Wilderness1 AZ GICL1 2.58 2.87 2.86 2.86 2.86 2.86

Gila Wilderness NM CHIR1 2.58 2.89 2.89 2.89 2.89 2.89

Great Sand Dunes NM CO GRSA1 3.58 3.82 3.77 3.75 3.74 3.70

La Garita Wilderness CO WEMI1 2.25 2.29 2.27 2.26 2.26 2.22

Maroon Bells-Snowmass Wilderness CO WHRI1 0.69 0.53 0.51 0.49 0.49 0.47

Mesa Verde NP CO MEVE1 3.12 3.28 3.24 3.21 3.21 3.14

Mount Zirkel Wilderness CO MOZI1 0.95 0.84 0.83 0.72 0.72 0.68

Pecos Wilderness2 NM PEFO1 4.54 4.65 4.60 4.57 4.56 4.21

Petrified Forest NP AZ BAND1 4.01 4.51 4.45 4.40 4.39 3.94

Rawah Wilderness CO MOZI1 0.95 0.87 0.86 0.75 0.75 0.71

Rocky Mountain NP CO ROMO1 1.91 1.87 1.86 1.82 1.82 1.80

Salt Creek NM SACR1 6.81 7.00 7.00 7.00 7.00 6.99

San Pedro Parks Wilderness NM SAPE1 1.28 1.32 1.18 1.16 1.16 1.11

West Elk Wilderness CO WHRI1 0.69 0.57 0.56 0.54 0.54 0.52

Weminuche Wilderness CO WEMI1 2.25 2.43 2.40 2.38 2.38 2.35

Wheeler Peak Wilderness2 NM BAND1 4.01 4.37 4.21 4.04 3.97 3.75

White Mountain Wilderness NM WHIT1 3.33 3.32 3.32 3.32 3.32 3.29

Class I Name IMPROVE Site

2021 High 

Improvement 

from 2008

Contribution 

from R

Contribution 

from S

Contribution 

from T

Contribution 

from U

Arches NP UT CANY1 0.00 0.01 0.05 0.05 0.08

Mount Baldy Wilderness AZ BALD1 0.02 0.01 0.01 0.01 0.04

Bandelier NM NM BAND1 -0.61 0.05 0.09 0.11 0.80

Black Canyon of the Gunnison NM CO WEMI1 0.07 0.01 0.11 0.11 0.14

Bosque del Apache NM BOAP1 0.08 0.00 0.00 0.00 0.01

Canyonlands NP UT CANY1 -0.18 0.03 0.10 0.10 0.15

Capitol Reef NP UT CAPI1 -0.10 0.02 0.06 0.07 0.10

Eagles Nest Wilderness CO WHRI1 0.14 0.01 0.05 0.05 0.07

Flat Tops Wilderness CO WHRI1 0.14 0.02 0.14 0.14 0.17

Galiuro Wilderness1 AZ GICL1 -0.29 0.01 0.01 0.01 0.01

Gila Wilderness NM CHIR1 -0.31 0.00 0.00 0.00 0.00

Great Sand Dunes NM CO GRSA1 -0.24 0.05 0.07 0.08 0.12

La Garita Wilderness CO WEMI1 -0.04 0.02 0.03 0.03 0.07

Maroon Bells-Snowmass Wilderness CO WHRI1 0.16 0.02 0.04 0.04 0.06

Mesa Verde NP CO MEVE1 -0.16 0.04 0.07 0.07 0.14

Mount Zirkel Wilderness CO MOZI1 0.11 0.01 0.12 0.12 0.16

Pecos Wilderness2 NM PEFO1 -0.11 0.05 0.08 0.09 0.44

Petrified Forest NP AZ BAND1 -0.50 0.06 0.11 0.12 0.57

Rawah Wilderness CO MOZI1 0.08 0.01 0.12 0.12 0.16

Rocky Mountain NP CO ROMO1 0.04 0.01 0.05 0.05 0.07

Salt Creek NM SACR1 -0.19 0.00 0.00 0.00 0.01

San Pedro Parks Wilderness NM SAPE1 -0.04 0.14 0.16 0.16 0.21

West Elk Wilderness CO WHRI1 0.12 0.01 0.03 0.03 0.05

Weminuche Wilderness CO WEMI1 -0.18 0.03 0.05 0.05 0.08

Wheeler Peak Wilderness2 NM BAND1 -0.36 0.16 0.33 0.40 0.62

White Mountain Wilderness NM WHIT1 0.01 0.00 0.00 0.00 0.03
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Table 5-26a.  Cumulative visibility results for B20% visibility days at Class I areas for current 
year (2008) and 2021 Low Development Scenario using all emissions and without Source 
Groups R, S, T and U. 

 
 

Table 5-26b.  Differences in cumulative visibility results for B20% visibility days at Class I areas 
between current year (2008) and 2021 Low Development Scenario (2008-2021) and 
contributions of Source Groups R, S, T and U to 2021 W20% day’s visibility. 

 

  

Class I Name IMPROVE Site 2008 Base 2021 Low
2021 Low 

w/o R

2021 Low w/o 

S

2021 Low w/o 

T

2021 Low w/o 

U

Arches NP UT CANY1 2.86 2.84 2.84 2.82 2.82 2.79

Mount Baldy Wilderness AZ BALD1 2.86 2.83 2.83 2.83 2.83 2.80

Bandelier NM NM BAND1 4.01 4.58 4.56 4.54 4.53 3.83

Black Canyon of the Gunnison NM CO WEMI1 2.25 2.13 2.12 2.08 2.08 2.05

Bosque del Apache NM BOAP1 5.50 5.42 5.42 5.42 5.42 5.41

Canyonlands NP UT CANY1 4.54 4.69 4.67 4.64 4.64 4.59

Capitol Reef NP UT CAPI1 3.33 3.41 3.40 3.37 3.37 3.34

Eagles Nest Wilderness CO WHRI1 0.69 0.53 0.53 0.51 0.51 0.48

Flat Tops Wilderness CO WHRI1 0.69 0.49 0.49 0.42 0.42 0.39

Galiuro Wilderness1 AZ GICL1 2.58 2.86 2.86 2.86 2.86 2.86

Gila Wilderness NM CHIR1 2.58 2.89 2.89 2.89 2.89 2.89

Great Sand Dunes NM CO GRSA1 3.58 3.80 3.77 3.76 3.75 3.70

La Garita Wilderness CO WEMI1 2.25 2.28 2.27 2.26 2.26 2.22

Maroon Bells-Snowmass Wilderness CO WHRI1 0.69 0.51 0.51 0.50 0.50 0.48

Mesa Verde NP CO MEVE1 3.12 3.25 3.24 3.22 3.22 3.14

Mount Zirkel Wilderness CO MOZI1 0.95 0.79 0.78 0.73 0.73 0.69

Pecos Wilderness2 NM PEFO1 4.54 4.61 4.60 4.58 4.57 4.21

Petrified Forest NP AZ BAND1 4.01 4.46 4.44 4.41 4.40 3.95

Rawah Wilderness CO MOZI1 0.95 0.82 0.82 0.77 0.77 0.72

Rocky Mountain NP CO ROMO1 1.91 1.85 1.84 1.82 1.82 1.80

Salt Creek NM SACR1 6.81 7.00 7.00 7.00 7.00 6.99

San Pedro Parks Wilderness NM SAPE1 1.28 1.30 1.17 1.17 1.17 1.12

West Elk Wilderness CO WHRI1 0.69 0.56 0.55 0.54 0.54 0.52

Weminuche Wilderness CO WEMI1 2.25 2.41 2.40 2.39 2.39 2.35

Wheeler Peak Wilderness2 NM BAND1 4.01 4.22 4.16 4.06 3.99 3.76

White Mountain Wilderness NM WHIT1 3.33 3.32 3.32 3.32 3.32 3.29

Class I Name IMPROVE Site

2021 Low 

Improvement 

from 2008

Contribution 

from R

Contribution 

from S

Contribution 

from T

Contribution 

from U

Arches NP UT CANY1 0.02 0.00 0.02 0.02 0.05

Mount Baldy Wilderness AZ BALD1 0.03 0.00 0.00 0.00 0.03

Bandelier NM NM BAND1 -0.57 0.02 0.04 0.05 0.75

Black Canyon of the Gunnison NM CO WEMI1 0.12 0.01 0.05 0.05 0.08

Bosque del Apache NM BOAP1 0.08 0.00 0.00 0.00 0.01

Canyonlands NP UT CANY1 -0.15 0.02 0.05 0.05 0.10

Capitol Reef NP UT CAPI1 -0.08 0.01 0.04 0.04 0.07

Eagles Nest Wilderness CO WHRI1 0.16 0.00 0.02 0.02 0.05

Flat Tops Wilderness CO WHRI1 0.20 0.00 0.07 0.07 0.10

Galiuro Wilderness1 AZ GICL1 -0.28 0.00 0.00 0.00 0.00

Gila Wilderness NM CHIR1 -0.31 0.00 0.00 0.00 0.00

Great Sand Dunes NM CO GRSA1 -0.22 0.03 0.04 0.05 0.10

La Garita Wilderness CO WEMI1 -0.03 0.01 0.02 0.02 0.06

Maroon Bells-Snowmass Wilderness CO WHRI1 0.18 0.00 0.01 0.01 0.03

Mesa Verde NP CO MEVE1 -0.13 0.01 0.03 0.03 0.11

Mount Zirkel Wilderness CO MOZI1 0.16 0.01 0.06 0.06 0.10

Pecos Wilderness2 NM PEFO1 -0.07 0.01 0.03 0.04 0.40

Petrified Forest NP AZ BAND1 -0.45 0.02 0.05 0.06 0.51

Rawah Wilderness CO MOZI1 0.13 0.00 0.05 0.05 0.10

Rocky Mountain NP CO ROMO1 0.06 0.01 0.03 0.03 0.05

Salt Creek NM SACR1 -0.19 0.00 0.00 0.00 0.01

San Pedro Parks Wilderness NM SAPE1 -0.02 0.13 0.13 0.13 0.18

West Elk Wilderness CO WHRI1 0.13 0.01 0.02 0.02 0.04

Weminuche Wilderness CO WEMI1 -0.16 0.01 0.02 0.02 0.06

Wheeler Peak Wilderness2 NM BAND1 -0.21 0.06 0.16 0.23 0.46

White Mountain Wilderness NM WHIT1 0.01 0.00 0.00 0.00 0.03
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Table 5-27a.  Cumulative visibility results for B20% visibility days at Class I areas for current 
year (2008) and 2021 Medium Development Scenario using all emissions and without Source 
Groups R, S, T and U. 

 
 

Table 5-27b.  Differences in cumulative visibility results for B20% visibility days at Class I areas 
between current year (2008) and 2021 Medium Development Scenario (2008-2021) and 
contributions of Source Groups R, S, T and U to 2021 W20% day’s visibility. 

 

 

Class I Name IMPROVE Site 2008 Base 2021 Medium
2021 Med 

w/o R

2021 Med 

w/o S

2021 Med 

w/o T

2021 Med 

w/o U

Arches NP UT CANY1 2.86 2.86 2.85 2.81 2.81 2.78

Mount Baldy Wilderness AZ BALD1 2.86 2.83 2.83 2.83 2.83 2.80

Bandelier NM NM BAND1 4.01 4.62 4.57 4.52 4.52 3.82

Black Canyon of the Gunnison NM CO WEMI1 2.25 2.18 2.17 2.07 2.07 2.04

Bosque del Apache NM BOAP1 5.50 5.42 5.42 5.42 5.42 5.41

Canyonlands NP UT CANY1 4.54 4.72 4.69 4.62 4.62 4.58

Capitol Reef NP UT CAPI1 3.33 3.43 3.41 3.37 3.36 3.33

Eagles Nest Wilderness CO WHRI1 0.69 0.55 0.54 0.50 0.50 0.48

Flat Tops Wilderness CO WHRI1 0.69 0.54 0.53 0.41 0.41 0.38

Galiuro Wilderness1 AZ GICL1 2.58 2.87 2.86 2.86 2.86 2.86

Gila Wilderness NM CHIR1 2.58 2.89 2.89 2.89 2.89 2.89

Great Sand Dunes NM CO GRSA1 3.58 3.81 3.77 3.75 3.75 3.70

La Garita Wilderness CO WEMI1 2.25 2.29 2.27 2.26 2.26 2.22

Maroon Bells-Snowmass Wilderness CO WHRI1 0.69 0.52 0.51 0.49 0.49 0.47

Mesa Verde NP CO MEVE1 3.12 3.27 3.24 3.21 3.21 3.14

Mount Zirkel Wilderness CO MOZI1 0.95 0.83 0.83 0.72 0.72 0.68

Pecos Wilderness2 NM PEFO1 4.54 4.64 4.60 4.57 4.56 4.21

Petrified Forest NP AZ BAND1 4.01 4.50 4.44 4.40 4.39 3.94

Rawah Wilderness CO MOZI1 0.95 0.87 0.86 0.75 0.75 0.71

Rocky Mountain NP CO ROMO1 1.91 1.87 1.86 1.82 1.82 1.80

Salt Creek NM SACR1 6.81 7.00 7.00 7.00 7.00 6.99

San Pedro Parks Wilderness NM SAPE1 1.28 1.32 1.18 1.16 1.16 1.11

West Elk Wilderness CO WHRI1 0.69 0.57 0.56 0.54 0.54 0.52

Weminuche Wilderness CO WEMI1 2.25 2.43 2.40 2.38 2.38 2.35

Wheeler Peak Wilderness2 NM BAND1 4.01 4.32 4.19 4.02 3.97 3.75

White Mountain Wilderness NM WHIT1 3.33 3.32 3.32 3.32 3.32 3.29

Class I Name IMPROVE Site

2021 Med 

Improvement 

from 2008

Contribution 

from R

Contribution 

from S

Contribution 

from T

Contribution 

from U

Arches NP UT CANY1 0.00 0.01 0.05 0.05 0.08

Mount Baldy Wilderness AZ BALD1 0.03 0.00 0.00 0.00 0.03

Bandelier NM NM BAND1 -0.61 0.05 0.10 0.10 0.80

Black Canyon of the Gunnison NM CO WEMI1 0.07 0.01 0.11 0.11 0.14

Bosque del Apache NM BOAP1 0.08 0.00 0.00 0.00 0.01

Canyonlands NP UT CANY1 -0.18 0.03 0.10 0.10 0.14

Capitol Reef NP UT CAPI1 -0.10 0.02 0.06 0.07 0.10

Eagles Nest Wilderness CO WHRI1 0.14 0.01 0.05 0.05 0.07

Flat Tops Wilderness CO WHRI1 0.15 0.01 0.13 0.13 0.16

Galiuro Wilderness1 AZ GICL1 -0.29 0.01 0.01 0.01 0.01

Gila Wilderness NM CHIR1 -0.31 0.00 0.00 0.00 0.00

Great Sand Dunes NM CO GRSA1 -0.23 0.04 0.06 0.06 0.11

La Garita Wilderness CO WEMI1 -0.04 0.02 0.03 0.03 0.07

Maroon Bells-Snowmass Wilderness CO WHRI1 0.17 0.01 0.03 0.03 0.05

Mesa Verde NP CO MEVE1 -0.15 0.03 0.06 0.06 0.13

Mount Zirkel Wilderness CO MOZI1 0.12 0.00 0.11 0.11 0.15

Pecos Wilderness2 NM PEFO1 -0.10 0.04 0.07 0.08 0.43

Petrified Forest NP AZ BAND1 -0.49 0.06 0.10 0.11 0.56

Rawah Wilderness CO MOZI1 0.08 0.01 0.12 0.12 0.16

Rocky Mountain NP CO ROMO1 0.04 0.01 0.05 0.05 0.07

Salt Creek NM SACR1 -0.19 0.00 0.00 0.00 0.01

San Pedro Parks Wilderness NM SAPE1 -0.04 0.14 0.16 0.16 0.21

West Elk Wilderness CO WHRI1 0.12 0.01 0.03 0.03 0.05

Weminuche Wilderness CO WEMI1 -0.18 0.03 0.05 0.05 0.08

Wheeler Peak Wilderness2 NM BAND1 -0.31 0.13 0.30 0.35 0.57

White Mountain Wilderness NM WHIT1 0.01 0.00 0.00 0.00 0.03
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5.4 Sulfur and Nitrogen Deposition at Class I and Sensitive Class II Areas 

Attachments D-1, D-2 and D-3 are interactive Excel spreadsheets that display Maximum and 
Average sulfur and nitrogen deposition due to emissions from each of the 24 Source Groups 
shown in Table 4-2.  As for the PSD concentrations Attachment A spreadsheet, there is a 
“Summary” sheet that displays the sulfur and nitrogen deposition across all Class I and sensitive 
Class II areas for a user selected Source Group that is controlled by a drop down menu in cell 
B5.  And a “MaxImpact” sheet that gives the highest sulfur or nitrogen deposition that occurred 
at any Class I area or sensitive Class II area that is controlled by cell B3 to select Sulfur or 
Nitrogen and cell B4 to select either Maximum or Average.  Here Maximum represents the 
maximum deposition in any grid cell covering the Class I/II area, whereas Average provides the 
average of deposition across all grid cells covering a Class I/II area.  Although the convention in 
the past has been to report the Maximum deposition in any receptor in a Class I/II area, since 
deposition relates to the total amount deposited across an entire watershed, the Average 
metric is probably a more relevant parameter for evaluating potential environment effects.  
Both Maximum and Average deposition metrics are reported. 

For the deposition impacts associated with Federal O&G within each of the individual BLM 
Planning Areas (i.e., Source Groups A through P), the sulfur and nitrogen deposition amounts 
are compared against the 0.005 kg/ha/yr Deposition Analysis Threshold (DAT) for the western 
U.S..  The DAT is a screening threshold where if a Project’s deposition amount is below the DAT 
then its deposition impacts is considered insignificant.  The deposition due to the total emission 
scenarios, that is Source Groups W (2021) and X (2008), are compared against the Critical Load 
Values, which for nitrogen is 2.2 kg/ha/yr in Wyoming and 2.3 kg/ha/yr in Colorado except for 
3.0 kg/ha/yr for Dinosaur NM and for sulfur is 5.0 kg/ha/yr everywhere.   

5.4.1 Highest Deposition Impacts at Class I/II Areas  

Tables 5-29 through 5-31 display the highest Maximum and Average nitrogen and sulfur 
deposition in any Class I or sensitive Class II area due to emissions from each of the 24 Source 
Groups for the, respectively 2021 High, Low and Medium Development Scenarios.  The results 
for the GJFO, UFO and USFS-PG Planning Areas are summarized in Table 5-28. 

5.4.1.1 Individual BLM Planning Area Comparison to DATs 

Individual BLM Planning Area (i.e., Source Groups A through P) annual nitrogen and sulfur 
deposition are compared against the 0.005 kg/ha/yr western U.S. Deposition Analysis Threshold 
(DAT).  The two BLM Planning Area with Federal O&G having the highest annual nitrogen 
deposition impact are the TRFO and WRFO with Maximum values of 0.126 and 0.108 and 
Average values of 0.043 and 0.068 for the High, Maximum values of 0.106 and 0.134 and 
Average values of 0.036 and 0.056 for the Medium, and Maximum values of 0.015 and 0.017 
and Average values of 0.005 and 0.011 for the Low Development Scenarios all of which are 
above the DAT (Tables 5-29 through 5-31).   

Table 5-28 summarizes the Average and Maximum nitrogen and sulfur deposition results for 
new Federal O&G emissions from the Grand Junction Field Office (GJFO), Uncompahgre Field 
Office (UFO) and Pawnee Grassland (USFS-PG) Planning Areas and the 2021 High, Low and 
Medium Development Scenarios.  For the 2021 High Development Scenario, the highest 
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Maximum and Average nitrogen deposition at any Class I area due to GJFO (0.0679 and 0.0416 
kg/ha/yr) and UFO (0.0240 and 0.0104 kg/ha/yr) that are above the DAT.  However, for USFS-
PG Planning Area, its highest Maximum and Average nitrogen deposition at any Class I area is 
below the DAT (0.0017 and 0.0006 kg/ha/yr) for the 2021 High Development Scenario.  For the 
2021 Low Development Scenario, the Maximum and Average nitrogen deposition for GJFO 
(0.0037 and 0.0023 kg/ha/yr) are below the DAT.  And for UFO the Maximum value (0.0065 
kg/ha/yr) is above but the Average value (0.0027 kg/ha/yr) is below the DAT.  The nitrogen 
deposition results for the Medium Scenario falls between the High and Low Scenarios. 

The annual sulfur deposition from new Federal O&G in the BLM Planning Areas tends to be 
much lower than seen for the nitrogen deposition so results for just the 2021 High 
Development Scenario and Maximum sulfur deposition metric are presented in Table 5-32 with 
the other results provided in Attachments D-1, D-2 and D-3.  The only individual BLM Planning 
Area whose new Federal O&G emissions results in its sulfur deposition exceeding the DAT is the 
WRFO and that is just for the Maximum (0.011 kg/ha/yr) and Average (0.008 kg/ha/yr) 2021 
High Development Scenario.  The Maximum (0.021 kg/ha/yr) and Average (0.008 kg/ha/yr) 
sulfur deposition due to WRFO for the 2021 Medium Development Scenario are also above the 
DAT.  However, the highest WRFO sulfur deposition for the Maximum (0.002 kg/ha/yr) and 
Average (0.001 kg/ha/yr) metrics and the 2021 Low Development Scenario are below the DAT.  
The sulfur deposition results for all the other individual BLM Planning areas are below the DAT.  
For example, Table 5-28b displays the highest Maximum and Average sulfur deposition results 
at any Class I or II area due to new Federal O&G emissions from the GJFO, UFO and USFS-PG 
Planning Areas and all values are approximately a factor of 10 or more below the DAT. 

Table 5-28a.  Highest maximum and average nitrogen deposition (kg/ha/yr) at any Class I or 
sensitive Class II area due to new Federal oil and gas emissions from the BLM Grand Junction 
Field Office and Uncompahgre Field Office and the USFS Pawnee Grassland Planning Areas for 
the 2021 High, Low and Medium Development Scenarios. 

Source 
Group 

Class I Areas Sensitive Class II Areas 

Max Avg Area Max Avg Area 

2021 High Development Scenario 

GJFO 0.0679 0.0416 Maroon-B 0.0679 0.0543 Colorado NM 

UFO 0.0240 0.0104 Maroon-B 0.0347 0.0151 Raggeds 

USFS-PG 0.0017 0.006 Rocky Mtn 0.0013 0.0007 Mt. Evans 

2021 Low Development Scenario 

GJFO 0.0037 0.0023 Maroon-B 0.0037 0.0029 Colorado NM 

UFO 0.0065 0.0027 Maroon-B 0.0100 0.0400 Raggeds Gun 

USFS-PG 0.0004 0.0001 Rocky Mtn 0.0003 0.0002 Mt. Evans 

2021 Medium Development Scenario 

GJFO 0.0558 0.0344 Maroon-B 0.06071 0.0483 Colorado NM 

UFO 0.0167 0.0076 Maroon-B 0.0241 0.0109 Raggeds Gun 

USFS-PG 0.0011 0.0004 Rocky Mtn 0.0008 0.0005 Mt. Evans 
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Table 5-28b.  Highest maximum and average sulfur deposition (kg/ha/yr) at any Class I or 
sensitive Class II area due to new Federal oil and gas emissions from the BLM Grand Junction 
Field Office and Uncompahgre Field Office and the USFS Pawnee Grassland Planning Areas for 
the 2021 High, Low and Medium Development Scenarios. 

Source 
Group 

Class I Areas Sensitive Class II Areas 

Max Avg Area Max Avg Area 

2021 High Development Scenario 

GJFO 0.0006 0.0004 Maroon-B 0.0005 0.0003 Raggeds 

UFO 0.0004 0.0002 Maroon-B 0.0008 0.0003 Raggeds 

USFS-PG 0.0000 0.0000 Rocky Mtn 0.0000 0.0000 Lost Creek 

2021 Low Development Scenario 

GJFO 0.0001 0.0000 Maroon-B 0.0000 0.0000 Raggeds 

UFO 0.0001 0.0001 Maroon-B 0.0002 0.0001 Raggeds 

USFS-PG 0.0000 0.0000 Rocky Mtn 0.0000 0.0000 Lost Creek 

2021 Medium Development Scenario 

GJFO 0.0005 0.0003 Maroon-B 0.0004 0.0002 Raggeds 

UFO 0.0003 0.0001 Maroon-B 0.0006 0.0002 Raggeds 

USFS-PG 0.0000 0.0000 Rocky Mtn 0.0000 0.0000 Lost Creek 

Table 5-29a.  Highest nitrogen deposition at any Class I area or sensitive Class II area for each 
of the 24 Source Groups and the 2021 High Development Scenario using the Maximum 
deposition in any receptor in the Class I/II area. 

 

Choose Nitrogen kgN/ha N

Across grid cells Maximum Max

Group Group Name
Max @ any 

Class I area

Class I Area where 

Max occurred

Max @ any 

Class II area

Class II Area where 

Max occurred

A Little Snake FO 0.0169 Mount_Zirkel 0.0136 Dinosaur_all

B White River FO 0.1083 Flat_Tops 0.1418 Dinosaur_all

C Colorado River Valley FO (CRVFO) 0.0198 Flat_Tops 0.0118 Holy_Cross

D Roan Plateau Planning area portion of CRVFO 0.0200 Flat_Tops 0.0107 Holy_Cross

E Grand Junction FO 0.0679 Maroon_Bells 0.0679 Colorado

F Uncompahgre FO 0.0240 Maroon_Bells 0.0347 Raggeds

G Tres Rios FO 0.1256 Mesa_Verde 0.1448 South_San_Juan

H Kremmling FO 0.0065 Rawah 0.0022 Savage_Run

I Royal Gorge FO Area#1 (RGFO#1) -- North 0.0004 Rocky_Mountain 0.0003 Mount_Evans

J Pawnee Grasslands portion of RGFO#1 0.0017 Rocky_Mountain 0.0013 Mount_Evans

K RGFO#2 – West-Central/South 0.0005 Pecos 0.0008 Las_Vegas_NWR

L RGFO#3 – South 0.0017 Great_Sand_Dunes 0.0272 Greenhorn_Mounta

M RGFO#4 – East-Central 0.0002 Eagles_Nest 0.0028 Lost_Creek

N New Mexico Farmington District 0.0371 Weminuche 0.1607 Aztec_Ruins

O Total Colorado River Field Office 0.0398 Flat_Tops 0.0225 Holy_Cross

P Total Royal Gorge Field Office 0.0024 Rocky_Mountain 0.0279 Greenhorn_Mounta

Q Mining from 13 Colorado BLM Planning Areas 0.0086 Mount_Zirkel 0.0062 Raggeds

R Combined new Federal O&G and Mining from the 13 

Colorado BLM Planning Areas 0.2120 Flat_Tops 0.1762 Dinosaur_all

S Combined new Federal and non-Federal O&G and 

Mining from 13 Colorado BLM Planning Areas 0.3660 Flat_Tops 0.3388 South_San_Juan

T Cumulative Emissions Scenario – New Federal and non-

Federal O&G from 14 BLM Planning Areas plus mining in 

the 14 BLM Planning Areas 0.3680 Flat_Tops 0.3746 South_San_Juan

U Combined O&G and Mining in 4 km domain 0.5946 Mesa_Verde 1.9374 Aztec_Ruins

V Natural Emissions 6.6543 Bandelier 1.4498 Chama_River_Cany

W All 2021 Emissions 8.4676 Bandelier 11.2607 Valle_De_Oro_NWR

X All 2008 Emissions 9.0012 Bandelier 12.6927 Bitter_Lake_NWR
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Table 5-29b.  Highest nitrogen deposition at any Class I area or sensitive Class II area for each 
of the 24 Source Groups and the 2021 High Development Scenario using the Average 
deposition in any receptor in the Class I/II area. 

 

Choose Nitrogen kgN/ha N

Across grid cells Average AVG

Group Group Name
Max @ any 

Class I area

Class I Area where 

Max occurred

Max @ any 

Class II area

Class II Area where 

Max occurred

A Little Snake FO 0.0133 Mount_Zirkel 0.0079 Savage_Run

B White River FO 0.0680 Flat_Tops 0.0390 Dinosaur_all

C Colorado River Valley FO (CRVFO) 0.0120 Flat_Tops 0.0082 Holy_Cross

D Roan Plateau Planning area portion of CRVFO 0.0120 Flat_Tops 0.0075 Holy_Cross

E Grand Junction FO 0.0416 Maroon_Bells 0.0543 Colorado

F Uncompahgre FO 0.0104 Maroon_Bells 0.0151 Raggeds

G Tres Rios FO 0.0428 Mesa_Verde 0.0466 Hovenweep

H Kremmling FO 0.0031 Rawah 0.0015 Savage_Run

I Royal Gorge FO Area#1 (RGFO#1) -- North 0.0001 Rocky_Mountain 0.0002 Lost_Creek

J Pawnee Grasslands portion of RGFO#1 0.0006 Rocky_Mountain 0.0007 Lost_Creek

K RGFO#2 – West-Central/South 0.0003 Salt_Creek 0.0006 Maxwell_NWR

L RGFO#3 – South 0.0011 Great_Sand_Dunes 0.0133 Greenhorn_Mounta

M RGFO#4 – East-Central 0.0001 Eagles_Nest 0.0017 Lost_Creek

N New Mexico Farmington District 0.0242 Mesa_Verde 0.1501 Aztec_Ruins

O Total Colorado River Field Office 0.0241 Flat_Tops 0.0157 Holy_Cross

P Total Royal Gorge Field Office 0.0014 Great_Sand_Dunes 0.0147 Greenhorn_Mounta

Q Mining from 13 Colorado BLM Planning Areas 0.0051 Mount_Zirkel 0.0050 Colorado

R Combined new Federal O&G and Mining from the 13 

Colorado BLM Planning Areas 0.1454 Flat_Tops 0.1160 Colorado

S Combined new Federal and non-Federal O&G and 

Mining from 13 Colorado BLM Planning Areas 0.2550 Flat_Tops 0.2191 Colorado

T Cumulative Emissions Scenario – New Federal and non-

Federal O&G from 14 BLM Planning Areas plus mining in 

the 14 BLM Planning Areas 0.2566 Flat_Tops 0.2552 Aztec_Ruins

U Combined O&G and Mining in 4 km domain 0.4902 Mesa_Verde 1.9175 Aztec_Ruins

V Natural Emissions 0.7876 Bandelier 0.4469 Dome

W All 2021 Emissions 3.1160 Mount_Zirkel 8.8528 Valle_De_Oro_NWR

X All 2008 Emissions 5.3938 Salt_Creek 10.0402 Valle_De_Oro_NWR
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Table 5-30a.  Highest nitrogen deposition at any Class I area or sensitive Class II area for each 
of the 24 Source Groups and the 2021 Low Development Scenario using the Maximum 
deposition in any receptor in the Class I/II area. 

 

Choose Nitrogen kgN/ha N

Across grid cells Maximum Max

Group Group Name
Max @ any 

Class I area

Class I Area where 

Max occurred

Max @ any 

Class II area

Class II Area where 

Max occurred

A Little Snake FO 0.0023 Mount_Zirkel 0.0018 Dinosaur_all

B White River FO 0.0169 Flat_Tops 0.0228 Dinosaur_all

C Colorado River Valley FO (CRVFO) 0.0122 Flat_Tops 0.0072 Holy_Cross

D Roan Plateau Planning area portion of CRVFO 0.0101 Flat_Tops 0.0053 Holy_Cross

E Grand Junction FO 0.0037 Maroon_Bells 0.0037 Colorado

F Uncompahgre FO 0.0065 Maroon_Bells 0.0100 Raggeds

G Tres Rios FO 0.0153 Mesa_Verde 0.0182 South_San_Juan

H Kremmling FO 0.0007 Rawah 0.0002 Savage_Run

I Royal Gorge FO Area#1 (RGFO#1) -- North 0.0001 Rocky_Mountain 0.0001 Mount_Evans

J Pawnee Grasslands portion of RGFO#1 0.0004 Rocky_Mountain 0.0003 Mount_Evans

K RGFO#2 – West-Central/South 0.0000 Pecos 0.0001 Las_Vegas_NWR

L RGFO#3 – South 0.0011 Great_Sand_Dunes 0.0169 Greenhorn_Mounta

M RGFO#4 – East-Central 0.0000 Eagles_Nest 0.0004 Lost_Creek

N New Mexico Farmington District 0.0371 Weminuche 0.1605 Aztec_Ruins

O Total Colorado River Field Office 0.0223 Flat_Tops 0.0125 Holy_Cross

P Total Royal Gorge Field Office 0.0011 Great_Sand_Dunes 0.0170 Greenhorn_Mounta

Q Mining from 13 Colorado BLM Planning Areas 0.0085 Mount_Zirkel 0.0061 Raggeds

R Combined new Federal O&G and Mining from the 13 

Colorado BLM Planning Areas 0.0434 Flat_Tops 0.0315 Raggeds

S Combined new Federal and non-Federal O&G and 

Mining from 13 Colorado BLM Planning Areas 0.2000 Mesa_Verde 0.2128 South_San_Juan

T Cumulative Emissions Scenario – New Federal and non-

Federal O&G from 14 BLM Planning Areas plus mining in 

the 14 BLM Planning Areas 0.2156 Mesa_Verde 0.2487 South_San_Juan

U Combined O&G and Mining in 4 km domain 0.5434 Mesa_Verde 1.9167 Aztec_Ruins

V Natural Emissions 6.6543 Bandelier 1.4498 Chama_River_Cany

W All 2021 Emissions 8.4513 Bandelier 11.2549 Valle_De_Oro_NWR

X All 2008 Emissions 9.0012 Bandelier 12.6927 Bitter_Lake_NWR
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Table 5-30b.  Highest nitrogen deposition at any Class I area or sensitive Class II area for each 
of the 24 Source Groups and the 2021 Low Development Scenario using the Average 
deposition in any receptor in the Class I/II area. 

 

Choose Nitrogen kgN/ha N

Across grid cells Average AVG

Group Group Name
Max @ any 

Class I area

Class I Area where 

Max occurred

Max @ any 

Class II area

Class II Area where 

Max occurred

A Little Snake FO 0.0018 Mount_Zirkel 0.0011 Savage_Run

B White River FO 0.0107 Flat_Tops 0.0061 Dinosaur_all

C Colorado River Valley FO (CRVFO) 0.0074 Flat_Tops 0.0050 Holy_Cross

D Roan Plateau Planning area portion of CRVFO 0.0060 Flat_Tops 0.0037 Holy_Cross

E Grand Junction FO 0.0023 Flat_Tops 0.0029 Colorado

F Uncompahgre FO 0.0027 Maroon_Bells 0.0040 Raggeds

G Tres Rios FO 0.0052 Mesa_Verde 0.0056 Hovenweep

H Kremmling FO 0.0003 Rawah 0.0002 Savage_Run

I Royal Gorge FO Area#1 (RGFO#1) -- North 0.0000 Rocky_Mountain 0.0000 Lost_Creek

J Pawnee Grasslands portion of RGFO#1 0.0001 Rocky_Mountain 0.0002 Lost_Creek

K RGFO#2 – West-Central/South 0.0000 Salt_Creek 0.0001 Maxwell_NWR

L RGFO#3 – South 0.0007 Great_Sand_Dunes 0.0083 Greenhorn_Mounta

M RGFO#4 – East-Central 0.0000 Eagles_Nest 0.0002 Lost_Creek

N New Mexico Farmington District 0.0242 Mesa_Verde 0.1499 Aztec_Ruins

O Total Colorado River Field Office 0.0134 Flat_Tops 0.0087 Holy_Cross

P Total Royal Gorge Field Office 0.0007 Great_Sand_Dunes 0.0085 Greenhorn_Mounta

Q Mining from 13 Colorado BLM Planning Areas 0.0051 Mount_Zirkel 0.0049 Colorado

R Combined new Federal O&G and Mining from the 13 

Colorado BLM Planning Areas 0.0303 Flat_Tops 0.0216 Raggeds

S Combined new Federal and non-Federal O&G and 

Mining from 13 Colorado BLM Planning Areas 0.0841 Flat_Tops 0.0973 Hovenweep

T Cumulative Emissions Scenario – New Federal and non-

Federal O&G from 14 BLM Planning Areas plus mining in 

the 14 BLM Planning Areas 0.1058 Mesa_Verde 0.2348 Aztec_Ruins

U Combined O&G and Mining in 4 km domain 0.4345 Mesa_Verde 1.8948 Aztec_Ruins

V Natural Emissions 0.7876 Bandelier 0.4469 Dome

W All 2021 Emissions 2.9682 Mount_Zirkel 8.8463 Valle_De_Oro_NWR

X All 2008 Emissions 5.3938 Salt_Creek 10.0402 Valle_De_Oro_NWR
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Table 5-31a.  Highest nitrogen deposition at any Class I area or sensitive Class II area for each 
of the 24 Source Groups and the 2021 Medium Development Scenario using the Maximum 
deposition in any receptor in the Class I/II area. 

 

Choose Nitrogen kgN/ha N

Across grid cells Maximum Max

Group Group Name
Max @ any 

Class I area

Class I Area where 

Max occurred

Max @ any 

Class II area

Class II Area where 

Max occurred

A Little Snake FO 0.0153 Mount_Zirkel 0.0118 Dinosaur_all

B White River FO 0.1343 Dinosaur_CO 0.1343 Dinosaur_all

C Colorado River Valley FO (CRVFO) 0.0156 Flat_Tops 0.0097 Holy_Cross

D Roan Plateau Planning area portion of CRVFO 0.0163 Flat_Tops 0.0089 Holy_Cross

E Grand Junction FO 0.0558 Maroon_Bells 0.0607 Colorado

F Uncompahgre FO 0.0167 Maroon_Bells 0.0241 Raggeds

G Tres Rios FO 0.1062 Mesa_Verde 0.1230 South_San_Juan

H Kremmling FO 0.0040 Rawah 0.0015 Mount_Evans

I Royal Gorge FO Area#1 (RGFO#1) -- North 0.0003 Rocky_Mountain 0.0002 Mount_Evans

J Pawnee Grasslands portion of RGFO#1 0.0011 Rocky_Mountain 0.0008 Mount_Evans

K RGFO#2 – West-Central/South 0.0004 Pecos 0.0006 Las_Vegas_NWR

L RGFO#3 – South 0.0012 Great_Sand_Dunes 0.0190 Greenhorn_Mounta

M RGFO#4 – East-Central 0.0001 Eagles_Nest 0.0016 Lost_Creek

N New Mexico Farmington District 0.0285 Weminuche 0.1236 Aztec_Ruins

O Total Colorado River Field Office 0.0320 Flat_Tops 0.0186 Holy_Cross

P Total Royal Gorge Field Office 0.0015 Rocky_Mountain 0.0195 Greenhorn_Mounta

Q Mining from 13 Colorado BLM Planning Areas 0.0086 Mount_Zirkel 0.0062 Raggeds

R Combined new Federal O&G and Mining from the 13 

Colorado BLM Planning Areas 0.1739 Flat_Tops 0.1639 Dinosaur_all

S Combined new Federal and non-Federal O&G and 

Mining from 13 Colorado BLM Planning Areas 0.3200 Flat_Tops 0.3105 South_San_Juan

T Cumulative Emissions Scenario – New Federal and non-

Federal O&G from 14 BLM Planning Areas plus mining in 

the 14 BLM Planning Areas 0.3216 Flat_Tops 0.3380 South_San_Juan

U Combined O&G and Mining in 4 km domain 0.6433 Dinosaur_CO 1.8955 Aztec_Ruins

V Natural Emissions 6.6543 Bandelier 1.4498 Chama_River_Cany

W All 2021 Emissions 8.4636 Bandelier 11.2595 Valle_De_Oro_NWR

X All 2008 Emissions 9.0012 Bandelier 12.6927 Bitter_Lake_NWR



January 2015 
 
 

160 

Table 5-31b.  Highest nitrogen deposition at any Class I area or sensitive Class II area for each 
of the 24 Source Groups and the 2021 Medium Development Scenario using the Average 
deposition in any receptor in the Class I/II area. 

 

 

Choose Nitrogen kgN/ha N

Across grid cells Average AVG

Group Group Name
Max @ any 

Class I area

Class I Area where 

Max occurred

Max @ any 

Class II area

Class II Area where 

Max occurred

A Little Snake FO 0.0120 Mount_Zirkel 0.0070 Savage_Run

B White River FO 0.0559 Flat_Tops 0.0374 Dinosaur_all

C Colorado River Valley FO (CRVFO) 0.0095 Flat_Tops 0.0068 Holy_Cross

D Roan Plateau Planning area portion of CRVFO 0.0098 Flat_Tops 0.0062 Holy_Cross

E Grand Junction FO 0.0344 Maroon_Bells 0.0483 Colorado

F Uncompahgre FO 0.0076 Maroon_Bells 0.0109 Raggeds

G Tres Rios FO 0.0363 Mesa_Verde 0.0396 Hovenweep

H Kremmling FO 0.0020 Rawah 0.0010 Mount_Evans

I Royal Gorge FO Area#1 (RGFO#1) -- North 0.0001 Rocky_Mountain 0.0001 Lost_Creek

J Pawnee Grasslands portion of RGFO#1 0.0004 Rocky_Mountain 0.0005 Lost_Creek

K RGFO#2 – West-Central/South 0.0003 Salt_Creek 0.0004 Maxwell_NWR

L RGFO#3 – South 0.0008 Great_Sand_Dunes 0.0093 Greenhorn_Mounta

M RGFO#4 – East-Central 0.0000 Eagles_Nest 0.0009 Lost_Creek

N New Mexico Farmington District 0.0185 Mesa_Verde 0.1154 Aztec_Ruins

O Total Colorado River Field Office 0.0193 Flat_Tops 0.0129 Holy_Cross

P Total Royal Gorge Field Office 0.0010 Great_Sand_Dunes 0.0102 Greenhorn_Mounta

Q Mining from 13 Colorado BLM Planning Areas 0.0051 Mount_Zirkel 0.0050 Colorado

R Combined new Federal O&G and Mining from the 13 

Colorado BLM Planning Areas 0.1199 Flat_Tops 0.1027 Colorado

S Combined new Federal and non-Federal O&G and 

Mining from 13 Colorado BLM Planning Areas 0.2240 Flat_Tops 0.2027 Colorado

T Cumulative Emissions Scenario – New Federal and non-

Federal O&G from 14 BLM Planning Areas plus mining in 

the 14 BLM Planning Areas 0.2253 Flat_Tops 0.2145 Aztec_Ruins

U Combined O&G and Mining in 4 km domain 0.4729 Mesa_Verde 1.8770 Aztec_Ruins

V Natural Emissions 0.7876 Bandelier 0.4469 Dome

W All 2021 Emissions 3.0955 Mount_Zirkel 8.8515 Valle_De_Oro_NWR

X All 2008 Emissions 5.3938 Salt_Creek 10.0402 Valle_De_Oro_NWR
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Table 5-32.  Highest sulfur deposition at any Class I area or sensitive Class II area for each of 
the 24 Source Groups and the 2021 High Development Scenario using the Maximum 
deposition in any receptor in the Class I/II area. 

 

5.4.1.2 Comparisons Against Critical Loads 

In this section we compare the total sulfur and nitrogen deposition from all sources in the 2008 
Base Case and 2021 High, Low and Medium Development Scenarios with Critical Load values.  It 
is unclear what the sulfur and nitrogen for the combined Source Groups Q through U should be 
compared against given that the DAT and Critical Load LOCs were designed for single Projects 
and total emissions, respectively.  The total nitrogen and sulfur deposition amounts for the 
combined Source Groups Q through U are much lower than the Critical Load values 
(Attachments D-1, D-2 and D-3). 

Tables 5-33 and 5-34 display the total nitrogen and sulfur deposition, respectively, at Class I 
areas for the 2021 High, Low and Medium Development Scenarios, the 2008 Base Case, the 
differences between the three2021 scenarios and the 2008 Base Case (2021 minus 2008) and 
the difference between the three 2021 scenarios and the natural emissions (Source Group V).  
As seen in Table 5-29a the Class I area with the highest Maximum nitrogen deposition in the 
2021 High Development Scenario is 8.47 kg/ha/yr at the Bandelier Class I area in New Mexico 
that is over 3 times the nitrogen Critical Load value (2.3 kg/ha/yr).  However, most of this (6.65 
kg/ha/yr) is due to natural emissions (Source Group V in Table 5-29a) and when natural 
emission contributions are removed the value at Bandelier for the 2021 scenarios (1.80-1.81 

Choose Sulfur kgS/ha S

Across grid cells Maximum Max

Group Group Name
Max @ any 

Class I area

Class I Area where 

Max occurred

Max @ any 

Class II area

Class II Area where 

Max occurred

A Little Snake FO 0.0003 Mount_Zirkel 0.0001 Savage_Run

B White River FO 0.0111 Flat_Tops 0.0212 Dinosaur_all

C Colorado River Valley FO (CRVFO) 0.0003 Flat_Tops 0.0001 Holy_Cross

D Roan Plateau Planning area portion of CRVFO 0.0002 Flat_Tops 0.0001 Holy_Cross

E Grand Junction FO 0.0006 Maroon_Bells 0.0005 Raggeds

F Uncompahgre FO 0.0004 Maroon_Bells 0.0008 Raggeds

G Tres Rios FO 0.0006 Mesa_Verde 0.0012 South_San_Juan

H Kremmling FO 0.0001 Rawah 0.0000 Savage_Run

I Royal Gorge FO Area#1 (RGFO#1) -- North 0.0000 Rocky_Mountain 0.0000 Lost_Creek

J Pawnee Grasslands portion of RGFO#1 0.0000 Rocky_Mountain 0.0000 Lost_Creek

K RGFO#2 – West-Central/South 0.0000 Pecos 0.0000 Greenhorn_Mounta

L RGFO#3 – South 0.0000 Great_Sand_Dunes 0.0001 Greenhorn_Mounta

M RGFO#4 – East-Central 0.0000 Eagles_Nest 0.0000 Lost_Creek

N New Mexico Farmington District 0.0009 Weminuche 0.0019 Aztec_Ruins

O Total Colorado River Field Office 0.0004 Flat_Tops 0.0002 Holy_Cross

P Total Royal Gorge Field Office 0.0000 Rocky_Mountain 0.0001 Greenhorn_Mounta

Q Mining from 13 Colorado BLM Planning Areas 0.0235 Mount_Zirkel 0.0078 Raggeds

R Combined new Federal O&G and Mining from the 13 

Colorado BLM Planning Areas 0.0323 Mount_Zirkel 0.0229 Dinosaur_all

S Combined new Federal and non-Federal O&G and 

Mining from 13 Colorado BLM Planning Areas 0.0345 Mount_Zirkel 0.0259 Dinosaur_all

T Cumulative Emissions Scenario – New Federal and non-

Federal O&G from 14 BLM Planning Areas plus mining in 

the 14 BLM Planning Areas 0.0345 Mount_Zirkel 0.0260 Dinosaur_all

U Combined O&G and Mining in 4 km domain 0.0411 Mount_Zirkel 0.0300 Dinosaur_all

V Natural Emissions 0.1642 Bandelier 0.0497 Dome

W All 2021 Emissions 1.7369 Mount_Baldy 1.4079 South_San_Juan

X All 2008 Emissions 2.3428 Mount_Zirkel 2.1000 South_San_Juan
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kg/ha/yr) is reduced to below the nitrogen Critical Load value (2.3 kg/ha/yr) (Table 5-33).  When 
removing natural emission contributions the Maximum nitrogen deposition exceeds the 2.3 
kg/ha/yr Critical Load value at approximately half (14) of the 26 Class I areas for all three 2021 
emission scenarios with the highest value of 4.23, 4.04 and 4.20 kg/ha/yr at the Mount Zirkel 
Wilderness Area and the 2021 High, Low and Medium Development Scenarios, respectively.  
When examining the Average annual nitrogen deposition across Class I areas, approximately a 
quarter of the Class I areas exceed the 2.3 kg/ha/yr nitrogen Critical Load value for the 2021 
emission scenarios.. 

With one exception, all 26 Class I areas exhibit a reduction in annual nitrogen deposition from 
2008 to 2021 with the largest reduction occurring at Salt Creek (-5.5 kg/ha/yr) and the second 
largest reduction occurring at Bosque del Apache (-2.6 kg/ha/yr).  The exception is the Great 
Sand Dunes NM that saw essentially no change in nitrogen deposition between 2008 and 2021 
for the three 2021 emissions scenarios (changes of -0.02 to +0.07 kg/ha/yr). 

The total sulfur deposition at all of the Class I areas for the 2008 and three 2021 emission 
scenarios are all well below the sulfur Critical Load of 5 kg/ha/yr (Table 5-34).  Sulfur deposition 
is reduced by 5% to 50% across the Class I areas between the 2008 and 2021 emissions 
scenarios.  The highest sulfur deposition at any Class I area for the three 2021 emission 
scenarios is 1.7 kg/ha/yr at Mt. Baldy that is approximately a factor of three below the sulfur 
deposition Critical Load (5.0 kg/ha/yr) (Table 5-34). 

Additional results, including those for sensitive Class II areas and all Source Groups, are found in 
Attachments D-1, D-2 and D-3. 
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Table 5-33a.  Total annual nitrogen deposition at Class I areas for the 2021 High Development 
Scenario, 2008 Base Case, their differences (2021 High minus 2008) and 2021 High 
Development Scenario without the contributions of natural emissions (e.g., wildfires). 

Class I Area 

2021 High 2008 Base 2021 High - 2008 2021 Hi - Natural 

N-Max N-Avg N-Max N-Avg N-Max N-Avg N-Max N-Avg 

(kg/ha) (kg/ha) (kg/ha) (kg/ha) (kg/ha) (kg/ha) (kg/ha) (kg/ha) 

Arches NP 1.67 1.56 2.20 1.81 -0.53 -0.25 1.64 1.52 

Bandelier NM 8.47 2.51 9.00 2.96 -0.53 -0.45 1.81 1.72 

Black Canyon NP 2.85 2.30 2.99 2.57 -0.14 -0.27 2.79 2.25 

Bosque del Apache WA 2.49 1.64 5.08 2.46 -2.60 -0.82 2.26 1.51 

Canyonlands NP 1.89 1.43 2.31 1.77 -0.42 -0.34 1.84 1.39 

Capitol Reef NP 3.22 1.54 3.37 1.90 -0.15 -0.36 3.20 1.52 

Eagles Nest WA 2.79 2.08 3.59 2.94 -0.79 -0.85 2.73 2.03 

Flat Tops WA 3.00 2.39 3.71 3.09 -0.71 -0.70 2.90 2.34 

Galiuro WA 2.39 2.29 2.97 2.83 -0.57 -0.54 2.38 2.28 

Gila WA 2.07 1.36 2.69 1.68 -0.63 -0.31 1.98 1.31 

Great Sand Dunes NM 2.77 1.97 2.70 1.95 0.07 0.02 2.66 1.89 

La Garita WA 1.97 1.55 2.75 2.11 -0.78 -0.56 1.88 1.48 

Maroon Bells-Snowmass  3.01 2.18 3.81 2.94 -0.80 -0.77 2.93 2.12 

Mesa Verde NP 2.92 2.53 3.14 2.76 -0.21 -0.22 2.86 2.47 

Mount Baldy WA 2.38 1.94 3.24 2.69 -0.86 -0.75 2.05 1.70 

Mount Zirkel WA 4.29 3.12 5.13 3.95 -0.84 -0.84 4.23 3.07 

Pecos WA 2.98 2.27 3.95 2.99 -0.97 -0.72 2.19 2.09 

Petrified Forest NP 2.04 1.72 2.66 2.16 -0.62 -0.44 1.99 1.68 

Rawah WA 3.23 2.51 4.07 3.27 -0.84 -0.76 3.14 2.45 

Rocky Mountain NP 3.41 2.58 4.49 3.50 -1.08 -0.92 3.31 2.51 

Salt Creek WA 2.70 2.43 8.21 5.39 -5.51 -2.96 2.64 2.38 

San Pedro Parks WA 2.70 2.33 3.36 2.93 -0.67 -0.60 2.25 2.15 

Weminuche WA 3.03 2.14 3.80 2.84 -0.78 -0.70 2.89 2.06 

West Elk WA 2.58 1.98 3.34 2.63 -0.76 -0.66 2.27 1.91 

Wheeler Peak WA 3.10 2.55 4.11 3.44 -1.02 -0.88 2.90 2.41 

White Mountain WA 3.09 2.42 3.73 2.85 -0.65 -0.42 2.57 2.14 

 

  



January 2015 
 
 

164 

 

Table 5-33b.  Total annual nitrogen deposition at Class I areas for the 2021 Low Development 
Scenario, 2008 Base Case, their differences (2021 Low minus 2008) and 2021 Low 
Development Scenario without the contributions of natural emissions (e.g., wildfires). 

Class I Area 

2021 Low 2008 Base 2021 Low - 2008 2021 Low - Natural 

N-Max N-Avg N-Max N-Avg N-Max N-Avg N-Max N-Avg 

(kg/ha) (kg/ha) (kg/ha) (kg/ha) (kg/ha) (kg/ha) (kg/ha) (kg/ha) 

Arches NP 1.59 1.48 2.20 1.81 -0.62 -0.33 1.55 1.44 

Bandelier NM 8.45 2.49 9.00 2.96 -0.55 -0.47 1.80 1.70 

Black Canyon NP 2.72 2.19 2.99 2.57 -0.26 -0.38 2.67 2.14 

Bosque del Apache WA 2.48 1.63 5.08 2.46 -2.60 -0.83 2.26 1.51 

Canyonlands NP 1.86 1.40 2.31 1.77 -0.45 -0.37 1.81 1.37 

Capitol Reef NP 3.22 1.54 3.37 1.90 -0.15 -0.37 3.19 1.52 

Eagles Nest WA 2.61 1.95 3.59 2.94 -0.98 -0.99 2.54 1.90 

Flat Tops WA 2.75 2.20 3.71 3.09 -0.96 -0.89 2.66 2.15 

Galiuro WA 2.39 2.29 2.97 2.83 -0.58 -0.55 2.38 2.28 

Gila WA 2.06 1.36 2.69 1.68 -0.63 -0.31 1.98 1.31 

Great Sand Dunes NM 2.72 1.93 2.70 1.95 0.02 -0.02 2.62 1.86 

La Garita WA 1.91 1.51 2.75 2.11 -0.83 -0.60 1.82 1.44 

Maroon Bells-Snowmass  2.82 2.02 3.81 2.94 -0.99 -0.92 2.73 1.97 

Mesa Verde NP 2.86 2.47 3.14 2.76 -0.27 -0.28 2.80 2.41 

Mount Baldy WA 2.37 1.94 3.24 2.69 -0.86 -0.75 2.05 1.69 

Mount Zirkel WA 4.10 2.97 5.13 3.95 -1.03 -0.98 4.04 2.92 

Pecos WA 2.96 2.25 3.95 2.99 -0.99 -0.74 2.17 2.07 

Petrified Forest NP 2.03 1.72 2.66 2.16 -0.63 -0.44 1.98 1.67 

Rawah WA 3.09 2.39 4.07 3.27 -0.98 -0.88 3.00 2.33 

Rocky Mountain NP 3.22 2.44 4.49 3.50 -1.26 -1.06 3.12 2.37 

Salt Creek WA 2.69 2.42 8.21 5.39 -5.52 -2.97 2.63 2.37 

San Pedro Parks WA 2.68 2.31 3.36 2.93 -0.69 -0.62 2.23 2.13 

Weminuche WA 3.00 2.11 3.80 2.84 -0.81 -0.73 2.86 2.03 

West Elk WA 2.44 1.87 3.34 2.63 -0.90 -0.76 2.13 1.80 

Wheeler Peak WA 3.06 2.52 4.11 3.44 -1.05 -0.91 2.87 2.38 

White Mountain WA 3.08 2.42 3.73 2.85 -0.65 -0.43 2.56 2.14 
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Table 5-33c.  Total annual nitrogen deposition at Class I areas for the 2021 Medium 
Development Scenario, 2008 Base Case, their differences (2021 Medium minus 2008) and 
2021 Medium Development Scenario without the contributions of natural emissions (e.g., 
wildfires). 

Class I Area 

2021 High 2008 Base 2021 High - 2008 2021 Hi - Natural 

N-Max N-Avg N-Max N-Avg N-Max N-Avg N-Max N-Avg 

(kg/ha) (kg/ha) (kg/ha) (kg/ha) (kg/ha) (kg/ha) (kg/ha) (kg/ha) 

Arches NP 1.67 1.55 2.20 1.81 -0.54 -0.26 1.63 1.52 

Bandelier NM 8.46 2.50 9.00 2.96 -0.54 -0.46 1.81 1.72 

Black Canyon NP 2.83 2.29 2.99 2.57 -0.16 -0.29 2.78 2.23 

Bosque del Apache WA 2.49 1.64 5.08 2.46 -2.60 -0.83 2.26 1.51 

Canyonlands NP 1.89 1.43 2.31 1.77 -0.42 -0.35 1.83 1.39 

Capitol Reef NP 3.22 1.54 3.37 1.90 -0.15 -0.36 3.20 1.52 

Eagles Nest WA 2.76 2.06 3.59 2.94 -0.83 -0.88 2.70 2.01 

Flat Tops WA 2.95 2.35 3.71 3.09 -0.75 -0.73 2.86 2.31 

Galiuro WA 2.39 2.29 2.97 2.83 -0.57 -0.54 2.38 2.28 

Gila WA 2.07 1.36 2.69 1.68 -0.63 -0.31 1.98 1.31 

Great Sand Dunes NM 2.76 1.96 2.70 1.95 0.06 0.01 2.66 1.89 

La Garita WA 1.96 1.54 2.75 2.11 -0.79 -0.57 1.87 1.47 

Maroon Bells-Snowmass  2.98 2.15 3.81 2.94 -0.84 -0.79 2.89 2.09 

Mesa Verde NP 2.90 2.51 3.14 2.76 -0.23 -0.24 2.84 2.46 

Mount Baldy WA 2.38 1.94 3.24 2.69 -0.86 -0.75 2.05 1.69 

Mount Zirkel WA 4.27 3.10 5.13 3.95 -0.86 -0.86 4.20 3.05 

Pecos WA 2.98 2.27 3.95 2.99 -0.97 -0.72 2.19 2.08 

Petrified Forest NP 2.04 1.72 2.66 2.16 -0.62 -0.44 1.98 1.68 

Rawah WA 3.21 2.49 4.07 3.27 -0.86 -0.78 3.12 2.43 

Rocky Mountain NP 3.39 2.56 4.49 3.50 -1.10 -0.93 3.29 2.49 

Salt Creek WA 2.69 2.43 8.21 5.39 -5.52 -2.97 2.64 2.38 

San Pedro Parks WA 2.69 2.33 3.36 2.93 -0.67 -0.61 2.24 2.14 

Weminuche WA 3.01 2.13 3.80 2.84 -0.79 -0.71 2.88 2.05 

West Elk WA 2.56 1.96 3.34 2.63 -0.78 -0.67 2.25 1.89 

Wheeler Peak WA 3.09 2.55 4.11 3.44 -1.03 -0.89 2.89 2.40 

White Mountain WA 3.09 2.42 3.73 2.85 -0.65 -0.42 2.57 2.14 
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Table 5-34a.  Total annual sulfur deposition at Class I areas for the 2021 High Development 
Scenario, 2008 Base Case, their differences (2021 High minus 2008) and 2021 High 
Development Scenario without the contributions of natural emissions (e.g., wildfires). 

Class I Area 

2021 High 2008 Base 2021 High - 2008 2021 Hi - Natural 

S-Max S-Avg S-Max S-Avg S-Max S-Avg S-Max S-Avg 

(kg/ha) (kg/ha) (kg/ha) (kg/ha) (kg/ha) (kg/ha) (kg/ha) (kg/ha) 

Arches NP 0.22 0.20 0.36 0.33 -0.14 -0.13 0.22 0.22 

Bandelier NM 0.77 0.47 1.12 0.71 -0.34 -0.24 0.61 0.77 

Black Canyon NP 0.36 0.31 0.62 0.53 -0.26 -0.22 0.36 0.36 

Bosque del Apache WA 0.38 0.35 0.41 0.36 -0.03 -0.02 0.38 0.38 

Canyonlands NP 0.35 0.22 0.60 0.35 -0.25 -0.13 0.35 0.35 

Capitol Reef NP 0.40 0.22 0.55 0.33 -0.15 -0.11 0.40 0.40 

Eagles Nest WA 0.92 0.56 1.56 1.10 -0.64 -0.54 0.92 0.92 

Flat Tops WA 1.04 0.71 1.72 1.33 -0.69 -0.61 1.04 1.04 

Galiuro WA 1.31 1.17 1.12 1.02 0.19 0.15 1.31 1.31 

Gila WA 1.32 0.58 1.61 0.72 -0.29 -0.13 1.32 1.32 

Great Sand Dunes NM 0.57 0.33 0.94 0.56 -0.38 -0.23 0.57 0.57 

La Garita WA 0.67 0.43 1.25 0.88 -0.58 -0.45 0.67 0.67 

Maroon Bells-Snowmass  1.14 0.70 1.86 1.33 -0.71 -0.64 1.14 1.14 

Mesa Verde NP 0.58 0.49 0.91 0.80 -0.33 -0.32 0.58 0.58 

Mount Baldy WA 1.74 1.13 2.06 1.52 -0.33 -0.38 1.72 1.74 

Mount Zirkel WA 1.48 0.93 2.34 1.73 -0.86 -0.80 1.48 1.48 

Pecos WA 1.42 0.83 1.95 1.30 -0.53 -0.46 1.40 1.42 

Petrified Forest NP 0.58 0.47 0.80 0.68 -0.22 -0.21 0.58 0.58 

Rawah WA 1.01 0.65 1.77 1.29 -0.77 -0.64 1.00 1.01 

Rocky Mountain NP 1.11 0.68 1.91 1.35 -0.80 -0.66 1.11 1.11 

Salt Creek WA 0.69 0.61 0.73 0.66 -0.04 -0.05 0.69 0.69 

San Pedro Parks WA 1.11 0.77 1.61 1.24 -0.51 -0.47 1.10 1.11 

Weminuche WA 1.50 0.80 2.06 1.36 -0.56 -0.56 1.50 1.50 

West Elk WA 0.90 0.53 1.48 1.01 -0.58 -0.48 0.89 0.90 

Wheeler Peak WA 1.54 1.07 2.23 1.66 -0.69 -0.59 1.53 1.54 

White Mountain WA 1.61 0.97 1.85 1.11 -0.24 -0.14 1.59 1.61 
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Table 5-34b.  Total annual sulfur deposition at Class I areas for the 2021 Low Development 
Scenario, 2008 Base Case, their differences (2021 Low minus 2008) and 2021 Low 
Development Scenario without the contributions of natural emissions (e.g., wildfires). 

Class I Area 

2021 Low 2008 Base 2021 Low - 2008 2021 Low - Natural 

S-Max S-Avg S-Max S-Avg S-Max S-Avg S-Max S-Avg 

(kg/ha) (kg/ha) (kg/ha) (kg/ha) (kg/ha) (kg/ha) (kg/ha) (kg/ha) 

Arches NP 0.22 0.20 0.36 0.33 -0.15 -0.13 0.22 0.20 

Bandelier NM 0.77 0.47 1.12 0.71 -0.34 -0.24 0.61 0.45 

Black Canyon NP 0.36 0.31 0.62 0.53 -0.26 -0.22 0.36 0.31 

Bosque del Apache WA 0.38 0.35 0.41 0.36 -0.03 -0.02 0.38 0.35 

Canyonlands NP 0.35 0.22 0.60 0.35 -0.25 -0.13 0.35 0.22 

Capitol Reef NP 0.40 0.22 0.55 0.33 -0.15 -0.11 0.40 0.22 

Eagles Nest WA 0.92 0.56 1.56 1.10 -0.64 -0.54 0.92 0.56 

Flat Tops WA 1.03 0.71 1.72 1.33 -0.69 -0.62 1.03 0.71 

Galiuro WA 1.31 1.17 1.12 1.02 0.19 0.15 1.31 1.17 

Gila WA 1.32 0.58 1.61 0.72 -0.29 -0.13 1.32 0.58 

Great Sand Dunes NM 0.57 0.33 0.94 0.56 -0.38 -0.23 0.57 0.33 

La Garita WA 0.67 0.43 1.25 0.88 -0.58 -0.45 0.67 0.43 

Maroon Bells-Snowmass  1.14 0.69 1.86 1.33 -0.72 -0.64 1.14 0.69 

Mesa Verde NP 0.58 0.49 0.91 0.80 -0.33 -0.32 0.58 0.49 

Mount Baldy WA 1.74 1.13 2.06 1.52 -0.33 -0.38 1.72 1.13 

Mount Zirkel WA 1.47 0.93 2.34 1.73 -0.87 -0.80 1.47 0.93 

Pecos WA 1.42 0.83 1.95 1.30 -0.53 -0.47 1.40 0.83 

Petrified Forest NP 0.58 0.47 0.80 0.68 -0.22 -0.21 0.58 0.47 

Rawah WA 1.00 0.65 1.77 1.29 -0.77 -0.64 1.00 0.65 

Rocky Mountain NP 1.11 0.68 1.91 1.35 -0.80 -0.67 1.10 0.68 

Salt Creek WA 0.69 0.61 0.73 0.66 -0.04 -0.05 0.69 0.61 

San Pedro Parks WA 1.11 0.76 1.61 1.24 -0.51 -0.47 1.10 0.76 

Weminuche WA 1.50 0.80 2.06 1.36 -0.56 -0.56 1.50 0.80 

West Elk WA 0.90 0.53 1.48 1.01 -0.58 -0.48 0.89 0.53 

Wheeler Peak WA 1.54 1.07 2.23 1.66 -0.69 -0.59 1.53 1.07 

White Mountain WA 1.61 0.97 1.85 1.11 -0.24 -0.14 1.59 0.96 
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Table 5-34c.  Total annual sulfur deposition at Class I areas for the 2021 Medium 
Development Scenario, 2008 Base Case, their differences (2021 Medium minus 2008) and 
2021 Medium Development Scenario without the contributions of natural emissions (e.g., 
wildfires). 

Class I Area 

2021 High 2008 Base 2021 High - 2008 2021 Hi - Natural 

S-Max S-Avg S-Max S-Avg S-Max S-Avg S-Max S-Avg 

(kg/ha) (kg/ha) (kg/ha) (kg/ha) (kg/ha) (kg/ha) (kg/ha) (kg/ha) 

Arches NP 0.22 0.20 0.36 0.33 -0.14 -0.13 0.22 0.20 

Bandelier NM 0.77 0.47 1.12 0.71 -0.34 -0.24 0.61 0.45 

Black Canyon NP 0.36 0.31 0.62 0.53 -0.26 -0.22 0.36 0.31 

Bosque del Apache WA 0.38 0.35 0.41 0.36 -0.03 -0.02 0.38 0.35 

Canyonlands NP 0.35 0.22 0.60 0.35 -0.25 -0.13 0.35 0.22 

Capitol Reef NP 0.40 0.22 0.55 0.33 -0.15 -0.11 0.40 0.22 

Eagles Nest WA 0.92 0.56 1.56 1.10 -0.64 -0.54 0.92 0.56 

Flat Tops WA 1.04 0.71 1.72 1.33 -0.69 -0.61 1.04 0.71 

Galiuro WA 1.31 1.17 1.12 1.02 0.19 0.15 1.31 1.17 

Gila WA 1.32 0.58 1.61 0.72 -0.29 -0.13 1.32 0.58 

Great Sand Dunes NM 0.57 0.33 0.94 0.56 -0.38 -0.23 0.57 0.33 

La Garita WA 0.67 0.43 1.25 0.88 -0.58 -0.45 0.67 0.43 

Maroon Bells-Snowmass  1.14 0.70 1.86 1.33 -0.71 -0.64 1.14 0.70 

Mesa Verde NP 0.58 0.49 0.91 0.80 -0.33 -0.32 0.58 0.49 

Mount Baldy WA 1.74 1.13 2.06 1.52 -0.33 -0.38 1.72 1.13 

Mount Zirkel WA 1.48 0.93 2.34 1.73 -0.86 -0.80 1.48 0.93 

Pecos WA 1.42 0.83 1.95 1.30 -0.53 -0.46 1.40 0.83 

Petrified Forest NP 0.58 0.47 0.80 0.68 -0.22 -0.21 0.58 0.47 

Rawah WA 1.01 0.65 1.77 1.29 -0.77 -0.64 1.00 0.65 

Rocky Mountain NP 1.11 0.68 1.91 1.35 -0.80 -0.66 1.11 0.68 

Salt Creek WA 0.69 0.61 0.73 0.66 -0.04 -0.05 0.69 0.61 

San Pedro Parks WA 1.11 0.77 1.61 1.24 -0.51 -0.47 1.10 0.76 

Weminuche WA 1.50 0.80 2.06 1.36 -0.56 -0.56 1.50 0.80 

West Elk WA 0.90 0.53 1.48 1.01 -0.58 -0.48 0.89 0.53 

Wheeler Peak WA 1.54 1.07 2.23 1.66 -0.69 -0.59 1.53 1.07 

White Mountain WA 1.61 0.97 1.85 1.11 -0.24 -0.14 1.59 0.96 
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5.5 Acid Neutralizing Capacity (ANC) at Sensitive Lakes 

Acid Neutralizing Capacity (ANC) at sensitive lakes was calculated for each Source Group 
following the procedures given in Section 4.8.  For a Project, the USFS ANC Level of Acceptable 
Change (LAC) threshold is no change greater than 10% for lakes with base ANC > 25 µeq/l and 
no change greater than 1 µeq/l for lakes with base ANC values < 25 µeq/l.  Attachments E-1, E-2 
and E-3 are interactive Excel spreadsheet that displays the change in ANC at the sensitive lakes 
due to emissions from each of the 24 Source Groups and the, respectively, High, Low and 
Medium Development Scenarios.  The Source Group to be displayed is controlled by cell  B3 
with the resultant change in ANC (Delta ANC) shown as a percent in Column N and as µeq/l in 
Column O with an indication of whether it is below the USFS LAC value given in Column P.  
Although ANC is presented for each Source Group, the ANC results for the Source Groups with 
existing sources (U, V, W and X) are not meaningful since their effects are contained within 
both the 10 percentile baseline lake acidity as well as the incremental acidity added to the 
baseline. 

5.5.1 ANC Calculations for Individual BLM Planning Areas 

For new Federal O&G from each of the 14 BLM Planning Areas (Source Groups A through P) the 
change in ANC were below the USFS LAC significance thresholds at all of the sensitive lakes.  For 
example, Table 5-35 displays ANC results from Attachment E-1 (2021 High Development 
Scenario) for the GJFO, UFO and USFS-PG Planning Areas (Source Groups E, F and J).  For new 
Federal O&G from the GJFO Planning Area and the 2021 High Scenario, the maximum change in 
ANC at any sensitive lake is 3.22% at the White Dome Lake in the Weminuche National Forest.  
This change is below both of the USFS LAC values (Table 5-35a).  Note that Attachment D 
contains more information on the sensitive lakes than presented in Table 5-35 including the 
lake chemistry parameters.  For new Federal O&G within the UFO Planning Area and the 2021 
High Scenario, the maximum change in ANC at any sensitive lake is 1.02% at Deep Creek Lake in 
the Raggeds Wilderness Area - Gunnison National Forest that is below the USFS LAC thresholds 
(Table 5-35b).  New Federal O&G development within the USFS Pawnee Grassland Planning 
Area has almost no effect on acidification at the sensitive lakes with maximum change in ANC 
values of 0.02% (Table 5-35c).  ANC results for the other BLM Planning Areas and the 2021 Low 
and Medium Development Scenario are contained in Attachments E-1, E-2 and E-3. 
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Table 5-35a.  ANC calculations at sensitive lakes for new Federal oil and gas development 
within the BLM Grand Junction Field Office Planning Area (Source Group E) and the 2021 High 
Development Scenario. 

 

Lake

10th Percentile 

Lowest ANC 

Value (µeq/L)

Total S Dep 

(kg-S/ha-yr)

Total N Dep 

(kg-N/ha-yr)
PPT (m)

Delta ANC 

(%)*

Delta ANC 

(meq/L)*

USFS LAC 

Threshold

Below 

Threshold?

2021 Hi 

Predicted 10th 

Percentile 

Lowest ANC 

Value (µeq/L)

Brooklyn Lake 101.7 0.0003 0.0277 0.898 0.33% 0.3316 <10% yes 101.3

Tabor Lake 112.4 0.0003 0.0289 0.860 0.32% 0.3617 <10% yes 112.0

Booth Lake 86.8 0.0004 0.0442 0.844 0.65% 0.5621 <10% yes 86.2

Upper Willow Lake 134.1 0.0002 0.0295 0.741 0.32% 0.4278 <10% yes 133.7

Ned Wilson Lake 39.0 0.0004 0.0438 1.158 1.04% 0.4059 <10% yes 38.6

Upper Ned Wilson Lake 12.9 0.0004 0.0438 1.158 3.15% 0.4059 <1(µeq/L) yes 12.5

Lower NWL Packtrail Pothole 29.7 0.0004 0.0438 1.158 1.37% 0.4059 <10% yes 29.2

Upper NWL Packtrail Pothole 48.7 0.0004 0.0438 1.158 0.83% 0.4059 <10% yes 48.3

Walk Up Lake 55.2 0.0000 0.0008 0.878 0.02% 0.0101 <10% yes 55.2

Bluebell Lake 55.5 0.0000 0.0005 0.883 0.01% 0.0066 <10% yes 55.5

Dean Lake 48.9 0.0000 0.0005 1.061 0.01% 0.0050 <10% yes 48.9

No Name (Utah, Duchesne - 4D2-039) 67.0 0.0000 0.0008 0.844 0.02% 0.0105 <10% yes 67.0

Upper Coffin Lake 64.9 0.0000 0.0006 0.960 0.01% 0.0070 <10% yes 64.8

Fish Lake 105.8 0.0000 0.0008 0.869 0.01% 0.0101 <10% yes 105.7

Blodgett Lake, Colorado 47.7 0.0004 0.0471 0.928 1.14% 0.5446 <10% yes 47.1

Upper Turquoise Lake 104.0 0.0004 0.0475 0.809 0.61% 0.6316 <10% yes 103.4

Upper West Tennessee Lake 114.2 0.0003 0.0374 0.904 0.39% 0.4440 <10% yes 113.8

Blue Lake (Colorado; Boulder - 4E1-040) 19.3 0.0003 0.0360 1.128 1.78% 0.3424 <1(µeq/L) yes 18.9

Crater Lake 53.1 0.0003 0.0314 1.071 0.59% 0.3144 <10% yes 52.8

King Lake (Colorado; Grand - 4E1-049) 52.3 0.0002 0.0331 0.959 0.71% 0.3699 <10% yes 51.9

No Name Lake (Colorado; Boulder - 4E1-055) 25.6 0.0003 0.0370 1.126 1.38% 0.3531 <10% yes 25.3

Upper Lake 69.0 0.0003 0.0340 1.139 0.46% 0.3204 <10% yes 68.7

Small Lake Above U-Shaped Lake 59.9 0.0001 0.0100 0.927 0.19% 0.1153 <10% yes 59.8

U-Shaped Lake 81.4 0.0001 0.0100 0.927 0.14% 0.1153 <10% yes 81.2

Avalanche Lake 158.8 0.0006 0.0526 1.282 0.28% 0.4419 <10% yes 158.4

Capitol Lake 154.4 0.0006 0.0519 1.110 0.33% 0.5030 <10% yes 153.9

Moon Lake (Upper) 53.0 0.0006 0.0519 1.110 0.95% 0.5030 <10% yes 52.5

Upper Middle Beartrack Lake 50.9 0.0002 0.0209 0.869 0.51% 0.2583 <10% yes 50.6

Abyss Lake 81.1 0.0001 0.0218 0.896 0.32% 0.2613 <10% yes 80.8

Frozen Lake 93.3 0.0001 0.0218 0.896 0.28% 0.2613 <10% yes 93.0

North Lake 80.9 0.0001 0.0218 0.896 0.32% 0.2613 <10% yes 80.7

South Lake 66.7 0.0001 0.0218 0.896 0.39% 0.2613 <10% yes 66.5

Lake Elbert 56.6 0.0003 0.0299 1.726 0.33% 0.1859 <10% yes 56.4

Seven Lakes (LG East) 36.2 0.0002 0.0246 1.546 0.47% 0.1713 <10% yes 36.1

Summit Lake 48.0 0.0003 0.0290 1.449 0.45% 0.2153 <10% yes 47.8

Deep Creek Lake 20.6 0.0003 0.0409 0.887 2.40% 0.4949 <1(µeq/L) yes 20.1

Island Lake 71.0 0.0002 0.0222 1.079 0.31% 0.2215 <10% yes 70.8

Kelly Lake 179.9 0.0002 0.0222 1.079 0.12% 0.2215 <10% yes 179.6

Rawah Lake #4 41.3 0.0002 0.0225 1.098 0.53% 0.2206 <10% yes 41.1

Crater Lake (Sangre de Cristo) 162.9 0.0001 0.0097 0.959 0.07% 0.1084 <10% yes 162.8

Lower Stout Lake 145.2 0.0001 0.0123 0.671 0.14% 0.1975 <10% yes 145.0

Upper Little Sand Creek Lake 129.5 0.0001 0.0092 1.064 0.07% 0.0926 <10% yes 129.4

Upper Stout Lake 76.3 0.0001 0.0123 0.671 0.26% 0.1975 <10% yes 76.1

Glacier Lake (Colorado) 63.4 0.0000 0.0042 1.145 0.06% 0.0398 <10% yes 63.4

Lake South of Blue Lakes 16.9 0.0000 0.0050 1.312 0.24% 0.0406 <1(µeq/L) yes 16.9

Big Eldorado Lake 19.6 0.0000 0.0070 1.128 0.34% 0.0664 <1(µeq/L) yes 19.6

Four Mile Pothole 123.4 0.0001 0.0069 1.173 0.05% 0.0633 <10% yes 123.3

Lake Due South of Ute Lake 13.2 0.0000 0.0059 1.067 0.45% 0.0597 <1(µeq/L) yes 13.1

Little Eldorado -3.3 0.0000 0.0070 1.128 2.01% 0.0664 <1(µeq/L) yes -3.4

Little Granite Lake 80.7 0.0000 0.0069 0.830 0.11% 0.0890 <10% yes 80.6

Lower Sunlight Lake 80.9 0.0001 0.0073 1.177 0.08% 0.0670 <10% yes 80.8

Middle Ute Lake 42.8 0.0000 0.0059 1.052 0.14% 0.0603 <10% yes 42.7

Small Pond Above Trout Lake 25.5 0.0000 0.0069 1.087 0.27% 0.0682 <10% yes 25.4

Upper Grizzly Lake 29.9 0.0001 0.0075 1.177 0.23% 0.0689 <10% yes 29.8

Upper Sunlight Lake 28.0 0.0001 0.0075 1.177 0.25% 0.0689 <10% yes 27.9

West Snowdon Lake 39.4 0.0000 0.0070 0.978 0.20% 0.0772 <10% yes 39.3

White Dome Lake 2.1 0.0000 0.0070 1.128 3.22% 0.0664 <1(µeq/L) yes 2.0

South Golden Lake 111.4 0.0002 0.0317 0.984 0.31% 0.3456 <10% yes 111.1

* USDA Forest Service methodology reports both Delta ANC calculations and LAC thresholds as positive quantities, however they reflect a decrease in lake ANC  
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Table 5-35b.  ANC calculations at sensitive lakes for new Federal oil and gas development 
within the BLM Uncompahgre Field Office Planning Area (Source Group F) and the 2021 High 
Development Scenario. 

 

Lake

10th Percentile 

Lowest ANC 

Value (µeq/L)

Total S Dep 

(kg-S/ha-yr)

Total N Dep 

(kg-N/ha-yr)
PPT (m)

Delta ANC 

(%)*

Delta ANC 

(meq/L)*

USFS LAC 

Threshold

Below 

Threshold?

2021 Hi 

Predicted 10th 

Percentile 

Lowest ANC 

Value (µeq/L)

Brooklyn Lake 101.7 0.0001 0.0045 0.898 0.05% 0.0543 <10% yes 101.6

Tabor Lake 112.4 0.0001 0.0044 0.860 0.05% 0.0559 <10% yes 112.3

Booth Lake 86.8 0.0000 0.0030 0.844 0.04% 0.0389 <10% yes 86.7

Upper Willow Lake 134.1 0.0000 0.0022 0.741 0.02% 0.0325 <10% yes 134.1

Ned Wilson Lake 39.0 0.0000 0.0015 1.158 0.04% 0.0137 <10% yes 39.0

Upper Ned Wilson Lake 12.9 0.0000 0.0015 1.158 0.11% 0.0137 <1(µeq/L) yes 12.9

Lower NWL Packtrail Pothole 29.7 0.0000 0.0015 1.158 0.05% 0.0137 <10% yes 29.6

Upper NWL Packtrail Pothole 48.7 0.0000 0.0015 1.158 0.03% 0.0137 <10% yes 48.7

Walk Up Lake 55.2 0.0000 0.0000 0.878 0.00% 0.0003 <10% yes 55.2

Bluebell Lake 55.5 0.0000 0.0000 0.883 0.00% 0.0002 <10% yes 55.5

Dean Lake 48.9 0.0000 0.0000 1.061 0.00% 0.0001 <10% yes 48.9

No Name (Utah, Duchesne - 4D2-039) 67.0 0.0000 0.0000 0.844 0.00% 0.0003 <10% yes 67.0

Upper Coffin Lake 64.9 0.0000 0.0000 0.960 0.00% 0.0002 <10% yes 64.8

Fish Lake 105.8 0.0000 0.0000 0.869 0.00% 0.0003 <10% yes 105.8

Blodgett Lake, Colorado 47.7 0.0001 0.0044 0.928 0.11% 0.0518 <10% yes 47.6

Upper Turquoise Lake 104.0 0.0001 0.0038 0.809 0.05% 0.0506 <10% yes 103.9

Upper West Tennessee Lake 114.2 0.0001 0.0041 0.904 0.04% 0.0492 <10% yes 114.2

Blue Lake (Colorado; Boulder - 4E1-040) 19.3 0.0000 0.0025 1.128 0.12% 0.0235 <1(µeq/L) yes 19.2

Crater Lake 53.1 0.0000 0.0021 1.071 0.04% 0.0211 <10% yes 53.1

King Lake (Colorado; Grand - 4E1-049) 52.3 0.0000 0.0021 0.959 0.05% 0.0236 <10% yes 52.2

No Name Lake (Colorado; Boulder - 4E1-055) 25.6 0.0000 0.0025 1.126 0.09% 0.0240 <10% yes 25.6

Upper Lake 69.0 0.0000 0.0024 1.139 0.03% 0.0230 <10% yes 69.0

Small Lake Above U-Shaped Lake 59.9 0.0000 0.0013 0.927 0.03% 0.0154 <10% yes 59.9

U-Shaped Lake 81.4 0.0000 0.0013 0.927 0.02% 0.0154 <10% yes 81.3

Avalanche Lake 158.8 0.0004 0.0147 1.282 0.08% 0.1250 <10% yes 158.7

Capitol Lake 154.4 0.0003 0.0132 1.110 0.08% 0.1299 <10% yes 154.3

Moon Lake (Upper) 53.0 0.0003 0.0132 1.110 0.25% 0.1299 <10% yes 52.9

Upper Middle Beartrack Lake 50.9 0.0000 0.0017 0.869 0.04% 0.0205 <10% yes 50.9

Abyss Lake 81.1 0.0000 0.0018 0.896 0.03% 0.0211 <10% yes 81.1

Frozen Lake 93.3 0.0000 0.0018 0.896 0.02% 0.0211 <10% yes 93.2

North Lake 80.9 0.0000 0.0018 0.896 0.03% 0.0211 <10% yes 80.9

South Lake 66.7 0.0000 0.0018 0.896 0.03% 0.0211 <10% yes 66.7

Lake Elbert 56.6 0.0000 0.0011 1.726 0.01% 0.0066 <10% yes 56.6

Seven Lakes (LG East) 36.2 0.0000 0.0007 1.546 0.01% 0.0052 <10% yes 36.2

Summit Lake 48.0 0.0000 0.0011 1.449 0.02% 0.0084 <10% yes 48.0

Deep Creek Lake 20.6 0.0003 0.0173 0.887 1.02% 0.2107 <1(µeq/L) yes 20.4

Island Lake 71.0 0.0000 0.0014 1.079 0.02% 0.0141 <10% yes 71.0

Kelly Lake 179.9 0.0000 0.0014 1.079 0.01% 0.0141 <10% yes 179.8

Rawah Lake #4 41.3 0.0000 0.0014 1.098 0.03% 0.0137 <10% yes 41.3

Crater Lake (Sangre de Cristo) 162.9 0.0000 0.0012 0.959 0.01% 0.0134 <10% yes 162.9

Lower Stout Lake 145.2 0.0000 0.0019 0.671 0.02% 0.0308 <10% yes 145.2

Upper Little Sand Creek Lake 129.5 0.0000 0.0012 1.064 0.01% 0.0118 <10% yes 129.5

Upper Stout Lake 76.3 0.0000 0.0019 0.671 0.04% 0.0308 <10% yes 76.3

Glacier Lake (Colorado) 63.4 0.0000 0.0005 1.145 0.01% 0.0044 <10% yes 63.4

Lake South of Blue Lakes 16.9 0.0000 0.0005 1.312 0.02% 0.0042 <1(µeq/L) yes 16.9

Big Eldorado Lake 19.6 0.0000 0.0007 1.128 0.03% 0.0065 <1(µeq/L) yes 19.6

Four Mile Pothole 123.4 0.0000 0.0006 1.173 0.00% 0.0057 <10% yes 123.4

Lake Due South of Ute Lake 13.2 0.0000 0.0006 1.067 0.04% 0.0057 <1(µeq/L) yes 13.2

Little Eldorado -3.3 0.0000 0.0007 1.128 0.20% 0.0065 <1(µeq/L) yes -3.3

Little Granite Lake 80.7 0.0000 0.0007 0.830 0.01% 0.0092 <10% yes 80.7

Lower Sunlight Lake 80.9 0.0000 0.0007 1.177 0.01% 0.0063 <10% yes 80.9

Middle Ute Lake 42.8 0.0000 0.0006 1.052 0.01% 0.0059 <10% yes 42.8

Small Pond Above Trout Lake 25.5 0.0000 0.0007 1.087 0.03% 0.0071 <10% yes 25.5

Upper Grizzly Lake 29.9 0.0000 0.0007 1.177 0.02% 0.0063 <10% yes 29.9

Upper Sunlight Lake 28.0 0.0000 0.0007 1.177 0.02% 0.0063 <10% yes 28.0

West Snowdon Lake 39.4 0.0000 0.0007 0.978 0.02% 0.0074 <10% yes 39.3

White Dome Lake 2.1 0.0000 0.0007 1.128 0.32% 0.0065 <1(µeq/L) yes 2.1

South Golden Lake 111.4 0.0001 0.0090 0.984 0.09% 0.0989 <10% yes 111.3

* USDA Forest Service methodology reports both Delta ANC calculations and LAC thresholds as positive quantities, however they reflect a decrease in lake ANC  
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Table 5-35c.  ANC calculations at sensitive lakes for new Federal oil and gas development 
within the USFS Pawnee Grasslands Planning Area (Source Group J) and the 2021 High 
Development Scenario. 

 

  

Lake

10th Percentile 

Lowest ANC 

Value (µeq/L)

Total S Dep 

(kg-S/ha-yr)

Total N Dep 

(kg-N/ha-yr)
PPT (m)

Delta ANC 

(%)*

Delta ANC 

(meq/L)*

USFS LAC 

Threshold

Below 

Threshold?

2021 Hi 

Predicted 10th 

Percentile 

Lowest ANC 

Value (µeq/L)

Brooklyn Lake 101.7 0.0000 0.0000 0.898 0.00% 0.0005 <10% yes 101.7

Tabor Lake 112.4 0.0000 0.0000 0.860 0.00% 0.0005 <10% yes 112.4

Booth Lake 86.8 0.0000 0.0001 0.844 0.00% 0.0006 <10% yes 86.8

Upper Willow Lake 134.1 0.0000 0.0001 0.741 0.00% 0.0015 <10% yes 134.1

Ned Wilson Lake 39.0 0.0000 0.0000 1.158 0.00% 0.0001 <10% yes 39.0

Upper Ned Wilson Lake 12.9 0.0000 0.0000 1.158 0.00% 0.0001 <1(µeq/L) yes 12.9

Lower NWL Packtrail Pothole 29.7 0.0000 0.0000 1.158 0.00% 0.0001 <10% yes 29.6

Upper NWL Packtrail Pothole 48.7 0.0000 0.0000 1.158 0.00% 0.0001 <10% yes 48.7

Walk Up Lake 55.2 0.0000 0.0000 0.878 0.00% 0.0000 <10% yes 55.2

Bluebell Lake 55.5 0.0000 0.0000 0.883 0.00% 0.0000 <10% yes 55.5

Dean Lake 48.9 0.0000 0.0000 1.061 0.00% 0.0000 <10% yes 48.9

No Name (Utah, Duchesne - 4D2-039) 67.0 0.0000 0.0000 0.844 0.00% 0.0000 <10% yes 67.0

Upper Coffin Lake 64.9 0.0000 0.0000 0.960 0.00% 0.0000 <10% yes 64.8

Fish Lake 105.8 0.0000 0.0000 0.869 0.00% 0.0000 <10% yes 105.8

Blodgett Lake, Colorado 47.7 0.0000 0.0000 0.928 0.00% 0.0003 <10% yes 47.7

Upper Turquoise Lake 104.0 0.0000 0.0000 0.809 0.00% 0.0005 <10% yes 104.0

Upper West Tennessee Lake 114.2 0.0000 0.0000 0.904 0.00% 0.0006 <10% yes 114.2

Blue Lake (Colorado; Boulder - 4E1-040) 19.3 0.0000 0.0003 1.128 0.02% 0.0032 <1(µeq/L) yes 19.2

Crater Lake 53.1 0.0000 0.0003 1.071 0.01% 0.0027 <10% yes 53.1

King Lake (Colorado; Grand - 4E1-049) 52.3 0.0000 0.0004 0.959 0.01% 0.0042 <10% yes 52.3

No Name Lake (Colorado; Boulder - 4E1-055) 25.6 0.0000 0.0005 1.126 0.02% 0.0044 <10% yes 25.6

Upper Lake 69.0 0.0000 0.0003 1.139 0.00% 0.0024 <10% yes 69.0

Small Lake Above U-Shaped Lake 59.9 0.0000 0.0000 0.927 0.00% 0.0004 <10% yes 59.9

U-Shaped Lake 81.4 0.0000 0.0000 0.927 0.00% 0.0004 <10% yes 81.4

Avalanche Lake 158.8 0.0000 0.0000 1.282 0.00% 0.0001 <10% yes 158.8

Capitol Lake 154.4 0.0000 0.0000 1.110 0.00% 0.0002 <10% yes 154.4

Moon Lake (Upper) 53.0 0.0000 0.0000 1.110 0.00% 0.0002 <10% yes 53.0

Upper Middle Beartrack Lake 50.9 0.0000 0.0005 0.869 0.01% 0.0064 <10% yes 50.9

Abyss Lake 81.1 0.0000 0.0004 0.896 0.01% 0.0044 <10% yes 81.1

Frozen Lake 93.3 0.0000 0.0004 0.896 0.00% 0.0044 <10% yes 93.3

North Lake 80.9 0.0000 0.0004 0.896 0.01% 0.0044 <10% yes 80.9

South Lake 66.7 0.0000 0.0004 0.896 0.01% 0.0044 <10% yes 66.7

Lake Elbert 56.6 0.0000 0.0000 1.726 0.00% 0.0002 <10% yes 56.6

Seven Lakes (LG East) 36.2 0.0000 0.0000 1.546 0.00% 0.0002 <10% yes 36.2

Summit Lake 48.0 0.0000 0.0000 1.449 0.00% 0.0002 <10% yes 48.0

Deep Creek Lake 20.6 0.0000 0.0000 0.887 0.00% 0.0002 <1(µeq/L) yes 20.6

Island Lake 71.0 0.0000 0.0001 1.079 0.00% 0.0012 <10% yes 71.0

Kelly Lake 179.9 0.0000 0.0001 1.079 0.00% 0.0012 <10% yes 179.8

Rawah Lake #4 41.3 0.0000 0.0002 1.098 0.00% 0.0015 <10% yes 41.3

Crater Lake (Sangre de Cristo) 162.9 0.0000 0.0002 0.959 0.00% 0.0024 <10% yes 162.9

Lower Stout Lake 145.2 0.0000 0.0003 0.671 0.00% 0.0042 <10% yes 145.2

Upper Little Sand Creek Lake 129.5 0.0000 0.0002 1.064 0.00% 0.0025 <10% yes 129.5

Upper Stout Lake 76.3 0.0000 0.0003 0.671 0.01% 0.0042 <10% yes 76.3

Glacier Lake (Colorado) 63.4 0.0000 0.0001 1.145 0.00% 0.0005 <10% yes 63.4

Lake South of Blue Lakes 16.9 0.0000 0.0001 1.312 0.00% 0.0005 <1(µeq/L) yes 16.9

Big Eldorado Lake 19.6 0.0000 0.0000 1.128 0.00% 0.0001 <1(µeq/L) yes 19.6

Four Mile Pothole 123.4 0.0000 0.0000 1.173 0.00% 0.0003 <10% yes 123.4

Lake Due South of Ute Lake 13.2 0.0000 0.0000 1.067 0.00% 0.0001 <1(µeq/L) yes 13.2

Little Eldorado -3.3 0.0000 0.0000 1.128 0.00% 0.0001 <1(µeq/L) yes -3.3

Little Granite Lake 80.7 0.0000 0.0000 0.830 0.00% 0.0003 <10% yes 80.7

Lower Sunlight Lake 80.9 0.0000 0.0000 1.177 0.00% 0.0001 <10% yes 80.9

Middle Ute Lake 42.8 0.0000 0.0000 1.052 0.00% 0.0001 <10% yes 42.8

Small Pond Above Trout Lake 25.5 0.0000 0.0000 1.087 0.00% 0.0003 <10% yes 25.5

Upper Grizzly Lake 29.9 0.0000 0.0000 1.177 0.00% 0.0001 <10% yes 29.9

Upper Sunlight Lake 28.0 0.0000 0.0000 1.177 0.00% 0.0001 <10% yes 28.0

West Snowdon Lake 39.4 0.0000 0.0000 0.978 0.00% 0.0001 <10% yes 39.3

White Dome Lake 2.1 0.0000 0.0000 1.128 0.01% 0.0001 <1(µeq/L) yes 2.1

South Golden Lake 111.4 0.0000 0.0000 0.984 0.00% 0.0002 <10% yes 111.4

* USDA Forest Service methodology reports both Delta ANC calculations and LAC thresholds as positive quantities, however they reflect a decrease in lake ANC  
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5.5.2 ANC Calculations for Combined BLM Planning Areas 

The Attachment E-1, E-2 and E-3 spreadsheets also contain ANC calculations for the combined 
BLM Planning Area Source Groups Q through T of new emission sources.  Below we provide 
results for Source Group R (new Federal O&G and mining within 13 CO BLM Planning Areas) and 
the Cumulative Emissions Scenario (Source Group T) that also adds new O&G and O&G 
emissions from the Mancos Shale development in northern New Mexico. 

Table 5-36 displays the ANC results at the 58 sensitive lakes for the combined new Federal O&G 
and mining within the 13 Colorado BLM Planning Areas (Source Group R) and the 2021 High, 
Low and Medium Development Scenarios.  For the lakes that have base ANC values > 25 µeq/l 
the maximum percent change in ANC is always below the USFS LAC 10% threshold for all three 
2021 emission scenarios.  However, for the 8 lakes with base ANC < 25 µeq/l, three have 
changes in ANC greater than the 1 µeq/l USFS LAC threshold for the 2021 High Development 
Scenario (Table 5-36a): Upper Ned Wilson Lake (1.61 µeq/l); Blue Lake (1.11 µeq/l) and Deep 
Creek Lake (1.47 µeq/l).  The mitigation in the 2021 Medium Development scenario is sufficient 
to reduce the change in ANC value at Blue Lake (0.94 µeq/l) to below the 1 µeq/l LAC threshold, 
but the change in ANC values at Upper Ned Wilson (1.36 µeq/l) and Deep Creek (1.21 µeq/l) 
lakes remain above the LAC threshold.  For these same three lakes the change in ANC values are 
below the 1 µeq/l USFS LAC threshold for the 2021 Low Development Scenario (0.3887, 0.2611 
and 0.3577 µeq/l). 

The ANC results for the Cumulative Emissions Scenario (Source Group T) and the 2021 High and 
Low Emissions Scenario are shown in Table 5-37.  Since this Source Group contains Source 
Group R then the same three sensitive lakes with ANC < 25 µeq/l have changes in ANC greater 
than the 1 µeq/l USFS LAC threshold for the 2021 High Development Scenario (Table 5-37a):  
Upper Ned Wilson Lake (2.7137 µeq/l); Blue Lake (2.4663 µeq/l) and Deep Creek Lake (2.6909 
µeq/l).  However, in addition there is one sensitive lake with base ANC > 25 µeq/l whose change 
in ANC exceeds the USFS 10% LAC threshold for the 2021 High Development Scenario and 
Source Group T:  No Name Lake (10.50%).  The mitigation in the 2021 Medium Development 
Scenario is sufficient to reduce the change in ANC at No Name Lake (9.67%) to below the 10% 
LAC threshold but not to reduce it at the other three lakes with base ANC < 25 µeq/l to below 
the 1 µeq/l LAC threshold (Table 5-37c).  For the 2021 Low Development Scenario and Source 
Group T, all sensitive lakes have change in ANC below the LAC thresholds (Table 5-37b). 

Note that the USFS ANC LAC thresholds were developed for evaluating potential lake 
acidification for individual Projects, not for quasi-cumulative emission source groups of new 
O&G development across an entire state as in Source Groups R and T. In addition, the USFS ANC 
LAC thresholds were developed for evaluating potential lake acidification for individual Projects 
(i.e. new emissions since baseline lake chemistry data was monitored), not for cumulative 
emissions scenarios that include all existing O&G since the baseline ANC values that are used in 
the ANC calculations would already account for impacts from existing emissions sources. 
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Table 5-36a.  ANC calculations at sensitive lakes for new Federal oil and gas development and 
mining within the 13 Colorado BLM Planning Areas (Source Group R) and 2021 High 
Development Scenario. 

 

Lake

10th Percentile 

Lowest ANC 

Value (µeq/L)

Total S Dep 

(kg-S/ha-yr)

Total N Dep 

(kg-N/ha-yr)
PPT (m)

Delta ANC 

(%)*

Delta ANC 

(meq/L)*

USFS LAC 

Threshold

Below 

Threshold?

2021 Hi 

Predicted 10th 

Percentile 

Lowest ANC 

Value (µeq/L)

Brooklyn Lake 101.7 0.0061 0.0783 0.898 0.98% 0.9924 <10% yes 100.7

Tabor Lake 112.4 0.0060 0.0808 0.860 0.95% 1.0663 <10% yes 111.3

Booth Lake 86.8 0.0076 0.1114 0.844 1.72% 1.4898 <10% yes 85.3

Upper Willow Lake 134.1 0.0062 0.0783 0.741 0.90% 1.2051 <10% yes 132.9

Ned Wilson Lake 39.0 0.0195 0.1577 1.158 4.13% 1.6089 <10% yes 37.4

Upper Ned Wilson Lake 12.9 0.0195 0.1577 1.158 12.49% 1.6089 <1(µeq/L) no 11.3

Lower NWL Packtrail Pothole 29.7 0.0195 0.1577 1.158 5.43% 1.6089 <10% yes 28.0

Upper NWL Packtrail Pothole 48.7 0.0195 0.1577 1.158 3.30% 1.6089 <10% yes 47.1

Walk Up Lake 55.2 0.0003 0.0035 0.878 0.08% 0.0453 <10% yes 55.2

Bluebell Lake 55.5 0.0001 0.0020 0.883 0.05% 0.0259 <10% yes 55.5

Dean Lake 48.9 0.0001 0.0018 1.061 0.04% 0.0188 <10% yes 48.9

No Name (Utah, Duchesne - 4D2-039) 67.0 0.0003 0.0043 0.844 0.09% 0.0580 <10% yes 67.0

Upper Coffin Lake 64.9 0.0002 0.0024 0.960 0.04% 0.0284 <10% yes 64.8

Fish Lake 105.8 0.0003 0.0034 0.869 0.04% 0.0443 <10% yes 105.7

Blodgett Lake, Colorado 47.7 0.0081 0.1146 0.928 2.93% 1.3978 <10% yes 46.3

Upper Turquoise Lake 104.0 0.0094 0.1221 0.809 1.65% 1.7194 <10% yes 102.3

Upper West Tennessee Lake 114.2 0.0059 0.0912 0.904 0.99% 1.1363 <10% yes 113.1

Blue Lake (Colorado; Boulder - 4E1-040) 19.3 0.0115 0.1069 1.128 5.75% 1.1064 <1(µeq/L) no 18.1

Crater Lake 53.1 0.0122 0.0963 1.071 2.01% 1.0659 <10% yes 52.1

King Lake (Colorado; Grand - 4E1-049) 52.3 0.0120 0.1027 0.959 2.41% 1.2580 <10% yes 51.0

No Name Lake (Colorado; Boulder - 4E1-055) 25.6 0.0124 0.1104 1.126 4.48% 1.1479 <10% yes 24.5

Upper Lake 69.0 0.0128 0.1031 1.139 1.55% 1.0700 <10% yes 67.9

Small Lake Above U-Shaped Lake 59.9 0.0018 0.0295 0.927 0.60% 0.3574 <10% yes 59.5

U-Shaped Lake 81.4 0.0018 0.0295 0.927 0.44% 0.3574 <10% yes 81.0

Avalanche Lake 158.8 0.0117 0.1349 1.282 0.76% 1.2069 <10% yes 157.6

Capitol Lake 154.4 0.0116 0.1325 1.110 0.89% 1.3695 <10% yes 153.0

Moon Lake (Upper) 53.0 0.0116 0.1325 1.110 2.58% 1.3695 <10% yes 51.6

Upper Middle Beartrack Lake 50.9 0.0053 0.0593 0.869 1.54% 0.7841 <10% yes 50.1

Abyss Lake 81.1 0.0050 0.0611 0.896 0.96% 0.7790 <10% yes 80.3

Frozen Lake 93.3 0.0050 0.0611 0.896 0.84% 0.7790 <10% yes 92.5

North Lake 80.9 0.0050 0.0611 0.896 0.96% 0.7790 <10% yes 80.2

South Lake 66.7 0.0050 0.0611 0.896 1.17% 0.7790 <10% yes 66.0

Lake Elbert 56.6 0.0290 0.1501 1.726 1.92% 1.0843 <10% yes 55.5

Seven Lakes (LG East) 36.2 0.0205 0.1239 1.546 2.70% 0.9779 <10% yes 35.3

Summit Lake 48.0 0.0323 0.1501 1.449 2.73% 1.3118 <10% yes 46.7

Deep Creek Lake 20.6 0.0096 0.1135 0.887 7.11% 1.4652 <1(µeq/L) no 19.1

Island Lake 71.0 0.0140 0.0931 1.079 1.47% 1.0406 <10% yes 70.0

Kelly Lake 179.9 0.0140 0.0931 1.079 0.58% 1.0406 <10% yes 178.8

Rawah Lake #4 41.3 0.0135 0.0951 1.098 2.51% 1.0384 <10% yes 40.3

Crater Lake (Sangre de Cristo) 162.9 0.0025 0.0311 0.959 0.23% 0.3696 <10% yes 162.6

Lower Stout Lake 145.2 0.0029 0.0388 0.671 0.45% 0.6568 <10% yes 144.5

Upper Little Sand Creek Lake 129.5 0.0027 0.0311 1.064 0.26% 0.3347 <10% yes 129.2

Upper Stout Lake 76.3 0.0029 0.0388 0.671 0.86% 0.6568 <10% yes 75.7

Glacier Lake (Colorado) 63.4 0.0013 0.0186 1.145 0.29% 0.1835 <10% yes 63.2

Lake South of Blue Lakes 16.9 0.0013 0.0236 1.312 1.19% 0.2011 <1(µeq/L) yes 16.7

Big Eldorado Lake 19.6 0.0014 0.0246 1.128 1.24% 0.2442 <1(µeq/L) yes 19.4

Four Mile Pothole 123.4 0.0015 0.0232 1.173 0.18% 0.2229 <10% yes 123.2

Lake Due South of Ute Lake 13.2 0.0012 0.0206 1.067 1.65% 0.2170 <1(µeq/L) yes 12.9

Little Eldorado -3.3 0.0014 0.0246 1.128 7.40% 0.2442 <1(µeq/L) yes -3.5

Little Granite Lake 80.7 0.0011 0.0229 0.830 0.38% 0.3068 <10% yes 80.4

Lower Sunlight Lake 80.9 0.0018 0.0267 1.177 0.32% 0.2561 <10% yes 80.6

Middle Ute Lake 42.8 0.0012 0.0206 1.052 0.51% 0.2192 <10% yes 42.6

Small Pond Above Trout Lake 25.5 0.0012 0.0231 1.087 0.93% 0.2369 <10% yes 25.2

Upper Grizzly Lake 29.9 0.0020 0.0272 1.177 0.88% 0.2623 <10% yes 29.6

Upper Sunlight Lake 28.0 0.0020 0.0272 1.177 0.94% 0.2623 <10% yes 27.7

West Snowdon Lake 39.4 0.0010 0.0246 0.978 0.71% 0.2781 <10% yes 39.1

White Dome Lake 2.1 0.0014 0.0246 1.128 11.85% 0.2442 <1(µeq/L) yes 1.8

South Golden Lake 111.4 0.0045 0.0872 0.984 0.89% 0.9872 <10% yes 110.4

* USDA Forest Service methodology reports both Delta ANC calculations and LAC thresholds as positive quantities, however they reflect a decrease in lake ANC  
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Table 5-36b.  ANC calculations at sensitive lakes for new Federal oil and gas development and 
mining within the 13 Colorado BLM Planning Areas (Source Group R) and 2021 Low 
Development Scenario. 

 

  

Lake

10th Percentile 

Lowest ANC 

Value (µeq/L)

Total S Dep 

(kg-S/ha-yr)

Total N Dep 

(kg-N/ha-yr)
PPT (m)

Delta ANC 

(%)*

Delta ANC 

(meq/L)*

USFS LAC 

Threshold

Below 

Threshold?

2021 Hi 

Predicted 10th 

Percentile 

Lowest ANC 

Value (µeq/L)

Brooklyn Lake 101.7 0.0033 0.0157 0.898 0.22% 0.2204 <10% yes 101.5

Tabor Lake 112.4 0.0033 0.0161 0.860 0.21% 0.2353 <10% yes 112.2

Booth Lake 86.8 0.0043 0.0223 0.844 0.38% 0.3290 <10% yes 86.5

Upper Willow Lake 134.1 0.0037 0.0157 0.741 0.20% 0.2731 <10% yes 133.8

Ned Wilson Lake 39.0 0.0113 0.0323 1.158 1.00% 0.3887 <10% yes 38.6

Upper Ned Wilson Lake 12.9 0.0113 0.0323 1.158 3.02% 0.3887 <1(µeq/L) yes 12.5

Lower NWL Packtrail Pothole 29.7 0.0113 0.0323 1.158 1.31% 0.3887 <10% yes 29.3

Upper NWL Packtrail Pothole 48.7 0.0113 0.0323 1.158 0.80% 0.3887 <10% yes 48.3

Walk Up Lake 55.2 0.0001 0.0007 0.878 0.02% 0.0091 <10% yes 55.2

Bluebell Lake 55.5 0.0000 0.0004 0.883 0.01% 0.0052 <10% yes 55.5

Dean Lake 48.9 0.0000 0.0003 1.061 0.01% 0.0037 <10% yes 48.9

No Name (Utah, Duchesne - 4D2-039) 67.0 0.0001 0.0008 0.844 0.02% 0.0113 <10% yes 67.0

Upper Coffin Lake 64.9 0.0001 0.0005 0.960 0.01% 0.0058 <10% yes 64.8

Fish Lake 105.8 0.0001 0.0006 0.869 0.01% 0.0090 <10% yes 105.8

Blodgett Lake, Colorado 47.7 0.0045 0.0223 0.928 0.63% 0.3009 <10% yes 47.4

Upper Turquoise Lake 104.0 0.0053 0.0244 0.809 0.37% 0.3831 <10% yes 103.6

Upper West Tennessee Lake 114.2 0.0033 0.0175 0.904 0.21% 0.2404 <10% yes 114.0

Blue Lake (Colorado; Boulder - 4E1-040) 19.3 0.0078 0.0208 1.128 1.36% 0.2611 <1(µeq/L) yes 19.0

Crater Lake 53.1 0.0086 0.0188 1.071 0.49% 0.2626 <10% yes 52.9

King Lake (Colorado; Grand - 4E1-049) 52.3 0.0084 0.0202 0.959 0.59% 0.3066 <10% yes 52.0

No Name Lake (Colorado; Boulder - 4E1-055) 25.6 0.0085 0.0216 1.126 1.07% 0.2746 <10% yes 25.3

Upper Lake 69.0 0.0084 0.0200 1.139 0.37% 0.2562 <10% yes 68.7

Small Lake Above U-Shaped Lake 59.9 0.0009 0.0056 0.927 0.12% 0.0743 <10% yes 59.8

U-Shaped Lake 81.4 0.0009 0.0056 0.927 0.09% 0.0743 <10% yes 81.3

Avalanche Lake 158.8 0.0074 0.0262 1.282 0.17% 0.2716 <10% yes 158.5

Capitol Lake 154.4 0.0071 0.0258 1.110 0.20% 0.3079 <10% yes 154.1

Moon Lake (Upper) 53.0 0.0071 0.0258 1.110 0.58% 0.3079 <10% yes 52.7

Upper Middle Beartrack Lake 50.9 0.0031 0.0118 0.869 0.35% 0.1779 <10% yes 50.7

Abyss Lake 81.1 0.0029 0.0121 0.896 0.22% 0.1744 <10% yes 80.9

Frozen Lake 93.3 0.0029 0.0121 0.896 0.19% 0.1744 <10% yes 93.1

North Lake 80.9 0.0029 0.0121 0.896 0.22% 0.1744 <10% yes 80.8

South Lake 66.7 0.0029 0.0121 0.896 0.26% 0.1744 <10% yes 66.6

Lake Elbert 56.6 0.0212 0.0320 1.726 0.55% 0.3124 <10% yes 56.3

Seven Lakes (LG East) 36.2 0.0135 0.0250 1.546 0.70% 0.2535 <10% yes 36.0

Summit Lake 48.0 0.0250 0.0329 1.449 0.84% 0.4029 <10% yes 47.6

Deep Creek Lake 20.6 0.0066 0.0240 0.887 1.74% 0.3577 <1(µeq/L) yes 20.2

Island Lake 71.0 0.0094 0.0191 1.079 0.38% 0.2698 <10% yes 70.8

Kelly Lake 179.9 0.0094 0.0191 1.079 0.15% 0.2698 <10% yes 179.6

Rawah Lake #4 41.3 0.0090 0.0194 1.098 0.64% 0.2653 <10% yes 41.0

Crater Lake (Sangre de Cristo) 162.9 0.0013 0.0063 0.959 0.05% 0.0825 <10% yes 162.8

Lower Stout Lake 145.2 0.0015 0.0077 0.671 0.10% 0.1427 <10% yes 145.1

Upper Little Sand Creek Lake 129.5 0.0014 0.0067 1.064 0.06% 0.0794 <10% yes 129.4

Upper Stout Lake 76.3 0.0015 0.0077 0.671 0.19% 0.1427 <10% yes 76.2

Glacier Lake (Colorado) 63.4 0.0006 0.0034 1.145 0.06% 0.0368 <10% yes 63.4

Lake South of Blue Lakes 16.9 0.0006 0.0041 1.312 0.22% 0.0379 <1(µeq/L) yes 16.9

Big Eldorado Lake 19.6 0.0006 0.0045 1.128 0.24% 0.0479 <1(µeq/L) yes 19.6

Four Mile Pothole 123.4 0.0007 0.0043 1.173 0.04% 0.0446 <10% yes 123.3

Lake Due South of Ute Lake 13.2 0.0006 0.0039 1.067 0.33% 0.0435 <1(µeq/L) yes 13.1

Little Eldorado -3.3 0.0006 0.0045 1.128 1.45% 0.0479 <1(µeq/L) yes -3.3

Little Granite Lake 80.7 0.0005 0.0043 0.830 0.07% 0.0601 <10% yes 80.7

Lower Sunlight Lake 80.9 0.0008 0.0049 1.177 0.06% 0.0510 <10% yes 80.8

Middle Ute Lake 42.8 0.0005 0.0038 1.052 0.10% 0.0435 <10% yes 42.7

Small Pond Above Trout Lake 25.5 0.0006 0.0043 1.087 0.18% 0.0469 <10% yes 25.4

Upper Grizzly Lake 29.9 0.0010 0.0050 1.177 0.18% 0.0533 <10% yes 29.8

Upper Sunlight Lake 28.0 0.0010 0.0050 1.177 0.19% 0.0533 <10% yes 27.9

West Snowdon Lake 39.4 0.0004 0.0044 0.978 0.13% 0.0519 <10% yes 39.3

White Dome Lake 2.1 0.0006 0.0045 1.128 2.33% 0.0479 <1(µeq/L) yes 2.0

South Golden Lake 111.4 0.0028 0.0170 0.984 0.19% 0.2100 <10% yes 111.2

* USDA Forest Service methodology reports both Delta ANC calculations and LAC thresholds as positive quantities, however they reflect a decrease in lake ANC  
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Table 5-36c.  ANC calculations at sensitive lakes for new Federal oil and gas development and 
mining within the 13 Colorado BLM Planning Areas (Source Group R) and 2021 Medium 
Development Scenario. 

 

 

Lake

10th Percentile 

Lowest ANC 

Value (µeq/L)

Total S Dep 

(kg-S/ha-yr)

Total N Dep 

(kg-N/ha-yr)
PPT (m)

Delta ANC 

(%)*

Delta ANC 

(meq/L)*

USFS LAC 

Threshold

Below 

Threshold?

2021 Med 

Predicted 10th 

Percentile 

Lowest ANC 

Value (µeq/L)

Brooklyn Lake 101.7 0.0060 0.0641 0.898 0.81% 0.8229 <10% yes 100.9

Tabor Lake 112.4 0.0059 0.0661 0.860 0.79% 0.8827 <10% yes 111.5

Booth Lake 86.8 0.0074 0.0913 0.844 1.42% 1.2346 <10% yes 85.5

Upper Willow Lake 134.1 0.0061 0.0645 0.741 0.75% 1.0042 <10% yes 133.1

Ned Wilson Lake 39.0 0.0193 0.1306 1.158 3.48% 1.3575 <10% yes 37.6

Upper Ned Wilson Lake 12.9 0.0193 0.1306 1.158 10.54% 1.3575 <1(µeq/L) no 11.5

Lower NWL Packtrail Pothole 29.7 0.0193 0.1306 1.158 4.58% 1.3575 <10% yes 28.3

Upper NWL Packtrail Pothole 48.7 0.0193 0.1306 1.158 2.79% 1.3575 <10% yes 47.3

Walk Up Lake 55.2 0.0003 0.0032 0.878 0.08% 0.0420 <10% yes 55.2

Bluebell Lake 55.5 0.0001 0.0019 0.883 0.04% 0.0239 <10% yes 55.5

Dean Lake 48.9 0.0001 0.0016 1.061 0.04% 0.0173 <10% yes 48.9

No Name (Utah, Duchesne - 4D2-039) 67.0 0.0003 0.0040 0.844 0.08% 0.0543 <10% yes 67.0

Upper Coffin Lake 64.9 0.0002 0.0022 0.960 0.04% 0.0263 <10% yes 64.8

Fish Lake 105.8 0.0002 0.0031 0.869 0.04% 0.0411 <10% yes 105.7

Blodgett Lake, Colorado 47.7 0.0079 0.0939 0.928 2.43% 1.1578 <10% yes 46.5

Upper Turquoise Lake 104.0 0.0092 0.1000 0.809 1.37% 1.4249 <10% yes 102.6

Upper West Tennessee Lake 114.2 0.0057 0.0746 0.904 0.82% 0.9392 <10% yes 113.3

Blue Lake (Colorado; Boulder - 4E1-040) 19.3 0.0114 0.0898 1.128 4.90% 0.9429 <1(µeq/L) yes 18.3

Crater Lake 53.1 0.0121 0.0811 1.071 1.72% 0.9128 <10% yes 52.2

King Lake (Colorado; Grand - 4E1-049) 52.3 0.0118 0.0865 0.959 2.06% 1.0769 <10% yes 51.2

No Name Lake (Colorado; Boulder - 4E1-055) 25.6 0.0123 0.0928 1.126 3.83% 0.9801 <10% yes 24.6

Upper Lake 69.0 0.0126 0.0869 1.139 1.33% 0.9175 <10% yes 68.1

Small Lake Above U-Shaped Lake 59.9 0.0017 0.0250 0.927 0.51% 0.3049 <10% yes 59.6

U-Shaped Lake 81.4 0.0017 0.0250 0.927 0.37% 0.3049 <10% yes 81.1

Avalanche Lake 158.8 0.0114 0.1105 1.282 0.63% 1.0020 <10% yes 157.8

Capitol Lake 154.4 0.0113 0.1087 1.110 0.74% 1.1389 <10% yes 153.3

Moon Lake (Upper) 53.0 0.0113 0.1087 1.110 2.15% 1.1389 <10% yes 51.8

Upper Middle Beartrack Lake 50.9 0.0052 0.0492 0.869 1.30% 0.6592 <10% yes 50.2

Abyss Lake 81.1 0.0049 0.0507 0.896 0.81% 0.6542 <10% yes 80.4

Frozen Lake 93.3 0.0049 0.0507 0.896 0.70% 0.6542 <10% yes 92.6

North Lake 80.9 0.0049 0.0507 0.896 0.81% 0.6542 <10% yes 80.3

South Lake 66.7 0.0049 0.0507 0.896 0.98% 0.6542 <10% yes 66.1

Lake Elbert 56.6 0.0288 0.1301 1.726 1.70% 0.9594 <10% yes 55.6

Seven Lakes (LG East) 36.2 0.0203 0.1071 1.546 2.38% 0.8618 <10% yes 35.4

Summit Lake 48.0 0.0321 0.1301 1.449 2.42% 1.1640 <10% yes 46.8

Deep Creek Lake 20.6 0.0094 0.0927 0.887 5.89% 1.2130 <1(µeq/L) no 19.4

Island Lake 71.0 0.0138 0.0792 1.079 1.27% 0.9025 <10% yes 70.1

Kelly Lake 179.9 0.0138 0.0792 1.079 0.50% 0.9025 <10% yes 178.9

Rawah Lake #4 41.3 0.0134 0.0808 1.098 2.18% 0.8984 <10% yes 40.4

Crater Lake (Sangre de Cristo) 162.9 0.0024 0.0258 0.959 0.19% 0.3108 <10% yes 162.6

Lower Stout Lake 145.2 0.0028 0.0324 0.671 0.38% 0.5539 <10% yes 144.6

Upper Little Sand Creek Lake 129.5 0.0026 0.0258 1.064 0.22% 0.2813 <10% yes 129.2

Upper Stout Lake 76.3 0.0028 0.0324 0.671 0.73% 0.5539 <10% yes 75.8

Glacier Lake (Colorado) 63.4 0.0013 0.0158 1.145 0.25% 0.1572 <10% yes 63.2

Lake South of Blue Lakes 16.9 0.0013 0.0200 1.312 1.02% 0.1717 <1(µeq/L) yes 16.7

Big Eldorado Lake 19.6 0.0014 0.0211 1.128 1.08% 0.2113 <1(µeq/L) yes 19.4

Four Mile Pothole 123.4 0.0015 0.0198 1.173 0.16% 0.1916 <10% yes 123.2

Lake Due South of Ute Lake 13.2 0.0012 0.0178 1.067 1.43% 0.1881 <1(µeq/L) yes 13.0

Little Eldorado -3.3 0.0014 0.0211 1.128 6.40% 0.2113 <1(µeq/L) yes -3.5

Little Granite Lake 80.7 0.0011 0.0196 0.830 0.33% 0.2645 <10% yes 80.5

Lower Sunlight Lake 80.9 0.0018 0.0230 1.177 0.27% 0.2220 <10% yes 80.6

Middle Ute Lake 42.8 0.0012 0.0177 1.052 0.44% 0.1900 <10% yes 42.6

Small Pond Above Trout Lake 25.5 0.0012 0.0197 1.087 0.80% 0.2038 <10% yes 25.3

Upper Grizzly Lake 29.9 0.0020 0.0234 1.177 0.76% 0.2277 <10% yes 29.7

Upper Sunlight Lake 28.0 0.0020 0.0234 1.177 0.81% 0.2277 <10% yes 27.8

West Snowdon Lake 39.4 0.0010 0.0212 0.978 0.61% 0.2404 <10% yes 39.1

White Dome Lake 2.1 0.0014 0.0211 1.128 10.26% 0.2113 <1(µeq/L) yes 1.8

South Golden Lake 111.4 0.0044 0.0719 0.984 0.74% 0.8204 <10% yes 110.6
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Table 5-37a.  ANC calculations at sensitive lakes for new Federal oil and gas development and 
mining and new non-Federal oil and gas within the 14 Colorado and northern New Mexico 
BLM Planning Areas (Source Group T) and the 2021 High Development Scenario. 

 
  

Lake

10th Percentile 

Lowest ANC 

Value (µeq/L)

Total S Dep 

(kg-S/ha-yr)

Total N Dep 

(kg-N/ha-yr)
PPT (m)

Delta ANC 

(%)*

Delta ANC 

(meq/L)*

USFS LAC 

Threshold

Below 

Threshold?

2021 Hi 

Predicted 10th 

Percentile 

Lowest ANC 

Value (µeq/L)

Brooklyn Lake 101.7 0.0073 0.1527 0.898 1.86% 1.8877 <10% yes 99.8

Tabor Lake 112.4 0.0071 0.1557 0.860 1.79% 2.0080 <10% yes 110.4

Booth Lake 86.8 0.0090 0.2179 0.844 3.29% 2.8510 <10% yes 83.9

Upper Willow Lake 134.1 0.0072 0.1589 0.741 1.77% 2.3766 <10% yes 131.7

Ned Wilson Lake 39.0 0.0220 0.2756 1.158 6.96% 2.7137 <10% yes 36.3

Upper Ned Wilson Lake 12.9 0.0220 0.2756 1.158 21.07% 2.7137 <1(µeq/L) no 10.2

Lower NWL Packtrail Pothole 29.7 0.0220 0.2756 1.158 9.15% 2.7137 <10% yes 26.9

Upper NWL Packtrail Pothole 48.7 0.0220 0.2756 1.158 5.57% 2.7137 <10% yes 46.0

Walk Up Lake 55.2 0.0003 0.0061 0.878 0.14% 0.0780 <10% yes 55.1

Bluebell Lake 55.5 0.0002 0.0039 0.883 0.09% 0.0484 <10% yes 55.5

Dean Lake 48.9 0.0001 0.0034 1.061 0.07% 0.0347 <10% yes 48.8

No Name (Utah, Duchesne - 4D2-039) 67.0 0.0004 0.0075 0.844 0.15% 0.0989 <10% yes 66.9

Upper Coffin Lake 64.9 0.0002 0.0044 0.960 0.08% 0.0503 <10% yes 64.8

Fish Lake 105.8 0.0003 0.0059 0.869 0.07% 0.0758 <10% yes 105.7

Blodgett Lake, Colorado 47.7 0.0097 0.2231 0.928 5.58% 2.6596 <10% yes 45.0

Upper Turquoise Lake 104.0 0.0112 0.2361 0.809 3.12% 3.2422 <10% yes 100.8

Upper West Tennessee Lake 114.2 0.0070 0.1798 0.904 1.92% 2.1922 <10% yes 112.0

Blue Lake (Colorado; Boulder - 4E1-040) 19.3 0.0134 0.2491 1.128 12.81% 2.4663 <1(µeq/L) no 16.8

Crater Lake 53.1 0.0139 0.2157 1.071 4.27% 2.2690 <10% yes 50.9

King Lake (Colorado; Grand - 4E1-049) 52.3 0.0136 0.2374 0.959 5.31% 2.7724 <10% yes 49.5

No Name Lake (Colorado; Boulder - 4E1-055) 25.6 0.0148 0.2713 1.126 10.50% 2.6909 <10% no 22.9

Upper Lake 69.0 0.0147 0.2274 1.139 3.26% 2.2504 <10% yes 66.7

Small Lake Above U-Shaped Lake 59.9 0.0023 0.0717 0.927 1.41% 0.8472 <10% yes 59.1

U-Shaped Lake 81.4 0.0023 0.0717 0.927 1.04% 0.8472 <10% yes 80.5

Avalanche Lake 158.8 0.0138 0.2629 1.282 1.44% 2.2877 <10% yes 156.5

Capitol Lake 154.4 0.0139 0.2581 1.110 1.68% 2.5949 <10% yes 151.8

Moon Lake (Upper) 53.0 0.0139 0.2581 1.110 4.90% 2.5949 <10% yes 50.4

Upper Middle Beartrack Lake 50.9 0.0070 0.1670 0.869 4.17% 2.1247 <10% yes 48.8

Abyss Lake 81.1 0.0063 0.1566 0.896 2.38% 1.9289 <10% yes 79.2

Frozen Lake 93.3 0.0063 0.1566 0.896 2.07% 1.9289 <10% yes 91.3

North Lake 80.9 0.0063 0.1566 0.896 2.38% 1.9289 <10% yes 79.0

South Lake 66.7 0.0063 0.1566 0.896 2.89% 1.9289 <10% yes 64.8

Lake Elbert 56.6 0.0314 0.2514 1.726 3.04% 1.7227 <10% yes 54.9

Seven Lakes (LG East) 36.2 0.0224 0.2067 1.546 4.31% 1.5610 <10% yes 34.7

Summit Lake 48.0 0.0345 0.2513 1.449 4.31% 2.0711 <10% yes 45.9

Deep Creek Lake 20.6 0.0111 0.2214 0.887 13.48% 2.7769 <1(µeq/L) no 17.8

Island Lake 71.0 0.0155 0.1711 1.079 2.57% 1.8257 <10% yes 69.2

Kelly Lake 179.9 0.0155 0.1711 1.079 1.02% 1.8257 <10% yes 178.0

Rawah Lake #4 41.3 0.0151 0.1772 1.098 4.48% 1.8487 <10% yes 39.4

Crater Lake (Sangre de Cristo) 162.9 0.0034 0.0932 0.959 0.66% 1.0691 <10% yes 161.9

Lower Stout Lake 145.2 0.0038 0.1045 0.671 1.18% 1.7122 <10% yes 143.5

Upper Little Sand Creek Lake 129.5 0.0035 0.0905 1.064 0.72% 0.9369 <10% yes 128.6

Upper Stout Lake 76.3 0.0038 0.1045 0.671 2.24% 1.7122 <10% yes 74.6

Glacier Lake (Colorado) 63.4 0.0023 0.0741 1.145 1.12% 0.7081 <10% yes 62.7

Lake South of Blue Lakes 16.9 0.0025 0.0965 1.312 4.74% 0.8013 <1(µeq/L) yes 16.1

Big Eldorado Lake 19.6 0.0021 0.0637 1.128 3.15% 0.6190 <1(µeq/L) yes 19.0

Four Mile Pothole 123.4 0.0029 0.0926 1.173 0.70% 0.8647 <10% yes 122.5

Lake Due South of Ute Lake 13.2 0.0020 0.0617 1.067 4.82% 0.6346 <1(µeq/L) yes 12.5

Little Eldorado -3.3 0.0021 0.0637 1.128 18.76% 0.6190 <1(µeq/L) yes -3.9

Little Granite Lake 80.7 0.0019 0.0729 0.830 1.19% 0.9583 <10% yes 79.8

Lower Sunlight Lake 80.9 0.0027 0.0734 1.177 0.85% 0.6867 <10% yes 80.2

Middle Ute Lake 42.8 0.0019 0.0589 1.052 1.43% 0.6132 <10% yes 42.2

Small Pond Above Trout Lake 25.5 0.0021 0.0746 1.087 2.94% 0.7494 <10% yes 24.7

Upper Grizzly Lake 29.9 0.0031 0.0766 1.177 2.40% 0.7182 <10% yes 29.2

Upper Sunlight Lake 28.0 0.0031 0.0766 1.177 2.57% 0.7182 <10% yes 27.3

West Snowdon Lake 39.4 0.0015 0.0616 0.978 1.74% 0.6863 <10% yes 38.7

White Dome Lake 2.1 0.0021 0.0637 1.128 30.05% 0.6190 <1(µeq/L) yes 1.4

South Golden Lake 111.4 0.0053 0.1712 0.984 1.71% 1.9060 <10% yes 109.5

* USDA Forest Service methodology reports both Delta ANC calculations and LAC thresholds as positive quantities, however they reflect a decrease in lake ANC  
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Table 5-37b.  ANC calculations at sensitive lakes for new Federal oil and gas development and 
mining and new non-Federal oil and gas within the 14 Colorado and northern New Mexico 
BLM Planning Areas (Source Group T) and the 2021 Low Development Scenario. 

 

Lake

10th Percentile 

Lowest ANC 

Value (µeq/L)

Total S Dep 

(kg-S/ha-yr)

Total N Dep 

(kg-N/ha-yr)
PPT (m)

Delta ANC 

(%)*

Delta ANC 

(meq/L)*

USFS LAC 

Threshold

Below 

Threshold?

2021 Hi 

Predicted 10th 

Percentile 

Lowest ANC 

Value (µeq/L)

Brooklyn Lake 101.7 0.0039 0.0528 0.898 0.66% 0.6663 <10% yes 101.0

Tabor Lake 112.4 0.0038 0.0529 0.860 0.62% 0.6973 <10% yes 111.7

Booth Lake 86.8 0.0050 0.0745 0.844 1.15% 0.9959 <10% yes 85.8

Upper Willow Lake 134.1 0.0042 0.0544 0.741 0.62% 0.8349 <10% yes 133.3

Ned Wilson Lake 39.0 0.0123 0.0913 1.158 2.41% 0.9397 <10% yes 38.1

Upper Ned Wilson Lake 12.9 0.0123 0.0913 1.158 7.30% 0.9397 <1(µeq/L) yes 11.9

Lower NWL Packtrail Pothole 29.7 0.0123 0.0913 1.158 3.17% 0.9397 <10% yes 28.7

Upper NWL Packtrail Pothole 48.7 0.0123 0.0913 1.158 1.93% 0.9397 <10% yes 47.8

Walk Up Lake 55.2 0.0001 0.0023 0.878 0.05% 0.0293 <10% yes 55.2

Bluebell Lake 55.5 0.0001 0.0016 0.883 0.04% 0.0203 <10% yes 55.5

Dean Lake 48.9 0.0000 0.0013 1.061 0.03% 0.0139 <10% yes 48.9

No Name (Utah, Duchesne - 4D2-039) 67.0 0.0001 0.0029 0.844 0.06% 0.0383 <10% yes 67.0

Upper Coffin Lake 64.9 0.0001 0.0017 0.960 0.03% 0.0197 <10% yes 64.8

Fish Lake 105.8 0.0001 0.0022 0.869 0.03% 0.0283 <10% yes 105.7

Blodgett Lake, Colorado 47.7 0.0052 0.0757 0.928 1.93% 0.9220 <10% yes 46.7

Upper Turquoise Lake 104.0 0.0061 0.0804 0.809 1.09% 1.1299 <10% yes 102.9

Upper West Tennessee Lake 114.2 0.0038 0.0606 0.904 0.66% 0.7537 <10% yes 113.4

Blue Lake (Colorado; Boulder - 4E1-040) 19.3 0.0086 0.0832 1.128 4.45% 0.8574 <1(µeq/L) yes 18.4

Crater Lake 53.1 0.0093 0.0713 1.071 1.49% 0.7904 <10% yes 52.3

King Lake (Colorado; Grand - 4E1-049) 52.3 0.0091 0.0791 0.959 1.85% 0.9676 <10% yes 51.3

No Name Lake (Colorado; Boulder - 4E1-055) 25.6 0.0095 0.0922 1.126 3.71% 0.9507 <10% yes 24.7

Upper Lake 69.0 0.0092 0.0751 1.139 1.13% 0.7789 <10% yes 68.2

Small Lake Above U-Shaped Lake 59.9 0.0013 0.0341 0.927 0.68% 0.4050 <10% yes 59.5

U-Shaped Lake 81.4 0.0013 0.0341 0.927 0.50% 0.4050 <10% yes 81.0

Avalanche Lake 158.8 0.0083 0.0864 1.282 0.49% 0.7788 <10% yes 158.0

Capitol Lake 154.4 0.0081 0.0855 1.110 0.58% 0.8892 <10% yes 153.5

Moon Lake (Upper) 53.0 0.0081 0.0855 1.110 1.68% 0.8892 <10% yes 52.1

Upper Middle Beartrack Lake 50.9 0.0038 0.0610 0.869 1.55% 0.7890 <10% yes 50.1

Abyss Lake 81.1 0.0035 0.0561 0.896 0.87% 0.7037 <10% yes 80.4

Frozen Lake 93.3 0.0035 0.0561 0.896 0.75% 0.7037 <10% yes 92.6

North Lake 80.9 0.0035 0.0561 0.896 0.87% 0.7037 <10% yes 80.2

South Lake 66.7 0.0035 0.0561 0.896 1.05% 0.7037 <10% yes 66.0

Lake Elbert 56.6 0.0221 0.0776 1.726 1.06% 0.5989 <10% yes 56.0

Seven Lakes (LG East) 36.2 0.0142 0.0627 1.546 1.43% 0.5180 <10% yes 35.7

Summit Lake 48.0 0.0258 0.0770 1.449 1.53% 0.7325 <10% yes 47.3

Deep Creek Lake 20.6 0.0072 0.0713 0.887 4.53% 0.9324 <1(µeq/L) yes 19.7

Island Lake 71.0 0.0100 0.0541 1.079 0.87% 0.6214 <10% yes 70.4

Kelly Lake 179.9 0.0100 0.0541 1.079 0.35% 0.6214 <10% yes 179.2

Rawah Lake #4 41.3 0.0096 0.0563 1.098 1.52% 0.6284 <10% yes 40.7

Crater Lake (Sangre de Cristo) 162.9 0.0019 0.0460 0.959 0.32% 0.5292 <10% yes 162.4

Lower Stout Lake 145.2 0.0019 0.0459 0.671 0.52% 0.7565 <10% yes 144.4

Upper Little Sand Creek Lake 129.5 0.0019 0.0437 1.064 0.35% 0.4542 <10% yes 129.0

Upper Stout Lake 76.3 0.0019 0.0459 0.671 0.99% 0.7565 <10% yes 75.6

Glacier Lake (Colorado) 63.4 0.0014 0.0524 1.145 0.79% 0.4991 <10% yes 62.9

Lake South of Blue Lakes 16.9 0.0016 0.0695 1.312 3.41% 0.5762 <1(µeq/L) yes 16.3

Big Eldorado Lake 19.6 0.0011 0.0348 1.128 1.72% 0.3385 <1(µeq/L) yes 19.3

Four Mile Pothole 123.4 0.0019 0.0647 1.173 0.49% 0.6038 <10% yes 122.8

Lake Due South of Ute Lake 13.2 0.0012 0.0375 1.067 2.93% 0.3854 <1(µeq/L) yes 12.8

Little Eldorado -3.3 0.0011 0.0348 1.128 10.26% 0.3385 <1(µeq/L) yes -3.6

Little Granite Lake 80.7 0.0012 0.0454 0.830 0.74% 0.5965 <10% yes 80.1

Lower Sunlight Lake 80.9 0.0015 0.0424 1.177 0.49% 0.3963 <10% yes 80.5

Middle Ute Lake 42.8 0.0010 0.0347 1.052 0.84% 0.3608 <10% yes 42.4

Small Pond Above Trout Lake 25.5 0.0012 0.0465 1.087 1.83% 0.4667 <10% yes 25.0

Upper Grizzly Lake 29.9 0.0018 0.0450 1.177 1.41% 0.4219 <10% yes 29.5

Upper Sunlight Lake 28.0 0.0018 0.0450 1.177 1.51% 0.4219 <10% yes 27.6

West Snowdon Lake 39.4 0.0007 0.0330 0.978 0.93% 0.3666 <10% yes 39.0

White Dome Lake 2.1 0.0011 0.0348 1.128 16.43% 0.3385 <1(µeq/L) yes 1.7

South Golden Lake 111.4 0.0031 0.0571 0.984 0.58% 0.6489 <10% yes 110.8

* USDA Forest Service methodology reports both Delta ANC calculations and LAC thresholds as positive quantities, however they reflect a decrease in lake ANC  
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Table 5-37c.  ANC calculations at sensitive lakes for new Federal oil and gas development and 
mining and new non-Federal oil and gas within the 14 Colorado and northern New Mexico 
BLM Planning Areas (Source Group T) and the 2021 Medium Development Scenario. 

 

  

Lake

10th Percentile 

Lowest ANC 

Value (µeq/L)

Total S Dep 

(kg-S/ha-yr)

Total N Dep 

(kg-N/ha-yr)
PPT (m)

Delta ANC 

(%)*

Delta ANC 

(meq/L)*

USFS LAC 

Threshold

Below 

Threshold?

2021 Med 

Predicted 10th 

Percentile 

Lowest ANC 

Value (µeq/L)

Brooklyn Lake 101.7 0.0071 0.1347 0.898 1.64% 1.6718 <10% yes 100.0

Tabor Lake 112.4 0.0069 0.1372 0.860 1.58% 1.7763 <10% yes 110.6

Booth Lake 86.8 0.0088 0.1928 0.844 2.92% 2.5307 <10% yes 84.2

Upper Willow Lake 134.1 0.0070 0.1413 0.741 1.58% 2.1223 <10% yes 132.0

Ned Wilson Lake 39.0 0.0217 0.2423 1.158 6.17% 2.4048 <10% yes 36.6

Upper Ned Wilson Lake 12.9 0.0217 0.2423 1.158 18.67% 2.4048 <1(µeq/L) no 10.5

Lower NWL Packtrail Pothole 29.7 0.0217 0.2423 1.158 8.11% 2.4048 <10% yes 27.2

Upper NWL Packtrail Pothole 48.7 0.0217 0.2423 1.158 4.94% 2.4048 <10% yes 46.3

Walk Up Lake 55.2 0.0003 0.0057 0.878 0.13% 0.0728 <10% yes 55.2

Bluebell Lake 55.5 0.0001 0.0036 0.883 0.08% 0.0449 <10% yes 55.5

Dean Lake 48.9 0.0001 0.0031 1.061 0.07% 0.0322 <10% yes 48.8

No Name (Utah, Duchesne - 4D2-039) 67.0 0.0004 0.0070 0.844 0.14% 0.0924 <10% yes 66.9

Upper Coffin Lake 64.9 0.0002 0.0041 0.960 0.07% 0.0469 <10% yes 64.8

Fish Lake 105.8 0.0003 0.0055 0.869 0.07% 0.0708 <10% yes 105.7

Blodgett Lake, Colorado 47.7 0.0094 0.1971 0.928 4.95% 2.3588 <10% yes 45.3

Upper Turquoise Lake 104.0 0.0109 0.2084 0.809 2.76% 2.8736 <10% yes 101.1

Upper West Tennessee Lake 114.2 0.0068 0.1588 0.904 1.70% 1.9433 <10% yes 112.3

Blue Lake (Colorado; Boulder - 4E1-040) 19.3 0.0133 0.2273 1.128 11.73% 2.2589 <1(µeq/L) no 17.0

Crater Lake 53.1 0.0137 0.1964 1.071 3.91% 2.0754 <10% yes 51.1

King Lake (Colorado; Grand - 4E1-049) 52.3 0.0135 0.2170 0.959 4.87% 2.5434 <10% yes 49.7

No Name Lake (Colorado; Boulder - 4E1-055) 25.6 0.0146 0.2490 1.126 9.67% 2.4781 <10% yes 23.1

Upper Lake 69.0 0.0146 0.2069 1.139 2.98% 2.0569 <10% yes 66.9

Small Lake Above U-Shaped Lake 59.9 0.0022 0.0636 0.927 1.26% 0.7533 <10% yes 59.1

U-Shaped Lake 81.4 0.0022 0.0636 0.927 0.93% 0.7533 <10% yes 80.6

Avalanche Lake 158.8 0.0135 0.2321 1.282 1.28% 2.0283 <10% yes 156.8

Capitol Lake 154.4 0.0135 0.2281 1.110 1.49% 2.3031 <10% yes 152.1

Moon Lake (Upper) 53.0 0.0135 0.2281 1.110 4.35% 2.3031 <10% yes 50.7

Upper Middle Beartrack Lake 50.9 0.0068 0.1541 0.869 3.86% 1.9647 <10% yes 48.9

Abyss Lake 81.1 0.0062 0.1432 0.896 2.18% 1.7692 <10% yes 79.3

Frozen Lake 93.3 0.0062 0.1432 0.896 1.90% 1.7692 <10% yes 91.5

North Lake 80.9 0.0062 0.1432 0.896 2.19% 1.7692 <10% yes 79.2

South Lake 66.7 0.0062 0.1432 0.896 2.65% 1.7692 <10% yes 65.0

Lake Elbert 56.6 0.0311 0.2264 1.726 2.77% 1.5664 <10% yes 55.0

Seven Lakes (LG East) 36.2 0.0222 0.1859 1.546 3.91% 1.4167 <10% yes 34.8

Summit Lake 48.0 0.0343 0.2262 1.449 3.93% 1.8847 <10% yes 46.1

Deep Creek Lake 20.6 0.0109 0.1950 0.887 11.93% 2.4569 <1(µeq/L) no 18.1

Island Lake 71.0 0.0153 0.1536 1.079 2.33% 1.6514 <10% yes 69.4

Kelly Lake 179.9 0.0153 0.1536 1.079 0.92% 1.6514 <10% yes 178.2

Rawah Lake #4 41.3 0.0149 0.1591 1.098 4.05% 1.6719 <10% yes 39.6

Crater Lake (Sangre de Cristo) 162.9 0.0033 0.0837 0.959 0.59% 0.9634 <10% yes 162.0

Lower Stout Lake 145.2 0.0037 0.0943 0.671 1.07% 1.5492 <10% yes 143.7

Upper Little Sand Creek Lake 129.5 0.0034 0.0814 1.064 0.65% 0.8447 <10% yes 128.7

Upper Stout Lake 76.3 0.0037 0.0943 0.671 2.03% 1.5492 <10% yes 74.8

Glacier Lake (Colorado) 63.4 0.0021 0.0646 1.145 0.98% 0.6183 <10% yes 62.8

Lake South of Blue Lakes 16.9 0.0023 0.0839 1.312 4.13% 0.6979 <1(µeq/L) yes 16.2

Big Eldorado Lake 19.6 0.0020 0.0565 1.128 2.80% 0.5499 <1(µeq/L) yes 19.1

Four Mile Pothole 123.4 0.0027 0.0802 1.173 0.61% 0.7502 <10% yes 122.6

Lake Due South of Ute Lake 13.2 0.0019 0.0543 1.067 4.25% 0.5593 <1(µeq/L) yes 12.6

Little Eldorado -3.3 0.0020 0.0565 1.128 16.66% 0.5499 <1(µeq/L) yes -3.8

Little Granite Lake 80.7 0.0018 0.0639 0.830 1.04% 0.8408 <10% yes 79.9

Lower Sunlight Lake 80.9 0.0026 0.0649 1.177 0.75% 0.6080 <10% yes 80.3

Middle Ute Lake 42.8 0.0018 0.0519 1.052 1.27% 0.5419 <10% yes 42.2

Small Pond Above Trout Lake 25.5 0.0020 0.0653 1.087 2.58% 0.6573 <10% yes 24.8

Upper Grizzly Lake 29.9 0.0030 0.0675 1.177 2.13% 0.6352 <10% yes 29.2

Upper Sunlight Lake 28.0 0.0030 0.0675 1.177 2.27% 0.6352 <10% yes 27.4

West Snowdon Lake 39.4 0.0014 0.0548 0.978 1.55% 0.6107 <10% yes 38.7

White Dome Lake 2.1 0.0020 0.0565 1.128 26.69% 0.5499 <1(µeq/L) yes 1.5

South Golden Lake 111.4 0.0052 0.1515 0.984 1.52% 1.6909 <10% yes 109.7

* USDA Forest Service methodology reports both Delta ANC calculations and LAC thresholds as positive quantities, however they reflect a decrease in lake ANC  
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5.6 2021 NAAQS Comparisons 

In this section we compare the CAMx 2021 High. Low and Medium Development Scenario 
modeling results against the National Ambient Air Quality Standard (NAAQS).  For the ozone 
NAAQS analysis, the results are analyzed using both the absolute CAMx 2021 modeling results 
as well as using the CAMx 2008 and 2021 modeling results in a relative fashion to scale the 
observed current year Design Values (DVC) to project future year 2021 Design Values (DVF) as 
recommended by EPA (2007) and described in Section 4.5. 

5.6.1 Ozone NAAQS Analysis using Relative Modeling Results 

EPA’s Model Attainment Test Software (MATS) was used to make future year ozone Design 
Value (DV) projections using the CAMx 2008 Base Case and 2021 High and Low Development 
Scenario modeling results.  MATS was also used to make future year 2021 ozone DV (DVF) 
projections for the 2021 High and Low Development Scenario removing the contributions of 
four of the combined Source Groups R, S, T and U.  MATS was used to make 2021 ozone DVF 
projections at the monitoring sites as well as throughout the CARMMS modeling domain using 
the MATS Unmonitored Area Analysis (UAA) procedures. 

5.6.1.1 Ozone Design Value Projections at Monitoring Sites 

The results of the 2021 ozone DVF projections at the monitoring sites are given in Attachments 
F-1, F-2 and F-3 and shown in Table 5-39.  The maximum current year DVC (DVC; based on 
2006-2010 observations) is 82.0 ppb at the Rocky Flats North (CO_Jefferson_006) monitor that 
is projected to be reduced to 79.5, 78.1 and 79.5 ppb for the 2021 High, Low and Medium 
Development Scenarios, respectively.  There are 8 monitoring sites in the CARMMS 4 km 
domain with current year DVCs above the ozone NAAQS that are reduced to two sites in the 
2021 emission scenarios, Rocky Flats North and Fort Collins West (CO_Larimer_0011).  
Removing the contributions due to new O&G and mining on Federal lands within the 13 
Colorado BLM Planning Areas (Source Group R) reduces the 2021 DVF at Rocky Flats North by 
0.9 ppb to 78.6 ppb for the High, by 0.3 ppb to 77.8 ppb for the Low and by 0.8 ppb to 78.7 ppb 
for the Medium Development Scenarios, which are still above the ozone NAAQS (76.0 ppb or 
higher).  However, when emissions from new non-Federal O&G within the 13 Colorado Planning 
Areas are also removed (Source Group S), the projected 2021 DVFs are 74.5, 75.8 and 74.5 ppb 
for the High, Low and Medium Development Scenarios.  The maximum reduction in 2021 DVFs 
due to the removal of Source Group R at any monitor is 0.9 ppb at the Rocky Flats North and 
South Bolder Creek (CO_Boulder_0011) monitoring site for the High Development Scenario.  
Whereas maximum reduction from removing Source Group R for the Low and Medium 
Scenarios are 0.3 and 0.8 ppb at Rocky Flats North.  The maximum reduction in 2021 DVF due 
to the removal of Source Group S, T and U in the High Development Scenario are, respectively, 
7.2, 7.3 and 9.0 ppb at the Greely – Weld Tower (CO_Weld_009) monitoring site.  Most of the 
O&G development in Weld County (Royal Gorge FO Area#1; Source Group I) is on non-Federal 
lands so the monitors in Weld County are less affected by the Federal O&G development 
(Source Group R). 
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Table 5-39a.  Current year ozone Design Values (DVC) and projected 2021 future year ozone 
Design Values (DVF) for the 2021 High Development Scenario and without Source Group R, S, 
T and U. 

 
 

Table 5-39b.  Current year ozone Design Values (DVC) and projected 2021 future year ozone 
Design Values (DVF) for the 2021 Low Development Scenario and without Source Group R, S, 
T and U. 

 

2021 Hi 2021 Hi w/o R 2021 Hi w/o S 2021 Hi w/o T 2021 Hi w/o U Group R Group S Group T Group U

080013001 CO_Adams_3001 39.8381 -104.9498 Colorado Adams 71.5 70.5 69.7 67.2 67.2 65.6 0.8 3.3 3.3 4.9

080130011 CO_Boulder_0011 39.9572 -105.2385 Colorado Boulder 77.3 74.4 73.5 69.0 69.0 66.8 0.9 5.4 5.4 7.6

080310014 CO_Denver_0014 39.7518 -105.0307 Colorado Denver 70.3 69.0 68.3 66.2 66.2 64.8 0.7 2.8 2.8 4.2

080350004 CO_Douglas_0004 39.5345 -105.0704 Colorado Douglas 78.3 75.7 74.9 72.3 72.3 70.7 0.8 3.4 3.4 5.0

080410013 CO_El Paso_0013 38.9583 -104.8172 Colorado El Paso 68.0 66.0 65.4 64.5 64.5 63.3 0.6 1.5 1.5 2.7

080410016 CO_El Paso_0016 38.8531 -104.9013 Colorado El Paso 70.3 68.8 68.4 67.7 67.6 66.4 0.4 1.1 1.2 2.4

080590002 CO_Jefferson_0002 39.8003 -105.1000 Colorado Jefferson 75.0 73.5 72.6 70.0 70.0 68.4 0.9 3.5 3.5 5.1

080590005 CO_Jefferson_0005 39.6388 -105.1395 Colorado Jefferson 74.3 72.4 71.8 70.0 70.0 68.8 0.6 2.4 2.4 3.6

080590006 CO_Jefferson_0006 39.9128 -105.1886 Colorado Jefferson 82.0 79.5 78.6 74.5 74.5 72.4 0.9 5.0 5.0 7.1

080590011 CO_Jefferson_0011 39.7437 -105.1780 Colorado Jefferson 76.3 74.0 73.3 71.0 71.0 69.7 0.7 3.0 3.0 4.3

080671004 CO_La Plata_1004 37.3039 -107.4842 Colorado La Plata 70.0 69.8 69.5 69.3 69.3 68.9 0.3 0.5 0.5 0.9

080677001 CO_La Plata_7001 37.1368 -107.6286 Colorado La Plata 66.0 65.9 65.5 65.1 64.8 61.6 0.4 0.8 1.1 4.3

080677003 CO_La Plata_7003 37.1026 -107.8702 Colorado La Plata 67.0 66.8 66.4 66.0 65.8 62.9 0.4 0.8 1.0 3.9

080690007 CO_Larimer_0007 40.2772 -105.5450 Colorado Larimer 74.3 72.7 72.4 70.1 70.1 68.9 0.3 2.6 2.6 3.8

080690011 CO_Larimer_0011 40.5925 -105.1411 Colorado Larimer 78.0 78.9 78.6 73.5 73.5 72.1 0.3 5.4 5.4 6.8

080691004 CO_Larimer_1004 40.5775 -105.0789 Colorado Larimer 67.3 67.4 67.2 62.9 62.9 61.7 0.2 4.5 4.5 5.7

080830101 CO_Montezuma_0101 37.1983 -108.4903 Colorado Montezuma 69.3 68.9 68.6 68.3 68.3 66.5 0.3 0.6 0.6 2.4

081230009 CO_Weld_0009 40.3864 -104.7374 Colorado Weld 72.7 72.1 71.5 64.9 64.8 63.1 0.6 7.2 7.3 9.0

350010023 NM_Bernalillo_0023 35.1343 -106.5852 New Mexico Bernalillo 66.0 63.8 63.6 63.5 63.4 62.4 0.2 0.3 0.4 1.4

350010024 NM_Bernalillo_0024 35.0631 -106.5788 New Mexico Bernalillo 67.3 64.8 64.7 64.5 64.5 63.5 0.1 0.3 0.3 1.3

350010027 NM_Bernalillo_0027 35.1539 -106.6972 New Mexico Bernalillo 68.3 64.7 64.6 64.5 64.5 63.7 0.1 0.2 0.2 1.0

350010029 NM_Bernalillo_0029 35.0171 -106.6574 New Mexico Bernalillo 67.0 64.8 64.6 64.5 64.5 63.5 0.2 0.3 0.3 1.3

350011012 NM_Bernalillo_1012 35.1852 -106.5082 New Mexico Bernalillo 69.0 66.7 66.5 66.3 66.3 65.2 0.2 0.4 0.4 1.5

350011013 NM_Bernalillo_1013 35.1932 -106.6138 New Mexico Bernalillo 68.7 66.0 65.9 65.7 65.7 64.6 0.1 0.3 0.3 1.4

350431001 NM_Sandoval_1001 35.2994 -106.5483 New Mexico Sandoval 60.3 58.3 58.1 58.0 57.9 56.9 0.2 0.3 0.4 1.4

350431003 NM_Sandoval_1003 35.2381 -106.6494 New Mexico Sandoval 70.0 67.2 67.1 66.9 66.9 65.8 0.1 0.3 0.3 1.4

350439004 NM_Sandoval_9004 35.6153 -106.7244 New Mexico Sandoval 68.0 67.8 67.5 67.2 67.1 65.4 0.3 0.6 0.7 2.4

350450009 NM_San Juan_0009 36.7422 -107.9769 New Mexico San Juan 62.0 61.0 60.8 60.5 60.3 55.6 0.2 0.5 0.7 5.4

350451005 NM_San Juan_1005 36.7967 -108.4725 New Mexico San Juan 67.0 65.9 65.5 65.0 64.8 61.2 0.4 0.9 1.1 4.7

490110004 UT_Davis_0004 40.9030 -111.8845 Utah Davis 77.0 74.5 74.5 74.4 74.4 74.2 0.0 0.1 0.1 0.3

490350003 UT_Salt Lake_0003 40.6467 -111.8497 Utah Salt Lake 78.0 75.8 75.8 75.8 75.8 75.6 0.0 0.0 0.0 0.2

490352004 UT_Salt Lake_2004 40.7364 -112.2103 Utah Salt Lake 75.7 73.3 73.3 73.3 73.3 73.1 0.0 0.0 0.0 0.2

490353006 UT_Salt Lake_3006 40.7364 -111.8722 Utah Salt Lake 77.0 74.3 74.3 74.3 74.3 74.1 0.0 0.0 0.0 0.2

490370101 UT_San Juan_0101 38.4500 -109.8167 Utah San Juan 70.0 69.2 69.1 69.0 69.0 68.5 0.1 0.2 0.2 0.7

490490002 UT_Utah_0002 40.2536 -111.6631 Utah Utah 72.0 70.3 70.3 70.3 70.3 70.2 0.0 0.0 0.0 0.1

490495008 UT_Utah_5008 40.4303 -111.8039 Utah Utah 72.3 70.4 70.4 70.4 70.4 70.3 0.0 0.0 0.0 0.1

490495010 UT_Utah_5010 40.1364 -111.6597 Utah Utah 72.3 70.3 70.3 70.3 70.3 70.2 0.0 0.0 0.0 0.1

DVF Contribution from
CID Name Lat Long State County DVC

2021 Low 2021 Low w/o R 2021 Low w/o S 2021 Low w/o T 2021 Low w/o U Group R Group S Group T Group U

080013001 CO_Adams_3001 39.8381 -104.9498 Colorado Adams 71.5 69.6 69.4 68.1 68.1 66.3 0.2 1.5 1.5 3.3

080130011 CO_Boulder_0011 39.9572 -105.2385 Colorado Boulder 77.3 72.8 72.6 70.3 70.2 67.9 0.2 2.5 2.6 4.9

080310014 CO_Denver_0014 39.7518 -105.0307 Colorado Denver 70.3 68.2 68.0 67.0 66.9 65.5 0.2 1.2 1.3 2.7

080350004 CO_Douglas_0004 39.5345 -105.0704 Colorado Douglas 78.3 74.7 74.5 73.2 73.2 71.5 0.2 1.5 1.5 3.2

080410013 CO_El Paso_0013 38.9583 -104.8172 Colorado El Paso 68.0 65.6 65.5 65.0 64.9 63.7 0.1 0.6 0.7 1.9

080410016 CO_El Paso_0016 38.8531 -104.9013 Colorado El Paso 70.3 68.6 68.5 68.1 68.0 66.8 0.1 0.5 0.6 1.8

080590002 CO_Jefferson_0002 39.8003 -105.1000 Colorado Jefferson 75.0 72.5 72.3 70.9 70.9 69.2 0.2 1.6 1.6 3.3

080590005 CO_Jefferson_0005 39.6388 -105.1395 Colorado Jefferson 74.3 71.7 71.5 70.6 70.6 69.3 0.2 1.1 1.1 2.4

080590006 CO_Jefferson_0006 39.9128 -105.1886 Colorado Jefferson 82.0 78.1 77.8 75.8 75.8 73.4 0.3 2.3 2.3 4.7

080590011 CO_Jefferson_0011 39.7437 -105.1780 Colorado Jefferson 76.3 73.2 73.1 71.9 71.8 70.4 0.1 1.3 1.4 2.8

080671004 CO_La Plata_1004 37.3039 -107.4842 Colorado La Plata 70.0 69.7 69.6 69.4 69.4 69.0 0.1 0.3 0.3 0.7

080677001 CO_La Plata_7001 37.1368 -107.6286 Colorado La Plata 66.0 65.7 65.7 65.3 65.0 61.8 0.0 0.4 0.7 3.9

080677003 CO_La Plata_7003 37.1026 -107.8702 Colorado La Plata 67.0 66.7 66.6 66.2 66.0 63.1 0.1 0.5 0.7 3.6

080690007 CO_Larimer_0007 40.2772 -105.5450 Colorado Larimer 74.3 71.9 71.9 70.7 70.7 69.3 0.0 1.2 1.2 2.6

080690011 CO_Larimer_0011 40.5925 -105.1411 Colorado Larimer 78.0 77.2 77.2 73.9 73.9 72.0 0.0 3.3 3.3 5.2

080691004 CO_Larimer_1004 40.5775 -105.0789 Colorado Larimer 67.3 66.0 65.9 63.2 63.2 61.7 0.1 2.8 2.8 4.3

080830101 CO_Montezuma_0101 37.1983 -108.4903 Colorado Montezuma 69.3 68.8 68.7 68.5 68.4 66.6 0.1 0.3 0.4 2.2

081230009 CO_Weld_0009 40.3864 -104.7374 Colorado Weld 72.7 70.3 70.1 66.0 66.0 63.5 0.2 4.3 4.3 6.8

350010023 NM_Bernalillo_0023 35.1343 -106.5852 New Mexico Bernalillo 66.0 63.7 63.7 63.6 63.5 62.5 0.0 0.1 0.2 1.2

350010024 NM_Bernalillo_0024 35.0631 -106.5788 New Mexico Bernalillo 67.3 64.8 64.7 64.6 64.6 63.5 0.1 0.2 0.2 1.3

350010027 NM_Bernalillo_0027 35.1539 -106.6972 New Mexico Bernalillo 68.3 64.7 64.7 64.6 64.5 63.7 0.0 0.1 0.2 1.0

350010029 NM_Bernalillo_0029 35.0171 -106.6574 New Mexico Bernalillo 67.0 64.7 64.7 64.6 64.6 63.6 0.0 0.1 0.1 1.1

350011012 NM_Bernalillo_1012 35.1852 -106.5082 New Mexico Bernalillo 69.0 66.6 66.6 66.4 66.4 65.3 0.0 0.2 0.2 1.3

350011013 NM_Bernalillo_1013 35.1932 -106.6138 New Mexico Bernalillo 68.7 66.0 65.9 65.8 65.8 64.7 0.1 0.2 0.2 1.3

350431001 NM_Sandoval_1001 35.2994 -106.5483 New Mexico Sandoval 60.3 58.2 58.2 58.1 58.0 56.9 0.0 0.1 0.2 1.3

350431003 NM_Sandoval_1003 35.2381 -106.6494 New Mexico Sandoval 70.0 67.2 67.2 67.0 67.0 65.9 0.0 0.2 0.2 1.3

350439004 NM_Sandoval_9004 35.6153 -106.7244 New Mexico Sandoval 68.0 67.7 67.6 67.4 67.3 65.5 0.1 0.3 0.4 2.2

350450009 NM_San Juan_0009 36.7422 -107.9769 New Mexico San Juan 62.0 60.9 60.9 60.6 60.4 55.7 0.0 0.3 0.5 5.2

350451005 NM_San Juan_1005 36.7967 -108.4725 New Mexico San Juan 67.0 65.7 65.6 65.2 65.1 61.4 0.1 0.5 0.6 4.3

490110004 UT_Davis_0004 40.9030 -111.8845 Utah Davis 77.0 74.5 74.5 74.5 74.5 74.3 0.0 0.0 0.0 0.2

490350003 UT_Salt Lake_0003 40.6467 -111.8497 Utah Salt Lake 78.0 75.8 75.8 75.8 75.8 75.6 0.0 0.0 0.0 0.2

490352004 UT_Salt Lake_2004 40.7364 -112.2103 Utah Salt Lake 75.7 73.3 73.3 73.3 73.3 73.1 0.0 0.0 0.0 0.2

490353006 UT_Salt Lake_3006 40.7364 -111.8722 Utah Salt Lake 77.0 74.3 74.3 74.3 74.3 74.1 0.0 0.0 0.0 0.2

490370101 UT_San Juan_0101 38.4500 -109.8167 Utah San Juan 70.0 69.2 69.1 69.1 69.1 68.5 0.1 0.1 0.1 0.7

490490002 UT_Utah_0002 40.2536 -111.6631 Utah Utah 72.0 70.3 70.3 70.3 70.3 70.2 0.0 0.0 0.0 0.1

490495008 UT_Utah_5008 40.4303 -111.8039 Utah Utah 72.3 70.4 70.4 70.4 70.4 70.3 0.0 0.0 0.0 0.1

490495010 UT_Utah_5010 40.1364 -111.6597 Utah Utah 72.3 70.3 70.3 70.3 70.3 70.2 0.0 0.0 0.0 0.1

DVF Contribution from
CID Name Lat Long State County DVC
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Table 5-39c.  Current year ozone Design Values (DVC) and projected 2021 future year ozone 
Design Values (DVF) for the 2021 Medium Development Scenario and without Source Group 
R, S, T and U. 

 

 
 
5.6.1.2 Ozone Design Value Projection Unmonitored Area Analysis 

MATS was used to perform an unmonitored area analysis (UAA) of the 2021 ozone DVF 
projections for the 2021 High, Low and Medium Development Scenarios and the 2021 results 
without the contributions from the combined Source Groups R, S, T and U.  The MATS UAA 
interpolates the current year observed ozone DVCs across the CARMMS 4 km domain and then 
makes 2021 ozone DVF projections throughout the domain using the relative change in the 
CAMx 2008 and 2021 modeling results in each 4 km grid cell.  Figure 5-1 displays the spatial 
distribution of the MATS UAA derived 2008 ozone DVCs and 2021 ozone DVFs and their 
differences for the three 2021 emission scenarios.  The color scheme for the spatial plots has a 
cut-point at 76.0 ppb so tiles that are yellow or warmer indicate exceedances of the 0.075 ppm 
ozone NAAQS.  The current year DVCs indicate areas of ozone exceedances in Denver and Salt 
Lake City with a maximum DVC of 81.5 ppb just northwest of Denver (Figure 5-1, top left).  For 
the 2021 High, Low and Medium Development Scenarios the areas of 2021 ozone DVF 
exceedances is reduced and limited to smaller areas in the Denver and SLC area and just east of 
SLC with a peak DVF of 79.3, 77.5 and 79.2 ppb for the 2021 High, Low and Medium 
Development Scenarios, respectively, just northwest of Denver near Rocky Flats North (top 
right in Figures 5-1a, 5-1b and 5-1c).  The 2021 DVF – 2008 DVC difference plots (Figure 5-1, 
bottom) shows mainly ozone reductions with the largest reduction in the Denver and SLC areas 
but ozone increases in the Piceance Basin (Garfield County) for the 2021 High Scenario (Figure 
5-1a) that is not scene for the Low Scenario (Figure 5-1b), but is seen in the Medium 
Development Scenario (Figure 5-1c).  Although the largest ozone increase in both 2021 

2021 Med 2021 Med w/o R 2021 Med w/o S 2021 Med w/o T 2021 Med w/o U Group R Group S Group T Group U

080013001 CO_Adams_3001 39.8381 -104.9498 Colorado Adams 71.5 70.5 69.8 67.3 67.2 65.6 0.7 3.2 3.3 4.9

080130011 CO_Boulder_0011 39.9572 -105.2385 Colorado Boulder 77.3 74.4 73.6 69.1 69.1 66.9 0.8 5.3 5.3 7.5

080310014 CO_Denver_0014 39.7518 -105.0307 Colorado Denver 70.3 69.0 68.3 66.2 66.2 64.9 0.7 2.8 2.8 4.1

080350004 CO_Douglas_0004 39.5345 -105.0704 Colorado Douglas 78.3 75.6 75.0 72.3 72.3 70.8 0.6 3.3 3.3 4.8

080410013 CO_El Paso_0013 38.9583 -104.8172 Colorado El Paso 68.0 66.0 65.5 64.5 64.5 63.3 0.5 1.5 1.5 2.7

080410016 CO_El Paso_0016 38.8531 -104.9013 Colorado El Paso 70.3 68.8 68.4 67.7 67.7 66.5 0.4 1.1 1.1 2.3

080590002 CO_Jefferson_0002 39.8003 -105.1000 Colorado Jefferson 75.0 73.4 72.6 70.0 70.0 68.5 0.8 3.4 3.4 4.9

080590005 CO_Jefferson_0005 39.6388 -105.1395 Colorado Jefferson 74.3 72.4 71.8 70.0 70.0 68.8 0.6 2.4 2.4 3.6

080590006 CO_Jefferson_0006 39.9128 -105.1886 Colorado Jefferson 82.0 79.5 78.7 74.5 74.5 72.4 0.8 5.0 5.0 7.1

080590011 CO_Jefferson_0011 39.7437 -105.1780 Colorado Jefferson 76.3 74.0 73.4 71.1 71.0 69.7 0.6 2.9 3.0 4.3

080671004 CO_La Plata_1004 37.3039 -107.4842 Colorado La Plata 70.0 69.8 69.5 69.3 69.3 68.9 0.3 0.5 0.5 0.9

080677001 CO_La Plata_7001 37.1368 -107.6286 Colorado La Plata 66.0 65.8 65.5 65.1 64.9 61.6 0.3 0.7 0.9 4.2

080677003 CO_La Plata_7003 37.1026 -107.8702 Colorado La Plata 67.0 66.8 66.4 66.0 65.9 62.9 0.4 0.8 0.9 3.9

080690007 CO_Larimer_0007 40.2772 -105.5450 Colorado Larimer 74.3 72.7 72.5 70.2 70.1 69.0 0.2 2.5 2.6 3.7

080690011 CO_Larimer_0011 40.5925 -105.1411 Colorado Larimer 78.0 78.9 78.7 73.5 73.5 72.1 0.2 5.4 5.4 6.8

080691004 CO_Larimer_1004 40.5775 -105.0789 Colorado Larimer 67.3 67.4 67.2 62.9 62.9 61.7 0.2 4.5 4.5 5.7

080830101 CO_Montezuma_0101 37.1983 -108.4903 Colorado Montezuma 69.3 68.9 68.6 68.3 68.3 66.5 0.3 0.6 0.6 2.4

081230009 CO_Weld_0009 40.3864 -104.7374 Colorado Weld 72.7 72.0 71.5 64.9 64.9 63.1 0.5 7.1 7.1 8.9

350010023 NM_Bernalillo_0023 35.1343 -106.5852 New Mexico Bernalillo 66.0 63.8 63.6 63.5 63.5 62.4 0.2 0.3 0.3 1.4

350010024 NM_Bernalillo_0024 35.0631 -106.5788 New Mexico Bernalillo 67.3 64.8 64.7 64.5 64.5 63.5 0.1 0.3 0.3 1.3

350010027 NM_Bernalillo_0027 35.1539 -106.6972 New Mexico Bernalillo 68.3 64.7 64.6 64.5 64.5 63.7 0.1 0.2 0.2 1.0

350010029 NM_Bernalillo_0029 35.0171 -106.6574 New Mexico Bernalillo 67.0 64.8 64.6 64.5 64.5 63.6 0.2 0.3 0.3 1.2

350011012 NM_Bernalillo_1012 35.1852 -106.5082 New Mexico Bernalillo 69.0 66.7 66.5 66.3 66.3 65.2 0.2 0.4 0.4 1.5

350011013 NM_Bernalillo_1013 35.1932 -106.6138 New Mexico Bernalillo 68.7 66.0 65.9 65.7 65.7 64.7 0.1 0.3 0.3 1.3

350431001 NM_Sandoval_1001 35.2994 -106.5483 New Mexico Sandoval 60.3 58.3 58.1 58.0 58.0 56.9 0.2 0.3 0.3 1.4

350431003 NM_Sandoval_1003 35.2381 -106.6494 New Mexico Sandoval 70.0 67.2 67.1 67.0 66.9 65.8 0.1 0.2 0.3 1.4

350439004 NM_Sandoval_9004 35.6153 -106.7244 New Mexico Sandoval 68.0 67.8 67.5 67.2 67.1 65.4 0.3 0.6 0.7 2.4

350450009 NM_San Juan_0009 36.7422 -107.9769 New Mexico San Juan 62.0 61.0 60.8 60.5 60.3 55.7 0.2 0.5 0.7 5.3

350451005 NM_San Juan_1005 36.7967 -108.4725 New Mexico San Juan 67.0 65.8 65.5 65.0 64.9 61.2 0.3 0.8 0.9 4.6

490110004 UT_Davis_0004 40.9030 -111.8845 Utah Davis 77.0 74.5 74.5 74.4 74.4 74.2 0.0 0.1 0.1 0.3

490350003 UT_Salt Lake_0003 40.6467 -111.8497 Utah Salt Lake 78.0 75.8 75.8 75.8 75.8 75.6 0.0 0.0 0.0 0.2

490352004 UT_Salt Lake_2004 40.7364 -112.2103 Utah Salt Lake 75.7 73.3 73.3 73.3 73.3 73.1 0.0 0.0 0.0 0.2

490353006 UT_Salt Lake_3006 40.7364 -111.8722 Utah Salt Lake 77.0 74.3 74.3 74.3 74.3 74.1 0.0 0.0 0.0 0.2

490370101 UT_San Juan_0101 38.4500 -109.8167 Utah San Juan 70.0 69.2 69.1 69.0 69.0 68.5 0.1 0.2 0.2 0.7

490490002 UT_Utah_0002 40.2536 -111.6631 Utah Utah 72.0 70.3 70.3 70.3 70.3 70.2 0.0 0.0 0.0 0.1

490495008 UT_Utah_5008 40.4303 -111.8039 Utah Utah 72.3 70.4 70.4 70.4 70.4 70.3 0.0 0.0 0.0 0.1

490495010 UT_Utah_5010 40.1364 -111.6597 Utah Utah 72.3 70.3 70.3 70.3 70.3 70.2 0.0 0.0 0.0 0.1

DVF Contribution from
CID Name Lat Long State County DVC
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scenarios occurs near downtown Denver and is due to less fresh NOX emissions that suppress 
urban ozone concentrations. 

The 2021 High Development Scenario UAA ozone DVF without Source Group R (Federal O&G 
and mining in 13 CO BLM Planning Areas) results in reduction in the DVFs with the highest 
reduction of 6.4 ppb in the Piceance Basin and the peak DVF being reduced from 79.3 to 78.4 
ppb that occurs just northwest of Denver (Figure 5-2a, top panels).  In contrast, the removal of 
Source Group R from the 2021 Low Development Scenario results in smaller ozone reductions 
mainly in the Piceance Basin with a maximum reduction of 2.8 ppb (Figure 5-3a, top panels).  
The removal of Source Group R from the 2021 Medium Development Scenario reduces the 
maximum 2021 DFV from 79.2 to 78.5 ppb with a maximum DFV reduction of 5.6 ppb that 
occurs in the Piceance Basin (Figure 5-4a).  There are still areas in Denver and SLC with 2021 
DVFs exceeding the NAAQS with Source Group R removed.   

Removing both Federal O&G and mining and non-Federal O&G (Source Group S) results in more 
reductions in the 2021 DVFs, especially in Weld County in the greater Denver area (Figures 5-2a, 
5-3a and 5-4a, bottom panels).  There are large reductions in 2021 DVFs in the Piceance and D-J 
Basins (Weld County) with the largest reduction being 12.8 ppb (High Scenario), 8.5 ppb (Low 
Scenario) and 12.2 ppb (Medium Scenario) in the Piceance Basin.  There are no longer any 
ozone exceedances in the greater Denver area without emissions from Source Group S.  The 
peak 2021 DVF is now ~77 ppb in the SLC area. 

Source Group T adds the new O&G within the Mancos Shale development area to Source Group 
S (Figures 5-2b, 5-3b and 5-4b, top panels) and results in nearly identical 2021 DVFs as Source 
Group S in Colorado only with more ozone reductions in northwestern New Mexico. 

When all O&G emissions are removed from the 2021 High and Low Development Scenarios in 
Source Group U, there are widespread reductions in the 2021 ozone DVFs throughout Colorado 
and spreading into Utah and New Mexico.  Large ozone reductions occur in the D-J Basin (Weld 
County), Piceance Basin, Uinta Basin and South San Juan Basin; the single grid cell with the 
highest ozone reduction in the High (-18.8 ppb), Low (-16.1 ppb) and Medium (-18.4 ppb) 
occurs in the Piceance Basin (Figures 5-2b, 5-3b and 5-3c, bottom panels). 
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Figure 5-1a.  2008 ozone DVC (top left), 2021 High Development Scenario ozone DVF (top 
right) and their differences (2021 High – 2008) (bottom) calculated using MATS. 
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Figure 5-1b.  2008 ozone DVC (top left), 2021 Low Development Scenario ozone DVF (top 
right) and their differences (2021 Low – 2008) (bottom) calculated using MATS. 
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Figure 5-1c.  2008 ozone DVC (top left), 2021 Medium Development Scenario ozone DVF (top 
right) and their differences (2021 Medium – 2008) (bottom) calculated using MATS. 
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Figure 5-2a.  2021 projected ozone DVF 2021 Unmonitored Area Analysis for Source Group R 
(top) and S (bottom) showing 2021 DVF without each Source Group (left) and difference in 
DVFs with 2021 High Development Scenario (right). 
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Figure 5-2b.  2021 projected ozone DVF 2021 Unmonitored Area Analysis for Source Group T 
(top) and U (bottom) showing 2021 DVF without each Source Group (left) and difference in 
DVFs with 2021 High Development Scenario (right). 
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Figure 5-3a.  2021 projected ozone DVF 2021 Unmonitored Area Analysis for Source Group R 
(top) and S (bottom) showing 2021 DVF without each Source Group (left) and difference in 
DVFs with 2021 Low Development Scenario (right). 
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Figure 5-3b.  2021 projected ozone DVF 2021 Unmonitored Area Analysis for Source Group T 
(top) and U (bottom) showing 2021 DVF without each Source Group (left) and difference in 
DVFs with 2021 Low Development Scenario (right). 
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Figure 5-4a.  2021 projected ozone DVF 2021 Unmonitored Area Analysis for Source Group R 
(top) and S (bottom) showing 2021 DVF without each Source Group (left) and difference in 
DVFs with 2021 Medium Development Scenario (right). 
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Figure 5-4b.  2021 projected ozone DVF 2021 Unmonitored Area Analysis for Source Group T 
(top) and U (bottom) showing 2021 DVF without each Source Group (left) and difference in 
DVFs with 2021 Medium Development Scenario (right). 
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5.6.2 Ozone NAAQS Analysis using the Absolute Modeling Results 

The 2021 High and Low Development Scenario CAMx source apportionment absolute modeling 
results are analyzed and compared to the NAAQS in this section.  The ozone NAAQS is defined 
as the three-year average of the 4th highest daily maximum 8-hour (DMAX8) ozone 
concentration.  Since CARMMS only uses one year of modeling results (2008 meteorological 
year), the 2021 4th highest DMAX8 ozone concentration is used as a pseudo-NAAQS comparison 
metric.  The contributions of each Source Group to ozone is examined as the difference 
between the 4th highest DMAX8 ozone concentration for the 2021 emissions scenario minus the 
4th highest DMAX8 ozone for the 2021 scenario with the Source Group contributions removed.  
In addition, the contributions of each Source Group to modeled 2021 4th high DMAX8 ozone 
greater than the NAAQS (i.e., 76.0 ppb or greater) is also analyzed. 

5.6.2.1 Contributions of Source Groups to 4th High DMAX8 Ozone 

Figure 5-5 displays the 4th highest DMAX8 ozone for the 2008 Base Case and the 2021 High, Low 
and Medium Development Scenarios and their differences and the 4th highest DMAX8 ozone for 
the 2021 scenario with the ozone contributions from natural emissions removed (Source Group 
V).  This last display was generated to determine whether exceedances of the NAAQS could 
have been primarily due to natural emissions.  The color scale in Figure 5-5 has a sharp contrast 
from dark red to white when an exceedances of the ozone NAAQS occurs (i.e., 76.0 ppb or 
higher).  For the 2008 Base Case, there are several regions where the modeled 2021 4th high 
DMAX8 ozone exceeds the NAAQS (Figure 5-5, top left): 

 The Denver area; 

 Uinta Basin and Salt Lake City (SLC), Utah; 

 Northern New Mexico northeast of Santa Fe; 

 Northern New Mexico northeast of Los Alamos;  

 Northern New Mexico north of Taos; and 

 On the UT/AZ border. 

In the 2021 High, Low and Medium Development Scenarios, the area of ozone exceedances in 
Denver is reduced and the ozone exceedances in the SLC and UT/AZ border area are gone.  
However, the modeled ozone exceedance area in northern New Mexico remains the same and 
there is a new ozone exceedance area in the Uinta Basin in the three 2021 scenarios (Figure 5-
5, top right).  The 2021 – 2008 ozone differences (Figure 5-5, bottom left) show more decreases 
than increases and the areas of ozone increases tend to occur in O&G development areas, such 
as the D-J, Piceance and Uinta Basins.  The contribution of natural emissions to the modeled 4th 
highest daily maximum 8-hour ozone concentrations (Figure 5-5, bottom right) show that the 
ozone exceedance areas in northern New Mexico are due to natural emissions, most likely 
wildfires. 
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Attachment I is a zipped file that contains spatial maps of concentrations including total 
concentrations and the contributions of each of the Source Groups to the 4th highest DMAX8 
ozone and other pollutants from the 2021 High, Low and Medium Development Scenarios 
CAMx source apportionment modeling.  Figure 5-6 displays example spatial maps of 
contributions to the 4th highest DMAX8 ozone concentrations for Source Groups E (GJFO), F 
(UFO), J (USFS-PG), R (Federal O&G/mining in CO) T (Cumulative Emissions Scenario) and U (all 
O&G in 4 km CARMMS domain) and the 2021 High, Low and Medium Development Scenarios 
that were extracted out of Attachment I.  The maximum ozone contributions to the 4th highest 
DMAX8 ozone for each of the Source Groups are given in Table 5-40.  Note that these maximum 
Source Group contributions to the 4th highest DMAX8 ozone occur when the total ozone is less 
than the ozone NAAQS.  Section 5.6.2.2 discusses the Source Group contributions when the 
total 4th high DMAX8 ozone exceeds the ozone NAAQS.  Ozone contributions due to Federal 
O&G development in the GJFO Planning Area are centered on the GJFO area where a maximum 
ozone contribution of 4.4 ppb occurs for the 2021 High Development Scenario (Table 5-40 and 
Figure 5-6a, top left).  The mitigation in the 2021 Medium Development Scenario reduces this 
maximum GJFO ozone contribution by -18% to 3.6 ppb.  There is much lower 4th high DMAX8 
ozone contributions due to GJFO for the 2021 Low Development Scenario (Figure 5-6a, top 
right) with a maximum contribution of only 0.8 ppb (Table 5-40).   

Lower 4th high DMAX8 ozone contributions are seen for UFO new Federal O&G with highest 
ozone contributions of 0.8, 0.2 and 0.6 ppb for the, respectively, 2021 High, Low and Medium 
Development Scenarios occurring in the northeast corner of the UFO Planning Area (Figure 5-
6b).  Even smaller ozone contributions still are seen due to new Federal O&G within the USFS-
PG area with a maximum values of 0.5, 0.1 and 0.3 ppb for the 2021 High, Low and Medium 
Development Scenarios, respectively (Figure 5-6c). 

The maximum ozone contribution due to Federal O&G and mining throughout the 13 CO 
Planning areas for the 2021 High, Low and Medium Development Scenarios are, respectively, 
7.9, 2.8 and 6.1 ppb and occur in the Piceance Basin (Table 5-40 and Figure 5-6d).  There are 
several areas with ozone contributions of 3 ppb or more for the 2021 High and Medium 
Development Scenarios and the Cumulative Emissions Source Group T (new Federal and non-
Federal O&G and mining in the 14 BLM Planning Areas), including the Piceance and D-J Basins 
but also in southeastern Colorado (RGFO area No. 2) as shown in the top left and bottom panels 
of Figure 5-6e.  Substantial ozone reductions are seen in the 2021 Low Development Scenario 
(Figure 5-6e, top right) with the highest ozone being reduced from 8.4  and 7.0 ppb in the High 
and Medium scenarios to 4.4 ppb in the Low Development Scenario. 

Figure 5-6f displays the reduction in 4th highest DMAX8 ozone concentrations due to the 
elimination of all O&G in the 4 km CARMMS domain.  All of the major O&G Basins exhibit 
reductions in ozone in excess of 3 ppb in the 2021 High and Medium Development Scenarios 
with the highest ozone reduction occurring in the Uinta Basin of 9.4 ppb for both the High and 
Medium Development scenarios and 9.2 ppb for the Low Development Scenario.  Note that the 
same O&G emissions were used in the Uinta Basin for the three CARMMS 2021 Scenarios that 
came from the BLM UTSO ARMS study, which explains why there is little difference in the peak 
ozone contribution for the three scenarios.  
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Table 5-40.  Maximum contribution to the 4th highest DMAX8 ozone (ppb) for each of the 
Source Groups and the 2021 High, Low and Medium Development Scenarios. 

Source Group High Low Medium 

A.  Little Snake FO 1.0 0.3 1.0 

B. White River FO 3.9 1.2 3.6 

C. Colorado River Valley FO (w/o Roan Plateau) 2.6 1.5 2.3 

D. Roan Plateau 3.8 1.7 3.3 

E. Grand Junction FO 4.4 0.8 3.6 

F. Uncompahgre FO 0.8 0.2 0.6 

G. Tres Rios FO 1.4 0.4 1.4 

H. Kremmling FO 0.5 0.1 0.5 

I. Royal Gorge FO No. 1 (North) 0.1 0.0 0.1 

J. Pawnee Grasslands  0.5 0.1 0.3 

K. Royal Gorge FO No. 2 0.9 0.1 0.7 

L. Royal Gorge FO No. 3 0.2 0.1 0.2 

M. Royal Gorge FO No. 4 0.1 0.0 0.1 

N. New Mexico Farmington FO (Mancos) 1.1 0.8 0.8 

O. Colorado River Valley FO (w/ Roan Plateau) 5.0 2.1 3.9 

P. Royal Gorge FO (total) 0.9 0.1 0.7 

Q. Federal Mining in Colorado 0.9 0.9 0.9 

R. New Federal O&G and Mining In Colorado 7.9 2.8 6.1 

S. New Federal/Non-Federal O&G/Mining in CO 8.4 4.4 7.0 

T. New Federal/Non-Federal O&G/Mining in CO/NM 8.4 4.4 7.0 

U. Existing and New Fed/Non-Fed O&G in 4 km Domain 9.4 9.2 9.4 

V.  Natural Emissions 5.6 5.7 5.6 
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Figure 5-5a.  Fourth highest daily maximum 8-hour ozone concentrations for the 2008 Base 
Case (top left), 2021 High Development Scenario (top right), 2021 High minus 2008 
differences (bottom left) and Natural Emissions (bottom right). 
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Figure 5-5b.  Fourth highest daily maximum 8-hour ozone concentrations for the 2008 Base 
Case (top left), 2021 Low Development Scenario (top right), 2021 Low minus 2008 differences 
(bottom left) and Natural Emissions (bottom right). 
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Figure 5-5c.  Fourth highest daily maximum 8-hour ozone concentrations for the 2008 Base 
Case (top left), 2021 Medium Development Scenario (top right), 2021 Medium minus 2008 
differences (bottom left) and Natural Emissions (bottom right). 
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Figure 5-6a.  Contributions to fourth highest daily maximum 8-hour ozone due to emissions 
from new Federal O&G within the GJFO (Source Group E) for the 2021 High (top left), Low 
(top right) and Medium (bottom) Development Scenarios. 
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Figure 5-6b.  Contributions to fourth highest daily maximum 8-hour ozone due to emissions 
from new Federal O&G within the UFO (Source Group F) for the 2021 High (top left), Low (top 
right) and Medium (bottom) Development Scenarios. 
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Figure 5-6c.  Contributions to fourth highest daily maximum 8-hour ozone due to emissions 
from new Federal O&G within the USFS Pawnee Grasslands (Source Group J) for the 2021 
High (top left), Low (top right) and Medium (bottom) Development Scenarios. 
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Figure 5-6d.  Contributions to fourth highest daily maximum 8-hour ozone due to emissions 
from new Federal O&G and mining within the 13 Colorado BLM Planning Areas (Source Group 
R) for the 2021 High (top left), Low (top right) and Medium (bottom) Development Scenarios. 
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Figure 5-6e.  Contributions to fourth highest daily maximum 8-hour ozone due to emissions 
from new Federal and non-Federal O&G and mining within the 14 CO/NM BLM Planning 
Areas (Source Group T) for the 2021 High (top left), Low (top right) and Medium (bottom) 
Development Scenarios. 
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Figure 5-6f.  Contributions to fourth highest daily maximum 8-hour ozone due to emissions 
from existing, new Federal and non-Federal O&G within the entire CARMMS 4 km domain 
and Federal mining in Colorado (Source Group U) for the 2021 High (top left), Low (top right) 
and Medium (bottom) Development Scenarios. 
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5.6.2.2 Source Group Absolute Contributions to Ozone Exceedances 

The contributions of each Source Group to 4th highest DMAX8 ozone above the current ozone 
NAAQS (76.0 ppb and higher) for the 2021 High, Low and Medium Development Scenarios are 
contained in Attachments G-1, G-2 and G-3, respectively.  The Attachment G interactive Excel 
spreadsheet contains two sheets:  “StatTable” that displays the maximum ozone contribution 
for each Source Group to modeled 2021 DMAX8 ozone greater than the NAAQS; and 
“Scatter_by_exceedance_region” that shows the ozone contribution of a Source Group, 
controlled by cell C1, to all grid cells with modeled 2021 4th high DMAX8 ozone greater than the 
NAAQS by region.  Table 5-41 from StatTable in Attachment G lists the maximum ozone 
contribution to any modeled 2021 4th high DMAX8 ozone greater than the NAAQS.  The WRFO 
is the individual BLM Planning Area with the largest contribution to 2021 modeled exceedances 
of the ozone NAAQS of 1.83 ppb for the High, 0.43 ppb for the Low and 1.66 ppb for the 
Medium Development Scenarios when the 2021 total ozone was 76.5, 77.0 and 76.3 ppb, 
respectively.  All of the other individual BLM Planning Areas (Source Groups A through P) have 
maximum ozone contributions to modeled 2021 DMAX8 ozone in excess of the ozone NAAQS 
of less than 1 ppb for the 2021 High, Low and Medium Development Scenarios. 

The highest contribution to 2021 DMAX8 ozone for all Federal O&G and mining within the 13 
Colorado BLM Planning Areas (Source Group R) is 3.22, 0.86 and 2.84 ppb for the 2021 High, 
Low and Medium Development Scenarios, respectively.  The contribution of new Federal and 
non-Federal O&G and Federal mining within the 14 BLM Planning Areas (Source Group T) to 
2021 DMAX8 ozone exceedances are 5.32, 2.25 and 4.91 ppb for the High, Low and Medium 
Development Scenarios, respectively.  The highest contribution of all O&G in the CARMMS 
domain to modeled 2021 DMAX8 ozone exceedances is 31.94, 30.73 and 31.79 ppb for the 
2021 High, Low and Medium Development Scenarios that is primarily due to O&G emissions in 
the Uinta Basin. 

Figure 5-7 displays the contribution of Federal O&G emissions from the GJFO BLM Planning 
Area to the 2021 4th high DMAX8 ozone at all grid cells in the domain that came from the 
“Scatter_by_exceedance_region” sheet in Attachments G-1, G-2 and G-3.  GJFO has the highest 
contribution to ozone exceedances in the Uinta Basin with contributions of ~0.70, ~0.06 and 
~0.60 ppb for the 2021 High, Low and Medium Development Scenarios, respectively (Figure 5-
7a, left).  The contributions of new Federal O&G and mining within the 13 Colorado BLM 
Planning Areas (Source Group R) to exceedances of the ozone NAAQS is shown in the right 
panels in Figure 5-7a with the highest contributions of ~3.0, ~0.8 and 2.5 ppb for the High, Low 
and Medium Scenarios, respectively, occurring in the Uinta Basin.  Source Group R also 
contributes ~1.5, ~0.1 and ~0.8 ppb to ozone exceedances in the Denver area for the High, Low 
and Medium Development Scenarios.  Add in new non-Federal O&G that is contained in Source 
Group T greatly increases the O&G contribution to exceedances in the Denver area with 
contributions of ~4, ~1 and ~ 1 ppb for the High, Low and Medium Development Scenarios, 
respectively (Figure 5-7b, left).  Add in the O&G emissions from the Uinta Basin (Source Group 
U) results in contributions of ~30 ppb to ozone exceedances in the Uinta Basin (Figure 5-7b, 
right). 
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Table 5-41a.  Maximum ozone contribution by Source Group to total modeled 2021 4th high 
DMAX8 ozone greater than the NAAQS for the 2021 High Development Scenario. 

 

Max 

Contribution 

(ppb)

Corresponding 

4th MDA8

% Max 

Contribution

A Little Snake FO 0.2586 76.7 0.34%

B White River FO 1.8306 76.5 2.39%

C Colorado River Valley FO (CRVFO) 0.1765 76.5 0.23%

D Roan Plateau Planning area portion of CRVFO 0.1608 76.5 0.21%

E Grand Junction FO 0.7570 77.3 0.98%

F Uncompahgre FO 0.0725 76.5 0.09%

G Tres Rios FO 0.6715 76.7 0.88%

H Kremmling FO 0.0678 76.8 0.09%

I Royal Gorge FO Area#1 (RGFO#1) -- North 0.0073 76.0 0.01%

J Pawnee Grasslands portion of RGFO#1 0.0321 76.0 0.04%

K RGFO#2 – West-Central/South 0.0015 76.0 0.00%

L RGFO#3 – South 0.0030 76.0 0.00%

M RGFO#4 – East-Central 0.0039 76.0 0.01%

N New Mexico Farmington District 0.2340 78.0 0.30%

O Total Colorado River Field Office 0.3374 76.5 0.44%

P Total Royal Gorge Field Office 0.0477 76.0 0.06%

Q Mining from 13 Colorado BLM Planning Areas 0.1104 76.7 0.14%

R Combined new Federal O&G and Mining from the 13 

Colorado BLM Planning Areas

3.2125 76.5 4.20%

S Combined new Federal and non-Federal O&G and 

Mining from 13 Colorado BLM Planning Areas

5.2711 76.5 6.89%

T Cumulative Emissions Scenario – New Federal and non-

Federal O&G from 14 BLM Planning Areas plus mining in 

the 14 BLM Planning Areas

5.3221 76.5 6.96%

U Combined O&G and Mining in 4 km domain 31.9435 76.4 41.80%

V Natural Emissions 2.6494 76.5 3.46%

Group Name

Max
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Table 5-41b.  Maximum ozone contribution by Source Group to total modeled 2021 4th high 
DMAX8 ozone greater than the NAAQS for the 2021 Low Development Scenario. 

 

  

Max 

Contribution 

(ppb)

Corresponding 

4th MDA8

% Max 

Contribution

A Little Snake FO 0.0480 76.4 0.06%

B White River FO 0.4321 77.0 0.56%

C Colorado River Valley FO (CRVFO) 0.1406 77.0 0.18%

D Roan Plateau Planning area portion of CRVFO 0.1043 77.0 0.14%

E Grand Junction FO 0.0608 76.1 0.08%

F Uncompahgre FO 0.0249 77.0 0.03%

G Tres Rios FO 0.0926 76.0 0.12%

H Kremmling FO 0.0021 76.3 0.00%

I Royal Gorge FO Area#1 (RGFO#1) -- North 0.0021 76.3 0.00%

J Pawnee Grasslands portion of RGFO#1 0.0104 76.3 0.01%

K RGFO#2 – West-Central/South 0.0000 76.9 0.00%

L RGFO#3 – South 0.0002 77.0 0.00%

M RGFO#4 – East-Central 0.0015 76.3 0.00%

N New Mexico Farmington District 0.2342 78.0 0.30%

O Total Colorado River Field Office 0.2449 77.0 0.32%

P Total Royal Gorge Field Office 0.0140 76.3 0.02%

Q Mining from 13 Colorado BLM Planning Areas 0.1164 76.4 0.15%

R Combined new Federal O&G and Mining from the 13 

Colorado BLM Planning Areas

0.8622 77.0 1.12%

S Combined new Federal and non-Federal O&G and 

Mining from 13 Colorado BLM Planning Areas

2.1963 77.0 2.85%

T Cumulative Emissions Scenario – New Federal and non-

Federal O&G from 14 BLM Planning Areas plus mining in 

the 14 BLM Planning Areas

2.2502 77.0 2.92%

U Combined O&G and Mining in 4 km domain 30.7272 77.0 39.93%

V Natural Emissions 2.8167 77.0 3.66%

Group 

(low 

O&G) Name

Max
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Table 5-41c.  Maximum ozone contribution by Source Group to total modeled 2021 4th high 
DMAX8 ozone greater than the NAAQS for the 2021 Medium Development Scenario. 

 

  

Max 

Contribution 

(ppb)

Corresponding 

4th MDA8

% Max 

Contribution

A Little Snake FO 0.2360 76.7 0.31%

B White River FO 1.6579 76.3 2.17%

C Colorado River Valley FO (CRVFO) 0.1461 76.3 0.19%

D Roan Plateau Planning area portion of CRVFO 0.1353 78.0 0.17%

E Grand Junction FO 0.6520 77.1 0.85%

F Uncompahgre FO 0.0576 76.3 0.08%

G Tres Rios FO 0.5825 76.7 0.76%

H Kremmling FO 0.0594 76.8 0.08%

I Royal Gorge FO Area#1 (RGFO#1) -- North 0.0003 77.1 0.00%

J Pawnee Grasslands portion of RGFO#1 0.0019 77.1 0.00%

K RGFO#2 – West-Central/South 0.0002 77.1 0.00%

L RGFO#3 – South 0.0002 77.1 0.00%

M RGFO#4 – East-Central 0.0019 76.3 0.00%

N New Mexico Farmington District 0.1829 78.0 0.23%

O Total Colorado River Field Office 0.2807 78.0 0.36%

P Total Royal Gorge Field Office 0.0043 77.1 0.01%

Q Mining from 13 Colorado BLM Planning Areas 0.1111 76.6 0.14%

R Combined new Federal O&G and Mining from the 13 

Colorado BLM Planning Areas

2.8433 76.3 3.73%

S Combined new Federal and non-Federal O&G and 

Mining from 13 Colorado BLM Planning Areas

4.8718 76.3 6.39%

T Cumulative Emissions Scenario – New Federal and non-

Federal O&G from 14 BLM Planning Areas plus mining in 

the 14 BLM Planning Areas

4.9114 76.3 6.44%

U Combined O&G and Mining in 4 km domain 31.7908 78.0 40.75%

V Natural Emissions 2.6588 76.3 3.49%

Group 

(medium 

O&G) Name

Max



January 2015 
 
 

209 

 

 

  

  

  

  

Figure 5-7a.  Contributions of Federal O&G from the GJFO (Source Group E; left) and new 
Federal O&G and mining in the 13 Colorado Planning Areas (Source Group R; right) to 
modeled fourth highest daily maximum 8-hour ozone concentrations greater than the NAAQS 
for the 2021 High (top), Low (middle) and Medium (bottom) Development Scenarios. 
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Figure 5-7b.  Contributions of new Federal and non-Federal O&G and mining from the 14 BLM 
Planning Areas (Source Group T; left) and all O&G within the 4 km CARMMS domain plus 
Colorado Federal mining (Source Group U; right) to modeled fourth highest daily maximum 8-
hour ozone concentrations greater than the NAAQS for the 2021 High (top), Low (middle) and 
Medium (bottom) Development Scenarios. 

0.000

1.000

2.000

3.000

4.000

5.000

6.000

75.5 76.0 76.5 77.0 77.5 78.0 78.5

C
o

n
tr

ib
u

ti
o

n
 (

p
p

b
)

4th MDA8 (ppb)

Contribution from Group T: Cumulative Emissions Scenario – New 
Federal and non-Federal O&G from 14 BLM Planning Areas plus mining 
in the 14 BLM Planning Areas to 4th MDA8 Ozone exceeding NAAQS 75 

ppb

Uinta

Denver

NE of Santa Fe

NE of Los Almos

N of Taos City

0.000

5.000

10.000

15.000

20.000

25.000

30.000

35.000

75.5 76.0 76.5 77.0 77.5 78.0 78.5

C
o

n
tr

ib
u

ti
o

n
 (

p
p

b
)

4th MDA8 (ppb)

Contribution from Group U: Combined O&G and Mining in 4 km domain 
to 4th MDA8 Ozone exceeding NAAQS 75 ppb

Uinta

Denver

NE of Santa Fe

NE of Los Almos

N of Taos City

0.000

0.500

1.000

1.500

2.000

2.500

75.5 76.0 76.5 77.0 77.5 78.0 78.5

C
o

n
tr

ib
u

ti
o

n
 (

p
p

b
)

4th MDA8 (ppb)

Contribution from Group T: Cumulative Emissions Scenario – New 
Federal and non-Federal O&G from 14 BLM Planning Areas plus mining 
in the 14 BLM Planning Areas to 4th MDA8 Ozone exceeding NAAQS 75 

ppb

Uinta

Denver

NE of Santa Fe

NE of Los Almos

N of Taos City

0.000

5.000

10.000

15.000

20.000

25.000

30.000

35.000

75.5 76.0 76.5 77.0 77.5 78.0 78.5

C
o

n
tr

ib
u

ti
o

n
 (

p
p

b
)

4th MDA8 (ppb)

Contribution from Group U: Combined O&G and Mining in 4 km domain 
to 4th MDA8 Ozone exceeding NAAQS 75 ppb

Uinta

Denver

NE of Santa Fe

NE of Los Almos

N of Taos City

0.000

1.000

2.000

3.000

4.000

5.000

6.000

75.5 76.0 76.5 77.0 77.5 78.0 78.5

C
o

n
tr

ib
u

ti
o

n
 (

p
p

b
)

4th MDA8 (ppb)

Contribution from Group T: Cumulative Emissions Scenario – New 
Federal and non-Federal O&G from 14 BLM Planning Areas plus mining 
in the 14 BLM Planning Areas to 4th MDA8 Ozone exceeding NAAQS 75 

ppb

Uinta

Denver

NE of Santa Fe

NE of Los Almos

N of Taos City

0.000

5.000

10.000

15.000

20.000

25.000

30.000

35.000

75.5 76.0 76.5 77.0 77.5 78.0 78.5

C
o

n
tr

ib
u

ti
o

n
 (

p
p

b
)

4th MDA8 (ppb)

Contribution from Group U: Combined O&G and Mining in 4 km domain 
to 4th MDA8 Ozone exceeding NAAQS 75 ppb

Uinta

Denver

NE of Santa Fe

NE of Los Almos

N of Taos City



January 2015 
 
 

211 

5.6.3 PM2.5 NAAQS Analysis 

There are two PM2.5 NAAQS, one for a 24-hour averaging time that is expressed as a three-year 
average of the 98th percentile value in a year with a threshold of 35 µg/m3 and an annual 
average over three-years with a threshold of 12 µg/m3.  With a complete year of modeling 
results, the 98th percentile corresponds to the 8th highest daily PM2.5 concentration in a year.   

5.6.3.1 24-Hour PM2.5 NAAQS Analyses 

Figure 5-8 displays the 8th highest 24-hour PM2.5 concentrations for the 2008 Base Case and 
2021 emission scenarios and their differences and the contributions of Natural Emissions to the 
8th highest 24-hour PM2.5 concentration.  The maximum 8th high 24-hour PM2.5 in 2008 (670 
µg/m3) and 2021 High, Low and Medium Development Scenarios (671 µg/m3) far exceeds the 
35 µg/m3 NAAQS (Figure 5-8, top panels).  This high value occurs on the southern border of the 
CARMMS 4 km domain and is due to emissions from wildfires, as shown by its absence when 
Natural Emissions are removed (Figure 5-8, bottom right).  Even without Natural Emissions, 
there are several areas where the model-estimated 8th highest 24-hour PM2.5 concentration 
exceeds the NAAQS in the 2021 emissions scenarios as shown in Figure 5-9 for the 2021 High 
Development Scenario.  These 24-hour PM2.5 exceedance areas are identified in Figure 5-9 with 
numbered labels.  In the analysis below we group several exceedance grid cells together: North 
NM (Areas 13-18); Arizona (Areas 7-9); and Central NM (Areas 11-12). 

Attachments H-1, H-2 and H-3 display Source Group’s contribution to 8th highest 24-hour PM2.5 

concentrations when the total concentration is above the NAAQS for the, respectively, 2021 
High, Low and Medium Development Scenarios.  Figure 5-10 from Attachment H-1 displays the 
contributions of Natural Emissions (Source Group V) and Federal mining in Colorado (Source 
Group Q) to the 8th highest 24-hour PM2.5 concentration in the 2021 High Development 
Scenario when it exceeds the 24-hour PM2.5 NAAQS.  The exceedances in Ruidoso NM (Area 10) 
and North NM (Areas 13-18) appear to be due to wildfires (Natural Emissions) based on the top 
panel in Figure 5-10.  Mining on Federal lands (Source Group Q) is causing the exceedance in 
South Moffat County (Area 3) based on the bottom panel in Figure 5-10.  

The contributions to the 8th highest daily PM2.5 concentrations that exceed the NAAQS from 
Source Groups R and S and the 2021 High Development Scenario are shown in Figure 5-11.  For 
Source Group R, the scale has been set at a maximum of 0.25 µg/m3 (Figure 5-11, top) so the 
45.8 µg/m3 contribution from mining in South Moffat County that was seen in Figure 5-10 
(bottom) is not shown.  This figure indicates that new Federal O&G within the 13 CO BLM 
Planning Areas contribute less than 0.25 µg/m3 when the modeled 2021 8th highest 24-hour 
PM2.5 concentration exceeds the NAAQS (Figure 5-11, top).  Adding in the non-Federal O&G 
emissions (Source Group S; Figure 5-11, bottom) we see contributions due to non-Federal O&G 
to modeled exceedances of the NAAQS as high as 15 µg/m3 that is due to non-Federal O&G 
emissions in the RGFO Planning Area north of Denver (Weld County). 

Figure 5-12 displays the contributions of Federal O&G from the GRFO, UFO and USFS-PG 
Planning Areas and combined Source Group R (new Federal O&G and mining in 13 Colorado 
Planning Areas) to the 8th highest 24-hour PM2.5 concentrations for the 2021 High Development 
Scenario.  Results for the 2021 Low and Medium Development Scenario are lower and can be 
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found in Attachment I.  The maximum contribution to 8th highest 24-hour PM2.5  concentration 
due to emissions from new Federal O&G in these four Source Groups and the 2021 High, Low 
and Medium Development Scenarios are: 1.2, 0.1 and 0.8 µg/m3 (GJFO), 0.3, 0.1 and 0.2 µg/m3 
(UFO), 0.6, 0.1 and0.2 (USFS-PG) and 39.8, 29.8 and 39.8 µg/m3 (Source Group R) (Table 5-42).  
The maximum contribution due to new Federal O&G and mining from all of the Colorado BLM 
Planning areas is 39.8 µg/m3 that is due to a coal mine in the LSFO Planning Area, which 
explains the maximum contribution of Source Group R.   

Figure 5-13 shows the contributions of new Federal and non-Federal O&G and mining in the 14 
BLM Planning Areas (Source Group T) and all O&G emissions in the 4 km CARMMS domain 
(Source Group U) for the 2021 High, Low and Medium Development Scenarios.  The maximum 
24-hour PM2.5 contribution in all four panels in Figure 5-12 is essentially identical (40 µg/m3) 
and is due to a coal mine in the LSFO Planning Area.  24-hour PM2.5 contributions in excess of 3 
µg/m3 can be seen in the D-J and Piceance Basins and the Uinta Basin for Source Group U.   

Table 5-42 summarizes the maximum contribution to the 8th highest 24-hour PM2.5 
concentrations for all of the Source Groups and the 2021 High, Low and Medium Development 
Scenarios.  For most BLM Planning Areas, the contribution of Federal O&G to the 8th highest 24-
hour PM2.5 concentrations is small, less than 1 µg/m3.  The exception to this is new Federal O&G 
emissions from the WRFO (5.6, 0.6 and3.2 µg/m3) and GJFO (1.2, 0.1 and 0.8 µg/m3) Planning 
Areas.  As noted previously, mining on Federal lands in the LSFO contributes a maximum of 39.8 
µg/m3 to the 8th highest 24-hour PM2.5 concentration; the mining contribution drives the 
maximum contribution for all of the combination Source Groups (Q through U). 

The year 2021 minus year 2008 impacts difference plots (bottom left of Figures 5-8a, 5-8b and 
5-8c) while comparing plots for Source Groups R and T indicates relatively large increases in 24-
hour PM2.5 concentrations primarily due to new non-Federal oil and gas in the RGFO. It should 
be noted that unpaved road traffic and construction fugitive dust emissions were calculated by 
the BLM COSO for all new RGFO Federal and non-Federal oil and gas development and the year 
2008 emissions inventory did not account for total oil and gas related traffic / construction 
fugitive dust and therefore, the difference plots concentration changes (year 2021 minus year 
2008) are overestimates. 
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Table 5-42a.  Maximum contribution to the 8th high 24-hour PM2.5 concentrations (µg/m3) for 
each of the Source Groups and the 2021 High, Low and Medium Development Scenarios. 

Source Group 

24-Hour PM2.5 (µg/m3) 

High Low Medium 

A.  Little Snake FO 0.8 0.2 0.6 

B. White River FO 5.6 0.6 3.2 

C. CRVFO (No Roan) 0.4 0.2 0.3 

D. Roan Plateau 0.3 0.1 0.3 

E. Grand Junction FO 1.2 0.1 0.8 

F. Uncompahgre FO 0.3 0.1 0.2 

G. Tres Rios FO 0.3 0.0 0.2 

H. Kremmling FO 0.1 0.0 0.0 

I. Royal Gorge FO No. 1 0.2 0.0 0.1 

J. Pawnee Grasslands  0.6 0.1 0.2 

K. Royal Gorge FO No. 2 0.1 0.0 0.0 

L. Royal Gorge FO No. 3 0.0 0.0 0.0 

M. Royal Gorge FO No. 4 0.1 0.0 0.0 

N. NMFFO (Mancos) 0.5 0.6 0.4 

O. CRVFO (w/ Roan) 0.7 0.3 0.5 

P. Royal Gorge FO (total) 0.7 0.2 0.2 

Q. Federal Mining in CO 39.8 39.8 39.8 

R. New Federal O&G/Mining in CO 39.8 39.8 39.8 

S. New O&G/Mining in CO 40.0 39.8 39.9 

T. New O&G/Mining in CO/NM 40.0 39.8 39.9 

U. All O&G in 4 km Domain 40.0 40.0 40.0 

V.  Natural Emissions 658.2 658.2 658.2 
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Table 5-42b.  Maximum contribution to the annual PM2.5 concentrations (µg/m3) for each of 
the Source Groups and the 2021 High, Low and Medium Development Scenarios. 

Source Group 

Annual PM2.5 (µg/m3) 

High Low Medium 

A.  Little Snake FO 0.7 0.1 0.5 

B. White River FO 4.4 0.7 2.6 

C. CRVFO (No Roan) 0.3 0.2 0.2 

D. Roan Plateau 0.2 0.1 0.2 

E. Grand Junction FO 1.0 0.1 0.6 

F. Uncompahgre FO 0.2 0.1 0.1 

G. Tres Rios FO 0.4 0.1 0.2 

H. Kremmling FO 0.0 0.0 0.0 

I. Royal Gorge FO No. 1 0.1 0.0 0.0 

J. Pawnee Grasslands  0.2 0.0 0.1 

K. Royal Gorge FO No. 2 0.0 0.0 0.0 

L. Royal Gorge FO No. 3 0.0 0.0 0.0 

M. Royal Gorge FO No. 4 0.1 0.0 0.0 

N. NMFFO (Mancos) 0.3 0.3 0.2 

O. CRVFO (w/ Roan) 0.5 0.3 0.3 

P. Royal Gorge FO (total) 0.3 0.1 0.1 

Q. Federal Mining in CO 20.7 20.7 20.7 

R. New Federal O&G/Mining in CO 20.7 20.7 20.7 

S. New O&G/Mining in CO 20.7 20.7 20.7 

T. New O&G/Mining in CO/NM 20.7 20.7 20.7 

U. All O&G in 4 km Domain 20.8 20.7 20.8 

V.  Natural Emissions 26.4 26.4 26.4 

 

 

  



January 2015 
 
 

215 

  

  

Figure 5-8a.  Eighth highest 24-hour PM2.5 concentrations for the 2008 Base Case (top left), 
2021 High Development Scenario (top right), 2021 High minus 2008 differences (bottom left) 
and Natural Emissions (bottom right). 
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Figure 5-8b.  Eighth highest 24-hour PM2.5 concentrations for the 2008 Base Case (top left), 
2021 Low Development Scenario (top right), 2021 Low minus 2008 differences (bottom left) 
and Natural Emissions (bottom right). 
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Figure 5-8c.  Eighth highest 24-hour PM2.5 concentrations for the 2008 Base Case (top left), 
2021 Medium Development Scenario (top right), 2021 Medium minus 2008 differences 
(bottom left) and Natural Emissions (bottom right). 
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Figure 5-9.  Locations of grid cells with modeled 2021 High Development Scenario 8th highest 
24-hour PM2.5 concentrations above the 35 µg/m3 NAAQS. 
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Figure 5-10.  Natural Emissions (Source Group V, top) and Mining of Federal land in Colorado 
(Source Group Q, bottom) contributions to the modeled 8th highest 24-hour PM2.5 

concentration from the 2021 High Development Scenario. 
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Figure 5-11.  Natural Emissions (Source Group V, top) and Mining of Federal land in Colorado 
(Source Group Q, bottom) contributions to the modeled 8th highest 24-hour PM2.5 
concentration from the 2021 High Development Scenario. 
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Figure 5-12.  Contribution to 8th highest daily PM2.5 concentrations due to emissions from new 
Federal O&G within the GJFO (top left), UFO (top right) and USFS-PG (bottom left) Planning 
Areas and new Federal O&G and mining within the 13 Colorado BLM Planning Areas (bottom 
right) for the 2021 High Development Scenario. 
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Figure 5-13.  Contribution to 8th highest daily PM2.5 concentrations due to emissions from new 
Federal and non-Federal O&G and mining within the 14 BLM Planning Areas (top) and all O&G 
emissions within the 4 km CARMMS domain (bottom) for the 2021 High (left) and Low (right) 
Development Scenarios. 
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5.6.3.2 Annual PM2.5 NAAQS Analysis 

Figure 5-14 displays the annual average PM2.5 concentrations for the 2008 Base Case and 2021 
emissions scenarios and their differences and the annual average PM2.5 concentrations without 
Natural Emissions.  The highest annual average PM2.5 concentration is ~30 µg/m3 in the 2008 
and 2021 emission scenarios and occurs in the southern most portion of the CARMMS 4 km 
domain near Ruidoso, NM and is due to wildfires since it is gone when the natural emissions are 
removed.  However, even without Natural Emissions there are several areas where the 
modeled annual PM2.5 concentrations exceed the 12 µg/m3 annual PM2.5 NAAQS (red areas in 
Figure 5-14) in the 2008 Base case and 2021 High and Low Development Scenarios.  There are 
noticeable increases in PM2.5 concentrations in Moffat County in the BLM LSFO Planning Area 
for the 2021 emission scenarios compared to the 2008 base case that are due to higher 
emissions from mines (Figure 5-14, top two panels).  For example, the Colowyo mine PM2.5 
emissions are 325 TPY in the 2008 base case and 3,400 TPY in the 2021 emission scenarios. 

The maximum contribution of each Source Group to annual PM2.5 concentrations for the 2021 
High and Low Development Scenarios are shown in Table 5-42b.  With two exceptions, new 
Federal O&G within each of the 14 BLM Planning Areas have contributions of less than 1 µg/m3 
to annual average PM2.5 concentrations.  The two exceptions are the WRFO (4.4, 0.7 and 2.6 
µg/m3) and GJFO (1.0, 0.1 and 0.6 µg/m3) Planning Areas, and even for those two areas the 
contributions of the 2021 Low Development Scenario are below 1 µg/m3.   Mining on Federal 
lands in Colorado contributes a maximum of 20.7 µg/m3 due to the coal mine in the LSFO 
Planning Area.  The maximum annual PM2.5 due to mining drives the maximum annual PM2.5 

contributions for all of the combined Source Groups Q through U.  Natural emissions (wildfires) 
contribute a maximum annual PM2.5 contribution of 26.4 µg/m3. 

Figure 5-15 displays the differences in annual average PM2.5 concentrations between the 2021 
High Development Scenario and 2021 with the contributions from Source Groups F (UFO), J 
(USFS-PG), R and T removed; results for the 2021 Low and Medium Development Scenarios are 
similar but lower and can be found in Attachment I.  Very small contributions to annual PM2.5 

are seen for new Federal O&G from the UFO and USFS-PG Planning Areas (maximum of 0.2 
µg/m3).  The high contribution of the LSFO coal mine (20.7 µg/m3) is seen in the Source Group R 
plot (Figure 5-15, bottom left).  Relatively high (> 3 µg/m3) contributions to annual average 
PM2.5 are seen in the Source Group T contributions in Weld County (Figure 5-15, bottom right).  
These higher Weld County PM2.5 contributions in Source Group T compared to Source Group R 
are due to PM2.5 emissions from new non-Federal O&G emissions, which is confirmed by the 
spatial emission plots in Figure 3-10.  As noted for PM2.5 24-hour average impacts discussion, 
unpaved road traffic and construction fugitive dust emissions were calculated by the BLM COSO 
for all new RGFO Federal and non-Federal oil and gas development and the year 2008 emissions 
inventory did not account for total oil and gas related traffic / construction fugitive dust and 
therefore, the difference plots concentration changes (year 2021 minus year 2008) are 
overestimates. 
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Figure 5-14a.  Annual average PM2.5 concentrations for the 2008 Base Case (top left), 2021 
High Development Scenario (top right), 2021 High minus 2008 differences (bottom left) and 
Natural Emissions (bottom right). 
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Figure 5-14b.  Annual average PM2.5 concentrations for the 2008 Base Case (top left), 2021 
Low Development Scenario (top right), 2021 Low minus 2008 differences (bottom left) and 
Natural Emissions (bottom right). 

 

  



January 2015 
 
 

226 

  

  

Figure 5-14c.  Annual average PM2.5 concentrations for the 2008 Base Case (top left), 2021 
Medium Development Scenario (top right), 2021 Medium minus 2008 differences (bottom 
left) and Natural Emissions (bottom right). 

 

  



January 2015 
 
 

227 

  

  

Figure 5-15.  Contribution to annual average PM2.5 concentrations due to emissions from new 
Federal O&G within the UFO (top left) and USGS-PG (top right) Planning Areas and new O&G 
and mining from the 13 Colorado BLM Planning Areas (bottom left) and new Federal O&G 
and mining and non-Federal O&G from the 14 CO/NM BLM Planning Areas for the 2021 High 
Development Scenario. 
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5.6.4 PM10 NAAQS Analysis 

Figure 5-16 and 5-17 displays the 2021 High Development Scenario modeling results for 24-

hour PM10 that can be compared to the 150 µg/m3 24-hour PM10 NAAQS.  Much of the 

discussion on 24-hour PM2.5 also holds for 24-hour PM10, although there are less exceedances of 

the 24-hour PM10 NAAQS since the threshold is higher.  Extremely high highest second high 

PM10 concentrations occur in the 2008 and 2021 emissions scenarios that exceed 1,000 µg/m3 

(Figure 5-16, top panels).  However, when natural emissions are removed the highest PM10 

concentration drops to ~390 µg/m3, which is much lower but still above the 24-hour PM10 

NAAQS.  With two exceptions, the maximum contribution of new Federal O&G emissions to the 

2nd highest 24-hour PM10 concentrations from each of the BLM Planning Areas individually is 

less than 3 µg/m3.  The two exceptions and the maximum contributions due to the 2021 High, 

Low and Medium Development Scenarios are the WRFO (32.2, 3.1 and 11.5 µg/m3) and GJFO 

(7.9, 0.2 and 3.5 µg/m3) Planning Areas.  Mining on Federal lands contributes a maximum of 

47.8 µg/m3 to the 2nd high 24-hour PM10 concentrations in all three of the 2021 emission 

scenarios.  The contributions due to new Federal O&G to 2nd high 24-hour PM10 for the UFO 

and USFS-PG and the 2021 High Development Scenario are shown in the top two panels of 

Figure 5-17 with very small contributions seen.  The bottom two panels in Figure 5-17 show the 

contributions of Source Groups R and T to the 2nd high 24-hour PM10 concentration for the 

2021 High Development Scenario that display the mining contribution in South Moffat County 

and new non-Federal O&G contribution in Weld County.  The contributions of all of the Source 

Groups and all three 2021 emission scenarios to 24-hour PM10 concentrations can be found in 

Attachment I. 
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Figure 5-16.  Second highest 24-hour average PM10 concentrations for the 2008 Base Case (top 
left), 2021 High Development Scenario (top right), 2021 minus 2008 differences (bottom left) 
and Natural Emissions (bottom right). 
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Figure 5-17.  Contribution to second highest 24-hour average PM10 concentrations due to 
emissions from new Federal O&G within the UFO (top left) and USGS-PG (top right) Planning 
Areas and new O&G and mining from the 13 Colorado BLM Planning Areas (bottom left) and 
new Federal O&G and mining and non-Federal O&G from the 14 CO/NM BLM Planning Areas 
for the 2021 High Development Scenario. 

  



January 2015 
 
 

231 

5.6.5 SO2 NAAQS Analysis 

The 2008 Base Case and 2021 High Development Scenario, their differences and contributions 
of Natural Emissions to 1-hour, 3-hour and annual SO2 concentrations are shown in, 
respectively, Figures 5-18 through 5-21.  The 1-hour SO2 NAAQS is 196 µg/m3 and it is exceeded 
when the colors in Figure 5-17 are yellow or hotter.  With one exception, the 4th highest daily 
maximum 1-hour SO2 concentrations are below the NAAQS throughout the 4 km CARMMS 
domain for the 2021 High Development Scenario.  The exception is an isolated point in 
northeast Arizona where a value of 212 µg/m3 is seen that is not due to natural emissions (see 
Figure 5-18, bottom right) or O&G and mining emissions in Colorado or New Mexico that is the 
focus of CARMMS.  With one exception, new Federal O&G emissions in the 14 BLM Planning 
Areas have very small contributions to 1-hour, 3-hour, 24-hour and annual SO2 concentrations 
with contributions being less than 1 µg/m3.  The exception is for the WRFO Planning Area 
(Source Group B) that contributes 78.4, 75.0, 42.7 and 18.0 µg/m3 to the 1-hour, 3-hour, 24-
hour and annual average SO2 concentrations for the 2021 High and Medium Development 
Scenarios and 12.9, 12.0, 7.0 and 3.0 µg/m3 for the 2021 Low Development Scenario.  As noted 
in Section 3.7, a majority of the SO2 emissions in the WRFO Planning Area are due to the 
Meeker and Willow Creek gas plants whose emissions were based on the CDPHE 2008 APEN 
data grown to 2021 based on the change in gas production within the Piceance Basin between 
2008 and 2021.  For the 2021 High Development Scenario the 2021 growth factor from 2008 
was a factor of 3.4.  Example spatial maps showing the SO2 contributions for Source Groups R 
and T and the 2021 High Development Scenario are given in Figure 5-22 with other Source 
Groups and 2021 emission scenarios given in Attachment I. 
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Figure 5-18.  Fourth highest (99th percentile) daily maximum 1-hour average SO2 

concentrations for the 2008 Base Case (top left), 2021 High Development Scenario (top right), 
2021 minus 2008 differences (bottom left) and Natural Emissions (bottom right). 
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Figure 5-19.  Second highest 3-hour average SO2 concentrations for the 2008 Base Case (top 
left), 2021 High Development Scenario (top right), 2021 minus 2008 differences (bottom left) 
and Natural Emissions (bottom right). 
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Figure 5-20.  24-hour average SO2 concentrations for the 2008 Base Case (top left), 2021 High 
Development Scenario (top right), 2021 minus 2008 differences (bottom left) and Natural 
Emissions (bottom right). 

  



January 2015 
 
 

235 

 

  

  

Figure 5-21.  Annual average SO2 concentrations for the 2008 Base Case (top left), 2021 High 
Development Scenario (top right), 2021 minus 2008 differences (bottom left) and Natural 
Emissions (bottom right). 
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Figure 5-22.  Contribution to fourth highest daily maximum hourly SO2 concentrations due to 
emissions from new Federal O&G and mining within the 13 CO BLM Planning Areas (top left) 
and new Federal O&G and mining and non-Federal O&G within the 14 CO/NM BLM Planning 
Areas (top right).  New Federal O&G and mining and new non-Federal O&G from 14 CO/NM 
BLM Planning Areas contributions to second highest 3-hour SO2 (bottom left) and annual 
average SO2 (bottom right ) concentrations for the 2021 High Development Scenario. 
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5.6.6 NO2 NAAQS Analysis 

Figure 5-23a displays spatial maps of the 98th percentile daily maximum 1-hour NO2 
concentrations for the 2008 Base Case and 2021 High, Low and Medium Development 
Scenarios with the differences in NO2 concentrations between the 2021 emissions scenarios 
and the 2008 Base Case shown in Figure 5-23b.  The 1-hour NO2 NAAQS is 188 µg/m3 (100 ppb) 
and the tile plots in Figure 5-23a have a cut-point at 188 µg/m3 from red to white.  For example, 
an exceedance of the 1-hour NO2 NAAQS can be seen in the Denver area in the 2008 Base Case 
that goes away in the 2021 emission scenarios.  In all four scenarios, the highest 1-hour NO2 
concentration occurs on the southern border of the 4 km CARMMS domain that is above the 
NAAQS.  This NO2 exceedance is due to wildfires so is present in the 2008 Base Case and 2021 
scenarios since wildfires were assumed to be unchanged.  The fact that the peak 1-hour NO2 

value at this wildfire location is identical for all three 2021 emission scenarios indicates that the 
2021 O&G emissions have minimal contributions to it.  Outside of this isolated wildfire location 
in the most southern part of the 4 km CARMMS domain, the 8th highest daily maximum 1-
hourNO2 concentrations only exceeds the 1-hour NO2 NAAQS at one other location in the 2021 
emission scenarios that is the most northeastern corner of Weld County.  Although there are 
Federal O&G emissions increases nearby to this location, they do not occur at this high NO2 
concentration location (Figure 3-10).  The fact that there is little reduction in this 1-hour NO2 
peak between the 2021 High and Low Development Scenarios (Figure 5-23b) suggests that the 
high NO2 concentration in Weld County is due to other new sources in the 2021 emission 
scenario and could be attributed to increases in non-Federal oil and gas emissions. As indicated 
from the plots shown in Section 3.2.1, RGFO area 1 (Weld County is located in RGFO area 1) 
non-Federal oil and gas emissions for the Low Scenario are actually higher than projected year 
2021 non-Federal oil and gas emissions for the High / RFD Scenario. 

The differences in 1-hour NO2 concentrations between the 2008 and 2021 emission scenarios 
(Figure 5-23b) indicate reductions in the Denver area, slight increases in the O&G development 
areas (e.g., Uinta, Piceance and D-J Basins) and several isolated occurrences of large increases 
in northern, eastern and southern Colorado as well as eastern Arizona and New Mexico.  As 
noted above, the cause of the large NO2 concentration increase at the point in northeast corner 
of Weld County is not clear but doesn’t appear to be due to new Federal O&G emissions. As 
shown in Figure 3-10, there are some increases in non-Federal oil and gas emissions projected 
to occur in the vicinity of the predicted Weld County concentrations and are likely contributing 
to the modeled impacts.  The NO2 increase in Cheyenne County in eastern Colorado does not 
appear to be due to new O&G emissions since there are no new O&G emissions at that location 
in the 2021 emission scenarios (Figure 3-10).  Upon further review of the year 2011 oil and gas 
APENs database that was used to define existing O&G emissions inventory, there is a large (> 
1,200 TPY) NO2 emissions source located in the vicinity of the predicted concentrations in 
Cheyenne County. The increase in 2021 NO2 concentrations in the southwest corner of Las 
Anima County in southern Colorado is at the location of new O&G emissions (primarily non-
Federal) for the Raton Basin and likely due to O&G emissions, but the resultant total NO2 
concentrations are below the NAAQS.  The final two locations of NO2 concentration increases in 
eastern Arizona and New Mexico are away from any O&G emissions (Figure 3-10).  Since the 
same increases are seen for the 2021 High, Low and Medium Development Scenarios (Figure 5-
23b) then they are not due to Colorado based O&G emissions.  They are likely due to EPA’s 
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2020 emission projections used for non-O&G anthropogenic emissions in the 2021 emission 
scenarios, possibly the deployment of new electrical generating units. 

  

  

Figure 5-23a.  Eighth highest (98th percentile) daily maximum 1-hour average NO2 

concentrations for the 2008 Base Case (top left), 2021 High Development Scenario (top right), 
2021 Low Development Scenario (bottom left) and 2021 Medium Development Scenario 
(bottom right). 
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Figure 5-23b.  Differences in eighth highest (98th percentile) daily maximum 1-hour average 
NO2 concentrations between the 2021 emission scenarios and the 2008 Base Case for the 
2021 High (top left), Low (top right) and Medium (bottom) Development Scenarios. 
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5.7 Source-Receptor Issues 

Grid cells were assumed to represent receptors for Class I and sensitive Class I areas if there 
was any overlap between the grid cell and Class I/II area.  Thus, there was the potential for 
emissions from oil and gas and other sources to be located in the same grid cell/receptor as a 
Class I/II area.  However, in reality new oil and gas sources would not be located in a Class I area 
so such situations would likely overstate the oil and gas air quality impacts in a Class I area.  This 
section identifies several instances when Class I/II areas are defined very close to new oil and 
gas emissions resulting air quality impacts that are likely higher than would actually occur. 

New Federal O&G development on some of the BLM Planning Areas had relatively higher 
concentrations impacts at specific Class I areas.  For example, new Federal O&G within the 
TRFO had Maximum annual NO2 impacts at Mesa Verde Class I area of 1.97 µg/m3 that was 79% 
of the annual NO2 PSD Class I increment for the 2021 High Development Scenario.  In addition, 
the visibility impacts at Mesa Verde due to new Federal O&G within TRFO Planning Area for the 
2021 High Development Scenario had 35 days with Δdv > 0.5 and 4 days with Δdv > 1.0.  Recall 
that grid cells used to represent receptors for Class I and sensitive Class II areas were defined if 
any portion of the Class I/II area intersected with the grid cell no matter how small the overlap 
is in order to be conservative (see Section 4.3.2).  Figure 5-24 displays the grid cells used to 
represent the Mesa Verde Class I area along with new Federal O&G emissions from the TRFO 
Planning Area.  The most northern Mesa Verde 4 km grid cell receptor is surrounded by 
emissions from the TRFO Planning Area with the Class I area covering approximately 20% of the 
4 km grid cell so using this 4 km grid cell as a receptor for the Mesa Verde Class I area is 
probably appropriate.  However, there have been other cases when the Class I/II area cover a 
very small portion of a grid cell that is used as a receptor for a Class I/II area.  Perhaps a Class 
I/II area should be required to have a minimal overlap with a grid cell (e.g., 5%) in order for the 
grid cell to be considered as a receptor for the Class I/II area. 

Another example of relatively larger impacts was seen for TRFO at the South San Juan Class II 
area (16 days with Δdv > 0.5).  Figure 5-25 compares the grid cells used to represent the South 
San Juan Wilderness and compares them to new Federal O&G emissions from the TRFO 
Planning Area.  In this case the emissions from the TRFO Planning Area occur in one of the grid 
cells being used to represent the South San Juan area and the grid cell contains a large portion 
of the Class II area.  It might be beneficial to examine the TRFO O&G emissions to determine 
whether they are spatially located correctly. 

A final example of relatively larger impacts is for new Federal O&G emissions from the NMFFO 
that had relatively large visibility impacts (210 days with Δdv > 0.5 and 50 days with Δdv > 1.0) 
at the Aztec Ruins Class II area.  Aztec Ruins is a small area that is represented by two 4 km grid 
cells and sits in the middle of the NMFFO Mancos Shale development area.  This is shown in 
Figure 5-26 with the two cells representing Aztec Ruins unlabeled but seen in the middle of the 
NMFFO O&G emissions.   
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Figure 5-24.  Grid cells used to represent the Mesa Verde Class I area with new Federal O&G 
emissions from the TRFO Planning Area. 
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Figure 5-25.  Grid cells used to represent the South San Juan Class II area with new Federal 
O&G emissions from the TRFO Planning Area. 
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Figure 5-26.  Grid cells used to represent the Class I and sensitive Class II areas with new 
Federal O&G emissions from the NMFFO (Mancos Shale) Planning Area. 
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6.0 ACRONYMS 

 
ACHD   Allegheny County Health Department 
AES   Applied Envirosolutions 
AMET   Atmospheric Model Evaluation Tool 
APCA   Anthropogenic Precursor Culpability Assessment 
APU   Auxiliary Power Units 
ARMS   Air Resource Management Study 
AQ   Air Quality 
AQRV   Air Quality Related Value 
AQS   Air Quality System 
BC   Boundary Condition 
BLM   Bureau of Land Management 
CAFOS   Concentrated Animal Feeding Operations 
CAMD   Clean Air Markets Division 
CAMx   Comprehensive Air-quality Model with extensions 
CAPS   Criteria Air Pollutants 
CARMMS  Colorado Air Resource Management Modeling Study 
CASTNet  Clean Air Status and Trends Network 
CAVR   Clean Air Visibility Rule 
CB05   Carbon Bond mechanism version 5 
CD-C   Continental Divide-Creston 
CDPHE   Colorado Department of Health and Environment 
CEM   Continuous Emissions Monitor 
CENRAP  Central Regional Air Planning Association 
CMAQ   Community Multiscale Air Quality modeling system 
CMU   Carnegie Mellon University 
ConCEPT  Consolidated Community Emissions Processing Tool 
CONUS   Continental United States 
COSO   BLM Colorado State Office 
CRVFO   Colorado River Valley Field Office 
CPC   Center for Prediction of Climate 
CSAPR   Cross State Air Pollution Rule 
CSN   Chemical Speciation Network 
DDM   Decoupled Direct Method 
DEASCO3  Deterministic and Empirical Assessment of Smoke’s Contribution to Ozone 
Dv   deciview 
ECA   Emissions Control Area 
EGU   Electrical Generating Units 
EIS   Environmental Impact Statement 
EM   Emissions Model 
EMS   Emissions Modeling System 
EPA   Environmental Protection Agency 
EPS   Emissions Processing System 
ERG   Eastern Research Group 
ESRL   Earth Systems Research Laboratory 
FB    Fractional Bias 
FE   Fractional Error 
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FFO   New Mexico BLM Farmington Field Office 
FINN   Fire Inventory from NCAR 
FLM   Federal Land Manager 
FRM   Federal Reference Method 
FWS   Fish and Wildlife Service 
GCM   Global Chemistry Model 
GEOS-Chem  Goddard Earth Observing System (GEOS) global chemistry model 
GJFO   Grand Junction Field Office 
GSE   Ground Support Equipment 
IAD   Impact Assessment Domain 
IMPROVE  Interagency Monitoring of Protected Visual Environments 
IMWD   Inter-Mountains West Processing Domain 
IPAMS   Independent Petroleum Association of the Mountain States 
JSFP   Joint Science Fire Program 
FO   Kremmling Field Office 
LCP   Lambert Conformal Projection 
LTO   Landing and Takeoff Operations 
LSFO   Little Snake Field Office 
LSM   Land Surface Model 
MADIS   Meteorological Assimilation Data Ingest System 
MATS   Modeled Attainment Test Software 
MEGAN   Model of Emissions of Gases and Aerosols in Nature 
MM   Meteorological Model 
MM5   Version 5 of the Mesoscale Model 
MNGE   Mean Normalized Gross Error 
MNB   Mean Normalized Bias 
MOVES   Motor Vehicle Emissions Simulator 
MOZART  Model for Ozone And Related chemical Tracers 
NAAQS   National Ambient Air Quality Standard 
NADP   National Acid Deposition Program 
NCAR   National Center for Atmospheric Research 
NCDC   National Climatic Data Center 
NDBC   National Data Buoy Center 
NEI   National Emissions Inventory 
NEPA   National Environmental Policy Act 
NMB   Normalized Mean Bias 
NME   Normalized Mean Error 
NMED   New Mexico Environmental Department 
NMFFO   New Mexico Farmington Field Office 
NMIM   National Mobile Inventory Model 
NMSO   BLM New Mexico State Office 
NOAA   National Oceanic and Atmospheric Administration 
NPRI   National Pollutant Release Inventory 
NPS   National Park Service 
NSPS   New Source Performance Standard 
NSR   New Source Review 
O&G   Oil and Gas 
OA   Organic Aerosol 
OSAT   Ozone Source Apportionment Technology 
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PAVE   Package for Analysis and Visualization 
PBL   Planetary Boundary Layer 
PGM   Photochemical Grid Model 
PiG   Plume-in-Grid 
PM   Particulate Matter 
PPM   Piecewise Parabolic Method 
PSAT   Particulate Source Apportionment Technology 
PSD   Prevention of Significant Deterioration 
QA   Quality Assurance 
QC   Quality Control 
RAQC   Regional Air Quality Council 
RGFO   Royal Gorge Field Office 
RMC   Regional Modeling Center 
RMNP   Rocky Mountain National Park 
RMP   Resource Management Plan 
ROMANS  Rocky Mountain Atmospheric Nitrogen and Sulfur Study 
SCC   Source Classification Code 
SIP   State Implementation Plan 
SMOKE   Sparse Matrix Kernel Emissions modeling system 
SOA   Secondary Organic Aerosol 
TCEQ   Texas Commission on Environmental Quality 
TRFO   Tres Rios Field Office 
UAM   Urban Airshed Model 
UCR   University of California at Riverside 
UFO   Uncompahgre Field Office 
UNC   University of North Carolina 
UPA   Unpaired Peak Accuracy 
USFS   United States Forest Service 
USFS-PG  United State Forest Service Pawnee Grasslands 
UTSO   BLM Utah State Office 
VERDI   Visualization Environment for Rich Data Interpretation 
VISTAS   Visibility Improvements for States and Tribal Associations in the Southeast 
VMT   Vehicle Miles Traveled 
WBD   Wind Blown Dust model 
WEA   Western Energy Alliance 
WESTUS  Western United States 
WRAP   Western Regional Air Partnership 
WRFO   White River Field Office 
WGA   Western Governors’ Association 
WRF   Weather Research Forecasting model 
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A.1  Introduction 

The WRF model performance evaluation was conducted as part of WestJumpAQMS and is 
documented in a “WRF Application/Evaluation” report (ENVIRON and Alpine, 20121).  The 
WestJumpAQMS 2008 WRF model performance evaluation was based on a combination of 
qualitative and quantitative analyses.  The qualitative approach was to compare the spatial 
distribution of the model estimated monthly total precipitation with the monthly Center for 
Prediction of Climate (CPC) precipitation analysis using graphical outputs.  The quantitative 
approach was to examine tabulations and graphical displays of the model bias and error for 
surface wind speed, wind direction, temperature, and mixing ratio (humidity) and compare the 
performance statistics to benchmarks developed based on a history of meteorological modeling 
as well as past meteorological model performance evaluations.  The statistics were calculated 
using the publicly available METSTAT evaluation tool, which calculates the statistical 
performance metrics and can produce time series of predicted and observed meteorological 
variable and performance statistics. The observed database for winds, temperature, and water 
mixing ratio that were used in this analysis is from the National Oceanic and Atmospheric 
Administration (NOAA), Earth System Research Laboratory (ESRL) Meteorological Assimilation 
Data Ingest System (MADIS).  The locations of the MADIS monitoring sites within the 36 and 12 
km WRF modeling domains are shown in Figures A‐1 and A‐2.  The rain observations were taken 
from the NOAA CPC2 retrospective rainfall archives. 

The WestJumpAQMS 2008 WRF Application/Evaluation report evaluated the WRF surface 
meteorological parameters using METSTAT across the 36 km CONUS, 12 km WESTUS and 4 km 
IMWD modeling domains and compared them against meteorological model performance 
benchmarks.  Provided with the WestJumpAQMS WRF Application/Evaluation report was the 
evaluation of the WRF model performance at each individual surface monitoring site in the 
inter‐mountains western states.  The results for all sites in Colorado are available on the 
WestJumpAQMS website3 with a few examples of the WRF Colorado model performance given 
below. 

   

                                                            
1 http://www.wrapair2.org/pdf/WestJumpAQMS_2008_Annual_WRF_Final_Report_February29_2012.pdf 
2 http://www.cpc.ncep.noaa.gov/products/precip/realtime/retro.shtml 
3 http://www.wrapair2.org/pdf/westjump.wrf.site.co.2012‐04‐04.pdf 
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Figure A‐1.  Locations of MADIS surface meteorological modeling sites within the 
WestJumpAQMS WRF 36 km modeling domain. 

 

Figure A‐2. Locations of MADIS surface meteorological modeling sites within the 
WestJumpAQMS WRF 12 km modeling domain. 
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A.2  Meteorological Model Performance Benchmarks 

Meteorological model performance evaluation benchmarks have been developed after 
examining the model performance of ~30 meteorological model simulations that produced 
“good” air quality model performance, primarily to support ozone SIPs (Emery et al., 2001).  
The key to the benchmarks is to understand how good or poor the results are relative to other 
model applications run for the U.S.  These meteorological model performance benchmarks 
include measures of bias and error in surface temperature, wind speed and direction and water 
vapor mixing ratio.  Because the benchmarks were developed primarily for meteorological 
model simulations to support urban ozone planning they represent model performance under 
fairly “simple” conditions.  That is, usually fairly flat terrain (although sometimes with coastal 
conditions) with simple meteorological conditions (e.g., stationary high pressure).  
Meteorological model performance within the complex terrain of the Inter‐Mountain West 
would be expected to be not as good as in these simple conditions.  Thus, for some of the 
meteorological model performance metrics (i.e., temperature) more “complex” performance 
benchmarks have been developed (Kemball‐Cook et al., 2005; McNally, 2009).   

The equations for bias, error and Root Mean Squared Error (RMSE) are given below.  Table A‐1 
list the simple and complex meteorological model performance benchmarks that the WRF 2008 
simulation model performance was compared against.  It is important to emphasize that the 
benchmarks are not passing/failing grades, rather they are metrics that allow the 
intercomparison of meteorological model performance. 

Bias =   



N

i
ii OP

N 1

1

Error =  



N

i
ii OP

N 1

1

RMSE = 

 

Table A‐1.  Simple and complex meteorological model performance benchmarks for surface 
meteorological model performance evaluation. 

Meteorological  Benchmark

Variable 

Simple 
(Emery et al., 

2001)

Complex 
(McNally, 2009) 

Complex 
(Kemball‐Cook et al., 

2005) 
Temperature Bias  ≤±0.5°K ≤±1.0 K ≤±2.0 K 

Temperature Error  ≤2.0°K ≤3.0 K ≤3.5 K 

Mixing Ratio Bias  ≤±1.0 g/kg ‐‐ NA

Mixing Ratio Error  ≤2.0 g/kg ‐‐ NA

Wind Speed Bias  ≤±0.5 m/s ‐‐ ≤±1.5 m/s 

Wind Speed RMSE  ≤2.0 m/s ‐‐ ≤2.5 m/s 

Wind Direction Bias  ≤±10 degrees ‐‐ NA

Wind Direction Error  ≤30 degrees ‐‐ ≤±55 degrees 

 
2

1

1
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A.3  Summary of 2008 WRF Model Performance Evaluation for the CARMMS Region 

The WestJumpAQMS WRF Application/Evaluation report evaluated WRF across several 
preliminary Impact Assessment Domains as shown in Figure A‐3.  The CO_UT 4 km IAD most 
closely resembles the CARMMS 4 km modeling domain so those results are discussed below.  
WestJumpAQMS also evaluated WRF’s surface meteorological model performance separately 
for each site in Colorado that is discussed at the end of this section. 

A.3.1  Surface Meteorological Model Performance 

Figure A‐4 display soccer plots of monthly humidity (mixing ratio) and temperature model 
performance within the CO_UT 4 km IAD domain (see Figure A‐3) for the WestJumpAQMS 2008 
4 km WRF simulation.  Soccer plots plot a model’s bias versus error and compares them with 
the model performance benchmark, where in these figures from the WestJumpAQMS WRF 
Application/Evaluation report (ENVIRON and Alpine, 2012) the Simple and McNally (2009) 
Complex benchmarks are used (see Table A‐1).  The WRF 36, 12 and 4 km humidity model 
performance achieves the Simple Performance Benchmark within the CO_UT 4 km IAD domain 
(Figure A‐4, left).  The monthly humidity performance for the WRF 4 km simulation is exhibiting 
near zero bias and very low error that achieves the Performance Benchmarks. 

The WRF 36 km temperature performance has a bias that achieves the ≤±1.0 K McNally and 
≤±2.0 K Kemball‐Cook Complex Benchmarks (Figure A‐4, right).  However, the WRF 12 and 4 km 
simulation temperature exhibits a positive bias ranging from 0.0 to 1.3 K so that some months 
fall outside of the McNally but are within the Kemball‐Cook Complex Benchmarks.  The last four 
months of the year have a positive bias that is greater than 1.0 K.  The WRF 12 and 4 km 
simulation temperature error falls between the Simple (2.0 K) and Complex 3.0/3.5 K) 
Benchmarks. 

The WRF wind speed bias and error falls between the Simple and Complex benchmarks (Figure 
A‐5, left).  WRF exhibits a low wind speed bias across the CO‐UT 4 km IAD domain with the 
negative bias greater for the warm than the cool months.  The WRF 12 and 4 km wind direction 
has a near zero bias that is always within ±5 degrees that achieves the Simple Benchmark (≤±10 
degrees).  However, the wind direction error falls between the Simple (≤30 degrees) and 
Complex ≤55 degree benchmarks 
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Figure A‐3.  Locations of the preliminary 4 km Impact Assessment Domains 
(IADs) used in the WestJumpAQMS 2008 WRF evaluation. 
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Figure A‐4.  Monthly Humidity (left) and Temperature (right) performance for all sites in the 
preliminary CO_UT 4 km Impact Assessment Domain for the 36 km (top), 12 km (middle) and 
4 km (bottom) WestJumpAQMS WRF simulations. 
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Figure A‐5.  Wind Speed (left) and Wind Direction (right) performance for all sites in the 
preliminary CO_UT 4 km Impact Assessment Domain for the 36 km (top), 12 km (middle) and 
4 km (bottom) WestJumpAQMS WRF simulations. 
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A.3.2  Precipitation Evaluation 

Figure A‐6 compares monthly total precipitation across the 4 km IMWD for the CPC analysis fields based 

on observations, the WRF 4 km estimates and the four months of January, April, July and October (see 

WestJumpAQMS WRF report for remainder of months, ENVIRON and Alpine, 2012).  The much higher 

resolution in the WRF 4 km precipitation fields is readily apparent compared to the coarser CPC fields 

and must be accounted for in the interpretation of precipitation model performance.  In January 2008, 

the spatial distribution of the CPC and WRF monthly precipitation fields are very similar with most of it 

occurring in the western half of the domain and much dryer conditions east of the Front Range.  The CPC 

and WRF estimate similar areas of higher precipitation intensity, although the WRF has smaller areas of 

higher intensity than the CPC analysis fields due to the higher resolution (Figure A‐6a, top).   

In April 2008, both the CPC analysis and WRF monthly precipitation exhibit a diagonal northwest to 

southeast orientation in the precipitation pattern with areas of higher intensity occurring over the 

Bitterroot Range on the ID‐MT border, stretching down along the continental divide and in NB, KS and 

OK (Figure A‐6a, bottom). 

In July 2008, the desert southwest summer monsoon is clearly evident in the CPC and WRF precipitation 

fields with the highest intensity occurring in Arizona and New Mexico (Figure A‐6b, top).  Higher 

precipitation amounts are also seen in the high plains in the eastern part of the 4 km IMWD, with the 

Rocky Mountains in the western part of the 4 km IMWD being much dryer. 

In October 2008, both the CPC and WRF have very similar spatial patterns of monthly precipitation with 

the highest intensity precipitation occurring in Kansas stretching down to OK and TX, with WRF 

estimating higher intensity in OK/TX than seen in the CPC fields (Figure A‐6b, bottom). 
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Figure A‐6a.  Comparison of January (top) and April (bottom) 2008 monthly precipitation 
amounts (mm) over the 4 km Inter‐Mountain West Domain (IMWD) from the CPC analysis of 
observations (left) and estimated by the WestJumpAQMS 4 km WRF simulation. 
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Figure A‐6b.  Comparison of July (top) and October (bottom) 2008 monthly precipitation 
amounts (mm) over the 4 km Inter‐Mountain West Domain (IMWD) from the CPC analysis of 
observations (left) and estimated by the WestJumpAQMS 4 km WRF simulation. 
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A.3.3  Performance at Individual Monitoring Sites 

WestJumpAQMS performed WRF 4 km surface meteorological model performance at individual 
monitoring sites in Colorado that is posted to its website4.  The WRF performance varies greatly 
by site, which may be due in part to each site having its own local influences that cannot be 
captured by the 4 km WRF average meteorological conditions.  For example, Figures A‐7 and A‐
8 displays the WRF 4 km model performance at the Grand Junction (KGJT) and Gunnison (KGUC) 
Colorado monitoring sites that lie within the BLM Grand Junction and Uncompahgre Field 
Offices planning areas, respectively.  KGJT has a negative wind direction bias that mostly falls 
within the ±10 degree performance benchmark and error that falls between the 30 and 55 
degree simple and complex benchmarks.  KGUC, on the other hand, has much worse wind 
direction performance with a positive bias that ranges from 0 to 30 degrees and errors of 50 to 
80 degrees that fall outside of the benchmark ranges.  Similar wind speed performance is seen 
with mostly an underestimation bias right at the ‐0.5 m/s simple benchmark but always 
achieving the complex benchmarks.  The humidity benchmarks are almost always achieved at 
both sites with only July at KGJT falling outside of the benchmark due to being too moist.  
Different temperature model performance characteristics are seen at the two sites with KGJT 
achieving the complex benchmark (≤±1.0 K) except for the cold winter months that are too 
warm by from 1.5 to 3.0 K.  Whereas KGUC always achieves the complex benchmark with 
monthly temperature bias and error clustered around the ‐0.5 K and 2.0 K simple benchmark 
bias and error point, except for January that has an overestimation bias of ~0.75 K. 

   

                                                            
4 http://www.wrapair2.org/pdf/westjump.wrf.site.co.2012‐04‐04.pdf 
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Figure A‐7.  Monthly WRF 4 km surface meteorological model performance at the Grand 
Junction (KGJT), Colorado monitoring site. 
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Figure A‐8.  Monthly WRF 4 km surface meteorological model performance at the Gunnison 
(KGUT), Colorado monitoring site. 
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B.1  Introduction 

The CAMx PGM was selected for modeling air quality and AQRV impacts due to oil and gas and 
other activity within the Colorado and northern New Mexico BLM‐planning areas.  CAMx was 
selected over CMAQ due to the availability of the CAMx source apportionment tool and the 
need to obtain separate air quality and air quality related value (AQRV) contributions due to 
emissions of BLM authorized oil and gas sources in numerous Colorado and northern New 
Mexico BLM planning areas.  CAMx Version 6.1 (V6.1, released April, 2014) was used in the 
CARMMS future year modeling analysis.  However, CAMx V6.0 (September 2013 release) was 
used for the 2008 Base Case modeling.  The CAMx V6.1 future year and CAMx V6.0 2008 Base 
Case models were configured to obtain identical results, although the CAMx V6.1 future year 
source apportionment took advantage of a new point source emissions “compact format” 
feature that greatly reduces the disk space requirements and consequently computational 
resources for the future year source apportionment modeling. 

B.2  CAMx Model Configuration 

The CAMx PGM 2008 Base Case modeling was configured as shown in Table B‐1 and described 
below. 

Advection and Diffusion Methods: The piecewise parabolic method (PPM) advection solver was 
used for horizontal transport (Colella and Woodward, 1984) along with the spatially varying 
(Smagorinsky) horizontal diffusion approach.  CAMx will use K‐theory for vertical diffusion using 
the CMAQ‐like vertical diffusivities from WRFCAMx.   

Chemical Mechanism: The CB05 gas‐phase chemical mechanism was selected for the CAMx 
2008 Base Case modeling to be consistent with WestJumpAQMS.   

Spin‐Up Initialization:  A minimum of ten days of model spin up (i.e., using meteorological and 
emission conditions for December 21‐31, 2007) was used to initialize the PGM. 

Model Run Strategy:  CAMx includes two approaches for using multiple central processing units 
(CPUs) for multi‐processing: (1) Message Passing Interface (MPI) that performs modeling 
domain decomposition, passes the model solution for each subdomain to different CPUs at 
each time step, and then reassembles the solution across the whole domain at the end of the 
time step; and (2) Open Multiprocessing (OpenMP) that uses compiler directives to use multiple 
CPUs in the model simulation.  An optimal configuration of MPI and OpenMP will be 
determined for the Linux Cluster being used to minimize the model throughput time.  After 
benchmarking several different configurations, the CAMx CARMMS current and future year 
model simulations were run separately for four quarters using ~10 days of spin‐up and using 24 
CPUs for each quarter (i.e., using 96 CPUs at once) with 6 MPI domain decomposition and each 
MPI subdomain was run with 4 OpenMP multi‐processing CPUs (24 = 6 x 4).   

Boundary Conditions: Boundary conditions (BCs) for the 36 km CONUS domain CAMx 
simulation were based on output from the Model for OZone And Related chemical Tracers 
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(MOZART,1) global chemistry model.  BCs for the CARMMS CAMx 2008 4 km based case 
simulation were based on the WestJumpAQMS CAMx 2008 36/12 km Base Case simulation. 

Photolysis Rates:  For photolysis rates, CAMx requires a lookup table of photolysis rates as well 
as gridded albedo/haze/ozone/snow as input.  Day‐specific ozone column data are based on 
the Total Ozone Mapping Spectrometer (TOMS) data measured using the satellite‐based Ozone 
Monitoring Instrument (OMI2).  Albedo is based on land use data, which includes enhanced 
albedo values when snow cover is present.  For CAMx there is an ancillary snow cover input 
that is based on WRF output that overrides the land use based albedo input to use an enhanced 
snow cover albedo value.  The Tropospheric Ultraviolet and Visible (TUV) Radiation Model3 
photolysis rate processor was used.   CAMx is configured to use the in‐line TUV to adjust for 
cloud cover and account for the effects aerosol loadings have on photolysis rates; this latter 
effect on photolysis may be especially important in adjusting the photolysis rates due to the 
occurrence of PM concentrations associated with emissions from fires.  Note that the same 
photolysis rates are used in the 2008 Base Case and 2021 future year modeling.    

Landuse:  Landuse fields were generated based on U.S. Geological Survey (USGS) Geographic 
Information Retrieval and Analysis System (GIRAS) data4.  The WRF estimate snow cover data is 
used to override the USGS land cover categories when snow cover is present. 

Meteorological Inputs: The WestJumpAQMS 2008 WRF‐derived meteorological fields were 
processed to generate CAMx meteorological inputs for the CARMMS 4 km domain and 2008 
using the WRFCAMx processor.   

Plume in Grid: The subgrid‐scale Plum‐in‐Grid module was not used in the CARMMS modeling. 

 
Other Model configuration options are detailed in Table B‐1.   

                                                            
1 http://www.acd.ucar.edu/wrf‐chem/mozart.shtml 
2 http://ozoneaq.gsfc.nasa.gov/ 
3 http://cprm.acd.ucar.edu/Models/TUV/ 
4 http://pubs.usgs.gov/ds/2006/240/ 



December 2014   

 

B‐3 

Table B‐1.  CAMx model configurations for BLM CARMMS 2008 4 km Base Case simulation. 

Science Options  Configuration  Details 

Model Codes  CAMx V6.0 – May 2013 Release CAMx V6.1 (April 2014) used in 
2021 future year modeling  

Horizontal Grid Mesh‐ Regional Run 
to generate Boundary Conditions 
(BC) for the 4 km impact 
assessment domain 

36/12 km 36/12 km run to generate BC for 
CARMMS 4 km impact assessment 
domain.  36/12 km run with 2 way 
grid nesting 

     36 km grid  148 x 112 cells 36 km CONUS RPO domain

     12 km grid  239 x 206 cells 12 km WESTUS domain from 
WestJumpAQMS domain 

Horizontal Grid Mesh‐ CARMMS 
Impact Assessment Runs 

4 km 216 x 234  

Vertical Grid Mesh  25 vertical layers, defined by WRF Layer 1 thickness ~24‐ m.  Model 
top at ~19‐km above MSL 

Grid Interaction  36/12 km two way nesting provide 
one‐way grid nesting to 4 km 
CARMMS domain 

CARMMS 4 km stand‐alone domain

Initial Conditions  10 day spin‐up 

Boundary Conditions  36 km CONUS domain from 
MOZART global chemistry model 

4 km domain BCs from 36/12 km 
regional run 

Emissions    

     Baseline Emissions Processing  SMOKE, MOVES and MEGAN

     Sub‐grid‐scale Plumes  No Plume‐in‐Grid for major NOX

sources  

Chemistry    

     Gas Phase Chemistry  CB05 

Meteorological Processor  WRFCAMx 

Horizontal Diffusion  Spatially varying Smagorinsky 

Vertical Diffusion  CMAQ‐like in WRFCAMx

     Diffusivity Lower Limit  Kz_min = 0.1 to 1.0 m2/s or 2.0 m2/s

Deposition Schemes    

     Dry Deposition  Zhang dry deposition scheme 
 

Zhang et al., 2001; 2003 
 

     Wet Deposition  CAMx ‐specific formulation rain/snow/graupel/virga 

Numerics    

     Gas Phase Chemistry Solver  Euler Backward Iterative (EBI) ‐‐
Fast Solver 

     Vertical Advection Scheme  Implicit scheme w/ vertical velocity 
update (CAMx) 
 

     Horizontal Advection Scheme  Piecewise Parabolic Method (PPM) 
scheme 

Colella and Woodward, 1984

Integration Time Step  Wind speed dependent ~0.1‐1 min for 4 km domain
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B.3  2008 CAMx Base Case Modeling 

WestJumpAQMS performed CAMx modeling using two‐way grid nesting on the regional 36 km 
CONUS and 12 km WESTUS domains using the 2008 Base Case emission scenario to develop 
boundary conditions (BCs) for the smaller 4 km CARMMS domain.  WestJumpAQMS then ran 
CAMx for the 4 km CARMMS impact assessment domain using 2008 Base Case emissions and 
BCs from the CAMx 2008 Base Case 36/12 km run.   

B.4  Photochemical Model Performance Evaluation 

The CAMx 2008 Base Case modeling and model performance evaluation was conducted under 
the WestJumpAQMS.  Originally CARMMS was going to completely rely on the WestJumpAQMS 
model evaluation of the CARMMS 2008 Base Case simulation and CARMMS did not intend to 
perform any additional 2008 Base Case modeling or model performance evaluation.  
WestJumpAQMS conducted a comprehensive detailed model performance of the CAMx 2008 
36/12 km Base Case simulation across the 36 km CONUS and 12 km WESTUS domains, and 
within each western State for ozone, total PM2.5 mass, speciated PM2.5, sulfur and nitrogen wet 
deposition and for several ozone and PM2.5 precursor (e.g., SO2 and NOX) and related (e.g., 
HNO3) species.  Section 4.5.3 of the WestJumpAQMS final report (ENVIRON, Alpine and UNC5) 
presented the evaluation the CARMMS 2008 4 km Base Case simulation across the CARMMS 4 
km domain.   

B.4.1  February 28, 2014 IAQRT Meeting 

The WestJumpAQMS model evaluation results for the CARMMS CAMx 4 km Base Case 
simulation were presented to the Interagency Air Quality Review Team (IAQRT) on February 28, 
2014 at the BLM Colorado State Office (COSO).  EPA expressed several concerns regarding the 
adequacy of the model performance evaluation of the CARMMS 2008 4 km Base Case.  In 
particular they believed that the ozone model performance evaluation should be performed 
using a 60 ppb observed ozone cut‐off instead of the 40 ppb cut‐off used by WestJumpAQMS.  
In addition, they expressed concerns about just calculating monthly model performance 
statistics across the entire 4 km CARMMS modeling domain. 

The evaluation of the CAMx model for the CARMMS 2008 base case simulation produced many 
more evaluation products than provided in the WestJumpAQMS final report.  However, it did 
not calculate ozone model performed statistics using a 60 ppb observed ozone cut‐off threshold 
as desired by EPA.  So we calculated additional ozone model performance statistics using the 60 
ppb ozone cut‐off threshold.  The spreadsheet of monthly ozone bias and error model 
performance statistics and their comparison with the ozone bias (≤±15%) and error (≤35%) 
performance goals was updated as follows: 

 

                                                            
5 http://www.wrapair2.org/pdf/WestJumpAQMS_FinRpt_Finalv2.pdf 
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Ozone Averaging Times 

 Hourly 

 Daily maximum 8‐Hour Ozone Concentrations 

Ozone Monitoring Networks 

 AQS 

 CASTNet 

Bias and Error Statistical Metrics 

 Fractional Bias and Error 

 Normalized Mean Bias and Error 

 Mean Normalized Bias and Error 

As discussed below, with the exception of some winter months, the monthly ozone statistical 
performance metrics across the CARMMS 4 km domain still achieved EPA’s performance goals 
even using the 60 ppb cut‐off threshold for both averaging times and monitoring networks and 
three types of bias/error performance metrics. 

Regarding more details on the CARMMS CAMx 4 km base case MPE, we packaged up the model 
performance products in a zipped file that includes many differences types of monthly model 
performance metrics and species for sites in the CARMMS 4 km modeling domain.  Model 
performance displays include scatter plots and time series plots of predicted and observed 
concentrations, in addition to a full suite of model performance evaluation statistical metrics, 
and are provided for each month of 2008 as follows: 

 All sites in the CARMMS 4 km domain and all hours/days in a month. 

 At each individual site in the CARMMS 4 km domain and all hours/days in a month. 

 For each day in 2008 across all sites in the CARMMS 4 km domain. 

Model performance displays and statistics are provided for numerous gas‐phase (e.g., ozone 
and NOX) and particulate matter (PM) species (e.g., SO4, NO3, NH4, EC, OA).  EPA specifically 
requested model performance for ammonia (NH3) and ammonium (NH4).  However, there 
were no routine NH3 measurements available in 2008 and NH4 was just measured at the CSN 
network.  Although we also evaluated CAMx against derived ammonium (NH4d) at IMPROVE 
sites that is obtained using the IMPROVE SO4 and NO3 measurements and assuming they are 
completely neutralized by NH4; note this will overstate actual NH4 values because SO4 is not 
always neutralized and both SO4 and NO3 can be neutralized by other cations besides NH4. 

The detailed model performance displays and metrics for the CARMMS CAMx 2008 base case 
simulation is contained in the zipped file “CARMMS_2008_4km_MPE_Details.zip” that contains 
over 4,500 separate model performance displays and is larger than 70 Mb. 
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Below we present the WestJumpAQMS evaluation of the CARMMS 2008 Base Case simulation 
across the 4 km CARMMS domain with the addition of the ozone metrics using the 60 ppb cut‐
off concentrations discussed above.  However, we do not present the evaluation down to the 
individual site as the amount of information is too overwhelming. 

B.4.2  Observed Monitoring Networks 

The following routine air quality measurement data networks were used in the CAMx model 
performance evaluation: 

EPA AQS Surface Air Quality Data:  Data files containing hourly‐averaged concentration 
measurements at a wide variety of state and EPA monitoring networks are available in the Air 
Quality System (AQS6) database throughout the U.S.  These data sets will be reformatted for 
use in the model evaluation software tools.  There are several types of networks within the AQS 
that measure different species.  The standard hourly AQS AIRS monitoring stations typically 
measure hourly ozone, NO2, NOX and CO concentration and there are thousands of sites across 
the U.S.  The Federal Reference Method (FRM) network measures 24‐hour total PM2.5 mass 
concentrations using a 1:3 day sampling frequency, with some sites operating on an everyday 
frequency.  The Chemical Speciation Network (CSN) measures speciated PM2.5 concentrations 
including SO4, NO3, NH4, EC, OC and elements at 24‐hour averaging time period using a 1:3 or 
1:6 day sampling frequency.   

IMPROVE Monitoring Network:  The Interagency Monitoring of Protected Visual Environments 
(IMPROVE7) network collects 24‐hour average PM2.5 and PM10 mass and speciated PM2.5 
concentrations (with the exception of ammonium) using a 1:3 day sampling frequency.  
IMPROVE monitoring sites are mainly located at more rural Class I area sites that correspond to 
specific National Parks and Wilderness Areas across the U.S., with most of the sites located in 
the western U.S.  Although there are also some IMPROVE protocol sites that can be more 
urban‐oriented.   

CASTNet Monitoring Network:  The Clean Air Status and Trends Network (CASTNet8) operates 
approximately 80 monitoring sites in mainly rural areas across the U.S.  CASTNet sites typically 
collected hourly ozone, temperature, wind speed and direction, sigma theta, solar radiation, 
relative humidity, precipitation and surface wetness.  CASTNet also collects weekly (Tuesday to 
Tuesday) samples of speciated PM2.5 sulfate, nitrate, ammonium and other relevant ions and 
weekly gaseous SO2 and nitric acid (HNO3).   

NADP Network:  The National Acid Deposition Program (NADP9) collects weekly samples of SO4, 
NO3 and NH4 in precipitation (wet deposition) in their National Trends Network (NTN) at over a 
100 sites across the U.S. that are mainly located in rural areas away from big cities and major 
point sources.  Seven NADP sites also collect daily wet deposition measurements (AIRMON) 
when precipitation occurs.  Over 20 of the NADP sites also collect weekly mercury (MDN) 
                                                            
6 http://www.epa.gov/ttn/airs/airsaqs/aqsweb/ 
7 http://vista.cira.colostate.edu/IMPROVE/ 
8 http://java.epa.gov/castnet/ 
9 http://nadp.sws.uiuc.edu/NADP/ 
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samples.  Note that observed sulfate and nitrate dry deposition can be estimated at CASTNet 
sites using concentrations and a micro‐meteorological model that produces a deposition 
velocity.  But these are not true observations, but model estimates of dry deposition flux using 
observed atmospheric concentrations and meteorological variables and a micro‐meteorological 
deposition model. 

B.4.3  Model Performance Goals 

Over two decades ago EPA developed PGM ozone model performance goals that are listed in 
Table B‐2 (EPA, 1991).  During the regional haze RPO process, additional model performance 
goals and criteria were developed for PM species (Boylan, 2004; Morris et al., 2009c,d) that are 
listed in Table B‐3.  Note that the EPA 1991 ozone model performance goals were applied to the 
mean normalized bias (MNB) and mean normalized gross error (MNGE) model performance 
statistics that are calculated for all predicted and observed hourly ozone pairs matched by time 
and location for which the observed hourly ozone is above a threshold, with a 60 ppb threshold 
recommended.  However, the 60 ppb ozone cut‐off was selected for urban ozone modeling of 
areas with high ozone concentrations addressing the 1‐hour ozone NAAQS of 124 ppb.  Ozone 
is much lower these days so an observed ozone cut‐off threshold concentration of 40 ppb was 
used for calculating the MNB and MNGE ozone statistics in addition to the 60 ppb cut‐off value.  
For PM performance statistics, the Fractional Bias (FB) and Fractional Error (FE) bias/error 
performance metrics are compared against goals and criteria developed during the Regional 
Planning Organizations (RPOs) modeling to support the Regional Haze Rule (Boylan, 2004; 
Morris et al., 2009c,d).  Table B‐4 lists the definitions of the model performance statistical 
metrics.   

More recently, EPA compiled and interpreted the model performance from 69 PGM modeling 
studies in the peer‐reviewed literature between 2006 and March 2012 and developed 
recommendations on what should be reported in a model performance evaluation (Simon, 
Baker and Phillips, 2012).  Although these recommendations are not official EPA guidance, they 
are useful for consideration in the BLM CARMMS model performance evaluation: 

 PGM MPE studies should at a minimum report the Mean Bias (MB) and Mean Error (ME or 
RMSE), and Normalized Mean Bias (NMB) and Normalized Mean Error (NME) and/or Fractional 
Bias (FB) and Fractional Error (FE).  Both the MNB and FB are symmetric around zero with the FB 
bounded by ‐200% to +200%. 

 Use of the Mean Normalized Bias (MNB) and Gross Error (MNGE) is not encouraged because 
they are skewed toward low observed concentrations and can be misinterpreted due to the lack 
of symmetry around zero. 

 The model evaluation statistics should be calculated for the highest resolution temporal 
resolution available and for important regulatory averaging times (e.g., daily maximum 8‐hour 
ozone).   

 It is important to report processing steps in the model evaluation and how the predicted and 
observed data were paired and whether data are spatially/temporally averaged before the 
statistics are calculated. 
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 Predicted values should be taken from the grid cell that contains the monitoring site, although 
bilinear interpolation to the monitoring site point can be used for higher resolution modeling (< 
12 km). 

 PM2.5 should also be evaluated separately for each major component species (e.g., SO4, NO3, 
NH4, EC, OA and OPM2.5). 

 Evaluation should be performed for subsets of the data including, high observed concentrations 
(e.g., ozone > 60 ppb10), by subregions and by season or month. 

 Evaluation should include more than just ozone and PM2.5, such as SO2, NO2 and CO. 

 Spatial displays should be used in the model evaluation to evaluate model predictions away 
from the monitoring sites.  Time series of predicted and observed concentrations at a 
monitoring site should also be used. 

 It is necessary to understand measurement artifacts in order to make meaningful 
interpretation of the model performance evaluation. 

Given these recommendations we will stress the FB and FE and NMB and NME measures of bias 
and error over the MNB and MNGE.   

Table B‐2.  Hourly ozone model performance goals from EPA’s 1991 PGM modeling guidance. 
Goal  Metric  Definition Comment 
≤±20%  Unpaired Peak 

Accuracy (UPA) 

 

Compare highest predicted and observed daily maximum 
hourly ozone concentrations unmatched by location and 
hour but matched by day. 

≤±15%  Mean Normalized 
Bias (MNB) 

 

Predicted and observed hourly ozone concentrations 
matched by time and location when observed ozone is 60 
ppb or greater.  Use a 40 ppb cut‐off in CARMMS. 

≤35%  Mean Normalized 
Gross Error 
(MNGE)   

Predicted and observed hourly ozone concentrations 
matched by time and location when observed ozone is 60 
ppb or greater.  Use a 40 ppb cut‐off in CARMMS. 

 

Table B‐3.  Ozone and PM model performance goals and criteria for bias and error (Boylan, 
2004; Morris et al., 2009c,d). 

Bias  Error  Comment
≤±15%  ≤35%  Ozone model performance Goal from the 1991 guidance that would be 

considered very good model performance for PM species (EPA, 1991). 

≤±30%  ≤50%  PM model performance Goal, considered good PM performance (Boylan, 2004).

≤±60%  ≤75%  PM model performance Criteria, considered average PM performance.  
Exceeding this level of performance for PM species with significant mass may be 
cause for concern (Boylan, 2004). 

 

   

                                                            
10 Note that because of the low ozone concentrations in the Montana/Dakotas the Simon, Baker and Phillips (2012) 
60 ppb threshold recommendation should be lowered to 40 ppb. 
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Table B‐4. Definition of model performance evaluation statistical measures used to evaluate 
PGMs in the past. 

Statistical 
Measure 

Mathematical 
Expression 

Notes 

Accuracy of paired peak 
(AP) 

Comparison of the peak observed value (Opeak) with 
the predicted value at same time and location 

Coefficient of determination 
(r2) 

 

Pi = prediction at time and location i;  
Oi = observation at time and location i; 

= arithmetic average of Pi, i=1,2,…, N; 

= arithmetic average of Oi, i=1,2,…,N 

Normalized Mean Error 
(NME) 

Reported as %

Root Mean Squared Error 
(RMSE) 

Reported as %

Fractional Gross Error (FE)  Reported as % and bounded by 0% to 200%

Mean Absolute Gross Error 
(MAGE) 

Reported as concentration (e.g., µg/m3) 

Mean Normalized Gross 
Error (MNGE) 

Reported as %

Mean Bias (MB)  Reported as concentration (e.g., µg/m3) 

Mean Normalized Bias 
(MNB) 

Reported as %

Mean Fractionalized Bias 
(Fractional Bias, FB) 

Reported as %, bounded by ‐200% to +200%

Normalized Mean Bias 
(NMB) 

Reported as %

Bias Factor (BF) 

 

Reported as BF:1 or 1: BF or in fractional notation 
(BF/1 or 1/BF). 
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B.4.4  Model Performance Evaluation Approach 

The WestJumpAQMS CAMx 2008 base case model performance evaluation focused on 
evaluating the model for its primary intended purpose, estimating the air quality and AQRV 
impacts within the 4 km CARMMS modeling domain.  Based on EPA modeling guidance (EPA, 
1991; 2007), the recommendations of Simon, Baker and Philips (2012) and previous studies, the 
WestJumpAQMS CAMx model performance evaluation included the following: 

 The PGM should be evaluated across all relevant species for which observations are available, 
including ozone, NO, NO2, NOX, HNO3, SO2, PM2.5, PM10, speciated PM2.5 (SO4, NO3, NH4, EC, OA 
and OPM2.5) and wet sulfur and nitrogen deposition. 

 Numerous statistical performance measures should be calculated (Table B‐4) and reported 
following the recommendations of Simon, Baker and Phillips (2012) 

 The native sampling frequency of the observations will be used in the evaluation, along with 
important regulatory averaging times (e.g., daily maximum 8‐hour ozone, annual PM2.5 and 
annual wet deposition). 

 The PGM evaluation should also include geographic, temporal and concentration stratifications. 

 The PGM results should be more thoroughly evaluated for the 4 km CARMMS domain. 

 Seasonal and monthly evaluation should be included.   

 Evaluation for high observed concentrations should be made. 

 Several graphical displays of model performance may be used, including, but not limited to: 

o Scatter Plots of predicted and observed concentrations/depositions. 

o Spatial Maps of performance, including spatial maps of model predictions with 
superimposed observations and interpolated spatial maps of bias and error. 

o Time Series Plots of predicted and observed concentrations using native 
observation averaging time. 

o Soccer Plots that compare model performance statistics with model 
performance goals (Table B‐3). 

Details on the CAMx 2008 model performance evaluation are provided in the WestJumpAQMS 
final report and supporting material.  Below we summarized the CAMx model performance 
evaluation statistical metrics for just within the CARMMS 4 km modeling domain that is the 
subject of this study. 

B.5  Model Evaluation within the 4 km CARMMS Domain 

WestJumpAQMS developed a separate CAMx 4 km modeling database for the 2008 annual 
period and the 4 km CARMMS modeling domain (see Figure 2‐1) that covers all of Colorado, the  
northern two‐thirds of New Mexico as well as eastern Utah and northeastern Arizona.  
WestJumpAQMS conducted a separate model performance evaluation of the CAMx 2008 base 
case simulation for the CARMMS 4 km domain that is summarized from the WestJumpAQMS 
final report (ENVIRON, Alpine and UNC, 2013) in this section.  Also presented below are some 
supplemental ozone evaluation results as suggested by the IAQRT in their February 28, 2014 
meeting. 
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Figures B‐1 through B‐4 displays the monthly and annual daily maximum 8‐hour (DMAX8) and 
hourly ozone model performance statistics across all CASTNet (top) and AQS (bottom) sites in 
the 4 km CARMMS domain using observed ozone cut‐off concentrations of 40 and 60 ppb.  The 
Fractional Bias and Error (FB and FE) and Normalized Mean Bias and Error (NMB and NME) 
performance statistics are used in these Figures.  The Mean Normalized Bias and Error (MNB 
and MNE) statistics are not presented following the recommendations of Simon, Baker and 
Philips (2012).  The CARMMS ozone model performance statistics are compared against EPA’s 
1991 bias (≤±15%) and error (≤35%) ozone model performance goals (Table B‐2).  The CAMx 4 
km model pDMAX8 ozone performance evaluation across CASTNet and AQS monitors within 
the CARMMS 4 km domain using the FB 40 ppb cut‐off are ≤±6% with an annual FB of less than 
2%, which achieves the ozone bias ≤±15% performance goal by a wide margin (Figure B‐1a).  
Similarly, the monthly DMAX8 ozone FE tends to be between 5% and 12%, so achieves the 
ozone performance goal of ≤35% by over a factor of 2 (Figure B‐1a).  Some of the 
underestimation of the DMAX8 ozone at the Colorado CASTNet sites (e.g., in May) may be due 
in part to the model’s inability to fully simulate stratospheric ozone intrusion events (e.g., at 
Gothic).  Figure B‐1b presents similar DMAX8 ozone modeling results for the NMB and NME 
performance statistics using a 40 ppb cut‐off that also exhibit very good model performance 
statistics that achieves the ozone model performance goals. 

Figure B‐2 presents similar DMAX8 ozone performance statistics as Figure B‐1 only using a 60 
ppb ozone cut‐off value instead of 40 ppb.  With a focus on higher observed ozone 
concentrations then it is not surprising that the model exhibits an underestimation bias.  The 
maximum underestimation bias occurs in the late winter and spring when stratospheric ozone 
and winter ozone events occur that the model has difficulty in reproducing.  The DMAX8 ozone 
with 60 ppb cut‐off performance statistics still achieve the ozone error performance goal for all 
months and bias goal for all months except February 2008.   

Figure B‐3 and B‐4 are like Figure B‐1 and B‐2 only for hourly ozone model performance instead 
of DMAX8 ozone.  The hourly ozone model performance using a 40 ppb cut‐off value achieves 
the ozone goals for all months of the year (Figure B‐3); it is encouraging that much better ozone 
performance is seen during the summer ozone season.  Using a 60 ppb ozone cut‐off, the 
hourly ozone underestimation bias is so great during the winter months that it exceeds the 
ozone model performance goal (Figure B‐4).  However, during the summer when the observed 
and model ozone is higher and is the primary ozone period of concern, CAMx achieves the 
ozone model performance goals.   

The CAMx 4 km total PM2.5 mass performance across the FRM, IMPROVE and CSN sites in the 4 
km CARMMS domain is shown in Figure B‐5.  The model tends to overestimate PM2.5 in the 
winter falling to a near zero bias in the summer.  However, the overestimation bias is usually 
within the PM Performance Criteria with only 5 of the 36 monthly FBs (14% of the time) failing 
to achieve the PM Performance Criteria.   14 months achieve the PM Performance goal (~40% 
of the time), which occur in the summer and months adjacent to the summer. 
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Figures B‐6 and B‐7 display the CAMx 4 km model performance related to sulfur species that 
includes SO4 at IMPROVE, CSN and CASTNet monitoring networks, SO2 at CASTNet and wet 
SO4 deposition at NADP.  SO4 tends to be overestimated in the winter and underestimated in 
the spring, summer and early fall.  SO2 is also overestimated in the winter and fall with near 
zero bias to underestimating in the spring and summer, which indicates that the summer SO4 
underestimation is not due to insufficient oxidation of available SO2 concentrations.  The wet 
SO4 deposition also is overestimated in the winter and underestimated in the summer 
suggesting that too rapid wet depositions is not the cause of the summer SO4 underestimation 
tendency.  The summer underestimation of wet SO4 deposition also suggests that the 
overstated WRF convective precipitation is not overly washing out the atmospheric pollutants. 

Figures B‐8 and B‐9 displays CAMx 4 km  model performance statistics related to nitrogen 
species including NO3, HNO3 and combined NO3 plus HNO3.  Monthly NO3 performance at the 
IMPROVE sites almost always achieves the PM Performance Goal, whereas it is generally 
underestimated across the CSN and CASTNet networks with the largest underestimation bias 
occurring in the summer.  On the other hand, HNO3 tends to be overestimated by the CAMx 4 
km CARMMS base case and the performance of total nitrate (HNO3+NO3) exhibits much better 
performance with near zero bias in the spring and summer that achieves the PM Performance 
Goals.  These results suggest that some of the NO3 underestimation bias may be due to not 
enough conversion of the gaseous HNO3 to particulate NO3.  This could be due to insufficient 
ammonia present to buffer the nitric acid or not fully accounting for other basic compounds 
that can neutralize nitric acid (e.g., Calcium, Sodium, etc.).  Thermodynamic variables could also 
partly account for this if the temperatures were too hot or the atmosphere not moist enough. 

NH4 model performance across he IMPROVE, CSN and NADP networks in the CARMMS 4 km 
domain is shown in Figure B‐10.  NH4 is underestimated, which is consistent with the SO4 and 
NO3 underestimation bias, with the performance being better across the CSN network that 
always achieves the PM Performance Criteria and sometimes achieves the PM Performance 
Goal.  The underestimation bias is greater across the IMPROVE network due to the use of 
derived NH4d in the evaluation that overestimates actual ambient NH4 concentrations.  The 
NH4 wet deposition exhibits near zero or an underestimation bias indicating that the NH4 
underestimation tendency is not due to overstated wet scavenging. 

The CAMx 4 km model performance for gaseous NOX and NOY across AQS and nonmethane 
organic compounds (NMOC) across PAMS monitoring sites are shown in Figure B‐11.  NOX is 
underestimated in the winter with near zero bias in the summer, whereas NOY is overestimated 
in the summer, underestimated in the winter and has near zero bias in the spring.  Given that 
these measurements may have artifacts and picking up other reactive nitrogen species, it is 
hard to interpret the evaluation.  NMOC is underestimated throughout the year, which may be 
due in part to the fact they tend to be sited in urban areas. 

 

 



December 2014   

 

B‐13 

 

Figure B‐1a.  CAMx 4 km daily maximum 8‐hour ozone model performance for Fractional Bias 
(left) and Fractional Error (right) across CASTNet (top) and AQS (bottom) monitors within the 
CARMMS 4 km domain using a 40 ppb observed ozone cut‐off value. 
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Figure B‐1b.  CAMx 4 km daily maximum 8‐hour ozone model performance for Normalized 
Mean Bias (left) and Normalized Mean Error (right) across CASTNet (top) and AQS (bottom) 
monitors within the CARMMS 4 km domain using a 40 ppb observed ozone cut‐off value. 
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Figure B‐2a.  CAMx 4 km daily maximum 8‐hour ozone model performance for Fractional Bias 
(left) and Fractional Error (right) across CASTNet (top) and AQS (bottom) monitors within the 
CARMMS 4 km domain using a 60 ppb observed ozone cut‐off value. 
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Figure B‐2b.  CAMx 4 km daily maximum 8‐hour ozone model performance for Normalized 
Mean Bias (left) and Normalized Mean Error (right) across CASTNet (top) and AQS (bottom) 
monitors within the CARMMS 4 km domain using a 60 ppb observed ozone cut‐off value. 
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Figure B‐3a.  CAMx 4 km hourly ozone model performance for Fractional Bias (left) and 
Fractional Error (right) across CASTNet (top) and AQS (bottom) monitors within the CARMMS 
4 km domain using a 40 ppb observed ozone cut‐off value. 
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Figure B‐3b.  CAMx 4 km hourly ozone model performance for Normalized Mean Bias (left) 
and Normalized Mean Error (right) across CASTNet (top) and AQS (bottom) monitors within 
the CARMMS 4 km domain using a 40 ppb observed ozone cut‐off value. 
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Figure B‐4a.  CAMx 4 km hourly ozone model performance for Fractional Bias (left) and 
Fractional Error (right) across CASTNet (top) and AQS (bottom) monitors within the CARMMS 
4 km domain using a 60 ppb observed ozone cut‐off value. 
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Figure B‐4b.  CAMx 4 km hourly ozone model performance for Normalized Mean Bias (left) 
and Normalized Mean Error (right) across CASTNet (top) and AQS (bottom) monitors within 
the CARMMS 4 km domain using a 60 ppb observed ozone cut‐off value. 
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Figure B‐5.  CAMx 4 km PM2.5 model performance for FB (left) and FE (right) across FRM (top), 
IMPROVE (middle) and  CSN (bottom) monitors within the CARMMS 4 km Impact Assessment 
Domain (IAD). 
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Figure B‐6.  CAMx 4 km Sulfate (SO4) model performance for FB (left) and FE (right) across 
IMPROVE (top), CSN (middle) and  CASTNet (bottom) monitors within the CARMMS 4 km 
Impact Assessment Domain (IAD). 
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Figure B‐7.  CAMx 4 km SO2 (top) and SO4 (middle) at CASTNet and SO4 Wet Deposition 
(bottom) at NADP model performance for FB (left) and FE (right) monitors within the 
CARMMS 4 km Impact Assessment Domain (IAD). 
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Figure B‐8.  CAMx 4 km NO3 model performance for FB (left) and FE (right) across IMPROVE 
(top), CSN (middle) and CASTNet (bottom) monitors within the CARMMS 4 km Impact 
Assessment Domain (IAD). 
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Figure B‐9.  CAMx 4 km HNO3 (top), NO3  (middle) and tHNO3+NO3 (bottom) model 
performance for FB (left) and FE (right) across CASTNet monitors within the CARMMS 4 km 
Impact Assessment Domain (IAD). 
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Figure B‐10.  CAMx 4 km NH4 concentration and wet deposition model performance for FB 
(left) and FE (right) across IMPROVE (top), CSN (middle) and  NADP (bottom) monitors within 
the CARMMS 4 km Impact Assessment Domain (IAD). 
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Figure B‐11.  CAMx 4 km NOX (top), NOY (middle) and NMOC (bottom) model performance for 
FB (left) and FE (right) across AQS and PAMS) monitors within the CARMMS 4 km Impact 
Assessment Domain (IAD). 

 

‐60

‐40

‐20

0

20

40

60

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Ann

Fr
ac
ti
o
n
al
 B
ia
s 
(%

)

0

20

40

60

80

100

120

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Ann

Fr
ac
ti
o
n
al
 E
rr
o
r 
(%

)

‐60

‐40

‐20

0

20

40

60

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Ann

Fr
ac
ti
o
n
al
 B
ia
s 
(%

)

0

20

40

60

80

100

120

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Ann

Fr
ac
ti
o
n
al
 E
rr
o
r 
(%

)

‐140

‐120

‐100

‐80

‐60

‐40

‐20

0

20

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Ann

Fr
ac
ti
o
n
al
 B
ia
s 
(%

)

0

20

40

60

80

100

120

140

160

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Ann

Fr
ac
ti
o
n
al
 E
rr
o
r 
(%

)



December 2014 
 
 
M 

 
 
 
 
 
 
 

APPENDIX C 
 
 

CARMMS Technical Memorandum 
Draft Final CARMMS Oil and Gas Emission Calculator Documentation 
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August 15, 2013 

 
 

MEMORANDUM 

 
To:    Chad Meister and Forrest Cook, BLM Colorado State Office  
From:    John Grant, Jim Zapert, and Ralph Morris   
Subject:    Draft Final CARMMS Oil and Gas Emission Calculator Documentation 
 

1.0 INTRODUCTION 

1.1 4BScope and Goals 

The purpose of this document is to explain the emissions calculation procedures used in the oil 
and gas emission calculators that have been developed for the Western Colorado Air Resource 
Management Modeling Study (West‐CARMMS).  We have improved existing emissions 
calculators and develop representative calculators for “typical” crude oil, conventional gas (with 
condensate), coal bed natural gas (CBNG), and shale gas within the region.  New information 
has been incorporated for drilling times; engine configurations; condensate and produced 
water production; well pad versus offsite gas treatment and storage; well‐head, infield, and 
pipeline compression; and gas/oil production.  The ability to readily modify input assumptions 
such as production parameters, emission control assumptions, and wellhead equipment 
configurations has also been incorporated into the calculator. 

The refined emission calculators will be used to develop the baseline and future‐year emissions 
inventories under Task 2 for the Western Colorado Bureau of Land Management (BLM) 
planning areas (see Figure 1‐1). 

Figure 1‐1.  Colorado Field Office Planning Areas.   
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1.2 6BOverview of Calculators 

Emission calculators have been developed for each of the following well types.  

 Conventional gas 

 Conventional oil 

 Shale gas 

 Coalbed natural gas (CBNG) 
 

For each well type a separate, a self‐contained emission calculator spreadsheet contains all of 
the inputs and calculations need to generate wellsite emissions. 

Additionally, a calculator has been developed to estimate midstream emissions for each area.  
The midstream emission calculator draws upon Colorado Department of Public Health (CDPHE) 
Air Pollutant Emission Notice (APEN) emissions for base year emission estimates.  Future year 
midstream emission projections are dependent on the change in oil and gas production in a 
given planning area which can be updated based on linkages to the by well type emission 
calculators. 

1.2.1 13BPollutants 

The emission calculators include estimates of emissions of criteria air pollutants (CAPs), 
greenhouse gases (GHGs), and hazardous air pollutants (HAPs) as follows: 

 Criteria Pollutants 
o Carbon monoxide (CO)  

o Nitrogen oxides (NOX) 

o Particulate matter less than or equal to 10 microns in diameter (PM10) 

o Particulate matter less than or equal to 2.5 microns in diameter (PM2.5) 

o Sulfur dioxide (SO2) 

o Volatile Organic Compounds (VOCs) 

 Greenhouse Gases 
o Carbon dioxide (CO2) 

o Methane (CH4) 

o Nitrous oxide (N2O) 

 Hazardous Air Pollutants (HAPs) 
 

While lead (pb) is a criteria pollutant, emissions of lead in the BLM western Colorado planning 
areas are expected to be extremely low and are therefore not included in this analysis. 

HAP emissions were estimated for each emissions source.  For oil and gas emissions sources, 
HAP emissions from venting and combustion source categories were estimated for 
formaldehyde, n‐hexane, benzene, toluene, ethylbenzene, and xylenes (BTEX). 

Anthropogenic greenhouse gas emission inventories typically include carbon dioxide (CO2), 
methane (CH4), nitrous oxide (N2O), and fluorinated gases.  Fluorinated gases are not expected 



December 2014 
 
 

C‐3 

to be emitted in appreciable quantities by any category considered in this emission inventory 
and were therefore not included in this analysis. 

1.2.2 14BTemporal 

The calculators estimate annual emissions associated with oil and gas exploration.  Per the 
West‐CARMMS scope of work, base year emissions are estimated for 2011 with annual 
emission forecasts to 2021. 

2.0 CALCULATOR DEVELOPMENT 

2.1 Calculator Inputs  

The emission calculator for each well type allows for specification of the following inputs. 

 Base year oil and gas activity (gas production, oil production, spud counts, active well 
counts) 

 Well decline estimates 

 Level of control by source category 

 Gas composition 

 Equipment configurations (e.g. drill rigs, fracing rigs)  

 Gas venting activity (e.g. completions, blowdowns) 
 

The inputs are implemented to estimate by source category emissions as described below.  
Appendices A, B, C, and D show the by source category inputs for each well type.   

The midstream emission calculator includes estimates of base year 2011 gas plant and 
compressor station emissions taken from CDPHE APEN data.  Base year midstream emissions 
are projected to future years based upon the gas production in each planning area.  Appendix 
C5 shows base year 2011 midstream emissions by field office and facility as reported in APENS 
data. 

2.2 9BEmission Calculations 

Emission calculations for all emission‐generating activities were developed based on typical 
emission inventory methodology.  Methods used to estimate emissions from each source 
category are explained in Section 2.2.1.  For each source category, emissions for the base year 
were estimated.  Emissions were then forecasted to future years, accounting for activity growth 
and for applicable sources emissions controls.  

The methodologies described here are used consistently in all four calculators by well type; 
however the input data of each calculator was selected to best reflect the operational 
characteristics of each well type (oil, gas, CBNG, and shale gas) and thus obtained from 
literature sources including the following Air Quality Technical Support Documents (AQTSD) 
from Colorado field office planning areas and BLM emission calculators listed below; shale gas 
calculator inputs were taken from a recent shale gas project (Bull Mountain, Zapert, 2013) in 
the Uncompahgre field office: 
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 White River AQTSD (URS, 2012a) 

 Colorado River Valley AQTSD (URS, 2012b) 

 Grand Junction AQTSD (ENVIRON, 2012a) 

 Uncompahgre AQTSD (ENVIRON, 2012b) 

 BLM Crude Oil Well Gas Emission Calculator (BLM, 2013a) 

 BLM Coalbed Natural Gas Well Emission Calculator (BLM, 2013b) 
 

Emissions are generated in three main phases of oil and gas systems: 

 Emissions from Well Construction and Development 

 Emissions from the Production Phase (occurring at‐or‐nearby the well pad) 

 Emissions from Midstream Sources (Central Gas Compression and Processing) 

The methodologies implemented to estimate base year and future year emissions from oil and 
gas sources are explained in this section.  

2.2.1 21BEmissions from Well pad Construction and Development 

Emissions from Well pad Construction and Development include those generated by 
equipment, vehicles and activities related to well pad construction, access roads construction, 
pipeline construction, wellbore drilling and well completions.  Table 2‐1 includes the emission 
sources identified for the well pad construction and development phase.  Pollutant emissions 
are initially estimated on a per surrogate basis and later scaled with the projected surrogate 
estimate to obtain area‐wide annual emissions from each source.  

Table 2‐1.  Construction source categories and scaling surrogates. 
Equipment Source Category  Emissions units per event Scaling Surrogate 

Well Pad, Access Road, and 
Pipeline Construction Equipment  tons/new pad  New pads per year 

Well Pad, Access Road and Pipeline 
Construction Traffic  tons/new pad  New pads per year 

Drilling Equipment and Completion 
Equipment  tons/spud  Spuds per year 

Fracing Equipment   tons/spud Spuds per year 

Refracing Equipment  tons/well Active wells per year 

Drilling and Well Completion 
Traffic  tons/spud  Spuds per year 

Rig Hauling and Rig Moving Traffic  tons/pad New pads per year 

Well Pad, Access Road and Pipeline 
Construction Wind Erosion  tons/new pad  New pads per year 

Well Completion Venting  tons/spud Spuds per year 

 
 
2.2.1.1  Well Pad, Access Road, and Pipeline Construction Equipment 

This category refers to emissions associated with off‐road engines used during construction of 
well pads, access roads and pipelines and is also inclusive of well pad reclamation activity. 
Detailed data for each engine type such as horsepower rating, hours of operation, fuel type, 
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engine technology and load factors were derived from the literature.  The EPA NONROAD2008a 
model (USEPA, 2009b) was used to compile emission factors for each equipment type.  The N2O 
emissions factor was obtained from the 2009 API O&G GHG Methodologies Compendium, 
Tables 4‐13 and 4‐17 (API, 2009).  Engines were classified in three types as activity data and 
emissions factors vary by utility: well pad construction equipment, access road construction 
equipment and pipeline construction equipment.  

Emissions on a per event (new well pads) basis for an engine type for which data was provided 
were estimated according to Equation 1: 

	 , 	 	
,

  Equation (1) 

where: 
Eengine are emissions of pollutant i from an engine type k [ton/pad] 
EFi is the emissions factor of pollutant i [g/hp‐hr] 
HP is the horsepower of the engine k [hp] 
LF is the load factor of the engine k 
tevent is the number of hours the engine is used  [hr/pad] 
907,185 is the mass unit conversion [g/ton] 
n is the number of type‐k engines 

 
2.2.1.1.1 70BArea‐Wide Annual Emissions from Source Category 

Annual emissions from well pad construction equipment by pollutant were estimated from the 
sum of engine emissions from each of the construction engine types ( ,

∑ 	 , 	) according to Equation 2: 

	 	 ,			 , 	 	 	    Equation (2) 

where: 
Ewell pad equip   are annual emissions of pollutant i from well pad construction and 
development equipment [ton/yr] 

, 	is sum of all engine emissions per event [ton/pad]   

	  is the scaling surrogate for well pad construction [new pads/yr] 

   
2.2.1.2 31BWell Pad, Access Road and Pipeline Construction Traffic 

This category refers to the exhaust emissions from light‐duty and heavy‐duty vehicle traffic 
during well pad, access road and pipeline construction.  Emission factors were developed using 
the MOVES2010a model (USEPA, 2010).  For each field office, by project year representative 
county emissions factors were developed.  The emission factors were prepared for two vehicle 
classes, heavy duty trucks (source type combination short‐haul truck) and pick‐up trucks 
(source type light commercial truck).  MOVES2010a emissions factors were modeled to include 
exhaust running, idle and start, brake wear, tire wear, and evaporative processes. The N2O 
emission factor was obtained from 2012 Climate Registry Default Emission Factors (TCR, 2012). 
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The representative county for each field office and annual average per mile emission factors by 
county, year and vehicle type are summarized in Appendix C‐6. 

Emissions from two distinct fleet types were estimated in this source category dependent on 
the vehicle destination/use: (1) well pad and access road construction vehicles and (2) pipeline 
construction vehicles.  Annual vehicle miles traveled (VMT) to well site were available for each 
vehicle class (light duty and heavy duty) within each fleet type (well pad and access road, and 
pipeline construction), thus exhaust emissions for each of four vehicle groups were calculated 
using the MOVES2010a emission factors on a grams per mile basis, as shown in Equation 3.  

,			
	

   Equation (3) 

where: 
  ,			  is traffic exhaust emissions for pollutant i per well pad  [ton/pad] 

 is the average emission factor of pollutant i [g/mile]  
  Ntrips is the annual number of round trips per activity [trips/pad] 
  D is the round trip distance [miles/trip] 
  907185 is the mass conversion [g/ton] 
 
2.2.1.2.1 71BArea‐Wide Annual Emissions from Source Category 

Annual emissions for well pad, pipeline and access road construction traffic by pollutant were 
propagated with the appropriate scaling surrogate according to Equation 4: 

	 	 ,			 ,			 	 	 	   Equation (4) 

where: 
Ewell pad traffic, i   is the annual exhaust emissions of pollutant i from well pad, pipeline and 
access road construction traffic [ton/yr] 

,			 	are the emissions of pollutant i per new well pad [ton/wellpad] 

	  is the scaling surrogate for well pad and access road construction traffic [new 

pads/yr] 
 
2.2.1.3 32BDrilling, Completion and Hydraulic Fracturing Equipment 

This section refers to emissions associated with off‐road engines used during drilling and 
completion activities. Detailed data for each engine type per source category such as 
horsepower rating, hours of operation, fuel type, engine technology and load factors was 
derived from the literature. Emissions for four distinct engine groups were estimated: (1) 
drilling equipment, (2) completion equipment, (3) fracing equipment, and (4) refracing 
equipment.  Emissions were estimated separately by engine type as inputs and surrogates (see 
Table 2‐1) varied by type; however the same methodology delineated by Equations 5 and 6 was 
used in all calculations. 

For drilling, completion and hydraulic fracturing equipment, the EPA Tier 2 Federal Diesel 
Engine Standard emission rates were applied for NOX, VOC, CO, PM10 and PM2.5 emissions.  The 
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N2O emissions factor was obtained from the 2009 API O&G GHG Methodologies Compendium, 
Tables 4‐13 and 4‐17 (API, 2009).  Emissions on a per event (spuds or active wells) basis for an 
engine type were estimated according to Equation 5: 

	 , 	 	
,

  Equation (5) 

where: 
Eengine are exhaust emissions of pollutant i from an engine type k [ton/event] 
EFi is the emissions factor of pollutant i [g/hp‐hr] 
HP is the horsepower of the engine k [hp] 
LF is the load factor of the engine k 
tevent is the number of hours engine k is used [hr/event] 
907,185 is the mass unit conversion [g/ton] 
n is the number of type‐k engines 

 
2.2.1.3.1 72BArea‐Wide Annual Emissions from Source Category 

Annual equipment emissions by pollutant were estimated separately for each of the four 
engine groups and scaled with the appropriate scaling surrogate according to Equation 6: 

& 	 ,			 , 	 	   Equation (6) 

where: 
ED&C equipment,i   is annual emissions of pollutant i from completion/drilling equipment [ton/yr] 

, 	is sum of all engine emissions per event [ton/event] 

 is the scaling surrogate for completion/drilling operations [event/yr] according to 
Table 2‐1. 
 

2.2.1.4 33BDrilling and Well Completion Traffic 

This section refers to on‐road emissions from light‐duty and heavy‐duty vehicle traffic during 
drilling and completion operations.  Methodology to estimate traffic emissions from these 
source categories was similar to that of source category Well Pad, Access Road and Pipeline 
Construction Traffic.  However, emissions for Drilling Traffic and Completion Traffic were 
calculated separately since activity inputs and surrogates varied by source category.  Input data 
to estimate the annual vehicle miles traveled (VMT) per activity was derived from the literature 
for each vehicle class (light duty and heavy duty) within each fleet.  Fleets were defined by the 
vehicle destination or utility, which vary by the type of oil and gas development (conventional 
and CBNG versus shale).  These are shown in Table 2‐2 below.  Annual average emission factors 
from EPA’s MOVES2010a model as described in Section 2.2.1.2 were applied.  
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Table 2‐2.  Vehicle fleets used during drilling and completion. 
Vehicle 

Use/Destination 
Vehicle Class Fleet group 

ID Type  Class

Drilling Traffic 
Semi Trucks  Heavy Duty Truck 1

Pickup Trucks  Light Duty Truck 2

Rig Move Drilling 
Traffic 

Semi Trucks  Heavy Duty Truck  3 

Rig Hauling  Semi Trucks  Heavy Duty Truck 4

Well Completion & 
Testing 

Semi Trucks  Heavy Duty Truck 5

Pickup Trucks  Light Duty Truck 6

 
 
Exhaust emissions for each of the fleet groups were calculated using the appropriate 
MOVES2010a emission factors on a grams per mile basis, as shown in Equation 7: 

,			
	

  Equation (7) 

where: 
  ,			  is the traffic emissions for pollutant i per spud  [tons/spud] 

 is the average emission factor of pollutant i [g/mile] 
  Ntrips is the annual number of round trips per activity [trips/spud] 
  D is the round trip distance [miles/trip] 
  907185 is the mass unit conversion [g/ton] 
 
Given that emissions from the vehicle fleets are based on the same surrogate (spuds), total 
emissions from drilling and completion traffic will be the sum of emissions per spud from each 
fleet (calculated with Equation 7), as shown in Equation 8: 

, & ,			 ∑ ,			   Equation (8) 

where 

, & ,			 	is the total drilling and completions emissions of pollutant i per spud 

[ton/spud] 

,			  is the traffic emissions for pollutant i per spud for a vehicle fleet [tons/spud] 

 
2.2.1.4.1 73BArea‐Wide Annual Emissions from Source Category 

Annual emissions for drilling/completion traffic by pollutant were propagated with the 
appropriate scaling surrogate (spuds per year) according to Equation 9: 

	 ,			 , & ,			 	 	   Equation (9) 

where: 
Ecategory traffic, i   are annual emissions of pollutant i from drilling/completion traffic [ton/yr] 

, & ,			 	is the total drilling and completions emissions of pollutant i per spud 

[ton/spud] 
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 is the scaling surrogate for drilling/completion traffic [spuds/yr] 

 
2.2.1.5 34BConstruction Equipment Fugitive Dust 

Fugitive dust emissions from disturbed land by well pad construction and reclamation 
equipment were estimated based on AP‐42 Chapter 13 Section 13.2.3 guidance for estimating 
emissions from Heavy Construction Operations (USEPA, 1995).  A construction fugitive dust 
emission factor for total suspended particles (TSP) is available in the AP‐42 guidance (1.2 tons‐
TSP/acre/month of activity). 

Total suspended particle emissions from wellpad construction equipment on a per wellpad 
basis are estimated based on Equation 10: 

. ,   Equation (10) 

where: 
Eequip,dust,TSP is the TSP emissions from construction equipment fugitive dust [tons/wellpad] 
A is the average number of acres disturbed per wellpad [acres/wellpad] 
t is the number of construction days per wellpad [days] 
C is the control efficiency 
30 is the conversion factor for days/month 

 
Conversion factors for TSP to particulate matter PM10 (EPA, 2006b) and from PM10 to PM2.5 
(Midwest Research Institute, 2006) were used to estimate other fugitive dust pollutant 
emissions (PM10 and PM2.5).  A control efficiency of 50% was assumed for well pad construction 
watering control.  

2.2.1.5.1 74BArea‐Wide Annual Emissions from Source Category 

Annual emissions for construction equipment fugitive dust, by pollutant i, were propagated 
with the appropriate scaling surrogate (wellpads per year) according to Equation 11: 

      , , . , 	 	 	       Equation (11) 
where: 

, , is the annual dust emissions of pollutant i from construction equipment 

[ton/yr] 

. , 	is the fugitive dust emissions of pollutant i from construction equipment per 

pad [tons/wellpad] 

	  is the scaling surrogate for construction equipment fugitive dust [new pads/yr] 

 
2.2.1.6 35BFugitive Dust Emissions from Construction, Drilling and Completion Support Vehicles 

Fugitive dust emissions from vehicle travel on unpaved roads were estimated based on the AP‐
42 technical guidance in Section 13.2.2.1 Unpaved Roads (USEPA, 2006a).  Road dust emission 
factors for vehicles traveling on unpaved surfaces at industrial sites can be estimated with 
Equation 12.  
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		  Equation (12) 

where: 
EF is the size‐specific particulate emissions factor for pollutant i (lb/mile) 
s is the surface material silt content (%) 
W is the mean vehicle weight (tons) 
k, a, b are empirical constants according to Table 2‐3. 

Table 2‐3.  Empirical constants by pollutant to estimate road dust emissions factor. 
Parameter  PM10  PM2.5

k  1.5  0.15

a  0.9  0.9

b  0.45  0.45

 
 
Because the emissions factor is a function of vehicle weight, individual emissions factor for 
heavy duty vehicles and light duty vehicles were derived with Equation 12.  To account for 
natural mitigation of road dust emissions due to annual precipitation and from watering 
control, Equation 13 was applied: 

  Equation (13) 

where:  

EFmitigated is the annual average emission factor for uncontrolled conditions including 
natural mitigation [lb/mile] 
EFi is the size‐specific emission factor [lb/mile] 
P is number of precipitation days (>0.01" rainfall) at the site 
CE is the control efficiency for watering in unpaved roads; CE =50% 

 
Emissions were estimated for all types of vehicles involved in construction, drilling and 
completion activities.  The vehicle groups were classified according to their vehicle class and 
utility, and literature data was collected to estimate annual vehicle miles traveled per activity 
(or event), which varied by vehicle groups and by the type of oil and gas development 
(conventional oil, conventional gas, CBNG, and shale).  The vehicle fleets used in each type of 
development are shown in Table 2‐4.  

Table 2‐4.  Vehicles groups related to fugitive road dust emissions in well construction and 
development. 
Vehicle 
group ID  Utility/destination  Vehicle Class 

Event 
(surrogate) 

1  Well Pad Access Road 
Construction 

Heavy Duty Truck

New pads 
2  Light Duty Truck

3 
Pipeline Construction 

Heavy Duty Truck

4  Light Duty Truck
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Vehicle 
group ID  Utility/destination  Vehicle Class 

Event 
(surrogate) 

5 
Drilling Traffic 

Heavy Duty Truck
Spuds 

6  Light Duty Truck

7 
Rig Move Drilling Traffic  

Heavy Duty Truck

New pads 8  Light Duty Truck

9  Rig Hauling  Heavy Duty Truck

10 
Well Completion & Testing 

Heavy Duty Truck
Spuds 

11  Light Duty Truck

12  Fuel Haul Truck  Heavy Duty Truck Spuds

 
 
Fugitive dust road emissions were calculated using the mitigated emissions factor (EFmitigated) 
from Equation 13, along with the vehicle miles traveled for each vehicle group as shown in 
Equation 14. 

,			
	 	

  Equation (14) 

where: 

  ,			  is the traffic fugitive dust emissions for pollutant i per event  [ton/event] 

 is the average emission factor of pollutant i for fugitive dust emissions 
[lb/mile] 

  Ntrips is the annual number of round trips per activity [trips/event] 
  D is the round trip distance [miles/trip] 
  2000 is the mass conversion [lb/ton] 
 
2.2.1.6.1 75BArea‐Wide Annual Emissions from Source Category 

Annual emissions for road fugitive dust from construction/drilling/completion traffic were 
propagated with the appropriate scaling surrogate according to Equation 15: 

, ,			 ,			 	 	   Equation (15) 

where: 

, ,			   are annual emissions of pollutant i for road fugitive dust from 

construction/drilling/completion traffic [ton/yr] 

,			 	are the emissions of pollutant i per event (spuds or new pads) [ton/event] 

 is the scaling surrogate for the vehicle group [event/yr] 
 
2.2.1.7 36BConstruction Wind Erosion 

Wind erosion dust emissions associated with well pad construction, and road, pipeline 
construction operations, and  well pad reclamation  activity were estimated based on AP‐42 
guidance for the estimation of emissions from industrial wind erosion (USEPA, 2006b). Wind 
erosion emissions per well pad were estimated based on Equation 16: 
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  Equation (16) 

where: 
Edust, i are dust emissions for pollutant i from construction wind erosion [ton/pad] 
P is the erosion potential [g/m2] 
A is the well pad construction area [m2/pad] 
r is the particle size multiplier for PM10 or PM2.5 
907,185 is a mass unit conversion [g/ton] 
 

The erosions potential is a function of the wind friction velocity, as shown in equation 17 and 
18: 

)*(25)*(58 2
tt uuuuP    Equation (17) 

where: 
u* is the friction velocity (m/s) 
ut is the threshold friction velocity (m/s) 

    )*(0 tuuforP                Equation (18) 
 
Friction velocity estimates (u*) were made by multiplying the average annual fastest wind 
speed by 0.053 per AP‐42 guidance (USEPA, 2006b).  Particle size multipliers of 0.5 and 0.075 
were assumed for PM10 and PM2.5 respectively per AP‐42 guidance. 

2.2.1.7.1 76BArea‐Wide Annual Emissions from Source Category 

The annual construction dust wind erosion emissions were scaled by multiplying per well pad 
emissions by the scaling surrogate (new pads) according to Equation 19: 

	 	 ,			 ,			 	 	 	   Equation (19) 

where: 
E.dust erosion total,i are the annual emissions of pollutant i from construction dust wind erosion 
[ton/yr] 
Edust, i  are the dust emissions of pollutant i per well pad [ton/pad] 
Swell pad is the scaling surrogate for construction dust wind erosion [pad/yr] 

2.2.1.8 37BWell Completion Venting 

This section describes emissions from well completion venting. The calculation methodology for 
estimating venting emissions from a single completion event is shown below in Equation 20: 

, .
1 0.95   Equation (20)

 where: 
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Ecompletion,i is the uncontrolled emissions of pollutant i from a single completion event 
[ton/event] 
P is atmospheric pressure [1 atm] 
Qcompletion is the volume of gas generated per completion [MCF/event] 
R is the universal gas constant [0.082 L‐atm/mol‐K] 
MWgas is the molecular weight of the gas [g/mol] 
T is the atmospheric temperature [298 K] 
fi is the mass fraction of pollutant i in the completion venting gas 
Fgreen is the fraction of completions that were controlled by green completion techniques 
Fflare is the fraction of completions controlled by flare 
0.95 is the control efficiency of the flare 

 
2.2.1.8.1 77BExtrapolation to Area‐Wide Annual Emissions 

Annual emissions are obtained by scaling‐up emissions per event by the number of spuds for a 
particular year. The total emissions from completion venting are estimated following Equation 
21: 

, , ,   Equation (21) 

where: 
Ecompletion,TOTAL are the annual emissions for pollutant i from completion venting [tons/year] 
Ecompletion,i are the completion emissions from a single completion event [tons/event], 
event=spuds 
Sspuds is the scaling surrogate for completion venting in a particular year [spuds/year] 

 
2.2.1.9 56BWell Completion Flaring 

This section describes the methodology for estimating flaring emissions from completion 
venting as described in Equation 22. It was assumed the efficiency of the flare was 95 percent. 

2000
1000, 







 


HVFQEF
E flaredcompletioni

completionflare

  Equation (22) 

where: 
Eflare,completion is the area‐wide flaring emissions of pollutant i for well completions 
[ton/event] 
EFi is the flaring emissions factor for pollutant i [lb/MMBtu] 
Qcompletion is the volume of gas generated per completion [MCF/event] 
HV is the local heating value of the gas [BTU/SCF] 
Fflared is the fraction of well completions with flares 
 

2.2.1.9.1 102BExtrapolation to Area‐Wide Annual Emissions 

Annual area‐wide flaring emissions for well completions are scaled‐up using the total number of 
spuds per year as shown in Equation 23: 
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TOTALiheateriTOTALheater SEE  ,,,   Equation (23) 

where: 
Eheater,TOTAL is the annual emissions from well completion flaring for pollutant i [ [ton/yr] 
Eheater is the emissions from well completion flaring for pollutant i per event [ton/event] 
STOTAL is the total number of spuds for a particular year [spuds]. The number of well 
completions is assumed equal to the spuds count for the year. 
 

2.2.2 22BEmissions from the Production Phase 

Emissions from the Production phase include those generated by equipment, vehicles and 
activities related to oil and gas production at well sites after a well has been completed.  
Pollutant emissions are initially estimated on a per event basis and later scaled with the 
projected number of events per year (scaling surrogate) to obtain Area‐wide annual emissions 
from each source.  

2.2.2.1 38BWell Workovers Equipment 

This category refers to emissions associated with off‐road engines used during well workovers. 
Detailed data for a typical workover engine such as horsepower rating, hours of operation, fuel 
type, engine technology and load factor was derived from the literature.  The EPA 
NONROAD2008a model (EPA, 2009b) was used to compile emission factors for ‘other oil field 
equipment’ representative of workover engines.  The N2O emissions factor was obtained from 
the 2009 API O&G GHG Methodologies Compendium, Tables 4‐13 and 4‐17 (API, 2009).  

Emissions on a per well basis for a workover engine were estimated according to Equation 24: 

,			 	 	
,

  Equation (24) 

where: 
Eengine are emissions of pollutant i from a workover engine [ton/well] 
EFi is the emissions factor of pollutant i [g/hp‐hr] 
HP is the horsepower of the engine [hp] 
LF is the load factor of the engine 
t is the number of hours of use per day [hr/day] 
907,185 is the mass unit conversion [g/ton] 
n is the number of operating days per well [days/well] 
f is the  well workover frequency per year 

 
2.2.2.1.1 78BArea‐Wide Annual Emissions from Source Category 

Annual emissions from well workover equipment by pollutant were estimated according to 
Equation 25: 

,			 	 	 	   Equation (25) 
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where: 
EWO‐ equip, i   are annual emissions of pollutant i from workover equipment [ton/yr] 

,			 	is emissions of pollutant i from workover equipment per well [ton/well]   

	  is the scaling surrogate for workovers [active wells/yr] 

 
2.2.2.2 39BProduction Traffic (Well workovers, Road Maintenance, Well Pad Reclamation and 

Production) 

This section describes the estimation of exhaust emissions from light‐duty and heavy‐duty 
vehicle traffic used for Well Workovers, Maintenance, Well Pad Reclamation and Production.  
This excludes traffic from tank loading and compressor stations maintenance.  Vehicle classes 
within the four source categories are shown in Table 2‐5.  Emissions from these vehicle fleets 
were first estimated on a per well basis and later on scaled to annual Area‐wide emissions with 
the scaling surrogate, active wells per year. 

Table 2‐5.  Vehicle fleets comprising production traffic. 
Vehicle 
fleets ID  Utility (source category)  Vehicle Class 

Event 
(surrogate) 

1 
Well Workover Commuting Vehicles 

Light Duty Truck

Active Wells 
2  Heavy Duty Truck

3  Road Maintenance  Light Duty Truck

4  Road and Well Pad Reclamation Light Duty Truck

 
 
Emission factors were developed using the MOVES2010a model as described in Section 2.2.1.2 
above.  

Exhaust emissions for the five vehicle groups were estimated as shown in Equation 26.  

, ,			
	

  Equation (26) 

where: 
  , ,			  is the fleet’s traffic emissions for pollutant i per well  [tons/well] 

 is the average emission factor of pollutant i [g/mile]  
  Ntrips is the annual number of round trips per activity [trips/well] 
  D is the round trip distance [miles/trip] 
  907185 is the mass unit conversion [g/ton] 
 
2.2.2.2.1 79BArea‐Wide Annual Emissions from Source Category 

Annual emissions for each category (fleet) of production traffic were propagated with the 
appropriate scaling surrogate (active wells per year) according to Equation 27: 

, , , ,,			 	 	   Equation (27) 
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where: 
Efleet,TOTAL, i   are annual emissions of pollutant i from a production fleet [ton/yr] 

, ,			 	is the emissions of pollutant i per well for a production traffic fleet 

[ton/well] 
 is the scaling surrogate for the source category [active wells/yr] 

 
2.2.2.3 40BFugitive Dust Emissions from Production Traffic (Well Workovers, Road Maintenance, 

Well Pad Reclamation and Other Production) 

Fugitive dust emissions from vehicle travel on unpaved roads were estimated based on the AP‐
42 technical guidance Section 13.2.2.1 Unpaved Roads (EPA, 2006a).  Road dust emission 
factors for vehicles traveling on unpaved surfaces at industrial sites can be estimated with 
Equation 28.  

		  Equation (28) 

Where: 
EF is the size‐specific particulate emissions factor for pollutant i (lb/mile) 
s is the surface material silt content (%) 
W is the mean vehicle weight (tons) 
k, a, b are empirical constants according to Table 2‐6. 

Table 2‐6.  Empirical constants by pollutant to estimate road dust emissions factor. 
Parameter  PM10  PM2.5

k  1.5  0.15

a  0.9  0.9

b  0.45  0.45

 
 
Because the emissions factor is a function of vehicle weight, individual emissions factor for 
heavy duty vehicles and light duty vehicles were calculated with Equation 28. To account for 
natural mitigation of road dust emissions due to annual precipitation and from watering 
control, Equation 29 was applied: 

  Equation (29) 

Where:  
EFmitigated is the annual average emission factor for uncontrolled conditions including 
natural mitigation [lb/mile] 
EFi is the size‐specific emission factor [lb/mile] 
P is number of precipitation days (>0.01" rainfall) at the site  
CE is the control efficiency for watering in unpaved roads 

 



December 2014 
 
 

C‐17 

Vehicle fleets comprising production traffic are shown in Table 2‐5. Fugitive dust emissions 
from these vehicle fleets were first estimated on a per well basis and later scaled to annual 
Area‐wide emissions with the scaling surrogate, active wells per year. 

Fugitive dust road emissions per well were calculated using the mitigated emissions factor 
(EFmitigated) from Equation 29, along with the vehicle miles traveled for each vehicle group. This 
is shown in Equation 30 

, ,			
	 	

  Equation (30) 

where: 
  , ,			  is the traffic fugitive dust emissions for pollutant i per well  [ton/well] 

 is the average emission factor of pollutant i for fugitive dust emissions 

[lb/mile] 
  Ntrips is the annual number of round trips per activity [trips/well] 
  D is the round trip distance [miles/trip] 
  2000 is the mass conversion [lb/ton] 
 
2.2.2.3.1 80BArea‐Wide Annual Emissions from Source Category 

Annual fugitive dust emissions for each category (fleet) of Production traffic were propagated 
with the appropriate scaling surrogate (active wells per year) according to Equation 31: 

, , , ,,			 	 	   Equation (31) 

where: 
Efleet,TOTAL, i   are annual fugitive dust emissions of pollutant i from a production fleet [ton/yr] 

, ,			 	is the fugitive dust emissions of pollutant i per well for a production traffic 

fleet [ton/well] 
 is the scaling surrogate for the source category [active wells/yr] 

 
2.2.2.4 41BBlowdown venting 

This section refers to the estimation of emissions from venting during well blowdowns. The 
calculation methodology for estimating emissions from a single blowdown event is shown 
below in Equation 32: 
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  Equation (32) 

where: 
Eblowdown,i is the emissions of pollutant i from a single blowdown event [ton/event] 
P is atmospheric pressure [1 atm] 
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Vvented is the volume of vented gas per blowdown (uncontrolled) [MCF/event] 
R is the universal gas constant [0.082 L‐atm/mol‐K] 
MWgas is the molecular weight of the gas [g/mol] 
T is the atmospheric temperature [298 K] 
fi is the mass fraction of pollutant i in the vented gas 
 

2.2.2.4.1 81BArea‐Wide Annual Emissions from Source Category 

The total emissions from all annual blowdowns events occurring are estimated with Equation 
33: 

wellsblowdowniblowdownTOTALblowdown SNEE  ,,   Equation (33) 

where: 
Eblowdown,TOTAL are the total annual emissions from blowdowns [tons/yr] 
Eblowdown,i are the blowdown emissions from a single blowdown event [tons/event] 
Nblowdown is the frequency of blowdowns per well per year [events/yr‐well] 
Swells is the total number of active wells for a particular year [wells] 

 
2.2.2.5 42BWell Recompletion Venting 

This section describes emissions from well recompletion venting. The calculation methodology 
for estimating venting emissions from a single recompletion event is shown below in Equation 
34: 

, .
  Equation (34)

 
 
where: 

Erecompletion,i is the uncontrolled emissions of pollutant i from a single recompletion event 
[ton/event] 
P is atmospheric pressure [1 atm] 
Qrecompletion is the volume of gas generated per recompletion [MCF/event] 
R is the universal gas constant [0.082 L‐atm/mol‐K] 
MWgas is the molecular weight of the gas [g/mol] 
T is the atmospheric temperature [298 K] 
fi is the mass fraction of pollutant i in the recompletion venting gas 

 
2.2.2.5.1 82BExtrapolation to Annual Area‐Wide Emissions 

Annual emissions are obtained by scaling‐up emissions per event with the total number of 
recompletion events in a particular year. The total emissions from recompletion venting are 
estimated following Equation 35: 

, , , 	   Equation (35) 



December 2014 
 
 

C‐19 

where: 
Ecompletion,TOTAL are the annual emissions for pollutant i from recompletion venting 
[tons/year] 
Ecompletion,i are the venting emissions from a single recompletion event [tons/event] 
f is the frequency of recompletion events per well per year [events/yr‐well] 
Swell count is the scaling surrogate for recompletion venting in a particular year [active wells] 

 
2.2.2.6 43BWellhead Fugitives 

This source category refers to fugitive emissions or leaks from well equipment such as pump 
seals, valves, connectors, flanges, etc.  Fugitive emissions were estimated for three main 
streams identified: gas service stream, liquids service stream and high oil stream.  VOC, CO2 and 
CH4 emissions per stream were estimated using device‐specific TOC emission factors for oil and 
gas production (USEPA, 1995b) and equipment counts.  Input data was obtained from the 
literature on total device counts per well by type of equipment and by the type of service to 
which the equipment applies – gas, liquids and high oil. 

Fugitive VOC emissions for an individual device in a given stream (gas, liquids, and high oil) 
were estimated according to Equation 36: 

YtNEFE annualTOCkCfugitiveVO ,   Equation (36) 

where: 
Efugitive VOC, k is the fugitive VOC emissions for a given device k [ton/yr‐well] 
EFTOC is the emission factor of TOC [kg/hr/device] 
N is the total number of devices type‐k for a given stream per well [devices/well] 
Y is the ratio of VOC to TOC in the vented gas 

 
Total VOC fugitive emissions for a given stream are equal to the sum of all fugitive emissions 
from devices in that stream per Equation 37: 

, ∑ ,			 	  Equation (37) 

where: 
  Efugitive VOC,stream is the total fugitive VOC emissions in a given stream per well [ton/yr‐well] 

 
CO2 and CH4 fugitive emissions per stream were estimated according to Equations 38 and 39: 

, 	 , 	 	

	
  Equation (38) 

, 	 , 	 	

	
  Equation (39) 

where: 
  Efugitive CO2,stream is the total fugitive CO2 emissions in a given stream per well [ton/yr‐well] 
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  Efugitive CH4,stream is the total fugitive CH4 emissions in a given stream per well [ton/yr‐well] 
Weight fractions per pollutant were based on gas compositions. For gas and well 
streams, sales gas composition was used. For condensate stream, fugitive‐post flash 
compositions were used. 
 

2.2.2.6.1 83BArea‐Wide Annual Emissions from Source Category 

Fugitive emissions were propagated annually according to Equation 40 using the scaling 
surrogate, active well counts: 

,			 	 , 	 	 	   Equation (40) 

where: 
Efugitive, i are the annual fugitive emissions for pollutant i in a given stream [ton/yr] 
Efugitive I, stream are fugitive emissions of pollutant i in a stream per well [ton/yr‐well] 
Swell count is the number of active wells for a particular year [active wells] 

 

2.2.2.7 44BPneumatic Devices 

Emissions for pneumatic devices will vary by the bleed rate of the device.  The methodology for 
estimating the emissions from a mix of pneumatic devices i (liquid level controllers, pressure 
controllers, etc.) for a single typical well is shown in Equation 41: 
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  Equation (41) 

where: 
Epneumatic,j is the total emissions of pollutant j from all pneumatic devices for a typical well 
[ton/year/well] 

iV  is the volumetric bleed rate from device i [MCF/hr/device] 

Ni is the average number of devices i found in a well [devices/well] 
tannual is the  number of hours per year that devices were operating [8760 hr/yr] 
P is the atmospheric pressure [1 atm] 
R is the universal gas constant [0.082 L‐atm/mol‐K] 
MWgas is the molecular weight of the gas [g/mol] 
T is the atmospheric temperature [298 K] 
fj is the mass fraction of pollutant j in the vented gas 

 
2.2.2.7.1 84BExtrapolation to Area‐Wide Annual Emissions 

Annual emissions from pneumatic devices were estimated according to Equation 42: 

welljpneumaticjTOTALpneumatic NEE  ,,,   Equation (42) 
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where: 
Epneumatic,TOTAL,j is the total annual emissions of pollutant j from pneumatic devices [ton/yr] 
Epneumatic,j is the pneumatic device emissions of pollutant j for a single typical well 
[ton/yr/well] 
Nwell is the total number of active wells in the basin [wells] 

 
2.2.2.8 45BPneumatic Pumps 

To estimate emissions from pneumatic pumps, literature data indicating the average rate of gas 
consumption per gallon of chemical injected and the annual chemical throughput for a single 
pump was applied. Emissions per well from pneumatic pumps were estimated as shown in 
Equation 43: 

2000
,

,
iipumpgasventedCIP

ipump

YRMWtVN
E




  Equation (43) 

where: 
Epump, i is the pneumatic pump emissions for pollutant i per well [ton/yr‐well] 
Vvented,TOTAL is the average gas venting rate per pump [SCF/pump/hr] 
NCIP is the number of gas‐actuated pneumatic pumps per well [pump/well] 
tpump is the annual hours of operation of a pump [hrs/yr] 
MWi is the molecular weight of pollutant i [lb/lb‐mol] 
R is the universal gas constant [lb‐mol/391.9scf] 
Yi is the molar fraction of pollutant i in pneumatic pump vented gas 
2000 is the mass unit conversion [lb/ton] 

 
2.2.2.8.1 85BArea‐Wide Annual Emissions from Source Category 

To estimate area‐wide annual emissions from pneumatic pumps the scaling surrogate, active 
wells, was used according to Equation 44 

,			 ,			 	 	 	   Equation (44) 

where: 
Epneumaticpumps, i are the annual emissions for pollutant i from pneumatic pumps [ton/yr] 
Epump, i is the emissions from all pneumatic pumps per well [ton/yr‐well] 
Swell count is the number of active wells for a particular year [wells] 

 
2.2.2.9 46BWater Injection Pumps 

This category refers to exhaust emissions associated with diesel combustion in water injection 
pump engines.  Detailed data for each engine type such as horsepower rating, hours of 
operation, fuel type, engine technology and load factors was derived from the literature.  The 
EPA NONROAD2008a model (USEPA, 2009b) was used to compile emission factors.  The N2O 
emissions factor was obtained from the 2009 API O&G GHG Methodologies Compendium, 
Tables 4‐13 and 4‐17 (API, 2009).  
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Emissions on a per well basis for a water injection pump were estimated according to Equation 
45: 

	, 	 	
,

  Equation (45) 

where: 
Eengine are per‐well emissions of pollutant i from water injection pumps [ton/well] 
EFi is the emissions factor of pollutant i [g/hp‐hr] 
HP is the horsepower of the pump [hp] 
LF is the load factor of the pump 
tevent is the number of hours the engine is used annually [hrs/unit] 
907,185 is the mass unit conversion [g/ton] 
n is the number of water injection pumps per well [units/well] 

 
2.2.2.9.1 86BArea‐Wide Annual Emissions from Source Category 

Annual emissions from water injection pumps for pollutant i were estimated according to 
Equation 46: 

	 ,			 ,				 	 	   Equation (46) 

where: 
Ewell pad equip   are annual emissions of pollutant i from water injection pumps [ton/yr] 

,			 	is engine emissions per well [ton/well]   

 is the scaling surrogate for water injection pumps [active wells/yr] 
 
2.2.2.10 47BMiscellaneous Engines 

This category refers to exhaust emissions associated with miscellaneous engines at well sites. 
Detailed data for miscellaneous engines such as horsepower rating, hours of operation, fuel 
type, engine technology and load factors was derived from the literature.  The EPA 
NONROAD2008a model (USEPA, 2009b) was used to compile emission factors.  The N2O 
emissions factor was obtained from the 2009 API O&G GHG Methodologies Compendium, 
Tables 4‐13 and 4‐17 (API, 2009).  

Emissions on a per well basis for miscellaneous engines were estimated according to Equation 
47: 

	, 	 	
,

  Equation (47) 

where: 
Eengine are per‐well emissions of pollutant i from miscellaneous engines [ton/well] 
EFi is the emissions factor of pollutant i [g/hp‐hr] 
HP is the horsepower of the pump [hp] 
LF is the load factor of the pump 
tevent is the number of hours the engine is used  [hrs/unit] 
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f is the fraction of wells served by a miscellaneous engine 
907,185 is the mass unit conversion [g/ton] 
n is the number of engines per well [units/well] 

 
2.2.2.10.1 87BArea‐Wide Annual Emissions from Source Category 

Annual emissions from miscellaneous engines for pollutant i were estimated according to 
Equation 48: 

	 ,			 ,				 	 	   Equation (48) 

where: 
Ewell pad equip   are annual emissions of pollutant i from miscellaneous engines [ton/yr] 

,			 	is engine emissions per well [ton/well]   

 is the scaling surrogate for miscellaneous engines [active wells/yr] 
 
2.2.2.11 48BCompressor Station Maintenance Traffic Exhaust 

This section describes the estimation of exhaust emissions from light‐duty vehicles (pickup 
trucks) used for compressor maintenance at compressor stations.  Emission factors were 
developed using the MOVES2010a model (USEPA, 2010) as described in Section 2.2.1.2. The 
total vehicle miles travelled annually from maintenance visits to a single compressor station 
were obtained from the literature. 

Exhaust emissions for this fleet were estimated as shown in Equation 49.  

, ,			
	

  Equation (49) 

where: 
  , ,			  is the fleet’s traffic emissions for pollutant i per well  [tons/station] 

 is the average emission factor for light duty vehicles of pollutant i [g/mile] 
  VMTCS is the annual miles travelled for maintenance compressor station [miles/station] 
  907185 is the mass unit conversion [g/ton] 
 
2.2.2.11.1 88BArea‐Wide Annual Emissions from Source Category 

Annual emissions for the compressor maintenance fleet were propagated with the scaling 
surrogate “total count of active compressor stations” according to Equation 50: 

, , , ,,			 	 	   Equation (50) 

where: 
Efleet,TOTAL, i   are annual emissions of pollutant i from compressor station maintenance traffic 
[ton/yr] 

, ,			 	is the emissions of pollutant i per station for the fleet [ton/station] 

 is the scaling surrogate for the source category [number of active compressor stations 
per year] 
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2.2.2.12 49BFugitive Dust Emissions from Compressor Station Maintenance Traffic 

Road dust emission factors for light duty vehicles traveling on unpaved surfaces to and from 
compressor stations were estimated with the same methodology as in Section 2.2.1.2.6 using 
Equations 28 and 29.  Fugitive dust road emissions per station (visited) were calculated using 
the mitigated emissions factor (EFmitigated) from Equation 29, along with the annual vehicle miles 
traveled per compressor station.  This is shown in Equation 51. 

, ,			
	 	

  Equation (51) 

where: 

, ,			  is the traffic fugitive dust emissions for pollutant i per station  

[ton/station] 
 is the average emission factor of pollutant i for fugitive dust emissions 

[lb/mile] 
VMT is the annual miles travelled for maintenance compressor station [miles/station]   
2000 is the mass conversion [lb/ton] 
 

2.2.2.12.1 89BArea‐Wide Annual Emissions from Source Category 

Annual fugitive dust emissions for compressor station maintenance traffic were propagated 
with the “total number of compressor stations” according to Equation 52: 

, , , ,,			 	 	   Equation (52) 

where: 
Efleet,TOTAL, i   are annual fugitive dust emissions of pollutant i from compressor station 
maintenance traffic [ton/yr] 

, ,			 	is the emissions of pollutant i per station for the fleet [ton/station] 

 is the scaling surrogate for the source category [number of active compressor stations 
per year] 

 
2.2.2.13 50BCondensate Tanks Flashing 

Condensate tank emissions were calculated differently for conventional oil and gas 
developments and for shale gas developments. 

An uncontrolled VOC emissions factor applicable to Garfield, Mesa, Rio Blanco, and Moffat 
Counties (CDPHE, 2011) was used to estimate emissions for condensate tanks in conventional 
gas, shale gas and coalbed natural gas developments on a per barrel basis.  The published 
emissions factor was 10 lbs VOC/bbl [0.005 tons/bbl]; for planning areas outside of those 
counties the emission factor of 11.3 lbs VOC/bbl [0.008 tons/bbl] can be used (CDPHE, 2011).  
For conventional oil developments, the emissions factor of 1.6 lbs VOC/bbl was used based on 
BLM (2013). The VOC emissions factor was multiplied by the annual condensate production 
from each type of well to propagate VOC emissions to the Planning Area level for each year.  
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Similar to the methodology for conventional oil and gas sources, CO2 and CH4 total emissions 
were then calculated using the weight fraction ratios from local flash gas composition analyses 
using Equations 53 and 54.  

, 	 , 	 	

	
  Equation (53) 

, 	 , 	 	

	
  Equation (54) 

where: 
Etanks,VOC is the total annual condensate tanks emissions from APENS database [tons/yr] 

  Etanks,CO2 is the total condensate tank CO2 emissions [tons/yr] 
  E tanks,CH4 is the total condensate CH4 emissions [tons/yr] 

Weight fractions of each pollutant in flash gas  
 

2.2.2.14 Loading Emissions from Condensate or Oil Tanks 

This section describes emissions from truck loading of condensate or crude oil from tanks.  The 
loading loss rate is estimated following Equation 55: 







 


T

MVS
L 46.12

  Equation (55) 

where: 
L is the loading loss rate [lb/1000gal] 
S is the saturation factor taken from AP‐42 default values based on operating mode. The 
operating mode for loading assumed was submerged loading: dedicated normal service.  
V is the true vapor pressure of the liquid loaded [psia] 
M is the molecular weight of the vapor [lb/lb‐mole] 
T is the temperature of the bulk liquid [oR], T=540 R 

 
VOC tank loading emissions are then estimated by Equation 56: 

,			 	 	  Equation (56) 

where: 
Eloading are the VOC tank loading emissions [ton/bbl] 
L is the loading loss rate [lb/1000gal] 
YVOC is the weight fraction of VOC in the vapor in the liquid loaded 
42 is a unit conversion [gal/bbl] 
2000 is a unit conversion [lbs/ton] 

 
CO2 and CH4 emissions are calculated based on Equations 57‐58: 

, 	 , 	 	

	
  Equation (57) 
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, 	 , 	 	

	
  Equation (58) 

where: 
  Eloading,CO2 is the total loading CO2 emissions per barrel of liquid [ton/bbl] 
  E loadingCH4 is the total loading CH4 emissions per barrel of liquid [ton/bbl] 

Weight fractions of each pollutant in the vapor losses from the liquid loaded 
 
2.2.2.14.1 92BArea‐Wide Annual Emissions from Source Category 

Annual emissions per pollutant i from condensate loading were scaled by annual condensate 
production per Equation 59: 

	 ,			 ,			 	 		 	   Equation (59) 

where: 
Etank loadout, i is the total condensate loading emissions for pollutant i from tank load‐out 
[ton/yr] 
Eloading, i is the condensate loading emissions for pollutant i from per barrel [ton/bbl] 
Sbbl condensate is the total annual of barrels condensate [bbl/yr] 

 
2.2.2.15 52BCondensate, Crude Oil and Produced Water Hauling Traffic Exhaust 

This section describes the estimation of exhaust emissions from heavy‐duty vehicles (haul 
trucks) used for produced condensate hauling from the well site.  Emission factors were 
developed using the MOVES2010a model (EPA, 2010) as described in Section 2.2.1.2. The total 
round trip distance for each hauling trip was derived from the literature. A hauling volume of 
per truck of 200 barrels of condensate or crude oil, hence the number of round trips per barrel 
was estimated (1/200). 

Exhaust emissions for condensate and crude oil hauling fleet were estimated as shown in 
Equation 60a.  

, ,			
	 	

  Equation (60a) 

where: 
  , ,			  is the hauling traffic exhaust emissions for pollutant i per barrel [ton/bbl] 

 is the average emission factor of pollutant i  for heavy duty vehicles [g/mile] 
  Ntrips is the annual number of round trips per barrel [trips/bbl]. N=1/200 
  D is the round trip distance [miles/trip] 
  907185 is the mass conversion [g/ton] 
 
2.2.2.15.1 93BArea‐Wide Annual Emissions from Condensate or Crude Oil Hauling 

Annual emissions for the condensate and crude oil hauling fleet were propagated with the 
annual condensate or crude oil production according to Equation 61a: 
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  , , , ,,			 	 	 ,   Equation (61a) 

where: 
Efleet,TOTAL, i   are annual emissions of pollutant i from condensate hauling traffic [ton/yr] 

, ,			 	is the emissions of pollutant i per barrel for the hauling fleet [ton/bbl] 

, 	 is the scaling surrogate for the source category [barrels of condensate 

produced per year] 
 

2.2.2.15.2 94Produced water hauling exhaust emissions 

Produced water refers to the water produced with the gas once the well has been completed 
and is under operation. This water is typically hauled from the well site storage tanks with 
water trucks or sent via pipeline to injection wells. Annual produced water rates will vary by the 
type of well.  It was assumed that the annual rate of water production for conventional oil, 
conventional gas and shale gas wells was 18,250 bbl/well (URS, 2012a); this value can be 
updated for a given area based on Colorado Oil and Gas Conservation Commission water 
production data. It was assumed that produced water truck capacity is 130 bbl and that 50 
percent of the water is hauled out. 

The annual water production per CBNG well was assumed to be 97,900 bbl/well (BLM, 2012); 
this value can be updated for a given area based on Colorado Oil and Gas Conservation 
Commission water production data.  
 
Exhaust emissions for produced water hauling fleet were estimated as shown in Equation 60b: 

, ,			
	 	

  Equation (60b) 

where: 

, ,			  is the produced water hauling exhaust emissions for pollutant i per well 

[ton/well] 
 is the average emission factor of pollutant i  for heavy duty vehicles [g/mile] 

Ntrips is the annual number of round trips per well [trips/well] 
  D is the round trip distance [miles/trip] 
  907185 is the mass conversion [g/ton] 
 
2.2.2.15.2.1 96BArea‐Wide Annual Emissions from Produced Water Hauling  
Annual emissions for the produced water hauling fleet were propagated to the planning area 
according to Equation 61b: 

, , , ,,			 	 	 	   Equation (61b) 

where: 
Efleet,TOTAL, i   are annual emissions of pollutant i from produced water hauling traffic [ton/yr] 

, ,			 	is the emissions of pollutant i per well for the hauling fleet [ton/well] 

	 	 is the scaling surrogate for the source category, active wells per year [wells/yr] 
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2.2.2.15.3 53BFugitive Dust Emissions from Condensate and Produced Water Hauling Traffic 

Road dust emission factors for heavy duty vehicles traveling on unpaved surfaces for 
condensate hauling and produced water hauling were estimated with the same methodology as 
in Section 2.2.1.2.6 using Equations 28 and 29.  Because the number of trips for both of these 
activities is based on different surrogates ‐ per barrel for condensate hauling and per well for 
produced water hauling ‐ as shown in Section 2.2.1.2.15, fugitive dust road emissions of each 
fleet were calculated using the mitigated emissions factor (EFmitigated) from Equation 29.  This is 
shown in Equation 62. 

, ,			
	 	

  Equation (62) 

where: 

, ,			  is the traffic fugitive dust emissions for pollutant i per (1) barrel  of 

condensate [ton/bbl] for condensate hauling or (2) well [ton/well] for produced water 
hauling 

 is the average emission factor of pollutant i for fugitive dust emissions 

[lb/mile] 
Ntrips is the annual number of round trips per (1) barrel of condensate hauled [trips/bbl] 
for condensate hauling or (2) well [trips/well] for produced water hauling 

  D is the round trip distance per hauling trip [miles/trip] 
  2000 is the mass conversion [lb/ton] 
 
2.2.2.15.3.1 97BArea‐Wide Annual Emissions from Condensate and Produced Water Hauling Traffic 
Annual fugitive dust emissions for condensate hauling were propagated with the annual 
condensate production according to Equation 63: 

, , , ,,			 	 	 , 	 	 	 Equation (63) 

where: 
Efleet,TOTAL, i   are annual fugitive dust emissions of pollutant i from condensate hauling traffic 
[ton/yr] 

, ,			 	is the dust emissions of pollutant i per barrel for the hauling fleet 

[ton/surrogate] 

, 	 	 	 	 is the scaling surrogate for the source category: (1) [barrels of 
condensate produced per year] for condensate hauling or (2) [active wells per year] for produced 
water hauling 
 

2.2.2.16 54BHeaters 

This section describes the methodology for estimating emissions from heaters and reboilers.  
Heater emissions are a function of the properties of the local produced gas used as a fuel.  
Emissions factors for external combustion of natural gas were obtained from AP‐42 Section 1.4 
Natural Gas Combustion (USEPA, 1995a). Emissions per well from heaters and reboilers can be 
estimated individually using Equation 64. 
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 2000, 
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  Equation (64) 

where: 
Eheater,i is the per well emissions for pollutant from a given heater [ton/well‐yr] 
EFi is the heater emission factor for a given pollutant i [lb/MM SCF] 
Qheater is the heater MMBTU/hr rating [MMBTUrated/hr] 
HVlocal is the local natural gas heating value [BTUlocal/SCF] 
tannual is the annual hours of operation [hr/yr] 
Nheaters is the number of heaters per well 
 

2.2.2.16.1 100BArea‐Wide Annual Emissions from heaters 

Annual emissions for heaters and reboilers are estimated with Equation 65 using the scaling 
surrogate active wells.  

TOTALiheateriTOTALheater WEE  ,,,   Equation (65) 

where: 
Eheater,TOTAL is the total emissions of pollutant i for a given heater type in the Project [ton/yr] 
Eheater is the per well annual emissions from a given heater type for pollutant i [ton/well‐yr] 
WTOTAL is the total number of wells for a particular year [wells] 

 
2.2.2.17 55BDehydrator Emissions 

This section describes the methodology to estimate emissions from dehydrator still vents. 
Uncontrolled emission factors per unit of gas production for emissions of VOC, CH4 and CO2 
were derived from the literature for the various well types. Total emissions were propagated 
using the gas production by well type, assuming 100 percent of the gas undergoes well site 
dehydration. This was done applying Equation 66. 

, , , 	 	 	 ,   Equation (66) 

 
where: 

Edehy,TOTAL, ,I,j   are the total area‐wide emissions from dehydrators still vents for pollutant i in 
year j [tons/yr] 

, 	is the dehydrator still vent emissions rate [tons/MCF] 

  	  is the annual gas production in year j [MCF/yr] 

 
101B 

2.2.3 58BMidstream sources 

Midstream sources include gathering and treating emissions associated with facilities such as 
compressor stations and gas plants.  Midstream emissions are taken from the 2011 APEN (Air 
Pollutant Emission Notice) emissions database provided by CDPHE (CDPHE, 2013).  CDPHE 
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provided APEN emissions for all oil and gas related emission sources covered by the following 
SCC and SIC codes: 
 

 All of the SCCs 202002*, 310*, 404003* (where * indicates all sub‐SCCs for the SCC) 

 And only those with the following SICs: 13*, 492*, 4612 
 
BLM field office planning area designation was assigned according to the latitude and longitude 
of each source.  The APEN oil and gas emissions database includes both well site and midstream 
sources.  Midstream sources were identified for inclusion in the calculator based on the facility 
name and the suite of equipment included at a given facility.  Appendix C‐2 includes a table of 
emissions by facility for each field office area. 

Emissions were available in the APEN emissions database for the pollutants VOCs, CO, NOX, 
PM10 and SO2 in tons per year.  Emissions for CH4 and CO2 were calculated using the vented gas 
speciation according to Equations 67 and 68 for the following sources. 

 Glycol Dehydrator  

 Natural Gas Processing Facilities, Gas Sweeting: Amine Process 

 Condensate Tanks 

 Natural Gas Processing Facilities, Flanges and Connections 

, 	 , 	 	

	
  Equation (67) 

	 , 	 	

	
  Equation (68) 

where: 
Esource,VOC is the total annual emissions from APENS database a source [tons/yr] 

  Esource,CO2 is the total CO2 emissions from a source [tons/yr] 
  E source,CH4 is the total CH4 emissions from a source [tons/yr] 

Weight fractions of each pollutant in the vented gas  
 

For combustion sources such as compressor engines, process heaters and flares, emissions for 
CH4, N2O and CO2 were estimated using the ratios of each greenhouse gas to NOx of emissions 
factors from AP‐42. 

Emissions in future years were estimated by multiplying 2011 emissions by the ratio of gas 
production in a given future year to gas production in 2011. 
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APPENDIX C‐1 
 

Conventional Gas Well 
Calculator Inputs by Source Category 
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Note:  Yellow highlights indicate that inputs were obtained from the Uncompahgre Field Office Air Quality Technical 
Support Document, ENVIRON, 2012.  All inputs taken from other sources are noted. 

 
 

Gas Analysis & Venting  Speciated Sales Gas Analysis 

Gas Component 
Mole Fraction 

(%) 

Methane C1  81.012 

Ethane C2  4.334 

Nitrogen  6.718 

Water  0.000 

Carbon Dioxide  5.380 

Nitrous Oxide  0.000 

Hydrogen Sulfide  0.000 

Propane C3  1.437 

i‐Butane i‐C4  0.288 

n‐Butane n‐C4  0.329 

i‐Pentane iC5  0.154 

n‐Pentane nC5  0.104 

Hexanes C6  0.111 

Heptanes C7  0.037 

Octanes+  0.017 

Benzene  0.004 

Ethylbenzene  0.000 

n‐Hexane n‐C6  0.068 

Toluene  0.003 

2,2,4‐Trimethylpentane  0.001 

Xylenes  0.002 
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Drilling                      

 

Construction 
Site 

Equipment Type 
Capacity 

(hp) 
# of 

Units 

Avg. 
Load 

Factor 
(%) 

# of 
Operating 
Hours/Day 

# of Operating 
Days/activity 

NONROAD 
SCC 

Tier Level 
HP 

Range 
for Efs 

Rig-up, Drilling, 
and Rig-down Drilling Equipment - Avg 2469 2 40 24 17 2270010010 Tier 2 >1200 

 
Construction 

Site 
Equipment Type 

Tier Emission Factors (g/hp-hr) 
VOC CO NOx PM10 PM2.5 SO2 CO2 CH4 N2Oa 

Rig-up, Drilling, 
and Rig-down Drilling Equipment - Avg 0.26 2.61 4.53 0.15 0.15 0.11 530 0.004 0.002 
Source: EPA Federal Tier Standards 
aN2O factor source: 2009 API O&G GHG Methodologies Compendium, Tables 4-13 and 4-17. 130,500 Btu/gallon, 2545 Btu/hp-hr. 

 

Cn_HEq_Exh  Construction/Drilling/Completion Equipment                   

Construction Equipment                      

Construction Site  Equipment Type 
Capacity 
(hp) 

# of Units 
Avg. Load 
Factor (%) 

# of Operating 
Hours/Day 

# of Operating 
Days/Well Pad 

Equipment Category  HP Range 

Well Pad  Construction Equipment  250  4  42  10  13 
Other Construction 
Equipment 

300 

Well Pad Access 
Road 

Construction Equipment  250  4  42  10  10 
Other Construction 
Equipment 

300 

Pipeline  Construction Equipment  250  2  42  10  2 
Other Construction 
Equipment 

300 

Construction Site  Equipment Type 
2011 Emission Factors (g/hp-hr)

VOC CO NOx PM10 PM2.5 SO2 CO2 CH4 N2O
a

Well Pad  Construction Equipment  0.18 0.78 2.32 0.15 0.15 0.01 316.19 0.00 0.00 
Well Pad Access 
Road 

Construction Equipment  0.18 0.78 2.32 0.15 0.15 0.01 316.19 0.00 0.00 
Pipeline  Construction Equipment  0.18 0.78 2.32 0.15 0.15 0.01 316.19 0.00 0.00 
Source: EPA NONROADS 2008a 
aN2O factor source: 2009 API O&G GHG Methodologies Compendium, Tables 4-13 and 4-17. 130,500 Btu/gallon, 2545 Btu/hp-hr. 

Completion/Fracing                      
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  Grand Junction Field Office Air Quality Technical Support Document, ENVIRON, 2012 

  
Data updated from White River Air Quality Technical Support Document, URS, 2012 (Fracing Equipment), and from Uncompahgre Field Office Air Quality Technical 
Support Document, ENVIRON, 2012 (Completion) 

 

 
Fracing frequency per spud  1 

Refracing Frequency per Year per Well  0.05 

 

   

Equipment Type Capacity (hp) # of Units 

Avg. 
Load 

Factor 
(%) 

# of 
Operating 
Hours/Day 

# of 
Operating 

Days/activity 
NONROAD SCC Tier Level HP Range 

Completion 
Equipment 1230 1 40 7 1 2270010010 Tier 2 >1200 

Fracing 
Equipment 12000 1 85 24 1 2270010010 Tier 2 >1200 

Refracing 
Equipment 1500 4 97 1 3 2270010010 Tier 2 >1200 

Equipment 
Type 

Capacity (hp) 
Tier Emission Factors (g/hp-hr)

VOC CO NOx PM10 PM2.5 SO2 CO2 CH4 N2O
a

Completion 
Equipment 1230 0.26 2.61 4.53 0.15 0.15 0.11 523 0.004 0.002 

Fracing 
Equipment 12000 0.26 2.61 4.53 0.15 0.15 0.11 523 0.004 0.002 

Refracing 
Equipment 1500 0.26 2.61 4.53 0.15 0.15 0.11 523 0.004 0.002 

Source: EPA Federal Tier Standards 
aN2O factor source: 2009 API O&G GHG Methodologies Compendium, Tables 4-13 and 4-17. 130,500 Btu/gallon, 2545 Btu/hp-hr. 
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Cn_CV_Exh Construction Traffic Exhaust          

Well Pad and Access Road Construction Traffic          

Construction Site Destination 

Vehicle 
Round Trip Distance 

(miles) 

# of Round 
Trips/Well 
Pad/ Year Type Class 

Well Pad and Access Road 
Construction Traffic 

Semi Trucks HDDV 4 80 

Pickup Trucks LDDT 4 30 

Pipeline Construction 
Semi Trucks HDDV 5 16 
Pickup Trucks LDDT 5 18 

 
Drilling/Completion/Fracing Traffic             

Construction Site Destination 
Vehicle 

Round Trip Distance 
(miles) 

# of Round 
Trips/activity/ 

Year Type Class 

Drilling Traffic 
Semi Trucks HDDV 4 136 
Pickup Trucks LDDT 5 136 

Rig Hauling Semi Trucks HDDV 5 1 

Rig Move Drilling Traffic  
Semi Trucks HDDV 5 90 
Pickup Trucks LDDT 5 42 

Well Completion & Testing 
Semi Trucks HDDV 5 84 
Pickup Trucks LDDT 5 74 

 
 
 

Ops_Well WO  Workovers                

Construction Equipment                   

Activity Equipment Type 
Capacity 

(hp) 

# of 
Operating 
Hours/Day 

# of 
Operating 
Days/Well 

Load Factor 
Well Workover 
Frequency per 

Year 
NONROAD SCC 

Well Workover Workover Equipment 638 9 6 43 0.08 2270010010 
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Tier Level 
HP 

Range 
for Efs 

Tier Emission Factors (g/hp-hr) 

VOC CO NOx PM10 PM2.5 SO2 CO2 CH4 N2Oa 

Tier 2 600-750 0.26 2.61 4.53 0.15 0.15 0.11 530 0.004 0.002 

 
Traffic             

Activity 
Vehicle Round Trip Distance 

(miles) 

# of Round 
Trips/Well/ 

Year Type Class 

Well Workover 
WO Rig HDDV 4 4 

Haul Truck HDDV 4 12 
Pickup Truck LDDT 4 20 

 

 
blowdown  Blowdown Venting       

 Type Control Efficiency (%) 
Volume of gas vented per blowdown 

Uncontrolled (MCF) 

Frequency of 
Blowdown per well 

per year 

Blowdown 0% 0.75 3.0 
  Data updated from White River Air Quality Technical Support Document, URS, 2012 

 
well completion Completion Venting 

Type 

Total volume of gas 
during completion (mcf) 

All completions 1,000  
Data updated from White River Air Quality Technical Support Document, URS, 2012 

 
Recompletion  Recompletion Venting       

 Type Control Efficiency (%) 
Volume of gas vented per well per 
recompletion Uncontrolled (MCF) 

No. of recompletion 
per well per year 

Recompletion 0% 1000 1% 
     Data updated from White River Air Quality Technical Support Document, URS, 2012 
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Compressor_Venting  Compressor Venting          

 Type 
Control 

Efficiency (%) 

Volume of gas vented per start-
up or shutdown Uncontrolled 

(MCF) 

Frequency of 
Start-up per well 

per year 

Frequency of 
Shutdown per well 

per year 

Compressor Shutdown 0% 10 1 1 

 

Wellhead Fugitives  Wellhead Fugitive Devices, Pneumatic Devices, and Pneumatic Pumps       

Fugitive Devices             

component 
Ave. # in 

Gas Service 
Ave. # in 

Liquid service 
Ave. # in 

High Oil service 

Ave. # in 
Water/Oil 
Service 

valves 49 14 0 3 
pump seals 2 1 0 0 

others 46 0 0 0 
connectors 0 0 0 0 

flanges 13 8 0 1 
open-ended lines 6 2 0 0 

 
Pneumatic Pumps         

 Type Gallons/yr/pump SCF/Gallon  Number of Pump 

Pneumatic Pumps 91 118 1 

 
Pneumatic Devices       

Device Number of Devices / well 
Lo-Bleed Rate 

(cfh) 

Liquid level controller 2 6 
Pressure controller 1 6 
Valve controllers 2.0 6 
Liquid level controller 0.1 6 

  
Data updated from Colorado River Valley Air Quality Technical Support 
Document, URS, 2012  
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WaterInjection_ 
Pumps_Exh Water Injection Pumps  
                    

Type 
Capacity 

(hp) 

# of 
Units 

per well 

Avg. 
Load 

Factor 
(%) 

# of 
Operating 

Hours 

Equipment 
Category 

2011 Emission Factors (g/hp-hr) 

VOC CO NOx PM10 PM2.5 SO2 CO2 CH4 N2O
a 

Water Injection 
Pumps 347 0.06 47 2920 Pumps 0.13 0.59 2.14 0.10 0.10 0.00 227.95 0.00 0.00 
 Source: EPA NONROADS 2008a                

 aN2O factor source: 2009 API O&G GHG Methodologies Compendium, Tables 4-13 and 4-17. 130,500 Btu/gallon, 2545 Btu/hp-hr. 

 

Misc_Engines_Exh 
Miscellaneous 
Engines               

Construction Site Capacity (hp) 
# of Units 
per Well 

Fraction of wells 
to be served by 
Miscellaneous 

engine 

Avg. Load 
Factor (%) 

# of 
Operating 
Hours/Well 

Equipment 
Category 

Misc. Engines 118 1 1 50 4380 Misc. Engines 

 

HP Range 2011 Emission Factors (g/hp-hr) 

VOC CO NOx PM10 PM2.5 SO2 CO2 CH4 N2O
a 

175 0.12 0.41 1.59 0.10 0.10 0.00 227.98 0.00 0.00 
 Source: EPA NONROADS 2008a                  

 aN2O factor source: 2009 API O&G GHG Methodologies Compendium, Tables 4-13 and 4-17. 130,500 Btu/gallon, 2545 Btu/hp-hr. 
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Condensate Tanks & Traffic Condensate Tanks            

Type  Base Year Assumptions 
Condensate  1. All Condensate Throughput Sent Tanks 

2. Average Condensate Truck Haulout of 200 bbl/load 

Produced Water  3. All Water Throughput Sent Tanks 

4. Average Water Truck Haulout of 100 bbl/load 

5. Based on COGCC data from 2008 to 2011, assumed that about 16 times as much produced water from active wells relative to 
condensate 

Uncontrolled VOC Emission Factors for Condensate Tanks          

Applicable to Garfield, Mesa, Rio Blanco, 
Moffat Counties* 

10  lb/bbl 
      

*The uncontrolled VOC emissions factor from Oil and Gas Exploration and Regulation Requirement Fact Sheet, Colorado Department of Public Health and Environment, Air Pollution Control 
Division, January, 2009. 
http://www.cdphe.state.co.us/ap/sbap/SBAPoilgastankguidance.pdf 

Flash Gas Weight Fractions         
CO2 Fraction in Flash Gas   %wt  2 

CH4 Fraction in Flash Gas   %wt  9 

VOC Fraction in Flash Gas   %wt  58 

VOC Molecular weight in Flash gas  lb/lb‐mol  36 

 
Condensate Truck Load-out   
True vapor pressure of liquid loaded, 
pounds per square inch absolute (psia) 5.2 

Mode of Operation 
submerged loading: 
dedicated normal service 
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Produced Water and Condensate Truck Traffic         
            

Construction Site 
Destination 

Vehicle 
Avg. Vehicle Speed 

(mph) 
Round Trip Distance 

(miles) 

# of Round Trips/BBL 
OR Round 

Trips/Year/well 
Type Class 

Produced Condensate 
Hauling Haul Truck (200 bbl) HDDV 15 4 

0.005 

Water Hauling Haul Truck (130 bbl) HDDV 35 20 70.19 

  Based on 50% of the water production being hauled. BLM Coalbed Methane Emissions Calculator. Received from BLM March 2012 

 

Ops_RoadMaint Maintenance Traffic            

               

Activity 
Vehicle Total Miles 

Traveled 
Per Well 

Avg. 
Vehicle 
Speed 
(mph) Type Class 

Road 
Maintenance Pickup Truck LDDV 

18 15 

 
Compressor_Engines Compressor Engines         

Type of Compressors / Pumps Rate (Hp) # Units per Well 
Annual Compression 

(Hp) 
Operating 

Hours/Year 

Wellhead Compressor Engines 45 0.1 4 6,778 

Lateral Compressor Engines 212 0.02 5 8,760 
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comp_main_ 
Traffic Compressor Station Traffic                 

Activity Vehicle 
Type 

Avg. 
Vehicle 
Speed 
(mph) 

Total Miles 
Traveled per 
Compressor 

Station 
Compressor 
Maintenance 

Pickup 
Truck 13 855 

                   
Reclaim-
RdsWells Well Pad Reclamation                 

Activity 
Vehicle 

Type 

Avg. 
Vehicle 
Speed 
(mph) 

Total Miles 
Traveled per 

Well 

Road and 
Well Pad 
Reclamation 

Pickup 
Truck 13 1,110 

 
Others Traffic Other Traffic                 

Activity 
Vehicle 

Type 

Avg. 
Vehicle 
Speed 
(mph) 

Round Trip 
Distance 
(miles) 

# of Round 
Trips/Year/well 

Fuel Hauling HDDV 15 7 0.6 

                   

 
Heaters and Flaring Heaters         

Wellsite  Heaters  Heater Rating (MMBtu/hr) Fraction of the year heating hr/yr 
No.of Units 

per Well 

Heaters 0.83 0.57 4964 1 
Reboilers 0.67 0.53 4599 1 
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Ops Dehy Dehydrators      

Uncontrolled VOC 
Emissions 
(tons/mscf) 

Uncontrolled CH4  
Emissions 
(tons/mscf) 

Uncontrolled CO2 
Emissions 
(tons/mscf) 

2.51E‐06  4.03E‐06  3.15E‐07 

  Data updated from White River Air Quality Technical Support Document, URS, 2012 
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APPENDIX C‐2 
 

Shale Gas Well 
Calculator Inputs by Source Category 
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Note:  Yellow highlights indicate that inputs were obtained from the Uncompahgre Field Office Air Quality Technical 
Support Document, ENVIRON, 2012.  All inputs except those from the Bull Mountain Emission Inventory are noted. 

   Green highlights indicate that inputs were obtained from the data from Bull Mountain Emission Inventory Aug, 2013 
 
 
 

Gas Analysis & Venting  Speciated Sales Gas Analysis 

Gas Component 
Mole Fraction 

(%) 

Methane C1  90.150 

Ethane C2  1.960 

Nitrogen  0.160 

Water  0.000 

Carbon Dioxide  6.660 

Nitrous Oxide  0.000 

Hydrogen Sulfide  0.000 

Propane C3  0.520 

i‐Butane i‐C4  0.120 

n‐Butane n‐C4  0.100 

i‐Pentane iC5  0.060 

n‐Pentane nC5  0.030 

Hexanes+ C6+  0.128 

Heptanes C7  0.000 

Octanes+  0.000 

Benzene  0.036 

Ethylbenzene  0.002 

n‐Hexane n‐C6  0.000 

Toluene  0.047 

2,2,4‐Trimethylpentane  0.000 

Xylenes  0.017 

Helium  0.010 

O2  0.000 

*The full gas composition did not include BTEX and n‐hexane components.  These were included by adding separately provided 
BTEX and n‐hexane mole fractions to the composition above and subtracting the corresponding mole fractions from the 
hexanes+ component. 
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Cn_HEq_Exh 
Construction/Drilling/Completion 
Equipment                   

Construction 
Equipment                         

Construction Site  Equipment Type  Capacity (hp)  # of Units 
Avg. Load 
Factor (%) 

# of Operating 
Hours/Day 

# of Operating 
Days/Well Pad** 

HP Range 

Well Pad 

Haul Truck  250  3  40  8  13  300 

Trackhoe  250  1  40  8  13  300 

Dozer  250  2  40  8  13  300 

Grader  250  1  40  8  13  300 

Compactor  250  1  40  8  13  300 

Water Truck  250  1  40  8  13  300 

Well Pad Access 
Road 

Dozer  250  2  40  8  10  300 

Grader  250  1  40  8  10  300 

Trackhoe  250  1  40  8  10  300 

Haul Truck  250  3  40  8  10  300 

Pipeline 

Dozer  250  1  40  10  10  300 

Grader  250  1  40  10  10  300 

Trackhoe  250  1  40  10  10  300 

Bending Mach  250  1  40  10  10  300 

Sideboom  250  1  40  10  10  300 

Utility Tractor  250  1  40  10  10  300 

**Includes pad reclamation associated activity 
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Drilling                      

 

Construction 
Site 

Equipment Type 
Capacity 

(hp) 
# of 

Units 

Avg. 
Load 

Factor 
(%) 

# of 
Operating 
Hours/Day 

# of Operating 
Days/activity 

NONROAD 
SCC 

Tier Level 
HP 

Range 
for Efs 

Rig-up, Drilling, 
and Rig-down Drilling Equipment - Avg 1200  1  40  24  35  2270010010  Tier 2  >1200 

 
Construction 

Site 
Equipment Type 

Tier Emission Factors (g/hp-hr) 
VOC CO NOx PM10 PM2.5 SO2 CO2 CH4 N2O 

Rig-up, Drilling, 
and Rig-down Drilling Equipment - Avg 

0.26  2.61  4.53  0.15  0.15  0.11  530  0.004  0.002 
Source: EPA Federal Tier Standards 
aN2O factor source: 2009 API O&G GHG Methodologies Compendium, Tables 4-13 and 4-17. 130,500 Btu/gallon, 2545 Btu/hp-hr. 

 

  Grand Junction Field Office Air Quality Technical Support Document, ENVIRON, 2012 

  
Data updated from White River Air Quality Technical Support Document, URS, 2012 (Fracing Equipment), and from Uncompahgre Field Office Air Quality Technical 
Support Document, ENVIRON, 2012 (Completion) 

Construction Site  Equipment Type 
2011 Emission Factors (g/hp-hr)

VOC CO NOx PM10 PM2.5 SO2 CO2 CH4 N2O
a

Well Pad  For all Construction Equipment  0.18  0.78  2.32  0.15  0.15  0.01  316.19  0.00  0.00 

Well Pad Access 
Road 

For all Construction Equipment 
0.18  0.78  2.32  0.15  0.15  0.01  316.19  0.00  0.00 

Pipeline  For all Construction Equipment  0.18  0.78  2.32  0.15  0.15  0.01  316.19  0.00  0.00 
Source: EPA NONROADS 2008a 
aN2O factor source: 2009 API O&G GHG Methodologies Compendium, Tables 4-13 and 4-17. 130,500 Btu/gallon, 2545 Btu/hp-hr. 

Completion/Fracing                      

Equipment Type Capacity (hp) # of Units 

Avg. 
Load 

Factor 
(%) 

# of 
Operating 
Hours/Day 

# of 
Operating 

Days/activity 
NONROAD SCC Tier Level HP Range 

Completion 
Equipment 1230  1  40  7  1  2270010010  Tier 2  >1200 

Fracing 
Equipment 12000  1  85  24  1  2270010010  Tier 2  >1200 

Refracing 
Equipment 1500  4  97  1  3  2270010010  Tier 2  >1200 
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Fracing frequency per spud  1 

Refracing Frequency per Year per Well  0.25 

 

Cn_CV_Exh Construction Traffic Exhaust          

Well Pad and Access Road Construction Traffic          

Construction Site Destination 

Vehicle 
Round Trip Distance 

(miles) 

# of Round 
Trips/Well 
Pad/ Year Type Class 

Well Pad and Access Road 
Construction Traffic 

Semi Trucks HDDV 16  164 

Pickup Trucks LDDT 16  40 

Pipeline Construction 
Semi Trucks HDDV 16  35 

Pickup Trucks LDDT 16  48 

 
   

Equipment 
Type 

Capacity (hp) 
Tier Emission Factors (g/hp-hr)

VOC CO NOx PM10 PM2.5 SO2 CO2 CH4 N2O
a

Completion 
Equipment 1230 0.26 2.61 4.53 0.15 0.15 0.11 523 0.004 0.002 

Fracing 
Equipment 12000 0.26 2.61 4.53 0.15 0.15 0.11 523 0.004 0.002 

Refracing 
Equipment 1500 0.26 2.61 4.53 0.15 0.15 0.11 523 0.004 0.002 

Source: EPA Federal Tier Standards 
aN2O factor source: 2009 API O&G GHG Methodologies Compendium, Tables 4-13 and 4-17. 130,500 Btu/gallon, 2545 Btu/hp-hr. 
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Drilling/Completion/Fracing Traffic             

Construction Site Destination 
Vehicle 

Round Trip Distance 
(miles) 

# of Round 
Trips/activity/ 

Year Type Class 

Drilling Traffic 
Semi Trucks HDDV 16  917 

Pickup Trucks LDDT 16  274 

Rig Hauling Semi Trucks HDDV 16  1 

Rig Move Drilling Traffic  
Semi Trucks HDDV 16  90 

Pickup Trucks LDDT 16  42 

Well Completion & Testing 
Semi Trucks HDDV 16  84 

Pickup Trucks LDDT 16  74 

 
Cn_HEq_FDust  Construction Traffic Dust    

Area Disturbed for Oil Wells  Avg. Disturbed Acres per wellpad Construction Days 

Well Pad 3.75 15 

Well Pad Access Road and Pipeline Construction 
1.8 8 

    
Road and Pipeline Construction, (Pipeline Percentage of 
Acreage) 6%    

 

 
   

Ops_Well WO  Workovers                

Construction Equipment                   

Activity Equipment Type 
Capacity 

(hp) 

# of 
Operating 
Hours/Day 

# of 
Operating 
Days/Well 

Load Factor 
Well Workover 
Frequency per 

Year 
NONROAD SCC 

Well Workover Workover Equipment 500  10  7  43  0.5  2270010010 
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Tier Level 
HP 

Range 
for Efs 

Tier Emission Factors (g/hp-hr) 

VOC CO NOx PM10 PM2.5 SO2 CO2 CH4 N2Oa 

Tier 2 600-750 0.26 2.61 4.53 0.15 0.15 0.11 530 0.004 0.002 
Traffic             

Activity 
Vehicle Round Trip Distance 

(miles) 

# of Round 
Trips/Well/ 

Year Type Class 

Well Workover 
WO Rig HDDV  4.1  0.6 

Haul Truck HDDV  4.1  1.3 

Pickup Truck LDDT  4.1  6.4 
 

 
blowdown  Blowdown Venting       

 Type Control Efficiency (%) 
Volume of gas vented per blowdown 

Uncontrolled (MCF) 

Frequency of 
Blowdown per well 

per year 

Blowdown 0%  0.81  3.4 

  Data updated from White River Air Quality Technical Support Document, URS, 2012 

 
well completion Completion Venting 

Type 

Total volume of gas 
during completion (mcf) 

All completions 1,000  
  

 
Recompletion  Recompletion Venting       

 Type Control Efficiency (%) 
Volume of gas vented per well per 
recompletion Uncontrolled (MCF) 

No. of recompletion 
per well per year 

Recompletion 0%  30  50% 
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Compressor_Venting  Compressor Venting          

 Type 
Control 

Efficiency (%) 

Volume of gas vented per start-
up or shutdown Uncontrolled 

(MCF) 

Frequency of 
Start-up per well 

per year 

Frequency of 
Shutdown per well 

per year 

Compressor Shutdown 0% 10 1 1 

 

Wellhead Fugitives  Wellhead Fugitive Devices, Pneumatic Devices, and Pneumatic Pumps       

Fugitive Devices             

component 
Ave. # in 

Gas Service 
Ave. # in 

Liquid service 
Ave. # in 

High Oil service 

Ave. # in 
Water/Oil 
Service 

valves 49 14 0 3 
pump seals 2 1 0 0 

others 46 0 0 0 
connectors 0 0 0 0 

flanges 13 8 0 1 
open-ended lines 6 2 0 0 

 
Pneumatic Pumps         

 Type Gallons/yr/pump SCF/Gallon  Number of Pump 

Pneumatic Pumps 91 118 1 

 
Pneumatic Devices       

Device Number of Devices / well 
Lo-Bleed Rate 

(cfh) 

Liquid level controller 2 6 
Pressure controller 1 6 
Valve controllers 2.0 6 
Liquid level controller 0.1 6 

  
Data updated from Colorado River Valley Air Quality Technical Support 
Document, URS, 2012  
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WaterInjection_ 
Pumps_Exh Water Injection Pumps  
                    

Type 
Capacity 

(hp) 

# of 
Units 

per well 

Avg. 
Load 

Factor 
(%) 

# of 
Operating 

Hours 

Equipment 
Category 

2011 Emission Factors (g/hp-hr) 

VOC CO NOx PM10 PM2.5 SO2 CO2 CH4 N2O
a 

Water Injection 
Pumps 347 0.09 47 2920 Pumps 0.13 0.59 2.14 0.10 0.10 0.00 227.95 0.00 0.00 
 Source: EPA NONROADS 2008a                

 aN2O factor source: 2009 API O&G GHG Methodologies Compendium, Tables 4-13 and 4-17. 130,500 Btu/gallon, 2545 Btu/hp-hr. 

 

Misc_Engines_Exh 
Miscellaneous 
Engines               

Construction Site Capacity (hp) 
# of Units 
per Well 

Fraction of wells 
to be served by 
Miscellaneous 

engine 

Avg. Load 
Factor (%) 

# of 
Operating 
Hours/Well 

Equipment 
Category 

Misc. Engines (wellsite water pumps) 19 1 1 47% 8760 Misc. Engines 

 

HP Range 2011 Emission Factors (g/hp-hr) 

VOC CO NOx PM10 PM2.5 SO2 CO2 CH4 N2O
a 

25 0.27 1.68 8.16 0.04 0.04 0.00 557.28 0.01 0.00 
Source: Emission factors for NOx and VOC from EPA Nonroad Spark-Ignition Engines 19 kW and Below - Exhaust Emission Standards, Phase 2, 
Class II Engine. Emission factors for CO, PM10 and PM2.5 and HAPs from AP-42, Volume I, Fifth Edition, Table 3.2-1.  
Emission factors for CO2, CH4, and N2O from Tables C-1 and C-2 of 40 CFR Part 98, Mandatory Reporting of Greenhouse Gases; Final Rule. 
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Condensate Tanks & Traffic Condensate Tanks            

Type  Base Year Assumptions 
Condensate  1. All Condensate Throughput Sent Tanks 

2. Average Condensate Truck Haulout of 200 bbl/load 

Produced Water  3. All Water Throughput Sent Tanks 

4. Average Water Truck Haulout of 100 bbl/load 

5. Based on COGCC data from 2008 to 2011, assumed that about 16 times as much produced water from active wells 
relative to condensate 

Uncontrolled VOC Emission Factors for Condensate Tanks            
Applicable to Garfield, Mesa, Rio Blanco, 
Moffat Counties* 

10  lb/bbl 
        

*The uncontrolled VOC emissions factor from Oil and Gas Exploration and Regulation Requirement Fact Sheet, Colorado Department of Public Health and Environment, Air Pollution 
Control Division, January, 2009. 
http://www.cdphe.state.co.us/ap/sbap/SBAPoilgastankguidance.pdf 

  
Flash Gas Weight Fractions         
CO2 Fraction in Flash Gas   %wt  2 

CH4 Fraction in Flash Gas   %wt  9 

VOC Fraction in Flash Gas   %wt  58 

VOC Molecular weight in Flash gas  lb/lb‐mol  36 

 
Condensate Truck Load-out   
True vapor pressure of liquid loaded, 
pounds per square inch absolute (psia) 5.2 

Mode of Operation 
submerged loading: 
dedicated normal service 
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Produced Water and Condensate Truck Traffic         
            

Construction Site 
Destination 

Vehicle 
Avg. Vehicle Speed 

(mph) 
Round Trip Distance 

(miles) 

# of Round Trips/BBL 
OR Round 

Trips/Year/well 
Type Class 

Produced Condensate 
Hauling Haul Truck (200 bbl) HDDV 15 4 0.005 

Water Hauling Haul Truck (130 bbl) HDDV 15  4  70.19 

  Based on 50% of the water production being hauled. BLM Coalbed Methane Emissions Calculator. Received from BLM March 2012 

 

Ops_RoadMaint Maintenance Traffic            

               

Activity 
Vehicle Total Miles 

Traveled 
Per Well 

Avg. 
Vehicle 
Speed 
(mph) Type Class 

Road 
Maintenance Pickup Truck LDDV 

18 15 

 
 

Compressor_Engines Compressor Engines         

Type of Compressors / Pumps Rate (Hp) # Units per Well 
Annual Compression 

(Hp) 
Operating 

Hours/Year 

Wellhead Compressor Engines 45 0.1 4 6,778 

Lateral Compressor Engines 212 0.02 5 8,760 
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comp_main_ 
Traffic Compressor Station Traffic                 

Activity Vehicle 
Type 

Avg. 
Vehicle 
Speed 
(mph) 

Total Miles 
Traveled per 
Compressor 

Station 
Compressor 
Maintenance 

Pickup 
Truck 13 107 

                   
Reclaim-
RdsWells Well Pad Reclamation                 

Activity 
Vehicle 

Type 

Avg. 
Vehicle 
Speed 
(mph) 

Total Miles 
Traveled per 

Well 

Road and 
Well Pad 
Reclamation 

Pickup 
Truck 15  416 

                   

 
Others Traffic Other Traffic                 

Activity 
Vehicle 

Type 

Avg. 
Vehicle 
Speed 
(mph) 

Round Trip 
Distance 
(miles) 

# of Round 
Trips/Year/well 

Fuel Hauling HDDV 15 7 7 

                   

 
Heaters and Flaring Heaters         

Wellsite  Heaters  Heater Rating (MMBtu/hr) Fraction of the year heating hr/yr 
No.of Units 

per Well 

Heaters 0.23  0.17  1460  3 

Reboilers 0.25  0.50  4380  1 

The Bull Mountain Emission Inventory estimated emissions from one separator heater with 0.125 mmbtu/hr heater rating,4380 hours /year and 4 tank heaters with 0.25 
mmbtu/hr heater rating and 730 hours/year.  For this project, weighted average of separator heater and tank heaters data were used to estimate heater emissions. 
 

Ops Dehy Dehydrators      
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Uncontrolled VOC 
Emissions 
(tons/mscf) 

Uncontrolled CH4  
Emissions 
(tons/mscf) 

Uncontrolled CO2 
Emissions 
(tons/mscf) 

1.72E‐06  2.24E‐06  2.91E‐06 
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APPENDIX C‐3 
 

Coalbed Natural Gas Well 
Calculator Inputs by Source Category 
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Note:  Yellow highlights indicate that inputs were obtained from theBLM Coalbed Methane Emissions Calculator. Received 
from BLM March 2012.  All inputs taken from other sources are noted. 

 
 

Gas Analysis & Venting  Speciated Sales Gas Analysis 

Gas Component 
Mole Fraction 

(%) 

Methane C1  97.913 

Ethane C2  0.000 

Nitrogen  1.173 

Water  0.000 

Carbon Dioxide  0.851 

Nitrous Oxide  0.000 

Hydrogen Sulfide  0.000 

Propane C3  0.063 

i‐Butane i‐C4  0.000 

n‐Butane n‐C4  0.000 

i‐Pentane iC5  0.000 

n‐Pentane nC5  0.000 

Hexanes C6  0.000 

Heptanes C7  0.000 

Octanes+  0.000 

Benzene  0.000 

Ethylbenzene  0.000 

n‐Hexane n‐C6  0.000 

Toluene  0.000 

2,2,4‐Trimethylpentane  0.000 

Xylenes  0.000 
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Drilling                      

 

Construction 
Site 

Equipment Type 
Capacity 

(hp) 
# of 

Units 

Avg. 
Load 

Factor 
(%) 

# of 
Operating 
Hours/Day 

# of Operating 
Days/activity 

NONROAD 
SCC 

Tier Level 
HP 

Range 
for Efs 

Rig-up, Drilling, 
and Rig-down Drilling Equipment - Avg 400  3  77  24  3  2270010010  Tier 2  300‐600 

 
Construction 

Site 
Equipment Type 

Tier Emission Factors (g/hp-hr) 
VOC CO NOx PM10 PM2.5 SO2 CO2 CH4 N2Oa 

Rig-up, Drilling, 
and Rig-down Drilling Equipment - Avg 0.26 2.61 4.53 0.15 0.15 0.11 530 0.004 0.002 
Source: EPA Federal Tier Standards 
aN2O factor source: 2009 API O&G GHG Methodologies Compendium, Tables 4-13 and 4-17. 130,500 Btu/gallon, 2545 Btu/hp-hr. 

 

 

Cn_HEq_Exh  Construction/Drilling/Completion Equipment                   

Construction Equipment                      

Construction Site  Equipment Type 
Capacity 
(hp) 

# of Units 
Avg. Load 
Factor (%) 

# of Operating 
Hours/Day 

# of Operating 
Days/Well Pad 

Equipment Category  HP Range 

Well Pad  Construction Equipment  200  2  80  12  3 
Other Construction 
Equipment 

300 

Well Pad Access 
Road 

Construction Equipment  200  1  80  4  1 
Other Construction 
Equipment 

300 

Pipeline  Construction Equipment  200  2  80  10  2 
Other Construction 
Equipment 

300 

Construction Site  Equipment Type 
2011 Emission Factors (g/hp-hr)

VOC CO NOx PM10 PM2.5 SO2 CO2 CH4 N2O
a

Well Pad  Construction Equipment  0.18 0.78 2.32 0.15 0.15 0.01 316.19 0.00 0.00 
Well Pad Access 
Road 

Construction Equipment  0.18 0.78 2.32 0.15 0.15 0.01 316.19 0.00 0.00 
Pipeline  Construction Equipment  0.18 0.78 2.32 0.15 0.15 0.01 316.19 0.00 0.00 
Source: EPA NONROADS 2008a 
aN2O factor source: 2009 API O&G GHG Methodologies Compendium, Tables 4-13 and 4-17. 130,500 Btu/gallon, 2545 Btu/hp-hr. 
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Fracing frequency per spud  ‐ 

Refracing Frequency per Year per Well  ‐ 

 

   

Completion/Fracing                      

Equipment Type Capacity (hp) # of Units 

Avg. 
Load 

Factor 
(%) 

# of 
Operating 
Hours/Day 

# of 
Operating 

Days/activity 
NONROAD SCC Tier Level HP Range 

Completion 
Equipment 400  1  50  10  5  2270010010  Tier 2  300‐600 

Fracing 
Equipment - - - - - - - - 

Refracing 
Equipment - - - - - - - - 

Equipment 
Type 

Capacity (hp) 
Tier Emission Factors (g/hp-hr)

VOC CO NOx PM10 PM2.5 SO2 CO2 CH4 N2O
a

Completion 
Equipment 400  0.26 2.61 4.53 0.15 0.15 0.11 523 0.004 0.002 

Fracing 
Equipment - - - - - - - - - - 

Refracing 
Equipment - - - - - - - - - - 

Source: EPA Federal Tier Standards 
aN2O factor source: 2009 API O&G GHG Methodologies Compendium, Tables 4-13 and 4-17. 130,500 Btu/gallon, 2545 Btu/hp-hr. 
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Cn_CV_Exh Construction Traffic Exhaust          

Well Pad and Access Road Construction Traffic          

Construction Site Destination 

Vehicle 
Round Trip Distance 

(miles) 

# of Round 
Trips/Well 
Pad/ Year Type Class 

Well Pad and Access Road 
Construction Traffic 

Semi Trucks HDDV 20  3 

Pickup Trucks LDDT 20  3 

Pipeline Construction 
Semi Trucks HDDV 20  8 

Pickup Trucks LDDT 20  8 

 
Drilling/Completion/Fracing Traffic             

Construction Site Destination 
Vehicle 

Round Trip Distance 
(miles) 

# of Round 
Trips/activity/ 

Year Type Class 

Drilling Traffic 
Semi Trucks HDDV 20  2 

Pickup Trucks LDDT 20  20 

Rig Hauling Semi Trucks HDDV 20  12 

Rig Move Drilling Traffic  
Semi Trucks HDDV 20  1 

Pickup Trucks LDDT 20  16 

Well Completion & Testing 
Semi Trucks HDDV 20  36 

Pickup Trucks LDDT 20  12 

 
Cn_HEq_FDust  Construction Traffic Dust    

Area Disturbed for Oil Wells  
Avg. Disturbed Acres per 

wellpad 
Construction Days 

Well Pad 6.00  2.50 

Well Pad Access Road and Pipeline 
Construction 4.9  2.17 

    
Road and Pipeline Construction, 
(Pipeline Percentage of Acreage) 6%    

 Data from Uncompahgre Field Office Air Quality Technical Support Document, ENVIRON, 2012 
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Tier Level 
HP 

Range 
for Efs 

Tier Emission Factors (g/hp-hr) 

VOC CO NOx PM10 PM2.5 SO2 CO2 CH4 N2Oa 

Tier 2 600-750 0.26 2.61 4.53 0.15 0.15 0.11 530 0.004 0.002 

 

Traffic             

Activity 
Vehicle Round Trip Distance 

(miles) 

# of Round 
Trips/Well/ 

Year Type Class 

Well Workover 
WO Rig HDDV 20  1 

Haul Truck HDDV 20  1 

Pickup Truck LDDT 20  2 

 
blowdown  Blowdown Venting       

 Type Control Efficiency (%) 
Volume of gas vented per blowdown 

Uncontrolled (MCF) 

Frequency of 
Blowdown per well 

per year 

Blowdown 0%  200  2.0 

  Data updated from White River Air Quality Technical Support Document, URS, 2012 

 
well completion Completion Venting 

Type 

Total volume of gas 
during completion (mcf) 

All completions 1,000  
Data updated from White River Air Quality Technical Support Document, URS, 2012 

Ops_Well WO  Workovers                

Construction Equipment                   

Activity Equipment Type 
Capacity 

(hp) 

# of 
Operating 
Hours/Day 

# of 
Operating 
Days/Well 

Load Factor 
Well Workover 
Frequency per 

Year 
NONROAD SCC 

Well Workover Workover Equipment 400  10  2  43  0.08  2270010010 

 Data from Uncompahgre Field Office Air Quality Technical Support Document, ENVIRON, 2012 
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Recompletion  Recompletion Venting       

 Type Control Efficiency (%) 
Volume of gas vented per well per 
recompletion Uncontrolled (MCF) 

No. of recompletion 
per well per year 

Recompletion 0% 1000 1% 
     Data updated from White River Air Quality Technical Support Document, URS, 2012 
Compressor_Venting  Compressor Venting          

 Type 
Control 

Efficiency (%) 

Volume of gas vented per start-
up or shutdown Uncontrolled 

(MCF) 

Frequency of 
Start-up per well 

per year 

Frequency of 
Shutdown per well 

per year 

Compressor Shutdown 0% 10 1 1 
 Data from Uncompahgre Field Office Air Quality Technical Support Document, ENVIRON, 2012 

 

Wellhead Fugitives  Wellhead Fugitive Devices, Pneumatic Devices, and Pneumatic Pumps       

Fugitive Devices             

component 
Ave. # in 

Gas Service 
Ave. # in 

Liquid service 
Ave. # in 

High Oil service 

Ave. # in 
Water/Oil 
Service 

valves 49 14 0 3 
pump seals 2 1 0 0 

others 46 0 0 0 
connectors 0 0 0 0 

flanges 13 8 0 1 
open-ended lines 6 2 0 0 
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Pneumatic Pumps         

 Type Gallons/yr/pump SCF/Gallon  Number of Pump 

Pneumatic Pumps - - - 

 
Pneumatic Devices       

Device Number of Devices / well 
Lo-Bleed Rate 

(cfh) 

Liquid level controller  5  6 

Transducer  5  6 

 

WaterInjection_ 
Pumps_Exh Water Injection Pumps  
                    

Type 
Capacity 

(hp) 

# of 
Units 

per well 

Avg. 
Load 

Factor 
(%) 

# of 
Operating 

Hours 

Equipment 
Category 

2011 Emission Factors (g/hp-hr) 

NOxa  PM10b  SO2b  COa   VOCa  PM2.5b  CO2c  CH4c  N2Oc 

Water Injection 
Pumps 34  1  47  8760  Pumps 

2.14  0.10  0.0045  0.59  0.13  0.10  227.95  0.002  0.002 

a Source: assume compressors will comply with NSPS 40 CFR part 60 subpart JJJJ (same rates as Colorado Regulation 7) 
b Source: EPA, AP‐42 Section 3.2 Natural Gas Fired Reciprocating Engines 
c EPA Mandatory GHG Reporting, Part 98, Subpart C, Tables C‐1 and C‐2.                

 

 

Condensate Tanks & Traffic Condensate Tanks            

Type  Base Year Assumptions 
Condensate  1. All Condensate Throughput Sent Tanks 

2. Average Condensate Truck Haulout of 200 bbl/load 

Produced Water  3. All Water Throughput Sent Tanks 

4. Average Water Truck Haulout of 100 bbl/load 

5. Based on COGCC data from 2008 to 2011, assumed that about 16 times as much produced water from active wells relative to 
condensate 
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Uncontrolled VOC Emission Factors for Condensate Tanks          

Applicable to Garfield, Mesa, Rio Blanco, 
Moffat Counties* 

10  lb/bbl 
      

*The uncontrolled VOC emissions factor from Oil and Gas Exploration and Regulation Requirement Fact Sheet, Colorado Department of Public Health and Environment, Air Pollution Control 
Division, January, 2009. 
http://www.cdphe.state.co.us/ap/sbap/SBAPoilgastankguidance.pdf 

Flash Gas Weight Fractions         
CO2 Fraction in Flash Gas   %wt  2 

CH4 Fraction in Flash Gas   %wt  9 

VOC Fraction in Flash Gas   %wt  58 

VOC Molecular weight in Flash gas  lb/lb‐mol  36 

 
Condensate Truck Load-out   
True vapor pressure of liquid loaded, 
pounds per square inch absolute (psia) 5.2 

Mode of Operation 
submerged loading: 
dedicated normal service 

 

Produced Water and Condensate Truck Traffic         
            

Construction Site 
Destination 

Vehicle 
Avg. Vehicle Speed 

(mph) 
Round Trip Distance 

(miles) 

# of Round Trips/BBL 
OR Round 

Trips/Year/well 
Type Class 

Produced Condensate 
Hauling Haul Truck (200 bbl) HDDV 30  20  0.0 

Water Hauling Haul Truck (130 bbl) HDDV 35  20  70 

  Assumed 50% of the water production is hauled.  
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Ops_RoadMaint Maintenance Traffic            

               

Activity 
Vehicle Total Miles 

Traveled 
Per Well 

Avg. 
Vehicle 
Speed 
(mph) Type Class 

Road 
Maintenance Pickup Truck LDDV 

1 15 

 
 

comp_main_ 
Traffic Compressor Station Traffic                 

Activity Vehicle 
Type 

Avg. 
Vehicle 
Speed 
(mph) 

Total Miles 
Traveled per 
Compressor 

Station 
Compressor 
Maintenance 

Pickup 
Truck 35  2,920 

                 
Reclaim-
RdsWells Well Pad Reclamation                 

Activity 
Vehicle 

Type 

Avg. 
Vehicle 
Speed 
(mph) 

Total Miles 
Traveled per 

Well 

Road and 
Well Pad 
Reclamation 

Pickup 
Truck 30  28 

                   

 

   



December 2014 
 
 

C‐68 

Others Traffic Other Traffic                 

Activity 
Vehicle 

Type 

Avg. 
Vehicle 
Speed 
(mph) 

Round Trip 
Distance 
(miles) 

# of Round 
Trips/Year/well 

Fuel Hauling HDDV 15  14  1.0 

                   

 
Heaters and Flaring Heaters         

Wellsite  Heaters  Heater Rating (MMBtu/hr) Fraction of the year heating hr/yr 
No.of Units 

per Well 

Heaters 0.50  0.30  8760  1 

Reboilers 3.00  0.30  8760  0.002 

 Data from Uncompahgre Field Office Air Quality Technical Support Document, ENVIRON, 2012 

 
Ops Dehy Dehydrators      

Uncontrolled VOC 
Emissions 
(tons/mscf) 

Uncontrolled CH4  
Emissions 
(tons/mscf) 

Uncontrolled CO2 
Emissions 
(tons/mscf) 

1.26E‐07  1.60E‐05  0.00E+00 
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APPENDIX C‐4 
 

Conventional Oil Well 
Calculator Inputs by Source Category 
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Note:  Yellow highlights indicate that inputs were obtained from the Uncompahgre Field Office Air Quality Technical 
Support Document, ENVIRON, 2012.  All inputs taken from other sources are noted. 

 
 

Gas Analysis & Venting  Speciated Sales Gas Analysis 

Gas Component 
Mole Fraction 

(%) 

Methane C1  81.012 

Ethane C2  4.334 

Nitrogen  6.718 

Water  0.000 

Carbon Dioxide  5.380 

Nitrous Oxide  0.000 

Hydrogen Sulfide  0.000 

Propane C3  1.437 

i‐Butane i‐C4  0.288 

n‐Butane n‐C4  0.329 

i‐Pentane iC5  0.154 

n‐Pentane nC5  0.104 

Hexanes C6  0.111 

Heptanes C7  0.037 

Octanes+  0.017 

Benzene  0.004 

Ethylbenzene  0.000 

n‐Hexane n‐C6  0.068 

Toluene  0.003 

2,2,4‐Trimethylpentane  0.001 

Xylenes  0.002 
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Drilling                      

 

Construction 
Site 

Equipment Type 
Capacity 

(hp) 
# of 

Units 

Avg. 
Load 

Factor 
(%) 

# of 
Operating 
Hours/Day 

# of Operating 
Days/activity 

NONROAD 
SCC 

Tier Level 
HP 

Range 
for Efs 

Rig-up, Drilling, 
and Rig-down Drilling Equipment - Avg 2469 2 40 24 17 2270010010 Tier 2 >1200 

 
Construction 

Site 
Equipment Type 

Tier Emission Factors (g/hp-hr) 
VOC CO NOx PM10 PM2.5 SO2 CO2 CH4 N2Oa 

Rig-up, Drilling, 
and Rig-down Drilling Equipment - Avg 0.26 2.61 4.53 0.15 0.15 0.11 530 0.004 0.002 
Source: EPA Federal Tier Standards 
aN2O factor source: 2009 API O&G GHG Methodologies Compendium, Tables 4-13 and 4-17. 130,500 Btu/gallon, 2545 Btu/hp-hr. 

 

 

Cn_HEq_Exh  Construction/Drilling/Completion Equipment                   

Construction Equipment                      

Construction Site  Equipment Type 
Capacity 
(hp) 

# of Units 
Avg. Load 
Factor (%) 

# of Operating 
Hours/Day 

# of Operating 
Days/Well Pad 

Equipment Category  HP Range 

Well Pad  Construction Equipment  250  4  42  10 
13 
 

Other Construction 
Equipment 

300 

Well Pad Access 
Road 

Construction Equipment  250  4  42  10  10 
Other Construction 
Equipment 

300 

Pipeline  Construction Equipment  250  2  42  10  2 
Other Construction 
Equipment 

300 

Construction Site  Equipment Type 
2011 Emission Factors (g/hp-hr)

VOC CO NOx PM10 PM2.5 SO2 CO2 CH4 N2O
a

Well Pad  Construction Equipment  0.18 0.78 2.32 0.15 0.15 0.01 316.19 0.00 0.00 
Well Pad Access 
Road 

Construction Equipment  0.18 0.78 2.32 0.15 0.15 0.01 316.19 0.00 0.00 
Pipeline  Construction Equipment  0.18 0.78 2.32 0.15 0.15 0.01 316.19 0.00 0.00 
Source: EPA NONROADS 2008a 
aN2O factor source: 2009 API O&G GHG Methodologies Compendium, Tables 4-13 and 4-17. 130,500 Btu/gallon, 2545 Btu/hp-hr. 
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  Grand Junction Field Office Air Quality Technical Support Document, ENVIRON, 2012 

  
Data updated from White River Air Quality Technical Support Document, URS, 2012 (Fracing Equipment), and from Uncompahgre Field Office Air Quality Technical 
Support Document, ENVIRON, 2012 (Completion) 

 

 
Fracing frequency per spud  1 

Refracing Frequency per Year per Well  0.05 

 

   

Completion/Fracing                      

Equipment Type Capacity (hp) # of Units 

Avg. 
Load 

Factor 
(%) 

# of 
Operating 
Hours/Day 

# of 
Operating 

Days/activity 
NONROAD SCC Tier Level HP Range 

Completion 
Equipment 1230 1 40 7 1 2270010010 Tier 2 >1200 

Fracing 
Equipment 12000 1 85 24 1 2270010010 Tier 2 >1200 

Refracing 
Equipment 1500 4 97 1 3 2270010010 Tier 2 >1200 

Equipment 
Type 

Capacity (hp) 
Tier Emission Factors (g/hp-hr)

VOC CO NOx PM10 PM2.5 SO2 CO2 CH4 N2O
a

Completion 
Equipment 1230 0.26 2.61 4.53 0.15 0.15 0.11 523 0.004 0.002 

Fracing 
Equipment 12000 0.26 2.61 4.53 0.15 0.15 0.11 523 0.004 0.002 

Refracing 
Equipment 1500 0.26 2.61 4.53 0.15 0.15 0.11 523 0.004 0.002 

Source: EPA Federal Tier Standards 
aN2O factor source: 2009 API O&G GHG Methodologies Compendium, Tables 4-13 and 4-17. 130,500 Btu/gallon, 2545 Btu/hp-hr. 
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Cn_CV_Exh Construction Traffic Exhaust          

Well Pad and Access Road Construction Traffic          

Construction Site Destination 

Vehicle 
Round Trip Distance 

(miles) 

# of Round 
Trips/Well 
Pad/ Year Type Class 

Well Pad and Access Road 
Construction Traffic 

Semi Trucks HDDV 4 80 

Pickup Trucks LDDT 4 30 

Pipeline Construction 
Semi Trucks HDDV 5 16 
Pickup Trucks LDDT 5 18 

 
Drilling/Completion/Fracing Traffic             

Construction Site Destination 
Vehicle 

Round Trip Distance 
(miles) 

# of Round 
Trips/activity/ 

Year Type Class 

Drilling Traffic 
Semi Trucks HDDV 4 136 
Pickup Trucks LDDT 5 136 

Rig Hauling Semi Trucks HDDV 5 1 

Rig Move Drilling Traffic  
Semi Trucks HDDV 5 90 
Pickup Trucks LDDT 5 42 

Well Completion & Testing 
Semi Trucks HDDV 5 84 
Pickup Trucks LDDT 5 74 

                 

Cn_HEq_FDust  Construction Traffic Dust    

Area Disturbed for Oil Wells  
Avg. Disturbed Acres per 

wellpad 
Construction Days 

Well Pad 4.88 13 
Well Pad Access Road and Pipeline 
Construction 9 10 

    
Road and Pipeline Construction, 
(Pipeline Percentage of Acreage) 6%    
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Tier Level 
HP 

Range 
for Efs 

Tier Emission Factors (g/hp-hr) 

VOC CO NOx PM10 PM2.5 SO2 CO2 CH4 N2Oa 

Tier 2 600-750 0.26 2.61 4.53 0.15 0.15 0.11 530 0.004 0.002 

 

Traffic             

Activity 
Vehicle Round Trip Distance 

(miles) 

# of Round 
Trips/Well/ 

Year Type Class 

Well Workover 
WO Rig HDDV 4 4 

Haul Truck HDDV 4 12 
Pickup Truck LDDT 4 20 

 

 
blowdown  Blowdown Venting       

 Type Control Efficiency (%) 
Volume of gas vented per blowdown 

Uncontrolled (MCF) 

Frequency of 
Blowdown per well 

per year 

Blowdown 0% 0.75 3.0 
  Data updated from White River Air Quality Technical Support Document, URS, 2012 

 
well completion Completion Venting 

Type 

Total volume of gas 
during completion (mcf) 

All completions 1,000  
Data updated from White River Air Quality Technical Support Document, URS, 2012 

Ops_Well WO  Workovers                

Construction Equipment                   

Activity Equipment Type 
Capacity 

(hp) 

# of 
Operating 
Hours/Day 

# of 
Operating 
Days/Well 

Load Factor 
Well Workover 
Frequency per 

Year 
NONROAD SCC 

Well Workover Workover Equipment 638 9 6 43 0.08 2270010010 
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Recompletion  Recompletion Venting       

 Type Control Efficiency (%) 
Volume of gas vented per well per 
recompletion Uncontrolled (MCF) 

No. of recompletion 
per well per year 

Recompletion 0% 1000 1% 
     Data updated from White River Air Quality Technical Support Document, URS, 2012 
Compressor_Venting  Compressor Venting          

 Type 
Control 

Efficiency (%) 

Volume of gas vented per start-
up or shutdown Uncontrolled 

(MCF) 

Frequency of 
Start-up per well 

per year 

Frequency of 
Shutdown per well 

per year 

Compressor Shutdown 0% 10 1 1 

 

Wellhead Fugitives  Wellhead Fugitive Devices, Pneumatic Devices, and Pneumatic Pumps       

Fugitive Devices             

component 
Ave. # in 

Gas Service 
Ave. # in 

Liquid service 
Ave. # in 

High Oil service 

Ave. # in 
Water/Oil 
Service 

valves 49 14 0 3 
pump seals 2 1 0 0 

others 46 0 0 0 
connectors 0 0 0 0 

flanges 13 8 0 1 
open-ended lines 6 2 0 0 

 
Pneumatic Pumps         

 Type Gallons/yr/pump SCF/Gallon  Number of Pump 

Pneumatic Pumps 91 118 1 

 
Pneumatic Devices       

Device Number of Devices / well 
Lo-Bleed Rate 

(cfh) 

Liquid level controller 2 6 
Pressure controller 1 6 
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Valve controllers 2.0 6 
Liquid level controller 0.1 6 

  
Data updated from Colorado River Valley Air Quality Technical Support 
Document, URS, 2012  

 

WaterInjection_ 
Pumps_Exh Water Injection Pumps  
                    

Type 
Capacity 

(hp) 

# of 
Units 

per well 

Avg. 
Load 

Factor 
(%) 

# of 
Operating 

Hours 

Equipment 
Category 

2011 Emission Factors (g/hp-hr) 

VOC CO NOx PM10 PM2.5 SO2 CO2 CH4 N2O
a 

Water Injection 
Pumps 347 0.06 47 2920 Pumps 0.13 0.59 2.14 0.10 0.10 0.00 227.95 0.00 0.00 
 Source: EPA NONROADS 2008a                

 aN2O factor source: 2009 API O&G GHG Methodologies Compendium, Tables 4-13 and 4-17. 130,500 Btu/gallon, 2545 Btu/hp-hr. 

 

Misc_Engines_Exh 
Miscellaneous 
Engines               

Construction Site Capacity (hp) 
# of Units 
per Well 

Fraction of wells 
to be served by 
Miscellaneous 

engine 

Avg. Load 
Factor (%) 

# of 
Operating 
Hours/Well 

Equipment 
Category 

Misc. Engines 118 1 1 50 4380 Misc. Engines 

 
 
 

HP Range 2011 Emission Factors (g/hp-hr) 

VOC CO NOx PM10 PM2.5 SO2 CO2 CH4 N2O
a 

175 0.12 0.41 1.59 0.10 0.10 0.00 227.98 0.00 0.00 
 Source: EPA NONROADS 2008a                  

 aN2O factor source: 2009 API O&G GHG Methodologies Compendium, Tables 4-13 and 4-17. 130,500 Btu/gallon, 2545 Btu/hp-hr. 
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Condensate Tanks & Traffic Condensate Tanks            

Type  Base Year Assumptions 
Condensate  1. All Condensate Throughput Sent Tanks 

2. Average Condensate Truck Haulout of 200 bbl/load 

Produced Water  3. All Water Throughput Sent Tanks 

4. Average Water Truck Haulout of 100 bbl/load 

5. Based on COGCC data from 2008 to 2011, assumed that about 16 times as much produced water from active wells relative to 
condensate 

Uncontrolled VOC Emission Factors for Condensate Tanks          

Applicable to Garfield, Mesa, Rio Blanco, 
Moffat Counties* 

1.6  lb/bbl 
      

*The uncontrolled VOC emissions factor from the BLM crude oil emission calculator 

Flash Gas Weight Fractions         
CO2 Fraction in Flash Gas   %wt  2 

CH4 Fraction in Flash Gas   %wt  9 

VOC Fraction in Flash Gas   %wt  58 

VOC Molecular weight in Flash gas  lb/lb‐mol  36 

 
Condensate Truck Load-out   
True vapor pressure of liquid loaded, 
pounds per square inch absolute (psia) 5.2 

Mode of Operation 
submerged loading: 
dedicated normal service 

 

 

Produced Water and Condensate Truck Traffic         
            

Construction Site 
Destination 

Vehicle Avg. Vehicle Speed 
(mph) 

Round Trip Distance 
(miles) 

# of Round Trips/BBL 
OR Round 

Trips/Year/well 
Type Class 
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Produced Condensate 
Hauling Haul Truck (200 bbl) HDDV 15 4 

0.005 

Water Hauling Haul Truck (130 bbl) HDDV 35 20 70.19 

  Based on 50% of the water production being hauled. BLM Coalbed Methane Emissions Calculator. Received from BLM March 2012 

 

Ops_RoadMaint Maintenance Traffic            

               

Activity 
Vehicle Total Miles 

Traveled 
Per Well 

Avg. 
Vehicle 
Speed 
(mph) Type Class 

Road 
Maintenance Pickup Truck LDDV 

18 15 

 
 

Compressor_Engines Compressor Engines         

Type of Compressors / Pumps Rate (Hp) # Units per Well 
Annual Compression 

(Hp) 
Operating 

Hours/Year 

Wellhead Compressor Engines 45 0.1 4 6,778 

Lateral Compressor Engines 212 0.02 5 8,760 

 

comp_main_ 
Traffic Compressor Station Traffic                 

Activity Vehicle 
Type 

Avg. 
Vehicle 
Speed 
(mph) 

Total Miles 
Traveled per 
Compressor 

Station 

Compressor 
Maintenance 

Pickup 
Truck 13 855 
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Reclaim-
RdsWells Well Pad Reclamation                 

Activity 
Vehicle 

Type 

Avg. 
Vehicle 
Speed 
(mph) 

Total Miles 
Traveled per 

Well 

Road and 
Well Pad 
Reclamation 

Pickup 
Truck 13 1,110 

                   

 
Others Traffic Other Traffic                 

Activity 
Vehicle 

Type 

Avg. 
Vehicle 
Speed 
(mph) 

Round Trip 
Distance 
(miles) 

# of Round 
Trips/Year/well 

Fuel Hauling HDDV 15 7 0.6 

                   
 

 
Heaters and Flaring Heaters         

Wellsite  Heaters  Heater Rating (MMBtu/hr) Fraction of the year heating hr/yr 
No.of Units 

per Well 

Heaters 0.83 0.57 4964 1 
Reboilers 0.67 0.53 4599 1 

 
Ops Dehy Dehydrators      

Uncontrolled VOC 
Emissions 
(tons/mscf) 

Uncontrolled CH4  
Emissions 
(tons/mscf) 

Uncontrolled CO2 
Emissions 
(tons/mscf) 

2.51E‐06  4.03E‐06  3.15E‐07 

  Data updated from White River Air Quality Technical Support Document, URS, 2012 
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APPENDIX C‐5 
 

Midstream Emissions by Field Office and Facility 
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Field Office  County  Facility Name

2011 Emissions (tons/year)

NOx  VOC CO PM10 PM2.5 SO2

Grand Junction   Garfield  BARGATH LLC ‐ CRAWFORD TRAIL 208.02 71.50 80.14 6.262 6.262 0.430 

Grand Junction   Garfield 
CHEVRON USA INC ‐ PICEANCE BASIN 
CENTRAL 91.80 58.22 52.00 1.938 1.938 0.174 

Grand Junction   Garfield  ENCANA (WEST) ‐ HAY CANYON 0.00 23.74 0.00 0.000 0.000 0.000 

Grand Junction   Garfield  NATIONAL FUEL CORP. ‐ BAXTER FACILITY 18.50 2.90 4.40 0.081 0.081 0.005 

Grand Junction   Garfield  OXY USA WTP LP ‐ CONN CREEK GAS 132.80 35.28 19.13 0.010 0.010 1.760 

Grand Junction   Garfield  PUBLIC SERVICE CO BAXTER STATION 58.04 7.56 67.23 0.230 0.230 0.028 

Grand Junction   Garfield  SOURCEGAS DBA ROCKY MTN ‐DEBEQUE C S 28.48 7.97 65.49 0.591 0.591 0.013 

Grand Junction   Garfield  TRANSCOLORADO GAS ‐ CONN CREEK 2.10 0.32 0.28 0.040 0.040 0.000 

Grand Junction   Garfield  WPX ENERGY RKY MTN, LLC ‐ TRAIL RIDGE CS 31.70 8.00 5.85 0.073 0.073 0.004 

Grand Junction   Mesa  ASPEN OPERATING, LLC ‐ SINK CREEK C.S. 49.15 2.81 2.72 0.052 0.000 0.003 

Grand Junction   Mesa 
AXIA ENERGY ‐ TAYLOR COMPRESSOR 
STATION 32.75 54.32 72.48 0.000 0.000 0.000 

Grand Junction   Mesa 
BADGER MIDSTREAM SERVICES ‐ BADGER 
WGP 50.02 31.39 54.43 1.074 1.074 0.075 

Grand Junction   Mesa 
BLACK HILLS MIDSTREAM ‐ HORSESHOE 
CANYON 35.30 66.14 26.50 0.570 0.570 0.035 

Grand Junction   Mesa  COLLBRAN VALLEY GAS ‐ ANDERSON GULCH 127.63 68.11 60.97 4.369 4.366 0.120 

Grand Junction   Mesa  COLLBRAN VALLEY GAS GATHERING‐ CVG #2 192.66 112.89 49.33 0.000 0.000 0.000 

Grand Junction   Mesa  COLORADO FUEL MANUFACTURERS, INC. 33.20 87.51 21.75 0.975 0.975 1.077 

Grand Junction   Mesa 
DELTA PETROLEUM CORP ‐ MVS CS AND 
HCPWRF 4.70 61.90 22.10 0.000 0.000 0.000 

Grand Junction   Mesa  ENCANA ‐ PLATEAU CREEK 19.74 11.24 12.78 0.800 0.800 0.008 

Grand Junction   Mesa  ETC CANYON PIPELINE ‐ BAR X C.S. 12.20 20.48 14.20 0.376 0.376 0.023 

Grand Junction   Mesa  ETC CANYON PIPELINE ‐ PREMIER BAR X 73.32 7.82 5.09 1.340 1.340 0.020 

Grand Junction   Mesa  ETC CANYON PIPELINE ‐PREMIER DEBEQUE 76.04 43.37 55.85 0.998 0.998 0.060 

Grand Junction   Mesa  FRAM OPERATING ‐ REEDER MESA CS 74.46 48.70 100.70 0.011 0.011 0.081 

Grand Junction   Mesa  NATL FUEL CORP 22.07 7.55 8.85 0.307 0.307 0.015 

Grand Junction   Mesa  OXY USA ‐ BRUSH CREEK COMPRESSOR  86.20 61.31 57.57 0.443 0.443 0.027 
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STATION

Grand Junction   Mesa  OXY USA INC. ‐ East Plateau CS 77.67 32.42 48.93 1.772 1.772 0.106 

Grand Junction   Mesa  PICEANCE ENERGY ‐ BRUTON C.S. 12.13 11.03 17.19 0.640 0.640 0.000 

Grand Junction   Mesa  PICEANCE ENERGY LLC  ‐ HAWXHURST RANCH 8.64 23.32 17.26 0.000 0.000 0.000 

Grand Junction   Mesa  PUBLIC SERVICE CO ASBURY STATION 26.78 10.67 43.32 0.110 0.110 0.007 

Grand Junction   Mesa  PUBLIC SERVICE CO HUNTER CANYON STA 16.37 0.62 1.99 0.200 0.200 0.003 

Grand Junction   Mesa  SOURCEGAS DBA ROCKY MTN NG ‐ COLLBRAN 22.82 12.50 19.72 0.460 0.260 0.010 

Grand Junction   Mesa 
TRANSCOLORADO GAS TR CO ‐ WHITEWATER 
CS 12.37 5.73 4.65 0.360 0.360 0.020 

Kremmling   Grand  PUBLIC SERVICE CO WILLIAMS FORK STATION 12.40 0.40 0.75 0.006 0.006 0.001 

Little Snake   Moffat  AGAVE ENERGY ‐ BIL HOL GULCH TREATING 8.58 32.79 17.16 0.040 0.040 0.000 

Little Snake   Moffat  ARGALI EXPLORATION COMPANY 45.59 0.98 3.27 0.080 0.080 0.005 

Little Snake   Moffat 
CUSTOM ENERGY CONSTRUCTION INC BUCK 
PEAK 4.73 3.47 1.92 0.008 0.008 0.001 

Little Snake   Moffat  J W OPERATING CO ‐ GREAT DIVIDE C.S. 10.80 7.79 4.84 0.000 0.000 0.000 

Little Snake   Moffat  J‐W OPERATING COMPANY ‐SAND HILLS 28.40 13.25 2.10 0.000 0.000 0.000 

Little Snake   Moffat  MERIT ENERGY ‐ SANDWASH C.S. 19.34 7.96 12.90 0.000 0.000 0.000 

Little Snake   Moffat  MERRION OIL & GAS ‐ BLUE GRAVEL 34.41 0.11 35.37 0.070 0.070 0.000 

Little Snake   Moffat  OVERLAND PASS ‐ MIDPOINT STATION 0.00 8.60 0.00 0.000 0.000 0.000 

Little Snake   Moffat  QEP FIELD SERVICES ‐ EAST HIAWATHA CS 58.72 31.42 51.98 0.602 0.592 0.036 

Little Snake   Moffat  QEP FIELD SERVICES ‐ LION C.S. 14.30 7.63 14.30 0.475 0.475 0.029 

Little Snake   Moffat  QEP FIELD SERVICES ‐ W HIAWATHA C. S. 32.76 31.87 15.09 0.380 0.380 0.000 

Little Snake   Moffat  QUESTAR ‐ SKULL CREEK DEW POINT PLANT 56.46 87.10 41.61 0.364 0.359 0.022 

Little Snake   Moffat  QUESTAR PIPELINE CO STATE LINE COMP STA 13.41 0.10 1.69 0.320 0.320 0.012 

Little Snake   Moffat 
QUESTAR PIPELINE PWFC SOUTHSIDE 
2/MUSSER 38.54 2.15 1.91 0.070 0.070 0.004 

Little Snake   Moffat  ROCKIES EXPRESS PIPELINE ‐ BIG HOLE CS 12.60 4.01 9.96 0.690 0.690 1.290 

Little Snake   Moffat 
SAMSON RESOURCES ‐ SHELL CREEK GAS 
COND 31.29 1.03 12.70 0.227 0.170 0.003 
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Little Snake   Moffat  WYOMING INTERSTATE ‐ SNAKE RIVER C.S. 64.97 7.58 77.43 4.489 4.489 2.177 

Little Snake   Rio Blanco  CHEVRON USA ‐ WILSON CREEK GAS PLT 4.94 90.10 10.32 0.008 0.007 1.000 

Tres Rios   Archuleta  PUBLIC SERVICE CO ‐ PAGOSA SPRINGS STA 0.10 0.03 0.10 0.000 0.000 0.000 

Tres Rios   Dolores  MID‐AMERICA PIPELINE CO DOVE CR STA 28.22 2.46 34.37 0.460 0.460 0.010 

Tres Rios   Dolores  QEP ENERGY CO ‐ SPARGO NO 2 36.60 0.30 32.70 0.049 0.049 0.003 

Tres Rios   Dolores  TRANSCOLORADO GAS TRANS ‐ DOLORES C.S. 17.49 17.58 10.71 0.580 0.580 0.030 

Tres Rios   Dolores  WILLIAMS FIELD SERV‐ JOHNSON AC #1 FACIL 21.20 30.90 13.48 0.413 0.413 0.025 

Tres Rios   La Plata  BP AMERICA ‐ PINON COMPRESSOR FACILITY 85.00 24.40 79.60 1.460 1.460 0.088 

Tres Rios   Montezuma 
KINDER MORGAN CO2 CO. ‐YELLOW JACKET 
H10 9.00 2.13 1.96 0.422 0.162 17.000 

Tres Rios   Montezuma  MID‐AMERICA PIPELINE CO DOLORES STA 25.27 2.20 30.77 0.460 0.460 0.010 

Tres Rios   Montezuma  NORTHWEST PIPELINE CORP PLEASANT VIEW 94.73 0.51 7.52 1.142 1.142 1.535 

Tres Rios   Montezuma  TRANSCOLORADO GAS TRANS ‐ MANCOS CS 5.97 1.50 2.88 0.150 0.150 0.000 

Tres Rios   Montezuma  WILLIAMS FIELD SERVICES‐ KOSKIE‐BRUMLEY 19.41 21.95 6.47 0.443 0.443 0.027 

Tres Rios   San Miguel  PATARA MIDSTREAM ‐ ANDY'S MESA 117.46 68.20 43.64 1.963 1.963 0.118 

Tres Rios   San Miguel  PATARA MIDSTREAM ‐ HAMILTON CREEK CS 50.86 24.21 27.75 0.426 0.415 0.036 

Tres Rios   San Miguel  PATARA OIL & GAS ‐ DOUBLE EAGLE PLANT 57.03 10.35 18.44 0.081 0.081 0.005 

Uncompahgre   Gunnison  GUNNISON ENERGY‐RAGGED MOUNTAIN C.S. 64.44 55.32 135.60 0.689 0.687 0.053 

Uncompahgre   Montrose  TRANSCOLORADO GAS ‐ OLATHE C.S. 12.37 0.51 12.37 0.320 0.320 0.150 

Uncompahgre   Montrose  TRANSCOLORADO GAS TRANS ‐ REDVALE CS 17.23 9.42 5.78 0.680 0.680 0.030 

Uncompahgre   San Miguel 
ROCKY MOUNTAIN NATURAL GAS ‐ 
NORWOOD C.S 12.20 7.30 25.20 0.213 0.213 0.013 

CRV (in Roan Plt.)  Garfield  BARGATH ‐ RABBIT BRUSH C.S.  177.82 64.32 35.31 5.53 5.53 0.30 
CRV (in Roan Plt.)  Garfield  BARGATH LLC ‐ ANVIL POINTS CS  131.00 52.60 40.00 2.77 2.77 0.17 
CRV (in Roan Plt.)  Garfield  BARGATH LLC ‐ CLOUGH CS  100.80 82.90 40.80 1.98 1.98 0.12 
CRV (in Roan Plt.)  Garfield  BARGATH LLC ‐ COTTONWOOD POINT CS  132.60 86.40 132.60 2.27 2.27 0.14 
CRV (in Roan Plt.)  Garfield  BARGATH LLC ‐ HAYBARN  54.80 20.30 33.92 2.12 2.12 0.09 
CRV (in Roan Plt.)  Garfield  BARGATH LLC ‐ HAYES GULCH  115.80 58.05 34.20 2.35 2.35 0.14 
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CRV (in Roan Plt.)  Garfield  BARGATH LLC ‐ HEATH CS  220.13 83.88 64.88 4.51 4.51 0.28 
CRV (in Roan Plt.)  Garfield  BARGATH LLC ‐ PARACHUTE  299.21 146.32 161.67 9.68 9.68 0.39 
CRV (in Roan Plt.)  Garfield  BARGATH LLC ‐ RIFLE STATION  2.80 33.90 2.40 0.00 0.00 0.00 
CRV (in Roan Plt.)  Garfield  BARGATH LLC ‐ RILEY CS  115.80 62.40 34.05 2.35 2.35 0.14 
CRV (in Roan Plt.)  Garfield  BARGATH LLC ‐ ROAN CLIFFS GAS PLANT  94.60 47.60 66.70 1.80 1.80 0.10 
CRV (in Roan Plt.)  Garfield  BARGATH LLC ‐ RULISON CS  116.72 63.71 34.91 0.00 0.00 0.00 
CRV (in Roan Plt.)  Garfield  BARGATH LLC ‐ SHARRARD CS  131.84 60.94 64.95 2.98 2.98 0.16 
CRV (in Roan Plt.)  Garfield  BARGATH LLC ‐ WEBSTER HILL  172.95 82.59 61.67 5.29 5.29 0.29 
CRV (in Roan Plt.)  Garfield  BARGATH LLC ‐ WHEELER GULCH CS  96.50 49.20 28.50 1.90 1.90 0.07 
CRV (in Roan Plt.) 

Garfield 
BARGATH, LLC ‐ WASATCH COMPRESSOR 
YARD  86.00 82.19 35.60 1.56 1.56 0.09 

CRV (in Roan Plt.)  Garfield  ENCANA ‐ RIFLE BOOSTER STATION  43.52 41.73 48.75 1.33 1.32 0.00 
CRV (in Roan Plt.)  Garfield  ENCANA (WEST) ‐ MIDDLE FORK C.S.  0.00 422.07 20.10 0.00 0.00 0.00 
CRV (in Roan Plt.)  Garfield  ETC CANYON PIPELINE ‐ RIFLE C.S.  238.88 92.78 137.93 4.73 4.73 0.26 
CRV (in Roan Plt.)  Garfield  HALLIBURTON ENERGY SVCS  2.66 0.21 0.57 0.18 0.18 0.18 
CRV (in Roan Plt.)  Garfield  PUBLIC SERVICE CO ‐ RIFLE GAS PLANT  16.99 18.29 3.33 0.55 0.55 0.01 
CRV (in Roan Plt.) 

Garfield 
WILLIAMS PRODUCTION RMT CO ‐ WEBSTER 
CS  10.46 2.10 10.46 0.00 0.00 0.00 

CRV (in Roan Plt.) 
Garfield 

WILLIAMS RMT CO ‐ DOE COMPRESSOR 
STATION  33.10 12.90 3.70 0.09 0.09 0.01 

CRV (not in Roan Plt.)  Garfield  ANTERO RES ‐ CASTLE SPRINGS CENTRAL  18.30 6.11 18.30 0.25 0.25 0.02 
CRV (not in Roan Plt.) 

Garfield 
ANTERO RESOURCES ‐ HUNTER MESA COMP 
STAT  26.14 38.03 31.97 0.00 0.00 0.00 

CRV (not in Roan Plt.)  Garfield  BARGATH LLC ‐ CALLAHAN C.S.  102.00 64.45 34.20 2.35 2.35 0.14 
CRV (not in Roan Plt.)  Garfield  BARGATH LLC ‐ GRAND VALLEY  94.61 68.70 92.70 1.48 1.41 0.56 
CRV (not in Roan Plt.)  Garfield  BARGATH LLC ‐ HOOVER EXPRESS  132.00 71.69 39.00 2.70 2.28 0.18 
CRV (not in Roan Plt.)  Garfield  BARGATH LLC ‐ JANGLES  68.00 43.55 22.80 1.55 1.55 0.09 
CRV (not in Roan Plt.)  Garfield  BARGATH LLC ‐ STARKEY GULCH CS  132.00 50.95 39.00 2.69 2.69 0.16 
CRV (not in Roan Plt.)  Garfield  BARGATH LLC ‐ UNA COMPRESSOR STATION  155.05 65.53 51.83 3.60 3.18 0.45 
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CRV (not in Roan Plt.)  Garfield  BARGATH, LLC ‐ HYRUP PROD FACILITY  237.62 124.37 82.05 5.77 5.69 0.92 
CRV (not in Roan Plt.)  Garfield  BILL BARRETT ‐ BAILEY COMPRESSOR STATION  166.37 193.20 69.30 7.77 7.77 0.44 
CRV (not in Roan Plt.)  Garfield  BILL BARRETT CORP ‐ MAMM CREEK CS  292.06 78.37 227.95 15.53 4.44 0.71 
CRV (not in Roan Plt.) 

Garfield 
ENCANA OIL & GAS ‐ HIGH MESA COMP 
STATIO  99.45 262.57 16.69 1.99 1.99 0.12 

CRV (not in Roan Plt.)  Garfield  ENTERPRISE PRODUCTS OP‐ JACKRABBIT CS  194.08 141.91 134.34 0.01 0.01 0.00 
CRV (not in Roan Plt.)  Garfield  ETC CANYON PIPELINE ‐ HOLMES MESA CS  123.73 101.83 82.67 0.00 0.00 0.00 
CRV (not in Roan Plt.)  Garfield  ETC CANYON PIPELINE ‐ WALLACE CREEK CS  0.00 18.00 0.00 0.00 0.00 0.00 
CRV (not in Roan Plt.)  Garfield  GRAND RIVER GATH ‐ EAST MAMM CREEK CS  138.21 162.64 80.27 3.86 3.86 0.23 
CRV (not in Roan Plt.)  Garfield  GRAND RIVER GATHERING ‐ HUNTER MESA CS  148.32 181.24 87.43 0.00 0.00 0.00 
CRV (not in Roan Plt.)  Garfield  GRAND RIVER GATHERING ‐ ORCHARD CS  63.20 34.61 20.90 1.07 1.07 0.06 
CRV (not in Roan Plt.)  Garfield  GRAND RIVER GATHERING ‐ PUMBA CS  98.35 122.76 140.49 3.56 3.56 0.21 
CRV (not in Roan Plt.)  Garfield  NOBLE ENERGY ‐ RULISON STATION  38.84 4.01 14.68 0.84 0.84 0.05 
CRV (not in Roan Plt.)  Garfield  PETROLEUM DEVELOPMENT ‐ GARDEN GULCH  26.20 42.03 39.14 1.49 1.49 0.09 
CRV (not in Roan Plt.)  Mesa  OXY USA ‐ ALKALI CREEK C.S.  71.56 64.13 56.49 0.04 0.04 0.00 
CRV (not in Roan Plt.)  Mesa  SG INTERESTS I ‐ DIVIDE CREEK TREATMENT  39.91 24.14 33.43 1.48 1.48 0.11 

White River Valley  Garfield  HUNTER RIDGE ‐ CDP K22 496  29.57 31.78 56.86 0.00 0.00 0.00 

White River Valley  Garfield  HUNTER RIDGE ENERGY ‐ STORY GULCH C.S.  155.07 236.41 96.81 0.00 0.00 0.01 

White River Valley  Rio Blanco  BARGATH LLC ‐ BLACK SULPHUR CREEK  31.90 0.35 52.20 0.13 0.13 0.01 

White River Valley  Rio Blanco  BARGATH LLC ‐ GREASEWOOD CS  96.28 45.82 28.38 1.96 1.96 0.12 

White River Valley  Rio Blanco  BARGATH LLC ‐ RYAN GULCH GAS  192.00 127.15 27.30 5.64 5.64 0.34 

White River Valley  Rio Blanco  BARGATH LLC ‐ SAGEBRUSH GAS PROCESSING  157.28 44.81 117.04 3.46 3.04 0.20 

White River Valley  Rio Blanco  CCES PICEANCE ‐ BUCKSKIN MESA CFS‐2  84.70 30.80 21.80 2.70 2.40 0.00 

White River Valley  Rio Blanco  ENCANA OIL ‐ EAST DRAGON TRAIL CS  34.66 22.93 41.55 0.53 0.53 0.03 

White River Valley  Rio Blanco  ENCANA OIL & GAS ‐ DRAGON TRAIL  431.04 99.33 174.57 13.91 13.89 0.23 

White River Valley  Rio Blanco  ENCANA OIL & GAS ‐ PARK CANYON WEST  48.83 40.99 31.73 0.43 0.43 0.03 

White River Valley  Rio Blanco  ENCANA OIL & GAS (USA) INC ‐ BULL FORK  39.53 56.80 12.12 0.00 0.00 0.00 

White River Valley  Rio Blanco  ENCANA OIL & GAS (USA), INC. ‐ CR 109 CS  2.81 1.03 2.53 0.04 0.04 0.00 
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White River Valley  Rio Blanco  ENCANA OIL & GAS (USA), INC. ‐ HORSE DRA  10.23 5.93 5.73 0.22 0.22 0.01 

White River Valley  Rio Blanco  ENCANA OIL & GAS (USA), INC.‐ W DRAGON T  60.19 37.96 48.30 0.54 0.54 0.03 

White River Valley  Rio Blanco  ENCANA OIL & GAS (USA), INC‐W DOUGLAS CR  32.20 97.11 32.20 3.34 3.34 0.07 

White River Valley  Rio Blanco  ENTERPRISE GAS PROC ‐ MEEKER GAS PLANT  138.73 317.66 254.06 26.40 26.40 205.27 

White River Valley  Rio Blanco  ENTERPRISE GAS‐PICEANCE DEV. PROJECT  93.18 208.64 112.70 4.54 4.54 21.83 

White River Valley  Rio Blanco  ETC CANYON PIPELINE ‐ N. DOUGLAS CREEK  72.17 54.12 83.19 1.82 0.45 0.10 

White River Valley  Rio Blanco  ETC CANYON PIPELINE‐ CATHEDRAL C.S.  10.77 0.63 1.04 0.02 0.02 0.00 

White River Valley  Rio Blanco  ETC CANYON PIPELINE‐FOUNDATION CREEK  73.05 69.47 49.87 0.58 0.58 0.03 

White River Valley  Rio Blanco  KINDER MORGAN TREATING ‐ MEEKER PLANT  44.96 26.30 43.77 1.56 1.40 0.13 

White River Valley  Rio Blanco  NORTHWEST PIPELINE CORP RANGELY STA  382.05 11.61 53.51 2.67 2.67 0.04 

White River Valley  Rio Blanco  PICEANCE BASIN GAS GATH ‐ FLETCHER PLANT  45.56 60.67 75.59 1.15 1.15 0.07 

White River Valley  Rio Blanco  PUBLIC SERVICE CO GREASEWOOD STATION  24.41 0.17 21.51 0.05 0.05 0.00 

White River Valley  Rio Blanco  QUESTAR PIPELINE CO ‐ GREASEWOOD GULCH  51.56 22.50 9.20 2.32 2.32 0.13 

White River Valley  Rio Blanco  ROCKY MOUNTAIN NAT GAS ‐ PICEANCE  28.29 31.86 36.01 0.92 0.29 0.02 

White River Valley  Rio Blanco  SOUTH‐TEX ‐ BASS YELLOW CREEK  14.59 54.91 12.26 0.00 0.00 0.00 

White River Valley  Rio Blanco  WEST TEXAS ‐ PICEANCE CREEK GP  61.67 52.39 52.63 1.04 1.03 0.06 

White River Valley  Rio Blanco  WHITING OIL & GAS CORP‐BOIES RANCH  32.04 37.48 23.06 1.47 1.47 0.09 

White River Valley  Rio Blanco  WHITING OIL & GAS ‐JIMMY GULCH STATION  23.28 19.25 10.03 0.52 0.52 0.03 

White River Valley  Rio Blanco  WILLIAMS FIELD ‐ WILLOW CREEK GAS PLANT  199.84 109.89 218.90 37.61 36.90 71.75 

White River Valley  Rio Blanco  XTO ENERGY, INC. ‐ PICEANCE CREEK  89.96 91.71 90.02 7.12 6.79 7.85 

White River Valley  Mesa  PIONEER NATURAL RES ‐ CSP‐3  24.40 5.50 23.09 0.42 0.42 0.02 

Canyon Of The 
Ancients Nm  Montezuma 

KINDER MORGAN CO2 CO. ‐HOVENWEEP 
CENTRAL  8.60 2.13 1.96 0.422 0.325 16.844 
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Table F1. Field Office to Representative County On‐road Emission Factor Cross‐reference. 

Field Office  County 

Colorado River Valley  Garfield County 

Kremmling Field Office  Grand County 

Tres Rios Field Office  La Plata County 

Grand Junction Field Office  Mesa County 

Little Snake Field Office  Moffat County 

Uncompahgre Field Office  Montrose County 

White River Field Offices  Rio Blanco County 

 

Table F2. On‐road Light Duty and Heavy Duty Truck Emisison Factors by Representative County and by Project Year.  

County  Year  Vehicle Type 

Emission Rates (grams/mile)

VOC CO NOx PM10 PM2.5 SO2 CO2 CH4 N2O
Garfield County  2011  Light Duty  1.02  12.80  1.49  0.05  0.03  0.01  491  0.05  0.03 

Garfield County  2011  Heavy Duty  0.71  3.94  14.41  1.09  0.93  0.02  2403  0.03  0.00 

Grand County  2011  Light Duty  1.04  13.58  1.50  0.06  0.04  0.01  495  0.06  0.03 

Grand County  2011  Heavy Duty  0.73  4.04  14.69  1.09  0.93  0.02  2404  0.04  0.00 

La Plata County  2011  Light Duty  0.99  12.58  1.48  0.05  0.03  0.01  490  0.05  0.03 

La Plata County  2011  Heavy Duty  0.72  4.07  14.57  1.09  0.93  0.02  2404  0.04  0.00 

Mesa County  2011  Light Duty  0.98  11.99  1.45  0.05  0.02  0.01  488  0.05  0.03 

Mesa County  2011  Heavy Duty  0.71  3.99  14.28  1.09  0.93  0.02  2403  0.03  0.00 

Moffat County  2011  Light Duty  1.00  12.78  1.47  0.05  0.03  0.01  492  0.05  0.03 

Moffat County  2011  Heavy Duty  0.73  4.06  14.54  1.09  0.93  0.02  2404  0.04  0.00 

Montrose County  2011  Light Duty  0.97  12.22  1.46  0.05  0.03  0.01  489  0.05  0.03 

Montrose County  2011  Heavy Duty  0.72  4.07  14.44  1.09  0.93  0.02  2404  0.04  0.00 

Rio Blanco County  2011  Light Duty  1.00  12.68  1.47  0.05  0.03  0.01  491  0.05  0.03 

Rio Blanco County  2011  Heavy Duty  0.72  4.03  14.51  1.09  0.93  0.02  2404  0.04  0.00 

Garfield County  2012  Light Duty  0.95  12.06  1.39  0.05  0.03  0.01  485  0.05  0.03 

Garfield County  2012  Heavy Duty  0.64  3.54  12.74  0.98  0.83  0.02  2402  0.04  0.00 

Grand County  2012  Light Duty  0.97  12.83  1.40  0.06  0.03  0.01  489  0.06  0.03 

Grand County  2012  Heavy Duty  0.65  3.63  13.00  0.98  0.83  0.02  2404  0.04  0.00 

La Plata County  2012  Light Duty  0.92  11.86  1.38  0.05  0.03  0.01  484  0.05  0.03 

La Plata County  2012  Heavy Duty  0.65  3.65  12.89  0.98  0.83  0.02  2404  0.04  0.00 

Mesa County  2012  Light Duty  0.91  11.28  1.35  0.05  0.02  0.01  481  0.04  0.03 

Mesa County  2012  Heavy Duty  0.64  3.58  12.63  0.98  0.83  0.02  2403  0.04  0.00 

Moffat County  2012  Light Duty  0.93  12.05  1.37  0.05  0.03  0.01  485  0.05  0.034 
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Moffat County  2012  Heavy Duty  0.65  3.65  12.86  0.98  0.83  0.02  2404  0.04  0.003 

Montrose County  2012  Light Duty  0.91  11.51  1.36  0.05  0.03  0.01  482  0.05  0.033 

Montrose County  2012  Heavy Duty  0.65  3.66  12.77  0.98  0.83  0.02  2404  0.04  0.003 

Rio Blanco County  2012  Light Duty  0.93  11.95  1.37  0.05  0.03  0.01  484  0.05  0.033 

Rio Blanco County  2012  Heavy Duty  0.64  3.62  12.84  0.98  0.83  0.02  2404  0.04  0.004 

Garfield County  2013  Light Duty  0.89  11.40  1.29  0.05  0.03  0.01  477  0.05  0.033 

Garfield County  2013  Heavy Duty  0.56  3.15  11.19  0.87  0.72  0.02  2402  0.05  0.003 

Grand County  2013  Light Duty  0.91  12.18  1.30  0.06  0.03  0.01  481  0.05  0.032 

Grand County  2013  Heavy Duty  0.57  3.24  11.41  0.87  0.72  0.02  2404  0.05  0.004 

La Plata County  2013  Light Duty  0.86  11.22  1.28  0.05  0.03  0.01  476  0.05  0.033 

La Plata County  2013  Heavy Duty  0.57  3.26  11.32  0.87  0.72  0.02  2404  0.05  0.004 

Mesa County  2013  Light Duty  0.85  10.66  1.26  0.05  0.02  0.01  473  0.04  0.033 

Mesa County  2013  Heavy Duty  0.56  3.19  11.09  0.87  0.72  0.02  2403  0.05  0.003 

Moffat County  2013  Light Duty  0.87  11.41  1.27  0.05  0.03  0.01  477  0.05  0.032 

Moffat County  2013  Heavy Duty  0.57  3.25  11.30  0.87  0.72  0.02  2404  0.05  0.003 

Montrose County  2013  Light Duty  0.84  10.88  1.26  0.05  0.03  0.01  474  0.04  0.030 

Montrose County  2013  Heavy Duty  0.57  3.27  11.22  0.87  0.72  0.02  2404  0.05  0.003 

Rio Blanco County  2013  Light Duty  0.87  11.31  1.27  0.05  0.03  0.01  477  0.05  0.030 

Rio Blanco County  2013  Heavy Duty  0.57  3.23  11.27  0.87  0.72  0.02  2404  0.05  0.004 

Garfield County  2014  Light Duty  0.83  10.78  1.19  0.05  0.03  0.01  468  0.05  0.031 

Garfield County  2014  Heavy Duty  0.49  2.78  9.83  0.78  0.63  0.02  2402  0.05  0.003 

Grand County  2014  Light Duty  0.85  11.55  1.20  0.06  0.03  0.01  472  0.05  0.030 

Grand County  2014  Heavy Duty  0.50  2.86  10.03  0.78  0.63  0.02  2404  0.06  0.004 

La Plata County  2014  Light Duty  0.80  10.61  1.18  0.05  0.03  0.01  468  0.04  0.030 

La Plata County  2014  Heavy Duty  0.50  2.89  9.95  0.78  0.63  0.02  2404  0.06  0.004 

Mesa County  2014  Light Duty  0.79  10.06  1.16  0.05  0.02  0.01  465  0.04  0.030 

Mesa County  2014  Heavy Duty  0.49  2.82  9.75  0.78  0.63  0.02  2403  0.05  0.003 

Moffat County  2014  Light Duty  0.81  10.80  1.18  0.05  0.03  0.01  469  0.05  0.029 

Moffat County  2014  Heavy Duty  0.50  2.88  9.93  0.78  0.63  0.02  2404  0.06  0.003 

Montrose County  2014  Light Duty  0.79  10.28  1.17  0.05  0.02  0.01  466  0.04  0.028 

Montrose County  2014  Heavy Duty  0.50  2.89  9.86  0.78  0.63  0.02  2404  0.05  0.003 

Rio Blanco County  2014  Light Duty  0.81  10.70  1.18  0.05  0.03  0.01  468  0.05  0.028 

Rio Blanco County  2014  Heavy Duty  0.50  2.86  9.91  0.78  0.63  0.02  2404  0.05  0.004 

Garfield County  2015  Light Duty  0.77  10.17  1.10  0.05  0.03  0.01  460  0.04  0.028 

Garfield County  2015  Heavy Duty  0.43  2.44  8.61  0.69  0.55  0.02  2402  0.06  0.003 

Grand County  2015  Light Duty  0.79  10.95  1.11  0.06  0.03  0.01  463  0.05  0.027 

Grand County  2015  Heavy Duty  0.44  2.53  8.79  0.69  0.55  0.02  2404  0.06  0.004 

La Plata County  2015  Light Duty  0.75  10.02  1.09  0.05  0.03  0.01  459  0.04  0.027 
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La Plata County  2015  Heavy Duty  0.44  2.55  8.72  0.69  0.55  0.02  2404  0.06  0.004 

Mesa County  2015  Light Duty  0.74  9.49  1.07  0.05  0.02  0.01  456  0.04  0.027 

Mesa County  2015  Heavy Duty  0.43  2.48  8.54  0.69  0.55  0.02  2403  0.06  0.003 

Moffat County  2015  Light Duty  0.76  10.21  1.09  0.05  0.03  0.01  460  0.04  0.026 

Moffat County  2015  Heavy Duty  0.44  2.54  8.70  0.69  0.55  0.02  2404  0.06  0.003 

Montrose County  2015  Light Duty  0.74  9.70  1.07  0.05  0.02  0.01  457  0.04  0.025 

Montrose County  2015  Heavy Duty  0.44  2.55  8.64  0.69  0.55  0.02  2404  0.06  0.003 

Rio Blanco County  2015  Light Duty  0.76  10.11  1.08  0.05  0.03  0.01  459  0.04  0.025 

Rio Blanco County  2015  Heavy Duty  0.44  2.52  8.68  0.69  0.55  0.02  2404  0.06  0.004 

Garfield County  2016  Light Duty  0.71  9.52  1.01  0.05  0.02  0.01  450  0.04  0.026 

Garfield County  2016  Heavy Duty  0.37  2.14  7.54  0.62  0.47  0.02  2402  0.06  0.003 

Grand County  2016  Light Duty  0.73  10.29  1.02  0.06  0.03  0.01  453  0.05  0.025 

Grand County  2016  Heavy Duty  0.38  2.22  7.70  0.62  0.47  0.02  2404  0.06  0.003 

La Plata County  2016  Light Duty  0.69  9.38  1.00  0.05  0.03  0.01  449  0.04  0.025 

La Plata County  2016  Heavy Duty  0.38  2.24  7.63  0.62  0.47  0.02  2404  0.06  0.004 

Mesa County  2016  Light Duty  0.68  8.86  0.98  0.05  0.02  0.01  446  0.04  0.025 

Mesa County  2016  Heavy Duty  0.37  2.18  7.47  0.62  0.47  0.02  2403  0.06  0.003 

Moffat County  2016  Light Duty  0.70  9.57  1.00  0.05  0.03  0.01  450  0.04  0.024 

Moffat County  2016  Heavy Duty  0.38  2.24  7.62  0.62  0.47  0.02  2404  0.06  0.003 

Montrose County  2016  Light Duty  0.68  9.08  0.99  0.05  0.02  0.01  448  0.04  0.023 

Montrose County  2016  Heavy Duty  0.38  2.25  7.56  0.62  0.47  0.02  2404  0.06  0.003 

Rio Blanco County  2016  Light Duty  0.70  9.47  1.00  0.05  0.03  0.01  450  0.04  0.023 

Rio Blanco County  2016  Heavy Duty  0.38  2.21  7.60  0.62  0.47  0.02  2404  0.06  0.004 

Garfield County  2017  Light Duty  0.67  9.10  0.93  0.05  0.02  0.01  441  0.04  0.024 

Garfield County  2017  Heavy Duty  0.32  1.87  6.58  0.55  0.41  0.02  2402  0.06  0.003 

Grand County  2017  Light Duty  0.68  9.87  0.94  0.06  0.03  0.01  444  0.04  0.023 

Grand County  2017  Heavy Duty  0.33  1.96  6.72  0.55  0.41  0.02  2404  0.06  0.003 

La Plata County  2017  Light Duty  0.64  8.97  0.92  0.05  0.03  0.01  440  0.04  0.023 

La Plata County  2017  Heavy Duty  0.33  1.98  6.67  0.55  0.41  0.02  2404  0.06  0.004 

Mesa County  2017  Light Duty  0.64  8.46  0.90  0.04  0.02  0.01  437  0.04  0.023 

Mesa County  2017  Heavy Duty  0.32  1.92  6.52  0.55  0.41  0.02  2403  0.06  0.003 

Moffat County  2017  Light Duty  0.65  9.16  0.92  0.05  0.03  0.01  441  0.04  0.022 

Moffat County  2017  Heavy Duty  0.33  1.97  6.65  0.55  0.41  0.02  2404  0.06  0.003 

Montrose County  2017  Light Duty  0.63  8.67  0.91  0.05  0.02  0.01  438  0.04  0.021 

Montrose County  2017  Heavy Duty  0.33  1.98  6.60  0.55  0.41  0.02  2404  0.06  0.003 

Rio Blanco County  2017  Light Duty  0.65  9.06  0.92  0.05  0.03  0.01  440  0.04  0.021 

Rio Blanco County  2017  Heavy Duty  0.33  1.95  6.64  0.55  0.41  0.02  2403  0.06  0.003 

Garfield County  2018  Light Duty  0.62  8.72  0.86  0.05  0.02  0.01  432  0.04  0.022 
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Garfield County  2018  Heavy Duty  0.28  1.64  5.75  0.49  0.35  0.02  2402  0.06  0.003 

Grand County  2018  Light Duty  0.64  9.49  0.87  0.05  0.03  0.01  436  0.04  0.021 

Grand County  2018  Heavy Duty  0.28  1.72  5.88  0.49  0.35  0.02  2404  0.07  0.003 

La Plata County  2018  Light Duty  0.60  8.60  0.85  0.05  0.02  0.01  431  0.04  0.021 

La Plata County  2018  Heavy Duty  0.28  1.74  5.83  0.49  0.35  0.02  2404  0.07  0.004 

Mesa County  2018  Light Duty  0.60  8.09  0.83  0.04  0.02  0.01  429  0.04  0.021 

Mesa County  2018  Heavy Duty  0.28  1.68  5.70  0.49  0.35  0.02  2403  0.06  0.003 

Moffat County  2018  Light Duty  0.61  8.79  0.85  0.05  0.03  0.01  432  0.04  0.021 

Moffat County  2018  Heavy Duty  0.28  1.73  5.82  0.49  0.35  0.02  2404  0.07  0.003 

Montrose County  2018  Light Duty  0.59  8.30  0.84  0.05  0.02  0.01  430  0.04  0.020 

Montrose County  2018  Heavy Duty  0.28  1.74  5.77  0.49  0.35  0.02  2404  0.07  0.003 

Rio Blanco County  2018  Light Duty  0.61  8.69  0.85  0.05  0.03  0.01  432  0.04  0.020 

Rio Blanco County  2018  Heavy Duty  0.28  1.71  5.80  0.49  0.35  0.02  2403  0.07  0.003 

Garfield County  2019  Light Duty  0.58  8.37  0.79  0.05  0.02  0.01  424  0.04  0.020 

Garfield County  2019  Heavy Duty  0.24  1.43  5.04  0.44  0.30  0.02  2402  0.06  0.003 

Grand County  2019  Light Duty  0.59  9.14  0.80  0.05  0.03  0.01  427  0.04  0.019 

Grand County  2019  Heavy Duty  0.24  1.51  5.15  0.44  0.30  0.02  2404  0.07  0.003 

La Plata County  2019  Light Duty  0.56  8.26  0.78  0.05  0.02  0.01  423  0.04  0.020 

La Plata County  2019  Heavy Duty  0.24  1.53  5.11  0.44  0.30  0.02  2404  0.07  0.004 

Mesa County  2019  Light Duty  0.56  7.76  0.77  0.04  0.02  0.01  421  0.03  0.020 

Mesa County  2019  Heavy Duty  0.24  1.47  5.00  0.44  0.30  0.02  2403  0.07  0.003 

Moffat County  2019  Light Duty  0.57  8.45  0.78  0.05  0.03  0.01  424  0.04  0.019 

Moffat County  2019  Heavy Duty  0.24  1.52  5.10  0.44  0.30  0.02  2404  0.07  0.003 

Montrose County  2019  Light Duty  0.56  7.97  0.77  0.05  0.02  0.01  422  0.03  0.018 

Montrose County  2019  Heavy Duty  0.24  1.53  5.06  0.44  0.30  0.02  2404  0.07  0.003 

Rio Blanco County  2019  Light Duty  0.57  8.35  0.78  0.05  0.03  0.01  424  0.04  0.018 

Rio Blanco County  2019  Heavy Duty  0.24  1.50  5.09  0.44  0.30  0.02  2403  0.07  0.003 

Garfield County  2020  Light Duty  0.55  8.06  0.73  0.05  0.02  0.01  416  0.04  0.018 

Garfield County  2020  Heavy Duty  0.20  1.26  4.43  0.40  0.26  0.02  2402  0.07  0.003 

Grand County  2020  Light Duty  0.56  8.84  0.74  0.05  0.03  0.01  420  0.04  0.018 

Grand County  2020  Heavy Duty  0.21  1.34  4.54  0.40  0.26  0.02  2403  0.07  0.003 

La Plata County  2020  Light Duty  0.53  7.96  0.73  0.05  0.02  0.01  416  0.04  0.018 

La Plata County  2020  Heavy Duty  0.21  1.36  4.50  0.40  0.26  0.02  2404  0.07  0.003 

Mesa County  2020  Light Duty  0.53  7.47  0.71  0.04  0.02  0.01  413  0.03  0.018 

Mesa County  2020  Heavy Duty  0.20  1.30  4.40  0.40  0.26  0.02  2403  0.07  0.003 

Moffat County  2020  Light Duty  0.54  8.15  0.73  0.05  0.03  0.01  417  0.04  0.018 

Moffat County  2020  Heavy Duty  0.21  1.35  4.49  0.40  0.26  0.02  2404  0.07  0.003 

Montrose County  2020  Light Duty  0.52  7.67  0.72  0.05  0.02  0.01  414  0.03  0.017 
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Montrose County  2020  Heavy Duty  0.21  1.36  4.46  0.40  0.26  0.02  2404  0.07  0.003 

Rio Blanco County  2020  Light Duty  0.54  8.05  0.72  0.05  0.03  0.01  416  0.04  0.017 

Rio Blanco County  2020  Heavy Duty  0.21  1.33  4.48  0.40  0.26  0.02  2403  0.07  0.003 

Garfield County  2021  Light Duty  0.52  7.80  0.68  0.05  0.02  0.01  409  0.04  0.017 

Garfield County  2021  Heavy Duty  0.17  1.12  3.94  0.36  0.23  0.02  2402  0.07  0.003 

Grand County  2021  Light Duty  0.53  8.57  0.69  0.05  0.03  0.01  413  0.04  0.017 

Grand County  2021  Heavy Duty  0.18  1.19  4.04  0.36  0.23  0.02  2403  0.07  0.003 

La Plata County  2021  Light Duty  0.50  7.70  0.67  0.05  0.02  0.01  409  0.03  0.017 

La Plata County  2021  Heavy Duty  0.18  1.21  4.00  0.36  0.23  0.02  2404  0.07  0.003 

Mesa County  2021  Light Duty  0.50  7.22  0.66  0.04  0.02  0.01  406  0.03  0.017 

Mesa County  2021  Heavy Duty  0.18  1.16  3.91  0.36  0.23  0.02  2403  0.07  0.003 

Moffat County  2021  Light Duty  0.51  7.89  0.67  0.05  0.03  0.01  410  0.03  0.016 

Moffat County  2021  Heavy Duty  0.18  1.21  3.99  0.36  0.23  0.02  2404  0.07  0.003 

Montrose County  2021  Light Duty  0.49  7.42  0.66  0.05  0.02  0.01  407  0.03  0.016 

Montrose County  2021  Heavy Duty  0.18  1.21  3.96  0.36  0.23  0.02  2404  0.07  0.003 

Rio Blanco County  2021  Light Duty  0.51  7.79  0.67  0.05  0.02  0.01  409  0.03  0.016 

Rio Blanco County  2021  Heavy Duty  0.18  1.19  3.98  0.36  0.23  0.02  2403  0.07  0.003 
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MEMORANDUM 

 
To:    Chad Meister and Forrest Cook, BLM Colorado State Office  
From:    John Grant ENVIRON, Jim Zapert Carter Lake Consulting, Ralph Morris ENVIRON 
Subject:    Draft CARMMS Coal and Uranium/Vanadium Mining Emissions 
 

INTRODUCTION 

The purpose of this document is to explain the sources of emissions and methodology used to 
compile Western Colorado coal and uranium/vanadium mining emissions.  Emissions from coal 
and uranium/vanadium mines under federal jurisdiction have been developed for the Western 
Colorado Air Resource Management Modeling Study (West‐CARMMS).  The primary sources 
used to compile these emissions are Environmental Assessments and Environmental Impact 
Statements developed for individual mines as well as 2011 reported emissions from Colorado 
Department of Public Health (CDPHE) Air Pollutant Emission Notices (APENs).  

These mining emissions will be used in baseline and future‐year emissions inventories as 
estimates of coal and uranium mining emissions under Task 2 for the Western Colorado Bureau 
of Land Management (BLM) planning areas (see Figure 1‐1). 

Emissions were not estimated for mines not under federal jurisdiction; emissions from these 
mines in the West‐CARMMS will be taken from existing inventory estimates.  To avoid double 
counting in air quality modeling, emissions were not estimated for on‐road or off‐road mobile 
sources. 

Figure 1‐1.  Colorado Field Office Planning Areas.
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Pollutants 

The emissions include estimates of criteria air pollutants (CAPs), greenhouse gases (GHGs), and 
hazardous air pollutants (HAPs) as follows: 

 Criteria Pollutants 
o Carbon monoxide (CO)  

o Nitrogen oxides (NOX) 

o Particulate matter less than or equal to 10 microns in diameter (PM10) 

o Particulate matter less than or equal to 2.5 microns in diameter (PM2.5) 

o Sulfur dioxide (SO2) 

o Volatile Organic Compounds (VOCs) 

 Greenhouse Gases 
o Carbon dioxide (CO2) 

o Methane (CH4) 

o Nitrous oxide (N2O) 

 Hazardous Air Pollutants (HAPs) 
 

While lead (pb) is a criteria pollutant, emissions of lead in the BLM western Colorado planning 
areas are expected to be extremely low and are therefore not included in this analysis. 

HAP emissions were estimated for each emissions source. 

Anthropogenic greenhouse gas emission inventories typically include carbon dioxide (CO2), 
methane (CH4), nitrous oxide (N2O), and fluorinated gases.  Fluorinated gases are not expected 
to be emitted in appreciable quantities by any category considered in this emission inventory 
and were therefore not included in this analysis. 

Temporal 

The calculators estimate annual emissions associated coal and uranium/vanadium mining.  Per 
the West‐CARMMS scope of work, base year emissions are estimated for 2011 with annual 
emission forecasts to 2021. 

EMISSIONS ESTIMATION 

2Coal Mining 

Annual base year emissions from coal mining were estimated for the coal mines in Western 
Colorado under federal jurisdiction. As mentioned above, the mining emission estimates are 
not inclusive of mobile sources to avoid double counting with the mobile sources emissions in 
the air quality modeling inventory. Additionally, lacking any data upon which to base emission 
estimates, we have not accounted for potential growth in Kremmling Field Office surface coal 
mining in Jackson County where the U.S..Geological Survey (USGS) has defined the McCallum 
area as a known recoverable coal resource area.  Table 1 provides a listing of the Western 
Colorado mines under BLM jurisdiction and the sources upon which emissions were estimated 
for those mines.  Appendix D‐1 provides emission estimates by year and mine.
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Table 1.  Coal mine emissions estimation methodology. 
Mine Name 
(Field Office)  Emission Estimation Methodology 

Book Cliffs Area 
(Grand Junction) 

Base Year 2011: Non‐operational, zero emissions. 
Future Years 2012‐2021: Per the Grand Junction Field Office Draft Regional Management Plant Air Quality Technical Support 
document (ENVIRON, 2012a), the Book Cliffs area is assumed to have three additional new mines with estimated annual production 
of 2,000,000 tons/year in the future.  Mines are assumed to come online in 2017, 2019, and 2021.  Emissions for each mine are 
assumed to be similar to the Red Cliff Mine Environmental Impact Statement estimates (BLM, 2009) with a scalar of 25% to account 
for smaller production. 

McClane 
(Grand Junction) 

Base Year 2011: Non‐operational, zero emissions. 
Future Years 2012‐2021: Per the Grand Junction Field Office Draft Regional Management Plant Air Quality Technical Support 
document (ENVIRON, 2012a), the McClane mine is assumed operational from 2015 to 2021.  Emissions are assumed to be at pre‐
December 2010 levels (BLM, 2012a). 

Oak Mesa Area 
(Uncompahgre)  
 

Base Year 2011: CDPHE APEN emissions (CDPHE, 2013). 
Future Years 2012‐2021: Assume emissions are at levels estimated in the following Environmental Assessment documents: Bowie #2 
(BLM, 2012c), West Elk (BLM, 2012d), and Elk Creek (BLM, 2012f) and that emissions remain constant in the 2012‐2021 period.  The 
Uncompahgre Coal Resource and Development Potential Report (BLM, 2010), indicated that Somerset Coal Field production is likely 
to remain stable at recent levels into the future (ENVIRON, 2012b). 

King 
(Tres Rios) 

Base Year 2011: CDPHE APEN emissions (CDPHE, 2013). 
Future Years 2012‐2021: Assume emissions at permitted levels in future years (CDPHE, 2011). 

Foidel 
(Kremmling) 

Base Year 2011, Future Year 2012: CDPHE APEN emissions (CDPHE, 2013). 
Future Years 2013‐2021: Assume emissions are at levels estimated in the draft Environment Assessment (BLM 2013a). 

Deserado 
(White River) 

Base Year 2011: CDPHE APEN emissions (CDPHE, 2013). 
Future Years 2012‐2021: Assume emissions are at levels estimated in the draft Environment Assessment (BLM 2013b). 

Trapper 
(Little Snake) 

Base Year 2011: CDPHE APEN emissions (CDPHE, 2013). 
Future Years 2012‐2021: Assume emissions remain constant at CDPHE 2011 APEN levels. 

Colowyo 
(Little Snake) 

Base Year 2011: CDPHE APEN emissions (CDPHE, 2013). 
Future Years 2012‐2021: Assume emissions remain constant at CDPHE 2011 APEN levels. 

Sage Creek 
(Little Snake) 

Base Year 2011: Non‐operational, zero emissions. 
Future Years 2012‐2021: Assume mining begins in 2013 with constant emissions to 2021 at levels estimated in the draft Environment 
Assessment (BLM 2013c). 
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Uranium/Vanadium Mining 

Annual emissions from uranium/vanadium mining were estimated according to the number of 
mines constructed and producing in a given year combined with estimates of emissions per 
mine from discrete emission producing activities: wind erosion, fugitive dust, and stationary 
engines.  Activity inputs such as the equipment operation, tons of material processed, and 
disturbed area were taken primarily from the Whirlwind Mine EA (BLM, 2008).  The estimated 
number of future uranium mines in operation in the Grand Junction Field Office and 
Uncompahgre Field Office were taken from ENVIRON (2012a) and ENVIRON (2012b) and are 
shown in Table 2.  Emissions results are presented in Appendix D‐2. 

Table 2.  Schedule of uranium/vanadium mines in production. 

Year 
Uranium Mining Facilities, GJFO

(source: ENVIRON, 2012a)  
Uranium Mining Facilities, UFO
(source: ENVIRON, 2012b) 

2011‐2012  0  0

2013  1  1

2014  3  3

2015  5  5

2016  7  7

2017  9  9

2018  10  10

2019  11  11

2020  12  12

2021  13  13

2022  14  14

2023  15  15

2024  16  16

2025  17  17

2026  18  18

2027  19  19

2028  20  20

2029  20  20

2030  20  20
 

 
Wind Erosion 

Wind erosion dust emissions were estimated based on AP‐42 guidance for the estimation of emissions 
from industrial wind erosion (USEPA, 2006b) based on Equation 1: 

185,907,
NMPk

E idust


   Equation (1) 

where: 
Edust, i are dust emissions for pollutant i from construction wind erosion [ton/mine] 
k is the particle size multiplies [0.5 for PM10 and 0.075 from PM2.5] 
P is the erosion potential [g/m2] 
M is the number of disturbed acres [m2/pad] 
N is the number of disturbances 
907,185 is a mass unit conversion [g/ton] 
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The erosions potential is a function of the wind friction velocity, as shown in Equation 2 and 3: 

)*(25)*(58 2
tt uuuuP 
  Equation (2) 

where: 
u* is the friction velocity (m/s) 
ut is the threshold friction velocity (m/s) 

)*(0 tuuforP 
        Equation (3) 

 
Friction velocity estimates (u*) were made by multiplying the average annual fastest wind 
speed from Uncompahgre, Colorado from 1947 to 1979 by 0.053 per AP‐42 guidance (USEPA, 
2006b). 

6Fugitive Dust 

Fugitive dust emissions from ventilation and surface facilities were taken from Whirlwind Mine 
Environmental Assessment (BLM, 2008) permit not‐to‐exceed values. 

Stationary Engines 

This category refers to emissions associated with stationary internal combustion engines used 
in uranium mining. Emission estimates for NOx were taken from the Whirlwind Mine 
Environmental Assessment permit not‐to‐exceed values (BLM, 2008).  Emission estimates were 
not available in the Whirlwind Mine Environmental Assessment (BLM, 2008) for other 
pollutants.  Emissions of other pollutants were estimated based on the EPA NONROAD2008a 
model (USEPA, 2009b) except for N2O which was estimated based on the 2009 API O&G GHG 
Methodologies Compendium, Tables 4‐13 and 4‐17 (API, 2009).  

Emissions on per piece of equipment were estimated according to Equation 74: 

, 	 	
,

  Equation (4) 

where: 
Eengine are emissions of pollutant i [ton/equipment] 
EFi is the emissions factor of pollutant i [g/hp‐hr] 
HP is the horsepower [hp] 
LF is the load factor  
tevent is the number of hours the engine is used  [hr/pad] 
907,185 is the mass unit conversion [g/ton] 
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Table A1. 2011 to 2021 Coal Mine Emissions for mines in Western Colorado under federal jurisdiction (tons/year). 

Year 

VOC 
(short 

tons/year) 

CO 
(short 

tons/year) 

NOx 
(short 

tons/year) 

PM10 
(short 

tons/year)

PM2.5 
(short 

tons/year)

SO2 
(short 

tons/year)

CO2 
(short 

tons/year)

CH4 
(short 

tons/year)

N2O 
(short 

tons/year)

HAPs 
(short 

tons/year)

CO2eq 
(short 

tons/year)

CO2eq 
(metric 

tonnes/year) 

Book Cliffs (Grand Junction Field Office) 

2011  0  0  0  0 0 0 0 0 0 0 0 0 

2012  0  0  0  0 0 0 0 0 0 0 0 0 

2013  0  0  0  0 0 0 0 0 0 0 0 0 

2014  0  0  0  0 0 0 0 0 0 0 0 0 

2015  0  0  0  0 0 0 0 0 0 0 0 0 

2016  0  0  0  0 0 0 0 0 0 0 0 0 

2017  1  3  20  6 2 0 2,616 21,278 0 0 449,496 407,891 

2018  1  3  20  6 2 0 2,616 21,278 0 0 449,496 407,891 

2019  2  5  40  12 4 0 5,231 42,556 0 0 898,992 815,783 

2020  2  5  40  12 4 0 5,231 42,556 0 0 898,992 815,783 

2021  3  8  60  18 5 0 7,847 63,833 0 0 1,348,489 1,223,674 

McClane (Grand Junction Field Office) 

2011  0  0  0  0 0 0 0 0 0 0 0 0 

2012  0  0  0  0 0 0 0 0 0 0 0 0 

2013  0  0  0  0 0 0 0 0 0 0 0 0 

2014  0  0  0  0 0 0 0 0 0 0 0 0 

2015  0  0  0  13 0.3 0 0 3,818 0 0 80,178 72,757 

2016  0  0  0  13 0.3 0 0 3,818 0 0 80,178 72,757 

2017  0  0  0  13 0.3 0 0 3,818 0 0 80,178 72,757 

2018  0  0  0  13 0.3 0 0 3,818 0 0 80,178 72,757 

2019  0  0  0  13 0.3 0 0 3,818 0 0 80,178 72,757 

2020  0  0  0  13 0.3 0 0 3,818 0 0 80,178 72,757 

2021  0  0  0  13 0.3 0 0 3,818 0 0 80,178 72,757 
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Year 

VOC 
(short 

tons/year) 

CO 
(short 

tons/year) 

NOx 
(short 

tons/year) 

PM10 
(short 

tons/year)

PM2.5 
(short 

tons/year)

SO2 
(short 

tons/year)

CO2 
(short 

tons/year)

CH4 
(short 

tons/year)

N2O 
(short 

tons/year)

HAPs 
(short 

tons/year)

CO2eq 
(short 

tons/year)

CO2eq 
(metric 

tonnes/year) 

Oak Mesa Area (Uncompahgre Field Office) 

2011  2  15  14  291 81 0.2 44,671 80,619 0.8 0.2 1,737,918 1,577,058 

2012  13  41  55  513 190 0.8 53,176 140,290 0.9 1.3 2,999,549 2,721,914 

2013  13  41  55  513 190 0.8 53,176 140,290 0.9 1.3 2,999,549 2,721,914 

2014  13  41  55  513 190 0.8 53,176 140,290 0.9 1.3 2,999,549 2,721,914 

2015  13  41  55  513 190 0.8 53,176 140,290 0.9 1.3 2,999,549 2,721,914 

2016  13  41  55  513 190 0.8 53,176 140,290 0.9 1.3 2,999,549 2,721,914 

2017  13  41  55  513 190 0.8 53,176 140,290 0.9 1.3 2,999,549 2,721,914 

2018  13  41  55  513 190 0.8 53,176 140,290 0.9 1.3 2,999,549 2,721,914 

2019  13  41  55  513 190 0.8 53,176 140,290 0.9 1.3 2,999,549 2,721,914 

2020  13  41  55  513 190 0.8 53,176 140,290 0.9 1.3 2,999,549 2,721,914 

2021  13  41  55  513 190 0.8 53,176 140,290 0.9 1.3 2,999,549 2,721,914 

King (Tres Rios Field Office) 

2011  0  0  0  15 14 0 0 0 0 0 0 0 

2012  0  0  0  25 24 0 0 0 0 0 0 0 

2013  0  0  0  25 24 0 0 0 0 0 0 0 

2014  0  0  0  25 24 0 0 0 0 0 0 0 

2015  0  0  0  25 24 0 0 0 0 0 0 0 

2016  0  0  0  25 24 0 0 0 0 0 0 0 

2017  0  0  0  25 24 0 0 0 0 0 0 0 

2018  0  0  0  25 24 0 0 0 0 0 0 0 

2019  0  0  0  25 24 0 0 0 0 0 0 0 

2020  0  0  0  25 24 0 0 0 0 0 0 0 

2021  0  0  0  25 24 0 0 0 0 0 0 0 
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Year 

VOC 
(short 

tons/year) 

CO 
(short 

tons/year) 

NOx 
(short 

tons/year) 

PM10 
(short 

tons/year)

PM2.5 
(short 

tons/year)

SO2 
(short 

tons/year)

CO2 
(short 

tons/year)

CH4 
(short 

tons/year)

N2O 
(short 

tons/year)

HAPs 
(short 

tons/year)

CO2eq 
(short 

tons/year)

CO2eq 
(metric 

tonnes/year) 

Foidel (Kremmling Field Office) 

2011  0  1  4  259 54 0 * * * 0 * * 

2012  0  1  4  259 54 0 * * * 0 * * 

2013  5  6  11  161 33 0 36,878 1,257 0 0 63,298 57,439 

2014  5  6  11  161 33 0 36,878 1,257 0 0 63,298 57,439 

2015  5  6  11  161 33 0 36,878 1,257 0 0 63,298 57,439 

2016  5  6  11  161 33 0 36,878 1,257 0 0 63,298 57,439 

2017  5  6  11  161 33 0 36,878 1,257 0 0 63,298 57,439 

2018  0  0  0  0 0 0 0 0 0 0 0 0 

2019  0  0  0  0 0 0 0 0 0 0 0 0 

2020  0  0  0  0 0 0 0 0 0 0 0 0 

2021  0  0  0  0 0 0 0 0 0 0 0 0 

Deserado (White River Field Office) 

2011  0  0  0  119 13 0 * * * 0 * * 

2012  5  6  11  126 15 0 29,498 923 0 0 48,910 44,383 

2013  5  6  11  126 15 0 29,498 923 0 0 48,910 44,383 

2014  5  6  11  126 15 0 29,498 923 0 0 48,910 44,383 

2015  5  6  11  126 15 0 29,498 923 0 0 48,910 44,383 

2016  5  6  11  126 15 0 29,498 923 0 0 48,910 44,383 

2017  5  6  11  126 15 0 29,498 923 0 0 48,910 44,383 

2018  5  6  11  126 15 0 29,498 923 0 0 48,910 44,383 

2019  5  6  11  126 15 0 29,498 923 0 0 48,910 44,383 

2020  5  6  11  126 15 0 29,498 923 0 0 48,910 44,383 

2021  5  6  11  126 15 0 29,498 923 0 0 48,910 44,383 
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Year 

VOC 
(short 

tons/year) 

CO 
(short 

tons/year) 

NOx 
(short 

tons/year) 

PM10 
(short 

tons/year)

PM2.5 
(short 

tons/year)

SO2 
(short 

tons/year)

CO2 
(short 

tons/year)

CH4 
(short 

tons/year)

N2O 
(short 

tons/year)

HAPs 
(short 

tons/year)

CO2eq 
(short 

tons/year)

CO2eq 
(metric 

tonnes/year) 

Trapper (Little Snake Field Office) 

2011  0  452  115  852 251 0 * * * 0 * * 

2012  0  452  115  852 251 0 * * * 0 * * 

2013  0  452  115  852 251 0 * * * 0 * * 

2014  0  452  115  852 251 0 * * * 0 * * 

2015  0  452  115  852 251 0 * * * 0 * * 

2016  0  452  115  852 251 0 * * * 0 * * 

2017  0  452  115  852 251 0 * * * 0 * * 

2018  0  452  115  852 251 0 * * * 0 * * 

2019  0  452  115  852 251 0 * * * 0 * * 

2020  0  452  115  852 251 0 * * * 0 * * 

2021  0  452  115  852 251 0 * * * 0 * * 

Colowyo (Little Snake Field Office) 

2011  0  0  0  1,700 252 0 * * * 0 * * 

2012  0  0  0  1,700 252 0 * * * 0 * * 

2013  0  0  0  1,700 252 0 * * * 0 * * 

2014  0  0  0  1,700 252 0 * * * 0 * * 

2015  0  0  0  1,700 252 0 * * * 0 * * 

2016  0  0  0  1,700 252 0 * * * 0 * * 

2017  0  0  0  1,700 252 0 * * * 0 * * 

2018  0  0  0  1,700 252 0 * * * 0 * * 

2019  0  0  0  1,700 252 0 * * * 0 * * 

2020  0  0  0  1,700 252 0 * * * 0 * * 

2021  0  0  0  1,700 252 0 * * * 0 * * 
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Year 

VOC 
(short 

tons/year) 

CO 
(short 

tons/year) 

NOx 
(short 

tons/year) 

PM10 
(short 

tons/year)

PM2.5 
(short 

tons/year)

SO2 
(short 

tons/year)

CO2 
(short 

tons/year)

CH4 
(short 

tons/year)

N2O 
(short 

tons/year)

HAPs 
(short 

tons/year)

CO2eq 
(short 

tons/year)

CO2eq 
(metric 

tonnes/year) 

Sage Creek (Little Snake Field Office) 

2011  0  0  0  0 0 0 0 0 0 0 0 0 

2012  0  0  0  0 0 0 0 0 0 0 0 0 

2013  4  3  4  112 15 0 4,178 298 0 0 10,447 9,480 

2014  4  3  4  112 15 0 4,178 298 0 0 10,447 9,480 

2015  4  3  4  112 15 0 4,178 298 0 0 10,447 9,480 

2016  4  3  4  112 15 0 4,178 298 0 0 10,447 9,480 

2017  4  3  4  112 15 0 4,178 298 0 0 10,447 9,480 

2018  4  3  4  112 15 0 4,178 298 0 0 10,447 9,480 

2019  4  3  4  112 15 0 4,178 298 0 0 10,447 9,480 

2020  4  3  4  112 15 0 4,178 298 0 0 10,447 9,480 

2021  4  3  4  112 15 0 4,178 298 0 0 10,447 9,480 

* Greenhouse gas emissions not available for all years for the Trapper and Colowyo mines, in 2011 for the Deserado mine, and in 2011 and 2012 for the 
Foidel mine. 
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Table B1. Grand Junction Field Office Uranium/Vanadium Mine Emissions (tons/year). 

Year  Mines 

VOC 
(short 

tons/year) 

CO 
(short 

tons/year) 

NOx 
(short 

tons/year)

PM10 
(short 

tons/year)

PM2.5 
(short 

tons/year)

SO2 
(short 

tons/year)

CO2 
(short 

tons/year)

CH4 
(short 

tons/year)

N2O 
(short 

tons/year)

HAPs 
(short 

tons/year)

CO2eq 
(short 

tons/year)

CO2eq 
(metric 
tonnes/ 
year) 

2011  0  0  0  0 0 0 0.0 0 0.0 0.0 0.0 0 0 

2012  0  0  0  0 0 0 0.0 0 0.0 0.0 0.0 0 0 

2013  1  1  4  12 14 13 0.2 1,077 0.0 0.0 0.1 1,080 980 

2014  3  3  13  37 42 39 0.7 3,231 0.0 0.0 0.3 3,240 2,940 

2015  5  5  22  62 69 66 1.2 5,386 0.1 0.0 0.5 5,401 4,901 

2016  7  7  31  86 97 92 1.6 7,540 0.1 0.1 0.7 7,561 6,861 

2017  9  9  40  111 125 118 2.1 9,694 0.1 0.1 0.9 9,721 8,821 

2018  10  10  44  123 139 131 2.3 10,771 0.2 0.1 1.0 10,801 9,801 

2019  11  11  49  135 153 145 2.6 11,848 0.2 0.1 1.1 11,881 10,782 

2020  12  12  53  148 167 158 2.8 12,925 0.2 0.1 1.2 12,961 11,762 

2021  13  13  57  160 181 171 3.0 14,003 0.2 0.1 1.3 14,041 12,742 

2022  14  14  62  172 194 184 3.3 15,080 0.2 0.1 1.4 15,122 13,722 

2023  15  15  66  185 208 197 3.5 16,157 0.2 0.1 1.5 16,202 14,702 

2024  16  16  71  197 222 210 3.7 17,234 0.2 0.1 1.6 17,282 15,682 

2025  17  17  75  209 236 223 4.0 18,311 0.3 0.1 1.7 18,362 16,662 

2026  18  18  79  221 250 236 4.2 19,388 0.3 0.2 1.8 19,442 17,642 

2027  19  19  84  234 264 250 4.5 20,465 0.3 0.2 1.9 20,522 18,623 

2028  20  20  88  246 278 263 4.7 21,542 0.3 0.2 2.0 21,602 19,603 

2029  20  20  88  246 278 263 4.7 21,542 0.3 0.2 2.0 21,602 19,603 

2030  20  20  88  246 278 263 4.7 21,542 0.3 0.2 2.0 21,602 19,603 
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Table B2. Uncompahgre Field Office Uranium/Vanadium Mine Emissions (tons/year). 

Year  Mines 

VOC 
(short 

tons/year) 

CO 
(short 

tons/year) 

NOx 
(short 

tons/year)

PM10 
(short 

tons/year)

PM2.5 
(short 

tons/year)

SO2 
(short 

tons/year)

CO2 
(short 

tons/year)

CH4 
(short 

tons/year)

N2O 
(short 

tons/year)

HAPs 
(short 

tons/year)

CO2eq 
(short 

tons/year)

CO2eq 
(metric 
tonnes/ 
year) 

2011  0  0  0  0 0 0 0.0 0 0.0 0.0 0.0 0 0 

2012  0  0  0  0 0 0 0.0 0 0.0 0.0 0.0 0 0 

2013  1  1  4  12 14 13 0.2 1,077 0.0 0.0 0.1 1,080 980 

2014  3  3  13  37 42 39 0.7 3,231 0.0 0.0 0.3 3,240 2,940 

2015  5  5  22  62 69 66 1.2 5,386 0.1 0.0 0.5 5,401 4,901 

2016  7  7  31  86 97 92 1.6 7,540 0.1 0.1 0.7 7,561 6,861 

2017  9  9  40  111 125 118 2.1 9,694 0.1 0.1 0.9 9,721 8,821 

2018  10  10  44  123 139 131 2.3 10,771 0.2 0.1 1.0 10,801 9,801 

2019  11  11  49  135 153 145 2.6 11,848 0.2 0.1 1.1 11,881 10,782 

2020  12  12  53  148 167 158 2.8 12,925 0.2 0.1 1.2 12,961 11,762 

2021  13  13  57  160 181 171 3.0 14,003 0.2 0.1 1.3 14,041 12,742 

2022  14  14  62  172 194 184 3.3 15,080 0.2 0.1 1.4 15,122 13,722 

2023  15  15  66  185 208 197 3.5 16,157 0.2 0.1 1.5 16,202 14,702 

2024  16  16  71  197 222 210 3.7 17,234 0.2 0.1 1.6 17,282 15,682 

2025  17  17  75  209 236 223 4.0 18,311 0.3 0.1 1.7 18,362 16,662 

2026  18  18  79  221 250 236 4.2 19,388 0.3 0.2 1.8 19,442 17,642 

2027  19  19  84  234 264 250 4.5 20,465 0.3 0.2 1.9 20,522 18,623 

2028  20  20  88  246 278 263 4.7 21,542 0.3 0.2 2.0 21,602 19,603 

2029  20  20  88  246 278 263 4.7 21,542 0.3 0.2 2.0 21,602 19,603 

2030  20  20  88  246 278 263 4.7 21,542 0.3 0.2 2.0 21,602 19,603 
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Abstract:  This Final Environmental Impact Statement (FEIS) has been prepared to 

document and disclose the estimated environmental impacts of a decision to 

make available and apply lease stipulations to National Forest System lands 

within the Pawnee National Grassland. The FEIS analyzes the potential 

impacts of the Forest-wide land availability determination by using a 

Reasonable Foreseeable Development Scenario (RFD). The FEIS also 

proposes lease stipulations and identifies where those stipulations would be 

applied on future leases when needed on administratively available lands.  The 

proposed action would make approximately 100,000 acres administratively 

available and close through management direction approximately 3,000 acres. 

Administratively available lands would include a No Surface Occupancy 

stipulation.   

 

Three alternatives are analyzed in detail in the FEIS and include: Alternative 1: 

No Leasing; Alternative 2: No Action; and Alternative 3: Proposed Action. 
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Executive Summary 

The Arapaho and Roosevelt National Forests and Pawnee National Grassland has prepared this 

Final Environmental Impact Statement (FEIS) to make a leasing decision for the Pawnee 

National Grassland (PNG).  The following is provided as a summary of the major points in the 

FEIS. 

In many parts of the United States, National Forest System lands overlie geological formations 

that may contain oil and/or natural gas. The US Forest Service’s (Forest Service) national policy 

on minerals is expressed in the Minerals and Mining Policy Act of 1970 and states that the 

“[e]xploration, development, and production of mineral and energy resources and reclamation of 

activities are part of the Forest Service’s ecosystem management responsibility.” The Forest 

Service allows leases on many National Forest System lands for the purpose of drilling wells and 

extracting oil and/or gas. The Department of Interior, Bureau of Land Management (BLM), acts 

as the onshore leasing agent for the Federal Government. Forest Service regulations (36 CFR 

228.102) developed in response to the Federal Onshore Oil and Gas Leasing Reform Act of 1987 

(Leasing Reform Act) require a leasing analysis be completed prior to offering leases on 

National Forest System lands.  

The leasing analysis involves two determinations.  First, whether lands on the PNG will be 

administratively available for leasing.  Second, what stipulations must be included in any leases 

issued that are not included in standard lease terms.  Stipulations can include timing limitations, 

controlled surface use, and no surface occupancy. 

Purpose and Need 

The purpose of this FEIS is to complete a Grassland wide leasing analysis that complies with the 

Leasing Reform Act.  There is a need for a leasing decision that: 

1. Accounts for current environmental considerations and oil and gas demand;   

2. Best meets Forest Plan direction; and 

3. Fulfills the federal government’s policy to "foster and encourage private enterprise in the 

development of economically sound and stable industries, and in the orderly and 

economic development of domestic resources to help assure satisfaction of industrial, 

security, and environmental needs" (Mining and Minerals Policy Act of 1970) while 

continuing to sustain the land’s productivity for other uses and capability to support 

biodiversity goals (Forest Service Minerals Program Policy).   

 

Stated briefly, the goal of this FEIS is to analyze different leasing alternatives on the PNG and 

determine which alternative best meets Forest Plan direction, Forest Service minerals policy, and 

the public interest.   
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Alternatives 
 

Because the leasing analysis involves determinations on availability and stipulations, the 

alternatives analyzed in this FEIS have different combinations of lands available and 

stipulations.  However, because the PNG contains a mixture of private mineral estate, existing 

leases, and unleased lands, these determinations will apply most directly to the unleased portion 

of the PNG (approximately 100,000 acres).  There are two primary reasons for this.  First, 

approximately 46,000 acres of the PNG lie above private mineral estate.  Because the mineral 

estate is privately held, federal availability determinations and lease stipulations do not apply.  

Second, approximately 43,000 acres of the PNG are already leased.  Because these lease rights 

are already granted, they will continue under their existing terms until they expire.  However, if 

existing leases expire, the land availability and lease stipulation determinations under this 

decision will be included in any future leasing decisions on these lands. 

The FEIS examines three alternatives in detail: (1) No Leasing; (2) No Action; and (3) No 

Surface Occupancy.  Each of these alternatives is described briefly below: 

Alternative 1-No Leasing 

The No Leasing Alternative will designate all unleased lands on the PNG as administratively 

unavailable for lease.  This means that no leases could be sold on these lands.  Existing leases, if 

they expired, could also not be leased again. 

Alternative 2-No Action 

The No Action Alternative will continue the availability and stipulation determinations made as 

part of the 1997 Forest Plan.  This decision made nearly all lands on the PNG available for 

leasing and included a mixture of stipulations (timing limitations, no surface occupancy, and 

controlled surface use).  In short, these stipulations allow oil and gas development on the PNG 

surface so long as it conforms to the stipulations. 

Alternative 3-No Surface Occupancy 

The No Surface Occupancy Alternative will designate all unleased lands on the PNG as 

administratively available for lease.  These lands will carry a no surface occupancy stipulation.  

This stipulation prohibits surface disturbance on the leasehold.  In short, leases may be offered 

for sale, but once purchased, accessing and development of the oil and gas resource cannot occur 

directly on the surface of the leasehold and must be developed by off-site surface occupancy.  

The No Surface Occupancy Alternative is the Forest Service’s preferred alternative. 
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Potential Oil and Gas Activity on the PNG 

While a leasing analysis determines if leases can be sold (and under what stipulations), it does 

not authorize oil and gas development.  In order to develop a federal lease, an operator must file 

an Application for Permit to Drill (APD) with the BLM.  This application includes a surface use 

and drilling plan and must be approved before any development is allowed.  The APD is also 

subject to the NEPA process.  Because the leasing analysis does not authorize any development, 

the Forest Service uses a projection of expected oil and gas development called a Reasonably 

Foreseeable Development Scenario (RFD). 

BLM prepared an RFD for the Royal Gorge Field Office, which includes the PNG, in 2012.  It 

projects oil and gas development over the next 20 years.  In short, the RFD projects that, if the 

PNG is entirely available for lease under standard lease terms, that 265 new wells could be 

drilled in the short term.  Of those wells, approximately 234 would remain in the long term. 

Issues and Concerns 

Issues and concerns were identified from interdisciplinary team analysis and comments received 

during the public involvement process.  These issues and concerns are summarized below: 

 

 Many respondents provided comments related to the impacts of hydraulic fracturing 

on groundwater, surface water, terrestrial wildlife, avian wildlife, soil, scenic, 

recreation, and air quality resources.  They recommended that the EIS include 

disclosure of impacts to water rights, disposal of fluids, re-injection storage, the 

probability of leaks, the effects of leaks if they occur, and contamination avoidance 

measures were requested. Some comments included a recommendation that hydraulic 

fracturing be prohibited on the federal parcels of the project area. Other commenters 

recommended No Surface Occupancy (NSO) requirements on all remaining leasable 

lands on the Pawnee National Grassland. 

 Several respondents provided comments related to the need for a thorough 

groundwater analysis that involves industry and science. 

 A few respondents provided comments related to the benefits of horizontal or 

directional drilling with regard to minimizing environmental impacts. Some 

respondents also provided comments related to the limitations of directional drilling; 

the use of directional drilling must be determined on a case-by-case basis due to 

industry cost, control, and technical limitations. 

 Some respondents provided comments related to soil degradation cause by increased 

road and pipeline construction to support the oil and gas operations. 



 

ES 4 
 

 Some respondents provided comments related to potential effects to wildlife species 

due to increased oil and gas operations and activity. The species listed included 

terrestrial, avian, and particularly sensitive and threatened species, either federally or 

state listed.  These include: black-tailed prairie dogs, burrowing owls, swift fox, 

mountain plover, ferruginous hawk, long-billed curlew, Brewer’s sparrow, 

McCowan’s longspur, chestnut-collared longspur, grasshopper sparrow, and Brewer’s 

sparrow. The potential effects could be caused by the development of roads and 

pipelines which can cause habitat fragmentation or degradation, edge effects, and 

direct mortality.  

 Some comments recommended stipulations in the Environmental Impact Statement 

(EIS) for: no oil and gas development adjacent to or in prairie dog towns; wild-to-

wild relocation, which entails relocating prairie dogs from disturbed burrows to 

vacant burrows in alternate locations; reverse dispersal translocation (RDT), which 

entails coaxing prairie dogs out of an area and gradually closing down vacant 

burrows; and restricting vehicles from within active prairie dog colonies. 

 A few respondents provided comments related to negative effects on recreational 

activities due to increased oil and gas operations and activity. The potential 

reductions in bird species and populations, as well as visual obstructions caused by oil 

and gas equipment were cited as potential causes for a reduction in bird watching 

activity on the Grassland. 

Environmental Consequences 

Forecasting environmental impacts for a leasing analysis is problematic because it is not known 

precisely where or what development will be proposed.  In addition, Conditions of Approval and 

other specific mitigation are not determinable until an APD is submitted.  These details are 

critical to evaluating the environmental impacts of oil and gas development.  However, given the 

RFD’s projection, it is possible to draw some broad generalizations about environmental effects 

of making lands available for leasing and how well leasing stipulations address environmental 

concerns.  

Oil and gas development is an industrial operation and involves surface disturbance.  As a result, 

some environmental impacts or risk are inevitable.  These can include impacts to water 

resources, terrestrial and aquatic species, scenery, recreation, air quality, and traffic.  While the 

specific impacts of development are hard to determine at the leasing analysis stage, in general, 

the more wells, well pads, roads, and other oil and gas development on the PNG, the greater the 

risk of environmental impact. 

The primary environmental impacts of the alternatives include the following: 
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 No Leasing will likely result in the greatest risk of environmental impacts.  This is 

because of production inefficiency to avoid the federal mineral estate which is intermixed 

with private and state minerals.  It is estimated that approximately 10% more wells, well 

pads, and surface disturbance would be needed under this alternative due to spacing 

constraints and access.   All wells, well pads, and surface disturbance would occur 

outside the PNG; however, not leasing these lands would likely involve more impacts 

than leasing. 

 No Action will likely have the second greatest risk of environmental impacts.  This is 

because it would generally allow for surface occupancy of the PNG to extract federal 

minerals.  While the stipulations identified in the 1997 Forest Plan would provide some 

protection for resources, there are some resources that will be subject to environmental 

risk.  There are no stipulations associated with sensitive aquifers, few stipulations for 

scenery, no stipulation for recreation resources or for aquatic species, and the benefit of 

some of the wildlife stipulations may not be adequate. 

 No Surface Occupancy is expected to have the least risk of environmental impacts.  This 

is because there will be no wells, well pads, or surface disturbance on the PNG and 

development would occur more efficiently between federal and non-federal minerals.  It 

is likely that oil and gas development will be located on lands adjacent to the PNG.  

However, because the PNG would be available for lease, the potential development is 

expected to occur more efficiently and with less total surface impacts under the No 

Surface Occupancy alternative due to advances in horizontal drilling technology.  Under 

this alternative all resources on the PNG would be exposed to the least risk of 

environmental impacts because these developments would simply not occur on the PNG 

and the indirect effects from private development would be reduced. 

Oil and gas technology has also changed in recent years.  Most importantly, horizontal drilling 

has become the dominant method of extraction.  This method increases the subsurface space that 

is accessible by one well bore, reducing the number of wells needed to develop a lease.  In 

addition, horizontal wells can extend up to 1.5 miles underground allowing for a greater distance 

between the well pad and the minerals.  Horizontal drilling is an important factor for the leasing 

decision because all the federal minerals can be accessed by drilling from off-site locations with 

horizontal wells.  Therefore, 100% of the federal minerals can be developed without surface 

occupancy of the PNG.  Stated another way, so long as lands on the PNG are available for lease, 

all of the federal minerals can be developed no matter what stipulations are placed on those 

leases.  For this reason, there is no difference in recoverability between the No Action 

Alternative and the No Surface Occupancy Alternative. 

 

  



 

ES 6 
 

 



 

TOC 1 
 

TABLE OF CONTENTS 

TABLE OF CONTENTS ..................................................................................................................... TOC 1 

LIST OF FIGURES ............................................................................................................................. TOC 2 

LIST OF TABLES ............................................................................................................................... TOC 4 

Pawnee Oil and Gas EIS Chapter 1 .............................................................................................................. 1 

Introduction ................................................................................................................................................... 1 

1.1. Background on Oil and Gas Leasing on NFS lands .................................................................. 1 
1.2. Federal Process ......................................................................................................................... 2 
1.3. Leasing Analysis and Decision ................................................................................................. 3 
1.4. Oil and Gas Leasing on the Pawnee National Grassland. ......................................................... 8 
1.5. Purpose and Need for Action .................................................................................................... 8 
1.6. Scope of this Analysis ............................................................................................................... 9 
1.7. Reasonably Foreseeable Development (RFD) ........................................................................ 10 
1.8. Decisions to be Made .............................................................................................................. 14 
1.9. Lands affected by this decision ............................................................................................... 15 
1.11. Issues ................................................................................................................................. 17 
1.12. Issues Dismissed from Detailed Study ............................................................................. 18 

Pawnee Oil and Gas EIS Chapter 2 ............................................................................................................ 19 

Introduction ............................................................................................................................................ 19 
2. Alternatives Considered in Detail .................................................................................................. 19 

2.1. No Leasing Alternative ........................................................................................................... 20 
2.2. No Action Alternative ............................................................................................................. 23 
2.3. No Surface Occupancy Alternative ......................................................................................... 26 
2.4. Summary Comparison of Alternatives .................................................................................... 29 
2.5. Forest Service Preferred Alternative ....................................................................................... 30 
2.6. Alternatives Considered but Dismissed from Detailed Study ................................................. 30 
2.7. Summary of Environmental Impacts by Alternative............................................................... 33 

Pawnee Oil and Gas EIS Chapter 3 ............................................................................................................ 35 

Introduction ............................................................................................................................................ 35 
3.1 Oil and Gas Development ....................................................................................................... 35 
3.2 General Environmental Concerns or Impacts of Oil and Gas Development and Hydraulic 

Fracturing ............................................................................................................................................ 38 
3.3 Why No Leasing results in more surface disturbance, wells, and well pads. ......................... 41 
3.4 Incomplete and Unavailable Information ................................................................................ 48 
3.5 Assumptions ............................................................................................................................ 49 
3.6 Affected Environment and Environmental Consequences ...................................................... 50 
3.7 Hydrology and Soils Resources .............................................................................................. 50 
3.8 Fisheries Resources ................................................................................................................. 87 
3.9 Wildlife Species and Habitats ..................................................................................................... 115 
3.10 Air Quality ............................................................................................................................ 132 
3.11 Geology/Minerals.................................................................................................................. 191 
3.12 Recreation ............................................................................................................................. 206 
3.13 Scenery .................................................................................................................................. 231 
3.14 Heritage ................................................................................................................................. 242 
3.15 Transportation ....................................................................................................................... 255 
3.16 Economics ............................................................................................................................. 264 



 

TOC 2 
 

Chapter 4-Response to Comments ............................................................................................................ 313 

Chapter 5-List of Preparers and Persons, Agencies, and Organizations Who Received a Copy of the FEIS

 .................................................................................................................................................................. 339 

5.1 List of Preparers: ............................................................................................................................ 339 
5.2 Distribution of FEIS ....................................................................................................................... 340 

References ................................................................................................................................................ 341 

Appendix A 

Appendix B 

Appendix C 

 

LIST OF FIGURES 

Figure 1—Royal Gorge Field Office .......................................................................................................... 10 
Figure 2 Land and Mineral Estate ............................................................................................................... 16 
Figure 3 No Leasing Alternative ................................................................................................................. 22 
Figure 4 No Action Alternative .................................................................................................................. 25 
Figure 5 No Surface Occupancy Alternative .............................................................................................. 28 
Figure 6 Example of Well Pad Construction .............................................................................................. 36 
Figure 7 Example of Drilling ...................................................................................................................... 37 
Figure 8 Example of Hydraulic Fracturing ................................................................................................. 37 
Figure 9 Example Producing Well with Interim Reclamation Completed ................................................. 38 
Figure 10 Well and pad analysis for the No Leasing Alternative in T. 9 N. R. 58 W. ............................... 43 
Figure 11 Well and pad analysis for the NSO alternative in T. 9 N. R. 58 W. ........................................... 43 
Figure 12 Well and pad analysis for the No Leasing alternative in T. 9 N. R. 58 W. ................................ 44 
Figure 13 Well and pad analysis for the NSO alternative in T. 9 N. R. 63 W. ........................................... 45 
Figure 14 Well and pad analysis for the No Leasing alternative in T. 9 N. R. 64 W. ................................ 46 
Figure 15 Well and pad analysis for the NSO alternative in T. 9 N. R. 64 W. ........................................... 46 
Figure 16 Well and pad analysis for the No Leasing alternative in T. 9 N. R. 65 W. ................................ 47 
Figure 17 Well and pad analysis for the NSO alternative in T. 9 N. R. 65 W. ........................................... 48 
Figure 18 HUC6 watersheds representing 60% of FS lands on the PNG ................................................... 53 
Figure 19 Streams, lakes, and other water sources on the PNG ................................................................. 56 
Figure 20 Highly erosive areas, mapped wetland, riparian and pothole areas on the PNG ........................ 58 
Figure 21 Watershed Improvement Need Inventory sites on the PNG ....................................................... 60 
Figure 22 Hydrogeological Settings on the PNG ........................................................................................ 62 
Figure 23 DRASTIC parameter tables ........................................................................................................ 67 
Figure 24 DRASTIC model results: Areas of the PNG with high groundwater vulnerability ................... 70 
Figure 25 Water level changes in perennial surface water habitats from July 2012 to October 2013 in the 

South Pawnee Creek drainage, Pawnee National Grassland, Weld County, Colorado.  Water levels 

above dashed lines approximate periods when surface flow were present. ........................................ 88 
Figure 26 Maps of the East and West units of the Pawnee National Grassland depicted to distribution of 

movement corridors, suitable aquatic habitat, and occupied aquatic habitat, Weld Cty, Colorado. ... 91 
Figure 27 Quantity of produced water (blue line) and number of spills (red line) reported to Colorado Oil 

and Gas Conservation Commission for Weld County Colorado from 2004 to 2013.  Source: 

Colorado Oil and Gas Conservation Commission Online Database. ................................................ 104 
Figure 28 Project Area and Designated Air Boundary Intersections ........................................................ 137 
Figure 29  Ozone Nonattainment Area ..................................................................................................... 143 
Figure 30 Land Ownership and the Ozone Nonattainment Area on the Pawnee National Grassland ...... 144 

file:///O:/NFS/ArapahoRoosevelt/Project/PNG/1900Planning/1950ProjectNEPA/Minerals/O_G_Leasing_EIS/03-Analysis/02-Draft%20NEPA%20Documents/DEIS%20Publication%20Folder/Pawnee%20Oil%20and%20Gas%20DEIS.docx%23_Toc402772586
file:///O:/NFS/ArapahoRoosevelt/Project/PNG/1900Planning/1950ProjectNEPA/Minerals/O_G_Leasing_EIS/03-Analysis/02-Draft%20NEPA%20Documents/DEIS%20Publication%20Folder/Pawnee%20Oil%20and%20Gas%20DEIS.docx%23_Toc402772592
file:///O:/NFS/ArapahoRoosevelt/Project/PNG/1900Planning/1950ProjectNEPA/Minerals/O_G_Leasing_EIS/03-Analysis/02-Draft%20NEPA%20Documents/DEIS%20Publication%20Folder/Pawnee%20Oil%20and%20Gas%20DEIS.docx%23_Toc402772592
file:///O:/NFS/ArapahoRoosevelt/Project/PNG/1900Planning/1950ProjectNEPA/Minerals/O_G_Leasing_EIS/03-Analysis/02-Draft%20NEPA%20Documents/DEIS%20Publication%20Folder/Pawnee%20Oil%20and%20Gas%20DEIS.docx%23_Toc402772592
file:///O:/NFS/ArapahoRoosevelt/Project/PNG/1900Planning/1950ProjectNEPA/Minerals/O_G_Leasing_EIS/03-Analysis/02-Draft%20NEPA%20Documents/DEIS%20Publication%20Folder/Pawnee%20Oil%20and%20Gas%20DEIS.docx%23_Toc402772593
file:///O:/NFS/ArapahoRoosevelt/Project/PNG/1900Planning/1950ProjectNEPA/Minerals/O_G_Leasing_EIS/03-Analysis/02-Draft%20NEPA%20Documents/DEIS%20Publication%20Folder/Pawnee%20Oil%20and%20Gas%20DEIS.docx%23_Toc402772593


 

TOC 3 
 

Figure 31  Design Values in Areas Previously Designated Nonattainment for the 8-Hour Ozone NAAQS

 .......................................................................................................................................................... 144 
Figure 32 Daily Maximum 8-hour Ozone Concentrations at Pawnee NG Monitors ................................ 145 
Figure 33 Trend in haze index (deciview) on the 20% clearest and haziest days at Rocky Mountain 

National Park. ................................................................................................................................... 147 
Figure 34  Annual trends in nitrate (NO3) concentrations in wet deposition collected by the Pawnee (CO 

22) National Atmospheric Deposition Program monitor. ................................................................. 148 
Figure 35  Annual trends in sulfate (SO4) concentrations in wet deposition collected by the Pawnee (CO 

22) National Atmospheric Deposition Program monitor. ................................................................. 149 
Figure 36  Annual trends in wet nitrogen deposition collected by the Pawnee (CO 22) National 

Atmospheric Deposition Program monitor. ...................................................................................... 149 
Figure 37  Air Quality Analysis Area ....................................................................................................... 153 
Figure 38  CARMMS Modeling Domain ................................................................................................. 157 
Figure 39 Maximum Modeled  Contributions to 1 Hour Daily Maximum NO2 Concentrations from PNG 

2021 Development Scenario. ............................................................................................................ 159 
Figure 40 Maximum Modeled Contributions to Annual Average NO2 Concentrations from PNG 2021 

Development Scenario. ..................................................................................................................... 160 
Figure 41 Maximum Modeled Contributions to 1 Hour Daily Maximum SO2 Concentrations from PNG 

2021 Development Scenario ............................................................................................................. 161 
Figure 42 Maximum Modeled Contributions to Annual Average SO2 Concentrations from PNG 2021 

Development Scenario ...................................................................................................................... 162 
Figure 43  Maximum Modeled Contributions to Ozone Concentrations from PNG 2021 Development 

Scenario............................................................................................................................................. 163 
Figure 44   Fourth Highest Daily Maximum 8-hour Ozone Concentrations for the 2008 Base Case (left) 

and the 2021 High Development Scenario (right) ............................................................................ 167 
Figure 45  Baseline and Predicted Future Design Values for Ozone (ppb) Results from the Modeled 

Attainment Test Software Relative Analysis .................................................................................... 168 
Figure 46  Eighth highest 24-hour PM2.5 Concentrations for the 2008 Base Case (left) and the 2021 High 

Development Scenario (right). .......................................................................................................... 172 
Figure 47  Annual Average PM2.5 Concentrations for the 2008 Base Case (left) and the2021 High 

Development Scenario (right) ........................................................................................................... 173 
Figure 48  Second Highest 24-hour Average PM10 Concentrations for the 2008 Base Case (top left) and 

2021 High Development Scenario. ................................................................................................... 174 
Figure 49  Contribution of PNG Oil and Gas Sources to 2nd-Highest 24-hour PM10............................. 174 
Figure 50 Modeled change in the 2nd highest  daily average PM10 concentration from 2008 to 2021 ... 175 
Figure 51  Fourth highest (98th percentile) daily maximum 1-hour average SO2 concentrations for the 

2008 Base Case (left) and 2021 High Development Scenario (right). .............................................. 176 
Figure 52  .  Second highest 3-hour average SO2 concentrations for the 2008 Base Case (left) and 2021 

High Development Scenario (right). ................................................................................................. 176 
Figure 53 .  Annual average SO2 concentrations for the 2008 Base Case (left) and 2021 High 

Development Scenario (right) ........................................................................................................... 177 
Figure 54 Modeled change in the 4th highest  1-hour daily maximum (left) and  annual (right) SO2 

concentrations from 2008 to 2021 .................................................................................................... 178 
Figure 55 Eighth highest  daily maximum 1-hour average NO2 concentrations for the 2008 Base Case 

(left) and 2021 High Development Scenario (right) ......................................................................... 179 
Figure 56 Average Annual  NO2 Concentrations for the 2008 Base Case (left) and 2021 High 

Development Scenario (right) ........................................................................................................... 179 
Figure 57 Modeled change in the 8th highest  1-hour daily maximum (left) and  annual  NO2 

concentrations (right) from 2008 to 2021 ......................................................................................... 180 
Figure 58 Second Highest  Daily Maximum 1-hour Average CO  Concentrations for the 2008 Base Case 

(left) and 2021 High Development Scenario (right) ......................................................................... 181 



 

TOC 4 
 

Figure 59 Second Highest  8-hour  Average CO  Concentrations for the 2008 Base Case (left) and 2021 

High Development Scenario (right) .................................................................................................. 182 
Figure 60 Modeled change in the 2nd  highest  1-hour daily maximum (left) and  2nd highest 8-hour  CO 

concentrations (right) from 2008 to 2021 ......................................................................................... 183 
Figure 61  Example of Parcel Development with and without Federal Minerals ..................................... 204 
Figure 62  Recreation Components on the PNG ....................................................................................... 208 
Figure 63  Unemployment 1990-2011 ...................................................................................................... 272 
Figure 64  Industry Employment .............................................................................................................. 274 
Figure 65  Per Capita Income ................................................................................................................... 276 
Figure 66 Violent Crime 1992-2011 ......................................................................................................... 283 
Figure 67  Juvenile Crime 1992-2011 ....................................................................................................... 284 
Figure 68  Distribution of State Severance Tax Receipts ......................................................................... 294 
Figure 69  Distribution of Federal Mineral Lease Revenue in Colorado .................................................. 296 

 

LIST OF TABLES 

Table 1—Short Term RFD Well Projection. .............................................................................................. 11 
Table 2—Long Term RFD Well Projection ............................................................................................... 11 
Table 3—Short Term RFD Disturbed Sites Projection ............................................................................... 12 
Table 4—Long Term RFD Disturbed Sites Projection ............................................................................... 12 
Table 5 RFD Short Term Surface Disturbance Projection (acres) .............................................................. 12 
Table 6—RFD Long Term Surface Disturbance Projection ....................................................................... 13 
Table 7 Summary of Acres of Available for Development under No Leasing Alternative ........................ 20 
Table 8 Summary of Acres Available for Development under the No Action Alternative ........................ 23 
Table 9 Existing Forest Plan Stipulations ................................................................................................... 23 
Table 10 Summary of Acres Available for Development under the No Surface Occupancy Alternative .. 26 
Table 11 Summary of Stipulations on Federal Mineral Leases under the No Surface Occupancy 

Alternative ........................................................................................................................................... 26 
Table 12 Land Available for Leasing and Stipulations for Unleased Portion of PNG ............................... 29 
Table 13 Total PNG Acres Available for Leasing and Applicable Stipulations ......................................... 29 
Table 14 Summary Comparison Table ....................................................................................................... 33 
Table 15. Summary of the theoretical impacts from the No Leasing and NSO alternatives in T. 9 N. R. 58 

W. ........................................................................................................................................................ 44 
Table 16. Summary of the theoretical impacts from the No Leasing and NSO alternatives in T. 9 N. R. 63 

W. ........................................................................................................................................................ 45 
Table 17. Summary of the theoretical impacts from the No Leasing and NSO alternatives in T. 9 N. R. 64 

W. ........................................................................................................................................................ 47 
Table 18. Summary of the theoretical impacts from the No Leasing and NSO alternatives in T. 9 N. R. 65 

W. ........................................................................................................................................................ 48 
Table 19 HUC6 watersheds representing 60% of FS lands on the PNG .................................................... 51 
Table 20 Hydrogeological settings and Geology of the PNG ..................................................................... 61 
Table 21 Acres open to surface disturbance by alternative and HUC6 watershed (Forest Service land) ... 73 
Table 22 Acres of potential disturbance or protection to vulnerable groundwater resources ..................... 79 
Table 23 Acres with high sediment contribution potential disturbed or protected, by alternative ............. 81 
Table 24 Acres of potential soil productivity changes due to surface disturbance or protection, by 

alternative ............................................................................................................................................ 81 
Table 25 Acres of mapped wetland, riparian and potholes disturbance and protection per alternative ...... 83 
Table 26 Summary of effects ...................................................................................................................... 86 
Table 27 . Summary of the amount and distribution of aquatic habitat ...................................................... 89 



 

TOC 5 
 

Table 28 The list of aquatic species for which environmental impacts have been examined in the Final 

Environmental Impact Statement. Includes special status and reason for in depth analysis. Note: 

Pallid sturgeon is included as federally-listed species of Platte .......................................................... 93 
Table 29 Consequences of water depletions compared among alternatives. .............................................. 99 
Table 30 Consequences of habitat sedimentation to 33 miles of suitable aquatic habitats on the Pawnee 

National Grassland compared among alternatives. ........................................................................... 102 
Table 31 Concentration of oil & gas related constituents (mg/L) in surface water, ground water, and 

produced water within 0.25 mile of PNG lands, Weld Co. ............................................................... 105 
Table 32 Consequences of habitat contamination compared among alternatives. .................................... 107 
Table 33 Distribution of potential fragmentation sites along streams on the Pawnee National Grassland, 

Weld Co., Colorado. ......................................................................................................................... 108 
Table 34 Consequences of habitat fragmentation compared among alternatives. .................................... 110 
Table 35 Summary of the distribution, extent, and current status of fish occurrence in occupied aquatic 

habitats on the PNG, Weld Co, Colorado. ........................................................................................ 112 
Table 36 Threatened and Endangered Species Considered in this Analysis ............................................. 116 
Table 37 Sensitive Species Considered in this Analysis ........................................................................... 117 
Table 38 Potential Acres by Species in Wildlife Analysis Area ............................................................... 119 
Table 39 Acres of Land Disturbance during Construction and Reclamation Stage and Road Miles Based 

on 960 acres of well pads and 30 miles of Road ............................................................................... 120 
Table 40 Terrestrial Key Indicators and Evaluation Measures ................................................................. 121 
Table 41 Total Road Density within the PNG Administrative Boundary by Alternative ......................... 127 
Table 42 Comparison of Indicators by Alternative. .................................................................................. 128 
Table 43 Summary of Impact Determinations To Sensitive Wildlife Species ......................................... 130 
Table 44 Summary of Determinations for MIS species ............................................................................ 131 
Table 45 National Ambient Air Quality Standards ................................................................................... 133 
Table 46 2011 Emissions by County (tons) .............................................................................................. 138 
Table 47 Maximum Measured Criteria Pollutant Concentrations for Select Counties in Northeastern 

Colorado: 2011 to 2013..................................................................................................................... 140 
Table 48  Estimated Emissions from Additional Oil and Gas Development under the 2021 Development 

Scenario............................................................................................................................................. 156 
Table 49  Highest PSD Pollutant Concentrations at any Class I or II Area due to Emissions from PNG 

Area Oil and Gas Development (units are μg/m3). ........................................................................... 159 
Table 50  Maximum Pawnee NG Impacts to Visibility (dv) .................................................................... 164 
Table 51  Highest Maximum and Average Nitrogen Deposition Impacts Under 2021 Scenario (kg/ha/yr.) 

from Pawnee NG Oil and Gas Development .................................................................................... 165 
Table 52  Highest Maximum and Average Sulfur Deposition Impacts Under 2021 Scenario (kg/ha/yr.) 

from Pawnee NG Oil and Gas Development .................................................................................... 165 
Table 53  Projected Changes in Acid Neutralizing Capacity at Sensitive Lakes Due to Federal Oil and Gas 

Development Within the Pawnee NG Planning Area. ...................................................................... 166 
Table 54  Projected Cumulative Impacts to Visibility in Class I Areas .................................................... 169 
Table 55  Cumulative Deposition at Class I Areas for 2021 High Development Scenario ...................... 170 
Table 56  Cumulative Deposition at Class II Areas for 2021 High Development Scenario ..................... 171 
Table 57  Maximum Annual Potential Greenhouse Gas Emissions from Pawnee NG Development Under 

the 2021 High Development Scenario (tons) .................................................................................... 188 
Table 58  Management Areas on the PNG ............................................................................................... 235 
Table 59  Scenic Integrity Objective Acreage Summary for Alternative 1 .............................................. 241 
Table 60  Scenic Integrity Objective Acreage Summary for Alternative 2 .............................................. 241 
Table 61  Scenic Integrity Objective Acreage Summary for Alternative 3 .............................................. 241 
Table 62  Scenic Integrity Objective Compliance by Alternative ............................................................ 242 
Table 63. Prehistoric Cultural Resource Types on the PNG ..................................................................... 243 
Table 64. Historic Cultural Resource Types on the PNG ......................................................................... 243 



 

TOC 6 
 

Table 65. Cultural Components within the Prehistoric Chronology for the Platte River Basin ............... 243 
Table 66: Summary of Potential Impacts to Previously Recorded Cultural Resources by Alternative .... 254 
Table 67  Miles of Forest Service Roads on the Pawnee National Grasslands ......................................... 255 
Table 68  Miles of road that are non-Forest Service jurisdiction or non-NFSR roads on the Pawnee 

National Grasslands** ...................................................................................................................... 256 
Table 69  Management Area Summary .................................................................................................... 259 
Table 70  Estimates of traffic from oil and gas development and production. ......................................... 262 
Table 71  Population Totals: Current and Historic ................................................................................... 266 
Table 72  Population Projections 2015-2030 ............................................................................................ 266 
Table 73  Components of Population Change between 1980 and 2010.................................................... 267 
Table 74  People per Square Mile ............................................................................................................. 268 
Table 75  Gender Distribution: Percent of Total Population .................................................................... 269 
Table 76 Racial and Ethnic Composition ................................................................................................. 270 
Table 77  Educational Attainment, Percent of Persons Age 25+ .............................................................. 271 
Table 78Non-Labor Income as a Percent of Total Personal Income, 2010 .............................................. 277 
Table 79  Poverty Rates, 2011 .................................................................................................................. 278 
Table 80  Housing Availability, 2011 ....................................................................................................... 279 
Table 81  Housing Costs, 2011 ................................................................................................................. 280 
Table 82  Detailed Poverty Rates, 2011 .................................................................................................... 282 
Table 83  January 1st Cattle and Calve Inventories, 2003-2013 ............................................................... 288 
Table 84  Anticipated Public Revenues Generated Under Alternative 1 .................................................. 305 
Table 85  Anticipated Public Revenues Generated Under Alternative 2 .................................................. 305 
Table 86  Anticipated Public Revenues Generated Under Alternative 3 .................................................. 312 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 



 

1 
 

Pawnee Oil and Gas EIS Chapter 1 

Introduction 

The Arapaho and Roosevelt National Forests and Pawnee National Grassland together with the 

Bureau of Land Management (as a cooperating agency) has prepared this Final Environmental 

Impact Statement (FEIS) to evaluate oil and gas leasing on the Pawnee National Grassland 

(PNG).  This FEIS was prepared in order to inform a leasing analysis decision.  This decision 

determines what lands on the PNG would be available for oil and gas leasing and what lease 

stipulations would be attached to any future leases. This FEIS discloses and discusses the 

potential environmental impacts of oil and gas leasing across a range of alternatives in order to 

make this decision. 

To provide the reader with a foundation for this analysis, this Chapter includes: 

(1) A background on oil and gas leasing on National Forest System lands; 

(2) A discussion of the federal process for oil and gas leasing and oil and gas development 

on National Forest System Lands; 

(3) Oil and gas leasing on the PNG 

(4) A discussion of the purpose and need for action; 

(5) A discussion on the scope of the analysis; 

(6) A description of the projections of future oil and gas development under the reasonably 

foreseeable development scenario (RFD) 

(7) A statement of the decisions to be made; 

(8) A description of the lands involved; 

(9) A discussion of public participation and significant issues;  

(10) Issue considered in detail in this analysis; 

(11) Issues dismissed from detailed study 

 

1.1. Background on Oil and Gas Leasing on NFS lands 

In many parts of the United States, National Forest System (NFS) lands overlie oil and gas 

resources.  The Forest Service manages NFS lands, outside of statutory wilderness areas and 

other limited use designations, for a spectrum of uses under the Multiple-Use Sustained Yield 

Act of 1960.  Part of the Forest Service’s multiple use mission is to allow for the exploration, 

development, and production of oil and gas resources while sustaining the long term health and 

biological diversity of ecosystems.
1
 

                                                           
1
 See Forest Service Manual (FSM) 2822.03 which describes the FS’s policy on mineral leasing. 
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To fulfill this mission, the Forest Service (FS) and Bureau of Land Management (BLM) work 

together to lease oil and gas on NFS lands.
2
  The Federal Onshore Oil and Gas Leasing Reform 

Act of 1987 divides the responsibility for issuing oil and gas on NFS lands between the Secretary 

of Interior, acting through the BLM, and the Secretary of Agriculture, acting through the Forest 

Service. 

As of February 2012, the Forest Service estimates that, nationwide, approximately 5 million 

acres of NFS lands are currently leased for oil, gas, coal, and phosphate mining.  Federal 

procedures establish a process the Forest Service and BLM follow in order to make decisions 

regarding the leasing of NFS lands. 

1.2. Federal Process 

The Code of Federal Regulations (CFR) sets forth the process the FS and BLM follow to make 

decisions regarding the exploration, development, and production of oil and gas resources on 

NFS lands.
3
  In short, these regulations establish a staged decision making process. There are two 

stages: (1) leasing of federal oil and gas; and (2) development of the lease.   

The staged decision making process is illustrated by the distinct decisions the FS and BLM must 

make.  There are four National Environmental Policy Act (NEPA) based decisions the FS and 

BLM make in deciding whether oil and gas development can occur on NFS lands.  These 

decisions and a short description are: 

(1) FS leasing analysis and decision—what lands are available for leasing and what 

stipulations are necessary.
4
 

(2) BLM lease sale decision—whether to sell a lease on available lands and what stipulations 

are necessary.
5
 

(3) FS review of leaseholder’s SUPO—whether the plan is consistent with the lease and 

acceptable (or can be made acceptable) based on environmental considerations.
6
 

(4) BLM decision on leaseholder APD —whether “on the ground” activities will be 

authorized.
7
 

Because these are NEPA based decisions, they all require the consideration of environmental 

consequences and opportunities for public involvement. 

                                                           
2
 FSM 2022.04 describes the FS and BLM’s responsibilities with respect to leasable minerals.  In addition, the FS 

and BLM have signed a Memorandum of Understanding (MOU) for the purpose of establishing joint BLM and FS 
policies and procedures for managing oil and gas leasing and operational activities pursuant to oil and gas leases 
on NFS lands.  http://www.fs.fed.us/geology/MOU_BLM_Oil_Gas.pdf 
3
 36 CFR Subpart E describes Forest Service and 43 CFR Part 3100 describes BLM rules and procedures for oil and 

gas leasing. 
4
 36 CFR 228.102 

5
 43 CFR Subpart 3101  

6
 36 CFR 228.106 through 36 CFR 228.109  

7
 43 CFR § 3162.3–1. 

http://www.fs.fed.us/geology/MOU_BLM_Oil_Gas.pdf
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The FS and BLM are currently in the first stage and the focus of this EIS is to complete a leasing 

analysis and decision.   

1.3. Leasing Analysis and Decision 

The FS uses the leasing analysis to make two determinations—a land availability determination 

and a lease stipulation determination.  First, the FS determines what NFS lands will be available 

for leasing (land availability determination).  Second, if the FS determines that lands are 

available for leasing, the FS next decides what stipulations will be required in the lease (lease 

stipulation determination).   

The FS completes the leasing analysis under NEPA procedures to ensure that environmental 

impacts are considered in decision making.  In evaluating the environmental impacts, the Forest 

Service projects the type/amount of post-leasing activity that is reasonably foreseeable as a 

consequence of conducting a leasing program consistent with that described in the proposal and 

for each alternative.  This projection is called a Reasonably Foreseeable Development Scenario 

(RFD)
 8

 and is an estimate of oil and gas development in the analysis area for a specified period 

of time (usually between 10 and 20 years). 

The FS uses this projection to analyze the reasonable foreseeable impacts of post-leasing 

activity.
9
  As a result, this projection provides the basis for the evaluation of the environmental 

impacts under NEPA. 

1.3.1.1. Land Availability Determination 

In substance, a land availability determination defines whether oil and gas leasing is allowed 

whatsoever on NFS lands.  For the land availability determination, the Forest Service places NFS 

lands on the PNG into one of three categories.  These categories are: 

(1) Lands closed to leasing by law or regulation; 

(2) Lands available for leasing through management discretion; and 

(3) Lands closed to leasing through management discretion. 

The land availability determination first identifies lands that are closed to leasing by law or 

regulation (e.g. Wilderness Areas of Withdrawn Areas).  These lands are legally unavailable for 

leasing and are excluded from further review in the land availability determination. 

For remaining lands, the Forest Service identifies what lands will be open or closed to leasing 

through management discretion.   

                                                           
8
 See BLM Handbook 1624-1 and BLM Instructional Memorandum (IM) 2004-89.  An RFD is “a reasonable, 

technical, and scientific estimate of anticipated oil and gas activity based on current information and data 
available.” 
9
 36 CFR 228.102(c). 
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1.3.1.2. Lease Stipulation Determination 

The lease stipulation determination only applies to lands the Forest Service has defined as 

available through management discretion.  For these lands, the Forest Service determines what 

stipulations must be included on any future leases. 

Lease stipulations are additional restrictions or constraints placed on a lease and become part of 

the lease issued by BLM.  The purpose of lease stipulations is to reduce potential adverse 

impacts of operations on NFS surface resources or to implement forest plan management 

direction.
10

 

Lease stipulations fall into one of three categories:
11

 

(1) No Surface Occupancy (NSO) 

(2) Timing Limitations (TL) 

(3) Controlled Surface Use (CSU) 

Standard Lease Terms (SLTs) are included on every lease issued by BLM.  If SLTs are not 

determined to be adequate to protect surface resources, additional stipulations are developed.
12

  

These include no surface occupancy (NSO), timing limitations (TL), and controlled surface use 

stipulations (CSU).  When additional stipulations are required, they supersede any inconsistent 

provisions in SLTs. 

Stipulations are described briefly here and in detail in Appendix A. 

Standard Lease Terms 

Standard Lease Terms (SLTs) are contained in BLM Form 3100-11—Offer to Lease and Lease 

for Oil and Gas, U.S. Department of the Interior, BLM, October 1992.  Form 3100-11 is standard 

nationwide and is applied to every lease issued.   

 

Under SLTs, the right to use of the leased lands is subject to reasonable measures needed to 

minimize adverse impacts.  43 CFR 3101.1-2 defines what reasonable measures can be required. 

These include: 

(1) relocation of proposed operations up to 200 meters;  

                                                           
10

 See 53 FR 10423-01 which states that:  “Appropriate stipulations would be those necessary to implement the 
management direction in the forest plan as well as those identified in the environmental document(s) as mitigation 
measures for possible adverse impacts of oil and gas operations on National Forest System surface resources.” 
11

 See “Uniform Format for Oil and Gas Leasing Stipulations”; Final Recommendations Prepared By: Rocky 
Mountain Regional Coordinating Committee March 1989.  Available at:  
http://www.blm.gov/pgdata/etc/medialib/blm/wy/programs/energy/og/leasing/saleforms.Par.4059.File.dat/unifo
rmformat-stips.pdf 
12

 FSM2822.42 provides some guidance on determining the need for stipulations.  It states that they should be 
“…necessary to protect the use, management, administration, and development of the National Forest System 
lands and the Forest Development Road Systems.  Stipulations should be held to a minimum consistent with those 
purposes.” 

http://www.blm.gov/pgdata/etc/medialib/blm/wy/programs/energy/og/leasing/saleforms.Par.4059.File.dat/uniformformat-stips.pdf
http://www.blm.gov/pgdata/etc/medialib/blm/wy/programs/energy/og/leasing/saleforms.Par.4059.File.dat/uniformformat-stips.pdf
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(2) prohibit new surface disturbing operations for a period up to 60 days in any lease year 

No Surface Occupancy 

No Surface Occupancy (NSO) lease stipulations prohibit any surface disturbing activities on the 

leasehold.  This means that wells and well pads cannot be located on leaseholds.  However, the 

NSO stipulation does not prohibit the FS from evaluating special use permit applications for 

roads, pipelines, or other uses.  Any applications for these uses are evaluated under Forest 

Service special uses regulations.
13

 

NSO stipulations can apply to the entire lease, as a specified distance from resources and 

facilities; such as rivers, trails, campgrounds, etc., or other geographic features.  The NSO 

stipulation is generally used when all other stipulations do not sufficiently protect surface 

resources. 

Timing Limitations 

Timing Limitation (TL) lease stipulations prohibit surface use during specified time periods.  

Because SLTs provide the authority to prohibit surface use for up to 60 days, timing limitation 

stipulations are generally used when necessary to protect resource values that require prohibiting 

surface use in excess of 60 days. 

Controlled Surface Use 

Controlled Surface Use (CSU) lease stipulations are intended to be used when surface use is 

generally allowed on all or portions of the lease area year round, but because of special values or 

resource concerns, lease activities must be strictly controlled.  CSU lease stipulations may be 

required for certain resources that require special design, construction, operation, mitigation, 

implementation, reclamation, and monitoring measures, including relocation of operations by 

more than 200 meters. 

1.3.2. After the Leasing Analysis and Decision 

The FS completes the leasing analysis by issuing a Record of Decision (ROD) and notifying 

BLM by providing them a copy of the leasing analysis. The BLM will determine whether to 

adopt the Oil and Gas Leasing EIS and associated analysis. In that decision, the BLM will 

conduct an independent review and determine if the EIS adequately addresses all likely 

significant environmental impacts associated with the BLM’s responsibilities for oil and gas 

leasing and development on the PNG, as well as if all BLM requirements and comments were 

adequately addressed by the Forest Service. The BLM may identify specific tracts of NFS lands 

be leased.  If NFS tracts are identified, the FS will determine whether to consent with BLM to 

                                                           
13

 The procedures for evaluating special use applications are listed in 36 CFR 251 Subpart B. 



 

6 
 

offer the lease.
14

  If the FS consents to BLM’s decision to offer the lease, BLM may lease 

minerals underlying NFS lands—typically through a competitive lease sale. 

If a lease is issued on NFS lands, the leaseholder may submit an APD.  The submission of the 

APD triggers review and evaluation by the Forest Service and BLM in order for any 

development of the oil and gas lease. 

1.3.3. Development of Federal Oil and Gas Leases on NFS Lands 

Prior to any development of an oil and gas lease on NFS lands, the leaseholder must submit an 

APD for review and consent by the BLM and Forest Service.  In general, an APD is a plan for 

drilling and surface use on the leasehold.
15

  The APD includes, among other requirements, a 

drilling plan and a Surface Use Plan of Operations (SUPO).  The drilling plan includes a 

description of the drilling program, the surface and projected completion zone location, pertinent 

geologic data, expected hazards, and proposed mitigation measures to address such hazards.  The 

SUPO  includes the road and drillpad location, details of pad construction, methods for 

containment and disposal of waste material, plans for reclamation of the surface, and other 

pertinent data.  

Similar to leasing, the BLM and FS share the authority over the review and approval of APDs
16

.  

The FS is responsible for review of the SUPO and the BLM is responsible for overall review and 

approval or disapproval of the APD.  This review is consistent with FS responsibilities for 

surface resources and BLM responsibilities for subsurface or “downhole” issues—such as 

drilling and casing.   

                                                           
14

 The procedures for Forest Service authorization to BLM is described at 36 CFR 228.102.  It states that: 
At such time as specific lands are being considered for leasing, the Regional Forester shall review the area 
or Forest-wide leasing decision and shall authorize the Bureau of Land Management to offer specific lands 
for lease subject to: 

(1) Verifying that oil and gas leasing of the specific lands has been adequately addressed in a 
NEPA document, and is consistent with the Forest land and resource management plan. If 
NEPA has not been adequately addressed, or if there is significant new information or 
circumstances as defined by 40 CFR 1502.9 requiring further environmental analysis, 
additional environment analysis shall be done before a leasing decision for specific lands will 
be made. If there is inconsistency with the Forest land and resource management plan, no 
authorization for leasing shall be given unless the plan is amended or revised. 

 
(2) Ensuring that conditions of surface occupancy identified in § 228.102(c)(1) are properly 

included as stipulations in resulting leases. 
 

(3) Determining that operations and development could be allowed somewhere on each 
proposed lease, except where stipulations will prohibit all surface occupancy. 

 
15

 43 CFR 3162.3-1 describes the information to be included in the APD.  
16

 Onshore Oil and Gas Order Number 1 
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The SUPO and APD are subject to site specific review under NEPA.  The Forest Service reviews 

and makes a NEPA based decision on the SUPO.  If the SUPO is approved, the BLM then 

reviews and makes a NEPA based decision the APD. 

36 CFR 228.107(a) lists four determinations the Forest Service must make to approve a SUPO.  

These determinations are: 

(1) That the SUPO is consistent with the lease, including the lease stipulations, and 

applicable Federal laws. 

(2) That the SUPO is consistent or can be made consistent with the Forest Plan. 

(3) That the SUPO meets or exceeds the surface use requirements in 36 CFR 228.108.
17

 

(4) That the SUPO is acceptable, or is modified to be acceptable, based upon a review of the 

environmental consequences of the operations. 

The BLM review of the APD includes technical considerations related to “downhole” operations 

and any environmental considerations identified in the NEPA analysis of the APD.
18

  After 

environmental analysis, BLM issues a NEPA based decision on the APD. 

The Forest Service and BLM may require Conditions of Approval to mitigate site specific 

resource concerns.  Only after the APD and associated SUPO are approved may the applicant 

proceed with drilling the well after the APD is signed by the BLM authorizing official.  All 

activity must conform to the APD, SUPO, and lease stipulations. 

1.3.4. Modifications, Waivers, and Exceptions 

An operator may request the FS authorize BLM to modify (permanently change), waive 

(permanently remove), or grant an exception (case-by-case exemption) to a stipulation included 

in a lease at the direction of the Forest Service.
19

  The Forest Service reviews requests for 

modifications, exceptions, and waivers under the NEPA process.  In order to authorize BLM to 

grant a modification, waiver, or exception; the Forest Service must make four determinations: 

(1) The action would be consistent with applicable Federal laws; 

(2) The action would be consistent with the current forest land and resource management 

plan; 

(3) The management objectives which led the Forest Service to require the inclusion of the 

stipulation in the lease can be met without restricting operations in the manner provided 

                                                           
17

 36 CFR 228.108 lists ten surface use requirements.  These requirements include; among others, that operations 
are conducted in a manner that minimizes effects on surface resources and prevents unnecessary or unreasonable 
surface resource disturbance.  They also require the operator conduct reclamation and that operations protect 
watersheds. 
18

 BLM Handbook 3160-1 identifies the guidelines and procedures for processing APDs, oil and gas tests, and 
subsequent operations under an onshore Federal or Indian oil and gas lease. 
19

 See 36 CFR 228.104 for a description of the FS process for the consideration of modifications, waivers, and 
exceptions. 
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for by the stipulation given the change in the present condition of the surface resources 

involved, or given the nature, location, timing, or design of the proposed operations; and 

(4) The action is acceptable to the authorized Forest officer based upon a review of the 

environmental consequences. 

 

1.4. Oil and Gas Leasing on the Pawnee National Grassland. 

Oil and Gas leasing has been occurring on the PNG since the 1930s.  The most recent leasing 

analysis was completed in 1997 as part of a Forest Plan revision.  The 1997 leasing analysis 

relied on a reasonably foreseeable development scenario (RFD) developed in 1995.  Since 1997, 

oil and gas leasing has been occurring under the availability and stipulation determinations 

defined in that analysis.  Currently, approximately 43,000 acres of the PNG are leased and 62 oil 

and gas wells are active. 

Since 1997, interest in oil and gas resources on the PNG has increased and the technology to 

extract oil and gas has changed.  One of the important technological changes is the way oil and 

gas is extracted—changing from conventional to horizontal drilling.  As a result, BLM 

developed a new reasonably foreseeable development scenario (RFD) in 2013.  The 2013 RFD 

projects that 234 new wells will be developed in the long term on the PNG over the next 20 

years. 

1.5. Purpose and Need for Action 

1.5.1. Need for Action 

Conditions have changed since the 1997 Forest Service’s leasing decision.  First, a new RFD was 

prepared in 2013.  Second, interest in oil and gas resources under the PNG has increased since 

1995.  BLM’s 2013 RFD projects up to 234 new wells could be developed on the PNG from 

2013 through 2033.  Lastly, drilling technology is advancing and changing how oil and gas 

resources are recovered. 

Because FS leasing decisions should reflect consideration of environmental impacts, current 

technology, and current projected demand for oil and gas (among other things), the FS has 

identified the need to re-examine the 1997 leasing decision and make a new decision if 

necessary. 

In addition, there is also a need for a leasing decision that best meets Forest Plan goals and 

objectives and geographic area direction for the PNG.  The Forest Plan’s geographic area 

direction for the PNG is particularly important because it is specific to the PNG and helps 

“…specify priorities among competing uses, activities, resources, or other items.”
20

  The extent 

                                                           
20

 See Forest Plan pg. 43 which discusses the purpose of geographic area direction. 
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to which the alternative leasing programs evaluated in this EIS meet Forest Plan direction will be 

important to this decision. 

1.5.2. Purpose of Action 

The purpose of the Proposed Action is to complete a Grassland-wide leasing analysis that 

complies with the Leasing Reform Act.  The leasing analysis will establish an oil and gas 

program for the PNG that, along with other forest plan direction, will guide oil and gas lease 

sales on the PNG for the next 20 years.  This analysis will determine: (1) what lands will be 

available on the Pawnee National Grassland for oil and gas leasing; and (2) what stipulations will 

be included on any future leases. 

This analysis is required to meet regulatory requirements of 36 CFR 228.102, which established 

guidance for the process for oil and gas leasing on National Forest System lands in order to 

comply with the Leasing Reform Act. 

1.6. Scope of this Analysis 

The goal of this analysis is to inform the leasing decision for the Pawnee Grassland.  It includes 

analysis of relevant environmental impacts to assist the Forest Supervisor in selecting an 

alternative that best meets the purpose and need.  However, because a leasing decision does not, 

by itself, result in any on the ground oil and gas development, the EIS analysis relies on the RFD 

to assess environmental impacts.  The analysis uses the RFD’s assumptions and projections of 

the number of wells, disturbed sites, and acres of surface disturbance as a basis for forecasting 

environmental impacts. 

While the RFD provides a reasonable projection of oil and gas development, there are limitations 

on the precision of this projection and assumptions are needed.  First, it is not possible to 

estimate precisely where, when, or how oil and gas leases will be developed into the future on 

the PNG.  These details are only known once a lease is purchased and the operator submits an 

APD that includes a drilling plan and SUPO to indicate when, where, and how a well will be 

drilled ona  federal lease.  Second, the magnitude of future demand for oil and gas resources is 

difficult to determine.  And this influences the schedule for lease sales and the specifics of lease 

development.  Third, the RFD projection assumes all potentially productive areas can be open 

under standard lease terms and conditions, except those areas designated as closed to leasing by 

law, regulation, or executive order.  This assumption is unlikely for Forest Service lands given 

that additional stipulations were required in the 1997 Leasing Decision.  For these reasons, the 

accuracy of environmental disclosure in this EIS is limited and definitive conclusions about 

environmental impacts are difficult to make. As a result, this EIS makes broad disclosures to 

inform the leasing analysis determinations. 

Even though the EIS cannot provide for precise disclosure of environmental impacts of oil and 

gas development over the next 20 years, it does give an idea of what the general environmental 
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consequences of oil and gas development would be under alternative leasing programs.  It also 

provides an opportunity to evaluate cumulative impacts more soundly than they could be 

evaluated under individual APD or SUPO analysis.  Finally, this analysis is helpful to identify 

important resources on the PNG and provides a discussion of the risk, if any, from oil and gas 

development to those resources.  All of this information is helpful in making the land availability 

and stipulation determinations for the leasing decision. 

1.7. Reasonably Foreseeable Development (RFD) 

Because this analysis uses the RFD as a basis for analysis, this section describes some of the 

most relevant projections and assumptions.  This area includes most of eastern Colorado. The 

RFD provides a projection for lands within the BLM’s Royal Gorge Field Office boundary (see 

Figure 1).  This includes not just the PNG but private, state, and other non-federal lands; 

encompassing at total of 680,000 surface acres and 6.8 million sub-surface acres.  The PNG 

includes about 192,000 acres of this total. 

 

The entire RFD is included as Appendix A. 

 
Figure 1—Royal Gorge Field Office 
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1.7.1. RFD Projections 

The RFD consists of three primary projections:  (1) the total number of wells expected in the 

Royal Gorge Planning Area; (2) the number of disturbed sites (i.e. well pads); and (3) the 

acres of surface disturbance.   

 

The RFD includes projections for both short term and long term.  There are two reasons for 

this.  First, not all wells that are drilled will be productive and remain on the landscape.  

Those that are not productive are removed and the area is reclaimed.  Second, the short term 

surface disturbance is much greater than long term surface disturbance because of 

reclamation requirements. 

 

The short and long term RFD projections for wells, disturbed sites, and surface disturbance 

are displayed in Tables 1-6 below. 

 

Table 1—Short Term RFD Well Projection. 

 
BLM 

Lands 
PNG 

Other Lands (state 

and private) 
Total 

Total New Exploratory and 

Development Wells 
515 265 12,261 13,041 

Total Existing Active Wells 490 245 28,262 28,997 

Total Wells 1,005 510 40,523 42,038 

 

Table 2—Long Term RFD Well Projection 

 
BLM 

Managed 
PNG 

Other Lands (state 

and private) 
Total 

Total New Active Wells 460 234 10,906 11,600 

Total Remaining Active 

Wells 
399 196 22,890 23,485 
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Total Wells 858 430 33,796 35,084 

 

Table 3—Short Term RFD Disturbed Sites Projection 

 
BLM 

Managed 
PNG 

Other Lands (state 

and private) 
Total 

Total New and Exploratory 

Well Disturbed Sites 
374 170 8,198 8,742 

Total Existing Disturbed 

Well Sites 
399 196 23,509 24,104 

Total Short-Term 

Disturbed Sites 
773 366 31,707 32,846 

 

Table 4—Long Term RFD Disturbed Sites Projection 

 
BLM 

Managed 
PNG 

Other Lands (state 

and private) 
Total 

Total New Active 

Disturbed Well Sites 
338 154 7,407 7,899 

Total Remaining Disturbed 

Well Sites 
336 162 19,431 19,929 

Total Long-Term Disturbed 

Sites 
674 316 26,838 27,828 

 

Table 5 RFD Short Term Surface Disturbance Projection (acres) 

 
BLM 

Managed 
PNG 

Other Lands (state 

and private) 
Total 
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Total New Acres of 

Surface Disturbance 
1,741 935 41,764 44,440  

Total Existing Surface 

Disturbance 
453 228 26,141 26,822 

Total Short Term 

Disturbance 
2,194 1,163 26,838 71,262 

 

Table 6—RFD Long Term Surface Disturbance Projection 

 
BLM 

Managed 
PNG 

Other Lands (state 

and private) 
Total 

Total New Acres of 

Surface Disturbance (after 

reclamation) 

271 177 6,007 6455 

Total Existing Surface 

Disturbance 
315 151 18,182 18,648 

Total Long Term 

Disturbance 
586 278 24,240 25,104 

 

1.7.2. RFD Assumptions 

The RFD includes many assumptions in order to project oil and gas development and surface 

disturbance.  These assumptions are described in more detail throughout the RFD (see Appendix 

A); however, a summary is provided below. 

1.7.3. Projection Assumptions 

 All potentially productive areas will be open under standard lease terms and 

conditions, except those areas designated as closed to leasing by law, regulation, 

or executive order 

 Horizontal drilling will be primarily used for oil and gas development. 

 The success rate for new wells will be very high—about 90%. 

 Successful wells will productive for 50 years. 

1.7.4. Surface Disturbance Assumptions 

 With increased drilling interest and increased interest in multi-pad wells in the 

Greater Wattenberg AQNAA, it is assumed that 70 percent of new wells will be 
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drilled on an average of four wells per pad.  The remaining 30 percent of new 

wells will average one well per pad.  

 It is assumed that in the area to the north of the Greater Wattenberg AQNAA, 

successful exploration and development will proceed with pads averaging at least 

three wells each and these pads will account for 50 percent of new wells drilled in 

the area.  The remaining 50 percent of new wells will average one well per pad. 

 In the rest of the Planning Area it is assume as many as five percent of new 

conventional wells will be drilled with an average of two wells per pad and the 

remaining 95 percent will average one well per pad. 

 Pads with one well will have two acres of initial disturbance associated with the 

pad, 0.91 acres associated with a road, and 1.1 acres associated with a pipeline.  If 

the well is not successful the pipeline disturbance will not occur.  For productive 

wells the pad will be reclaimed to 0.25 acres, the road will be reclaimed to 0.43 

acres, and the pipeline will be completely reclaimed. 

 Pads with two wells will have four acres of initial disturbance associated with the 

pad, 0.91 acres associated with a road, and 1.1 acres associated with a pipeline.  If 

the well is not successful the pipeline disturbance will not occur.  For productive 

wells the pad will be reclaimed to 0.5 acres, the road will be reclaimed to 0.43 

acres, and the pipeline will be completely reclaimed. 

 Pads with three wells will have 10 acres of initial disturbance associated with the 

pad, 0.91 acres associated with a road, and 1.1 acres associated with a pipeline.  If 

the well is not successful the pipeline disturbance will not occur.  For productive 

wells the pad will be reclaimed to 0.7 acres, the road will be reclaimed to 0.43 

acres, and the pipeline will be completely reclaimed. 

 Pads with four wells will have 10 acres of initial disturbance associated with the 

pad, 0.91 acres associated with a road, and 1.1 acres associated with a pipeline.  If 

the well is not successful the pipeline disturbance will not occur.  For productive 

wells the pad will be reclaimed to 0.9 acres, the road will be reclaimed to 0.43 

acres, and the pipeline will be completely reclaimed. 

 Of the existing active wells (as of February 2012) 20 percent wells will be 

abandoned by the end of the Planning Period. 

 

1.8. Decisions to be Made 

The Arapaho Roosevelt National Forests and Pawnee National Grassland Supervisor will make a 

leasing decision.  This decision will include a land availability determination and a lease 

stipulation determination.  These determinations are described below: 

(1)  Land Availability Determination 
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The land availability determination specifies what lands will be administratively available 

for leasing.  This decision will place NFS lands on the PNG into three categories: 

a) Available for leasing through management discretion 

b) Closed to leasing through management discretion 

c) Closed to leasing by law or regulation 

 

(2) Lease Stipulation Determination 

The lease stipulation determination identifies what lease stipulations will be attached to 

future leases on lands determined to be administratively available for leasing. 

 

The leasing decision will be documented as an amendment to the Forest Plan.  It will replace 

Appendix D—Oil and Gas Leasing Supplemental Stipulations. 

 

1.9. Lands affected by this decision 

The PNG is approximately 192,000 acres.  However, this decision will only directly impact 

approximately 100,000 acres—the unleased federal mineral estate on the PNG. 

There are two primary reasons for this.  First, approximately 46,000 acres of the PNG lie above 

private mineral estate.  Because the mineral estate is privately held, federal availability 

determinations and lease stipulations do not apply.  Second, approximately 43,000 acres of the 

PNG are already leased.  Because these lease rights are already granted, they will continue under 

their existing terms until they expire.  However, if existing leases expire, the land availability and 

lease stipulation determinations under this decision will be included in any future leasing 

decisions on these lands. 
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Figure 2 Land and Mineral Estate
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1.10. Public Participation 

The Forest Service has invited the public to participate in the following ways: 

 A notice of intent (NOI) to prepare an environmental impact statement was published 

in the Federal Register on April 1, 2013.  The NOI requested comments and described 

the proposed action, purpose and need, decision to be made, and provided a contact 

for further information. 

 A scoping letter was mailed to interested and affected individuals on April 2, 2013.  

This letter described the proposed action, purpose, and need, decision to be made and 

provided instructions on how to comment. 

The Forest Service received about 3,000 comments. 

1.11. Issues 

Issues and concerns were identified from interdisciplinary team analysis and comments received 

during scoping.  These issues and concerns are summarized below: 

 

 Many respondents provided comments related to the impacts of hydraulic fracturing 

on groundwater, surface water, terrestrial wildlife, avian wildlife, soil, scenic, 

recreation, and air quality resources.  They recommended that the EIS include 

disclosure of impacts to water rights, disposal of fluids, re-injection storage, the 

probability of leaks, the effects of leaks if they occur, and contamination avoidance 

measures were requested. Some comments included a recommendation that hydraulic 

fracturing be prohibited on the federal parcels of the project area. Other commenters 

recommended No Surface Occupancy (NSO) requirements on all remaining leasable 

lands on the Pawnee National Grassland. 

 Several respondents provided comments related to the need for a thorough 

groundwater analysis that involves industry and science. 

 A few respondents provided comments related to the benefits of horizontal or 

directional drilling with regard to minimizing environmental impacts. Some 

respondents also provided comments related to the limitations of directional drilling; 

the use of directional drilling must be determined on a case-by-case basis due to 

industry cost, control, and technical limitations. 

 Some respondents provided comments related to soil degradation cause by increased 

road and pipeline construction to support the oil and gas operations. 
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 Some respondents provided comments related to potential effects to wildlife species 

due to increased oil and gas operations and activity. The species listed included 

terrestrial, avian, and particularly sensitive and threatened species, either federally or 

state listed.  These include: black-tailed prairie dogs, burrowing owls, swift fox, 

mountain plover, ferruginous hawk, long-billed curlew, Brewer’s sparrow, 

McCowan’s longspur, chestnut-collared longspur, grasshopper sparrow, and Brewer’s 

sparrow. The potential effects could be caused by the development of roads and 

pipelines which can cause habitat fragmentation or degradation, edge effects, and 

direct mortality.  

 Some comments recommended stipulations in the Environmental Impact Statement 

(EIS) for: no oil and gas development adjacent to or in prairie dog towns; wild-to-

wild relocation, which entails relocating prairie dogs from disturbed burrows to 

vacant burrows in alternate locations; reverse dispersal translocation (RDT), which 

entails coaxing prairie dogs out of an area and gradually closing down vacant 

burrows; and restricting vehicles from within active prairie dog colonies. 

 A few respondents provided comments related to negative effects on recreational 

activities due to increased oil and gas operations and activity. The potential 

reductions in bird species and populations, as well as visual obstructions caused by oil 

and gas equipment were cited as potential causes for a reduction in bird watching 

activity on the Grassland. 

1.12. Issues Dismissed from Detailed Study 

The following issues were dismissed from detailed study because they are either unaffected by a 

leasing decision or because these resources are not present on the PNG. 

 Impacts on grazing allotments were dismissed from detailed study because the amount of 

surface disturbance under the alternatives is expected to have a negligible reduction in 

forage or exercise of grazing permits. 

 Impacts on rare plants were dismissed from detailed study because no rare plants or rare 

plant habitat exists on the PNG. 

 Impacts to paleontological resources are dismissed from detailed study because surveys 

will be required prior to any oil and gas development authorized on the PNG and any 

avoidance of undiscovered paleontological resources would be required as Conditions of 

Approval at the APD stage. 

 Impacts to existing special use permits or authorizations were dismissed from detailed 

study because these authorizations primarily consist of underground pipelines and 

transmission lines.  These authorizations are not expected to be amended or otherwise 

altered as a result of any potential future oil and gas development. 
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Pawnee Oil and Gas EIS Chapter 2 

Introduction 

This chapter describes the alternatives considered by the Forest Service for the leasing decision.  

It describes features common to all alternatives and a description of each alternative.  Because a 

leasing decision involves determinations of lands available for leasing and leasing stipulations, 

the alternatives differ on what lands are available for leasing and what lease stipulations would 

apply to future leases.  The alternative descriptions also include a discussion of reasonably 

foreseeable future development under each alternative. 

In addition, to describing the alternatives, this chapter also includes: 

(1) The Forest Service’s preferred alternative and the reasons for that preference.   

(2) A description of alternatives considered but dismissed from detailed study and the 

reasons why they were dismissed. 

(3) A summary of the environmental impacts of the alternatives in comparison format.  This 

summary is drawn from the findings and analysis in Chapter 3 of this FEIS. 

 

2. Alternatives Considered in Detail 

This FEIS considers three alternatives in detail: 

 Alternative 1-No Leasing Alternative 

 Alternative 2-No Action Alternative 

 Alternative 3-No Surface Occupancy Alternative (NSO Alternative) 

These alternatives all have different combinations of PNG lands available for leasing and lease 

stipulations.  However, there are some portions of the PNG that are unlikely to be affected by 

any of the alternatives. 

The PNG includes about 46,000 acres of private mineral estate that is located underneath Forest 

Service surface estate.  These lands are unaffected by the availability and stipulation 

determinations in the alternatives because a leasing decision only applies to the federal mineral 

estate.  Even though the Forest Surface manages the surface estate, it does not have the authority 

to determine whether private mineral rights are leased or what terms are included in leases. The 

Forest Service negotiates with private mineral estate holders to manage the NFS surface estate to 

be as close as possible to the standards used for federal minerals. 
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The PNG also includes about 43,000 acres of existing federal leases.  These leases include 

stipulations that were determined in the 1997 Forest Plan and are identical to those described in 

the No Action Alternative.  The Forest Service does not have the authority to cancel existing 

leases or replace existing lease stipulations with new stipulations.    For this reason,  this analysis 

assumed existing stipulations remain on existing leases. 

It is possible that existing leases could expire and be leased again.  If this happens, the 

availability and stipulation determinations in the alternatives would apply.  Although this is a 

possibility, it is very unlikely.  This is because the Niobrara formation is a “proven” field and 

over the past 20 years it has been extremely rare that a lease expires and is leased again.  For this 

reason, the FEIS assumes that, for all the alternatives, existing leases will continue under their 

current terms. 

2.1. No Leasing Alternative 

Under the No Leasing Alternative, none of the unleased portion of the PNG would be available 

for lease. Because lands would be unavailable for leasing, there are no leasing stipulations on 

these lands. This alternative is required by regulation 36 CFR 228.102(c)(2) 

2.1.1. Lands Available for Leasing and Stipulations 

Under the No Leasing Alternative, approximately 100,000 unleased acres of the PNG would not 

be leased.  In addition, the 43,000 acres of existing leases, if they expired, would not be leased in 

the future.  Existing leases would be developed according to the stipulations identified in the 

1997 Forest Plan. 

Table 7 Summary of Acres of Available for Development under No Leasing Alternative 

Acres Available for Lease 0 

Acres of Existing Leases 43,000  

Acres of PNG with Private Mineral Estate 46,000  

Total Acres Available for Development on 

the PNG 

89,000  

 

2.1.2. Reasonably Foreseeable Future Development 

Under the No Leasing Alternative, there will be no well pads or wells located on the unleased 

portion of the PNG because none of the unleased portion of the PNG will be available for lease. 

Therefore, there will be zero acres of surface disturbance on those lands. 

However, oil and gas development will probably continue in the area despite 100,000 acres of 

the PNG being unavailable for lease.  It is likely that adjacent private and non-federal lands will 

be developed.  In addition, it is likely that existing leases on the PNG will also be developed. 
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If oil and gas development continues on these lands, it must avoid drilling through the unleased 

portions of the PNG.  Avoiding these areas is estimated to result in about 10% more surface 

disturbance, wells, and well pads than projected under the RFD.  This is because additional oil 

and gas development infrastructure is needed to avoid unleased lands while developing non-

federal leases (see EIS section 3.11 for further discussion). 

It is expected that development on adjacent non-federal lands, private lands, and leased federal 

lands will result in approximately 1,279 acres of short term surface disturbance and 305 acres of 

long term surface disturbance.  Approximately 292 new and exploratory wells would be drilled 

and; of those wells, 257 producing wells would remain in the long term.  Surface disturbance and 

wells would be located on non-federal lands adjacent to the PNG, lands above private mineral 

estate on the PNG, and on existing leases on the PNG. 
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Figure 3 No Leasing Alternative 

  



 

23 

 

 

2.2. No Action Alternative 

Under the No Action Alternative, the land availability and stipulation determinations made 

during the 1997 Forest Plan Revision would continue.  This means that approximately all of the 

PNG would be available for lease except for 2,980 acres.  These 2,980 acres include the Pawnee 

Buttes Area (2,740 acres) and the Crow Valley Campground (240 acres). 

Table 8 Summary of Acres Available for Development under the No Action Alternative 

Acres Available for Lease 100,000 

Acres of Existing Leases 43,000 

Acres of PNG with Private Mineral Estate 46,000 

Total Acres Available for Development on 

the PNG 

189,000 

 

The stipulations identified in the 1997 Forest Plan would be included on any future leases (see 

Appendix B).  These stipulations apply to either specific lands on the PNG or when certain 

resource conditions are present.  For example, a No Surface Occupancy for active ferruginous 

hawks nests applies if an active nest is located on the lease; whereas, a timing limitation for 

mountain plover applies to any of the 143,000 acres of federal leases on the PNG. 

Table 9 Existing Forest Plan Stipulations 

Stipulation Resource Time 

Period 

Area 

Covered 

Buffer 

Distance 

Timing 

Limitation 

Mountain plover April 10-

July 10 

143,000 

acres 

N/A 

Timing 

Limitation 

Active raptor nests March 1-

June 30 

N/A 500 meters of 

active raptor 

nests 

No Surface 

Occupancy 

Active nests of bald 

eagles, golden eagles, 

ferruginous hawks, 

Swainsons’s hawks, and 

red-tailed hawks 

Year round N/A 500 meters 

from active 

nests  

No Surface 

Occupancy 

Active nest of prairie 

falcons 

Year round N/A 200 meters of 

the top of cliffs 

and 400 meters 

from the 

bottom of cliffs 

containing 

active nests. 

No Surface Prairie Woodlands Year round 1,339 N/A 
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Occupancy acres 

No Surface 

Occupancy 

Research Natural Areas 

and Special Interest Areas 

Year round 7,300 N/A 

Controlled 

Surface Use 

Soils/Slopes Year round 408 acres N/A 

 

2.2.1. Reasonably Foreseeable Future Development 

Under the No Action Alternative, it is likely that a portion of unleased lands, currently leased 

lands, and private mineral estate on the PNG will have oil and gas development.  Under the RFD, 

the projection is for approximately 935 acres of short term surface disturbance and 177 acres of 

long term surface disturbance on the PNG.  Approximately 265 new and exploratory wells would 

be drilled.  Of those wells, 234 producing wells would remain in the long term.   
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Figure 4 No Action Alternative 
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2.3. No Surface Occupancy Alternative 

The No Surface Occupancy Alternative (NSO Alternative) will allow nearly all lands on the 

PNG to be available for lease.  The exception is the Pawnee Buttes and Crow Valley 

Campground areas—2,980 acres. 

Table 10 Summary of Acres Available for Development under the No Surface Occupancy Alternative 

Acres Available for Lease 100,000 

Acres of Existing Leases 43,000 

Acres of PNG with Private Mineral Estate 46,000 

Total Acres Available for Development on 

the PNG 

189,000 

 

Under this alternative, all 100,000 unleased acres of the PNG will include a NSO stipulation.  

This stipulation would prohibit wells and well pads from being located on the lease.  The 43,000 

acres of existing leases would continue under the stipulations determined in the 1997 Forest Plan 

Revision unless the lease is released by the lease holder.  Those stipulations are summarized in 

Table 9 under the No Action Alternative. 

Table 11 Summary of Stipulations on Federal Mineral Leases under the No Surface Occupancy Alternative 

Stipulation Resource Area 

Covered 

No Surface 

Occupancy 

Wildlife, Hydrology, 

Fisheries, Scenery, and 

Recreation 

100,000 

acres 

1997 Forest 

Plan 

Stipulations 

Wildlife, Management 

Area Direction, 

Soils/Slopes, and Prairie 

Woodlands 

43,000 

acres 

 

2.3.1. Reasonably Foreseeable Future Development 

Under the NSO Alternative, no wells, well pads, or surface disturbance is expected on the 

100,000 unleased acres on the PNG because lease stipulations will prohibit surface occupancy.  

However, similar to the No Leasing Alternative, oil and gas development is still expected to 

occur on already leased lands, private mineral estate, and adjacent private lands.   If leases are 

sold on the 100,000 acres of the PNG, it is likely that oil and gas operators will locate well pads 

and wells on primarily private lands and horizontally drill into their leases. 

Unlike Alternative 1, where operators must avoid federal leases, the NSO alternative would 

allow leases to be sold.  As a result, the increase in surface disturbance, wells, and well pads 

under the No Lease Alternative is not expected under the NSO Alternative.  Therefore, the 
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projection for surface disturbance and wells is the same as under the No Action Alternative.  

However, all surface disturbance and wells associated with these leases would be located on 

private adjacent lands. 
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Figure 5 No Surface Occupancy Alternative 
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2.4. Summary Comparison of Alternatives 

The alternatives differ in the amount of land available for leasing and what stipulations will be 

included on those leases.  These determinations are most immediately relevant to the unleased 

portion of the PNG.  This is because these lands (if available) could be nominated for lease sales 

in the immediate future.  The portions of the PNG with existing leases are likely to continue 

under their terms and private mineral estate is not subject to federal leasing analysis.  

Table 12 compares the alternatives in availability and lease stipulations for the 100,000 acres of 

unleased land on the PNG. 

Table 12 Land Available for Leasing and Stipulations for Unleased Portion of PNG 

Alternative Acres Available 

for Leasing 

Acres Unavailable 

for Leasing 

Stipulations 

No Leasing 0 102,980 None 

No Action 100,000 2,980 1997 Forest Plan Stipulations 

No Surface 

Occupancy 

100,000 2,980 No Surface Occupancy 

 

In order to get a complete picture of the lands available for leasing and lease stipulations across 

the entire PNG, Table 13 includes already leased lands and private mineral estate.  This table 

assumes that private mineral estate holders will make leases available. 

Table 13 Total PNG Acres Available for Leasing and Applicable Stipulations 

Alternative Total Acres 

Available for 

Development 

Total Acres 

Unavailable 

for Leasing 

Stipulations 

No Leasing 89,000 100,000 Existing 

Leases 

1997 Forest Plan stipulations 

Private 

Minerals 

None 

Unleased None 

No Action 189,000 2,980 Existing 

Leases 

1997 Forest Plan stipulations 

Private 

Minerals 

None 

Unleased 1997 Forest Plan stipulations 

No Surface 

Occupancy 

189,000 2,980 Existing 

Leases 

1997 Forest Plan stipulations 

Private 

Minerals 

None 

Unleased No Surface Occupancy 
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2.5. Forest Service Preferred Alternative 

The NSO Alternative is the Forest Service’s preferred alternative.   

The Forest Service prefers this alternative because it allows for extraction of nearly all the oil 

and gas resources while providing the most protection of surface resources and providing 

opportunities for other multiple uses.  Because horizontal drilling is expected to be used for 

nearly all wells, it is possible to access the mineral estate without occupancy directly above the 

leasehold.  For this reason, even if a lease contains a NSO stipulation, it is expected that nearly 

all the oil and gas can be recovered and that stipulations do not meaningfully influence 

recoverability. 

This alternative also results in no surface disturbance of the unleased portion of the PNG and the 

fewest projected wells and well pads.  While the No Leasing Alternative prohibits the sale of 

federal leases (and occupancy of the PNG), this alternative results in more surface disturbance, 

wells, and well pads on adjacent private lands.  In addition, it does not provide any oil and gas 

resources on the unleased portion of the PNG. 

2.6. Alternatives Considered but Dismissed from Detailed Study 

The Forest Service also considered six additional alternatives, but dismissed them from detailed 

study.  These alternatives were developed by during the NEPA analysis or brought forward by 

commenters during the comment period on the FEIS.  These alternatives and the reasons they 

were dismissed are described below. 

2.6.1. Leasing under Standard Lease Terms 

This alternative would make nearly all lands available for leasing on the PNG.  The unleased 

portion of the PNG would be subject to only standard lease terms (SLTs).  In other words, there 

would be no resource specific stipulations on unleased lands. 

This alternative was dismissed for detailed study because SLTs will not provide sufficient 

protection of resources or met Forest Plan goals and objectives.  For several resources, 

stipulations that allow the Forest Service to relocate oil and gas development more than 200 

meters and restrict operations more than 60 days are necessary.  For example, buffers beyond 

200 meters are needed to protect nests and timing windows beyond 60 days are necessary to 

mountain plover.  In addition, there are several resources where a no surface occupancy 

stipulation was necessary. 

2.6.2. Leasing with Additional Resource Stipulations 
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This alternative would make nearly all lands available for leasing on the PNG.  This alternative 

included all stipulations identified in the 1997 Forest Plan and additional resource specific 

stipulations for wildlife, hydrology, cultural resources, fisheries, and scenery. 

This alternative was dismissed from detailed study because it is very similar to the NSO 

Alternative which is already considered in detail.   Taken together, the stipulations under this 

alternative resulted in a majority of the PNG being subject to an NSO stipulation.  Because the 

NSO Alternative is already being considered in detail, this alternative was dismissed from 

detailed analysis. In addition, oil and gas recoverability was identical to the NSO Alternative and 

there was no tradeoff identified that would warrant the risk to surface resources on the small 

portion of non-NSO lands. 

2.6.3. Alternative that designates a portion of the PNG as unavailable for leasing 

and a portion that is available, but subject to an NSO stipulation 

This alternative was dismissed from detailed study because it will result in greater risk to surface 

resources (i.e. more wells and well pads) without any benefit to oil and gas recovery.  This is 

because not leasing PNG lands is expected to result in greater oil and gas development than 

leasing.  The FEIS includes an analysis of four townships on both the east and west sides of the 

PNG comparing development with and without leasing.  The analysis indicates that between 10-

50% more surface disturbance is associated when the PNG is not leased (see FEIS pp. 41-48). 

The essence of Forest Service mineral policy is to encourage energy development in an 

ecologically sound manner.  This alternative will result in federal minerals being lost, while 

increasing surface disturbance and environmental impacts.  Although the increase in 

development and loss of minerals will be less than the No Leasing Alternative,21 it is contrary to 

Forest Service minerals policy and the purpose and need (see EIS pp. 8-9). 

2.6.4. Alternative that adds additional resource based stipulations to the NSO 

alternative 

This alternative was dismissed from detailed study because its environmental impacts will be 

identical to the NSO Alternative.  Under the NSO Alternative, no wells or well pads can be 

located on the leasehold.  Identifying stipulations; such as, timing limitations or controlled 

surface use, are unnecessary because wells and well pads are prohibited from being located on 

the entire leasehold.  For example, adding a timing limitation (e.g. construction cannot occur in 

August) is not necessary when construction is already prohibited altogether and year round.  In 

addition, Forest Service leasing regulations are only applicable to leases on National Forest 

                                                           
21

 Forest Service leasing regulations at 36 CFR 228.102 requires the Forest Service analyze an alternative that does 
not allow leasing.  For this reason it was included for detailed study. 
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System lands and to operations that are conducted on Federal oil and gas leases on National 

Forest System lands.22 

 

2.6.5. Alternative that prohibits hydraulic fracturing on the PNG and within 3 

miles of its borders 

This alternative was dismissed from detailed study because it is outside of the Forest Service’s 

authority.  The Forest Service does not have authority over whether non-Forest Service lands can 

be leased.  In addition, the FEIS includes an analysis of a No Leasing Alternative. 

 

2.6.6. Alternative with two separate leasing decisions—one for the east side and one 

for the west side of the PNG 

This alternative was dismissed from detailed study because the FEIS includes a leasing analysis 

for the entire PNG.  While the west side of the PNG contains more contiguous Forest Service 

lands than the east side and may require longer lateral drilling, the oil and gas is still recoverable 

regardless of stipulations on surface occupancy.  It is not clear how two leasing decisions would 

be any different than analyzing both areas under one leasing decision. 

                                                           
22

 See 36 CFR 228.100(b). 
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2.7. Summary of Environmental Impacts by Alternative 

The following summarizes the environmental impacts of the three alternatives considered 

in detail. 

Table 14 Summary Comparison Table 

Resource Resource 

Subcategory 

No Leasing 

Alternative 

No Action 

Alternative 

No Surface 

Occupancy 

Alternative 

Wildlife Forest Service 

Sensitive Species 

May impact 

individuals but is 

not likely to result 

in a loss of viability 

in the planning area 

or cause a trend in 

federal listing 

May impact 

individuals but is 

not likely to result in 

a loss of viability in 

the planning area or 

cause a trend in 

federal listing 

May impact 

individuals but is 

not likely to result 

in a loss of 

viability in the 

planning area or 

cause a trend in 

federal listing 

Forest Service 

Management 

Indicator Species 

Neutral influence on 

most species habitat 

and neutral 

influence on local 

population 

Negative influence 

on most species 

habitat and negative 

influence on local 

population 

Neutral influence 

on habitat and 

neutral influence 

on local 

population 

Hydrology  Moderate Risk Moderate/High Risk Low Risk 

Air  Low Low Low 

Fisheries Forest Service 

Sensitive Species 

May impact 

individuals but is 

not likely to result 

in a loss of viability 

in the planning area 

or cause a trend in 

federal listing 

Likely to result in a 

loss of viability in 

the Planning Area, 

or in a trend toward 

federal listing 

May impact 

individuals but is 

not likely to result 

in a loss of 

viability in the 

planning area or 

cause a trend in 

federal listing 

Management 

Indicator Species 

Slightly negative 

effect on individuals 

and populations 

Negative effect on 

individuals and 

populations 

Slightly negative 

effect on 

individuals and 

populations 

Fluid Minerals  0% recovery of oil 

and gas resources 

(178 million barrels 

of oil and 356 MCF 

of gas will be 

produced from 

existing leases) 

100% recovery of 

oil and gas resources 

(590 million barrels 

of oil and 1180 

MCF of gas will be 

produced from 

existing and 

unleased lands) 

100% recovery of 

oil and gas 

resources (590 

million barrels of 

oil and 1180 MCF 

of gas will be 

produced from 

existing and 

unleased lands) 

Heritage  Significant Impacts Significant Impacts No Significant 
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to Cultural 

Resources 

to Cultural 

Resources 

Impacts to 

Cultural 

Resources 

Recreation  Low High Low 

Scenery  Moderate/Low Moderate Low 

Economics Federal Revenues 72.8M 242M 242M 

State Revenues 120M 408M 408M 

Weld County 

Revenues 

55M 223M 223M 
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Pawnee Oil and Gas EIS Chapter 3 

 
Introduction 

This chapter describes the environmental impacts of the alternatives.  It provides analysis 

on current resource conditions and a prediction of the environmental impacts of the 

alternatives on those conditions.  The aim is to provide an understanding of what the 

environmental impacts will be and how those impacts compare across alternatives.  

Section 2.7, at the end of Chapter 2, includes a summary and comparison of those 

impacts; however, this chapter explains in more detail how the Forest Service arrived at 

those conclusions. 

 

Environmental impacts are organized under specific affected resources.  However, this 

chapter also includes a general discussion of the environmental impacts of oil and gas 

development.  This discussion is included because predicting environmental impacts of 

oil and gas development for a leasing decision does not involve any specific proposal for 

development.  Because no specific proposal is available, this general discussion lays the 

foundation of the overarching environmental impacts that are discussed in more detail 

under each resource.  It also helps to identify some of the common environmental 

concerns about oil and gas development. 

 

In addition, this chapter also includes a description of the common terms and typical 

stages of oil and gas development to assist in understanding impacts. 

 

This chapter also includes a discussion of primary assumptions about how future oil and 

gas development may occur under the alternatives.  While the RFD provides a projection 

of the amount of oil and gas that could occur if the PNG was entirely available for lease 

under standard leasing terms, none of the alternatives propose this.  As a result, this EIS 

makes assumptions on how the RFD projection applies to the alternatives.  It also makes 

assumptions on how oil and gas development could occur (i.e. what a likely APD and 

SUPO would propose).  Because the environmental impacts of oil and gas development 

are contingent on both the amount and specifics of development, these assumptions 

influence how the environmental impacts disclosed.   

3.1 Oil and Gas Development 

In order to understand the environmental impacts of oil and gas development, this section 

provides a broad overview development of an oil and gas lease.  Oil and gas development 

usually follow a staged process.  These stages are described below. 

 

Mineral Leasing 

During the mineral leasing stage, companies acquire leases that allow for oil and gas 

development.  For federal minerals, these leases specify stipulations on where and when 

development of leases may occur. 
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The Forest Service’s leasing analysis and decision determines what lands are available 

for lease and what stipulations are included in any leases sold. 

 

Permits 

When a federal lease is purchased, the operator must obtain a permit from BLM 

authorizing the drilling of a well.  This permit is referred to as an APD.  The APD 

includes both a surface use and drilling plan.  These plans are evaluated under NEPA and 

may require site-specific environmental protection measures (sometimes referred to as 

“Conditions of Approval”).  These measures address specific elements of the APD and 

enhance protection of resources that may be impacted by development of the lease. 

 

Roads and Pad Construction 

Once all permits are obtained, roads are usually constructed to access the well site and 

well pads are developed.  Well pads are constructed in order to accommodate the drilling 

rig and other equipment during the drilling process. 

 
Figure 6 Example of Well Pad Construction 

 
 

Drilling 

The drilling rig drills the well.  A steel pipe casing is placed into the hole and cemented 

in place.  Once the casing is cemented in place, a perforating gun with shaped explosive 

charges is lowered into the rock layer containing oil and natural gas.  The perforating gun 

is fired and creates perforations in the rock layer which connects the reservoir and the 

well. 
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Figure 7 Example of Drilling 

 
 

Hydraulic Fracturing 

Hydraulic fracturing fluids are pumped under high pressure into the formation.  The fluid 

consists primarily of water but also include sand and other chemicals.  These fluids create 

fractures in the perforations that allow oil and gas to flow into the well bore. 

 
Figure 8 Example of Hydraulic Fracturing 

 
 

Production 
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After hydraulic fracturing is completed, the well is placed into production.  A producing 

well does not require a drilling rig and other infrastructure needed for drilling and 

fracturing.  Therefore, the parts of the well pad that are no longer needed are reclaimed.  

A well may stay in production for between 30 and 50 years. 

 
Figure 9 Example Producing Well with Interim Reclamation Completed 

 
 

Maintenance 

Once a well is in production, it may require periodic cleaning, repair, or maintenance 

over the course of its productive life. 

 

Plugging and Abandonment 

Once all of the oil and gas that can be recovered economically has been reached, it is 

plugged and abandoned.  Plugging consists of filling the casing with cement and the well 

is cut off between three and six feet below the surface and buried.  The remaining surface 

disturbance; including well pads and access roads, are reclaimed back to native 

vegetation. 

 

3.2 General Environmental Concerns or Impacts of Oil and Gas 

Development and Hydraulic Fracturing 
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The environmental impacts of oil and gas development ultimately depend upon location, 

formation, surface use development, and many other factors.  However, there are several 

potential impacts that are commonly voiced with oil and gas development.  These 

impacts and concerns are described below in order to provide context for the resource and 

PNG specific discussion of environmental impacts in Sections 3.6 through 3.17. 

 

Groundwater and Surface Water Contamination 

There is possibility that hydraulic fracturing poses a risk of water contamination.
23

  

Contamination is potentially due to three possibilities.  First, hydraulic fracturing may 

produce fissures that allow fluids to migrate into water sources.  Second, the well casing 

might fail; allowing fluids to escape into underground drinking water.  Third, accidental 

spills at the surface could contaminate surface water or seep into groundwater. 

 

Migration 

Migration involves the possibility that hydraulic fracturing fluids have the potential to 

travel through fissures into water sources.  Because a percentage of fluids remain 

underground upon completion of the hydraulic fracturing process, some concern has been 

raised that these fluids will migrate into drinking water sources. 

Although risk from migration is possible, this risk is limited for two reasons.  First, any 

fluids left behind are likely to be isolated far below any ground water sources and the 

force of gravity makes it unlikely that these fluids would migrate upward into 

groundwater sources.  Second, in most cases there is over a mile of impermeable rock 

that separates oil and gas targets from ground water. 

 

Casing or Cement 

Improper casing or cementing can create a possibility that hydraulic fracturing fluids or 

natural gas can migrate into ground water and properly drilling and casing a well is one 

of the most important aspects for protecting water resources.  The most commonly 

reported instance of casing failure is when improper casing or cementing allows methane 

to enter groundwater.  One study from MIT noted that, of 43 publically reported incidents 

related to gas well drilling, 20 were related to contamination of groundwater by natural 

gas.
24

 

 

While contamination of groundwater is uncommon; there are reported occurrences.  

However, there is no definitive conclusion of how common this occurs and estimates 

range from 7% to .03% with varying levels of supporting analysis.  Regardless of how 

likely contamination of groundwater due to improper cementing or casing is; in general, 

                                                           
23

 For example, at the request of Congress, EPA is “conducting a study to better understand any potential 
impacts of hydraulic fracturing for oil and gas on drinking water resources.”  Results of this study are not 
available; however, a draft report is expected in early 2015.  See http://www2.epa.gov/hfstudy. 
24

 See “The Future of Natural Gas.” Available at:  http://mitei.mit.edu/publications/reports-
studies/future-natural-gas 

http://www2.epa.gov/hydraulicfracturing
http://www2.epa.gov/hfstudy
http://mitei.mit.edu/publications/reports-studies/future-natural-gas
http://mitei.mit.edu/publications/reports-studies/future-natural-gas
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the more oil and gas wells, the greater the likelihood that improper casing may cause 

groundwater contamination. 

 

Surface Spills 

Hydraulic fracturing fluids, oil, gasoline, and other chemicals are handled above ground 

before and after injection.  This creates a contamination risk from spills, run-off, or 

seepage.  Spills are somewhat common in oil and gas development.  Of the 43 publically 

reported incidents, 14 were related to surface spills.  In addition, the Colorado Oil and 

Gas Conservation Commission (COGCC) maintains a database of spills.
25

  Using this 

database, it has been reported that during 2014 there were an average of two spills per 

day in Colorado, 521 from January 2014 through July 2014, and 575 in 2013.
26

  In 

addition, some of these spills affected groundwater and surface water. 

 

Surface spills can pose environmental risk.  Spills have the potential to contaminate both 

surface and groundwater and, depending on the chemicals, can render soil unsuitable for 

vegetative growth.  Spills that contaminate surface water can also pose a risk to aquatic 

species.   

 

The magnitude of risk and impacts will depend on several factors; including, cleanup and 

remediation efforts, where the spill occurs, and how much fluid is spilt.  However, in 

general, the more oil and gas development, the greater the risk that spills and associated 

impacts will occur. 

 

Wildlife 

Oil and gas development necessarily involves surface disturbance and traffic.  As a 

general matter, any increase in surface disturbance and traffic adversely affects wildlife 

and their habitat.  This can be either because habitat is reduced because of construction of 

roads and well pads or because wildlife does not tolerate traffic and human activity.  In 

addition, surface spills involving surface waters can harm aquatic species. 

 

Surface disturbance with oil and gas development differs between the short term and long 

term.  The short term surface disturbance associated with constructing a well pad and 

drilling the well is much greater than the long term disturbance for a producing well.  

This is because of reclamation.  For example, a pad with four wells is expected to have a 

short term surface disturbance of 12 acres; however, once the well is producing, 

approximately 11 acres can be reclaimed.   

 

The degree of impact to wildlife depends on many factors; including, habitat prevalence, 

current health of the species, length of disturbance, and individual species tolerance for 

                                                           
25

 See COGCC database at:  http://cogcc.state.co.us/ 
26

 See Denver Post at: http://www.denverpost.com/environment/ci_26233762/oil-and-gas-spills-surge-
three-day-residents 
 

http://cogcc.state.co.us/
http://www.denverpost.com/environment/ci_26233762/oil-and-gas-spills-surge-three-day-residents
http://www.denverpost.com/environment/ci_26233762/oil-and-gas-spills-surge-three-day-residents
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disturbance.  In addition, the location of well pads or roads is critical.  However, as a 

general matter, the less surface disturbance and traffic the less risk of impacts to wildlife. 

 

Air Quality 

Oil and gas operations contribute to air pollution by emitting carbon dioxide and other 

pollutants into the air.  Gas powered compressors and vehicle traffic to and from well 

pads emit carbon dioxide and other pollutants.  In addition, oil and gas development 

results in the emissions of criteria pollutants, including carbon monoxide, nitrogen 

oxides, sulfur dioxide, particulate matter, and volatile organic compounds (VOCs).  With 

respect to VOCs, EPA has found that the oil and gas industry is the largest industrial 

source of these emissions.
27

 

 

While emissions are a fact of life in oil and gas development, there are initiatives or best 

management practices available to both industry and federal permitting agencies.  For 

example, the EPA’s Natural Gas STAR Program is voluntary program that encourages oil 

and natural gas companies to adopt cost-effective technologies and practices that improve 

operational efficiency and reduce emissions of methane.
28

  BLM also has developed air 

resource best management practices that can be required as Conditions of Approval for 

any permit to drill.
29

 

 

In addition, the Clean Air Act (CAA) gives EPA the authority to set limits on certain air 

pollutants; including limits on how much can be in the air anywhere in the United States. 

The CAA also gives EPA the authority to limit emissions of air pollutants coming from 

certain sources.
30

  The EPA recently adopted New Source Performance Standards 

specific to the oil and gas industry.  Therefore, regardless of the level of oil and gas 

development proposed or projected, the CAA provides some assurance that federal 

permitting of oil and gas development will not cause these limits to be exceeded.  

 

3.3 Why No Leasing results in more surface disturbance, wells, and 

well pads. 

The FEIS concludes that No Leasing results in the greatest total surface disturbance, wells, and 

well pads of all the alternatives.  This is because the No Leasing creates inefficiencies in the 

drilling plan. Due to the checker-board land pattern, the No Leasing alternative results in shorter 

                                                           
27

 See EPA Basic Information on Oil and Natural Gas Air Pollution Standards.  Available at: 
http://www.epa.gov/airquality/oilandgas/basic.html 
28

 See EPA Natural Gas STAR program.  Available at:  http://www.epa.gov/gasstar/ 
29

 See BLM Air Resource BMPs and Comprehensive Air Resource Protection Protocol (CARRP).  Available 
at:  
http://www.blm.gov/pgdata/etc/medialib/blm/wo/MINERALS__REALTY__AND_RESOURCE_PROTECTION
_/bmps.Par.60203.File.dat/WO1_Air%20Resource_BMP_Slideshow%2005-09-2011.pdf 
http://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb5436475.pdf 
30

 These standards are available at:  http://www.gpo.gov/fdsys/pkg/FR-2012-08-16/pdf/2012-16806.pdf 
 

http://www.epa.gov/airquality/oilandgas/basic.html
http://www.epa.gov/gasstar/
http://www.blm.gov/pgdata/etc/medialib/blm/wo/MINERALS__REALTY__AND_RESOURCE_PROTECTION_/bmps.Par.60203.File.dat/WO1_Air%20Resource_BMP_Slideshow%2005-09-2011.pdf
http://www.blm.gov/pgdata/etc/medialib/blm/wo/MINERALS__REALTY__AND_RESOURCE_PROTECTION_/bmps.Par.60203.File.dat/WO1_Air%20Resource_BMP_Slideshow%2005-09-2011.pdf
http://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb5436475.pdf
http://www.gpo.gov/fdsys/pkg/FR-2012-08-16/pdf/2012-16806.pdf
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horizontal wells and an increase in the number of wells, well pads, pipeline, and roads to avoid 

the federal mineral acreage and still develop the interspersed fee mineral acreage. 

Because it is somewhat counterintuitive why making federal mineral estate unavailable for 

leasing results in more oil and gas infrastructure than leasing, an analysis comparing development 

was completed.  The analysis projects how oil and gas development will occur—with and without 

federal leasing—on four townships on the PNG.  The analysis includes townships on both the east 

and west portions of the PNG. Based on the analysis, surface disturbance increases between 10% 

to 50% when comparing the No Leasing Alternative to the NSO Alternative.  

The assumptions for this analysis include: 

 The horizontal laterals can reach approximately 2 miles. 

 There are between six to eight wells per pad. 

 Wells are drilled in the North-South direction. 

 The oil in place was 70 million barrels of oil (MMBO) per section with a 7.5% recovery 

factor. 

 The federal royalty was 12.5% 

 The commodity price was based on the average crude oil prices for the past year in the 

DJ Basin from Plains Marketing, LP (i.e., $85 per barrel). 

 The surface disturbance was based on the RFD with 10 acres of pad disturbance per pad, 

0.91 acres of road disturbance per pad, and 1.1 acres of pipeline per pad.  

 Current and planned development was not examined during this review. The review was 

to determine the approximate range of disturbance possible based on real examples of the 

checker-board pattern of mineral ownership and the current development would have 

lowered the average since there are current inefficiencies in the current development due 

to unleased minerals. 
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Figure 10 Well and pad analysis for the No Leasing Alternative in T. 9 N. R. 58 W. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11 Well and pad analysis for the NSO alternative in T. 9 N. R. 58 W. 
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Based on the above review of the Township, Error! Reference source not found. 

ummarizes the impacts on surface disturbance for the No Leasing and NSO alternatives. 

Table 15. Summary of the theoretical impacts from the No Leasing and NSO alternatives in T. 9 N. R. 58 W. 

 Alt. 1: No Leasing Alt. 3: NSO 

No. of Pads 72 48 

Acres Disturbed 864.7 576.5 

Recoverable Reserves (MMBO) 160.4 188.9 

Federal Production Lost (MMBO) 28.5 0.0 

Federal Royalty from Unleased Federal Minerals $0  $303,195,000  

 

Based on the review of T. 9 N. R. 58 W., the surface disturbance increases by 50% when the No 

Leasing alternative is compared to the NSO alternative. 

Figure 12 Well and pad analysis for the No Leasing alternative in T. 9 N. R. 58 W. 
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Figure 13 Well and pad analysis for the NSO alternative in T. 9 N. R. 63 W. 

 

Based on the above review of the Township, Table 2 summarizes the impacts on surface 

disturbance for the No Leasing and NSO alternatives. 

Table 16. Summary of the theoretical impacts from the No Leasing and NSO alternatives in T. 9 N. R. 63 W. 

 Alt. 1: No Leasing Alt. 3: NSO 

No. of Pads 55 52 

Acres Disturbed 660.6 624.5 

Recoverable Reserves (MMBO) 105.1 188.9 

Federal Production Lost (MMBO) 83.8 0.0 

Federal Royalty from Unleased Federal Minerals $0 $890,417,500 

 

Based on the review of T. 9 N. R. 63 W., the surface disturbance increases by 15% when the No 

Leasing alternative is compared to the NSO alternative.  
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Figure 14 Well and pad analysis for the No Leasing alternative in T. 9 N. R. 64 W. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 15 Well and pad analysis for the NSO alternative in T. 9 N. R. 64 W. 
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Based on the above review of the Township, Table 3 summarizes the impacts on surface 

disturbance for the No Leasing and NSO alternatives. 

Table 17. Summary of the theoretical impacts from the No Leasing and NSO alternatives in T. 9 N. R. 64 W. 

 Alt. 1: No Leasing Alt. 3: NSO 

No. of Pads 61 48 

Acres Disturbed 732.6 576.5 

Recoverable Reserves (MMBO) 164.7 188.9 

Federal Production Lost (MMBO) 24.3 0.0 

Federal Royalty from Unleased Federal Minerals $0  $257,890,000  

 

Based on the review of T. 9 N. R. 64 W., the surface disturbance increases by 27% when the No 

Leasing alternative is compared to the NSO alternative.  

Figure 16 Well and pad analysis for the No Leasing alternative in T. 9 N. R. 65 W. 
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Figure 17 Well and pad analysis for the NSO alternative in T. 9 N. R. 65 W. 

 

Based on the above review of the Township, Table 4 summarizes the impacts on surface 

disturbance for the No Leasing and NSO alternatives. 

Table 18. Summary of the theoretical impacts from the No Leasing and NSO alternatives in T. 9 N. R. 65 W. 

 Alt. 1: No Leasing Alt. 3: NSO 

No. of Pads 69 48 

Acres Disturbed 828.7 576.5 

Recoverable Reserves (MMBO) 142.2 188.9 

Federal Production Lost (MMBO) 46.7 0.0 

Federal Royalty from Unleased Federal Minerals $0  $496,612,500  

 

Based on the review of T. 9 N. R. 64 W., the surface disturbance increases by 44% when the No 

Leasing alternative is compared to the NSO alternative.  

Summary 

The four different townships include both smaller scattered tracts and larger more consolidated 

tracts of federal minerals.   This analysis concludes that the anticipated additional surface 

disturbance varies from between 10% to 50% more surface disturbance with the No Leasing 

alternative. 

3.4 Incomplete and Unavailable Information 
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Forecasting environmental impacts of projected oil and gas development necessarily 

involves imperfect information.  There are two specific challenges to disclosing the 

environmental impacts for a leasing decision. 

(1) At the time a leasing analysis and decision is made, there are no specific 

proposals for oil and gas development to evaluate.  It is unknown precisely where 

or how development will occur.  In addition, APDs are subject to an additional 

NEPA process where Conditions of Approval are determined, which greatly 

influence environmental impacts.  These details are critical to disclosing the 

actual impacts of oil and gas development. 

(2) There are no conclusive or definitive studies or consensus on the risk or 

environmental impacts of unconventional oil and gas wells.  While there are 

numerous studies have assessed the impacts of shale gas development, not all of 

the environmental effects are clear.
31

 

 

3.5 Assumptions 

This section identifies the primary assumptions used for the analysis.  These assumptions 

mainly relate to where and how oil and gas development may occur under the 

alternatives.   

(1) The Forest Service will have little, if any, control over use of the surface above 

private mineral estate within the PNG. 

(2) The No Leasing Alternative will result in about 10% more wells, well pads, and 

surface disturbance because of additional infrastructure needed to avoid unleased 

areas. 

(3) The No Leasing Alternative and NSO Alternative will likely result in well pads 

being located on adjacent private lands, but it’s not determinable exactly where. 

(4) In the short-term (less than 1 year) a typical well pad will disturb 12 total acres 

(10 acres for the well pad, 1 acre for the road, and 1 acre for the pipeline).  In the 

long term (after 1 year) a typical well pad will disturb 1.5 acres (1 acre for the 

pad, .5 acres for the road, and zero for the pipeline—because it’s buried 

underground). 

(5) Existing leases on NFS lands will be developed according to the 1997 Forest Plan 

Stipulations. 

(6) All new productive wells will be on the landscape for between 30 to 50 years. 

(7) Horizontal drilling will almost exclusively be used to access oil and gas. 

(8) The success rate for wells is very high—between 87 and 90 percent. 

(9) Reclamation will occur for all oil and gas development—regardless of whether it 

is on NFS or non-NFS lands. 

                                                           
31

 The Secretary of Energy Advisory Board (SEAB) published a 90-day report recognizing there is “…great 
merit to creating a national database to link as many sources of public information as possible with 
respect to shale gas development and production. Much information has been generated over the past 
ten years by state and federal regulatory agencies. Providing ways to link various databases and, where 
possible, assemble data in a comparable format, which are now in perhaps a hundred different locations, 
would permit easier access to data sets by interested parties.”  Available at: 
http://www.shalegas.energy.gov/resources/111811_final_report.pdf 

http://www.shalegas.energy.gov/resources/111811_final_report.pdf
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(10) Oil and Gas development will occur under COGCC rules regardless of whether it 

occurs on NFS or non-NFS lands.  If development is on NFS lands with federal 

mineral estate, it will also be subject to federal lease stipulations and BLM 

Conditions of Approval. 

 

3.6    Affected Environment and Environmental Consequences 

The following sections describe the affected environment and environmental 

consequences of the alternatives.  These sections are organized around the specific 

resources analyzed in this EIS. 

 

3.7   Hydrology and Soils Resources 

Overview of Issues Addressed   

1. Areas where surface water and groundwater resources are susceptible to 
degradation 

a. Indicators: acres available for development with high risk to surface water 
and groundwater resources. 

2. Areas with soils that have high erosion potential and are near streams, lakes, 
springs, wetlands, floodplains, and riparian areas (including riparian veg). 

a. Indicators: acres available for development with high erosion potential or 
near to water resources.  

 

Desired Condition   

The goal of the Forest Plan is to improve and protect watershed conditions to provide the 

water quality and soil productivity necessary to support ecological functions and 

beneficial uses of water.  In the desired future condition:  

 State standards for water quality are attained and habitat condition supports the 

designated beneficial uses.      

 Total watershed disturbance, measured by the amount of riparian disturbance and 

connected disturbed area, is limited to a level that maintains or improves stream 

health.   

 

3.7.1 Affected Environment/Existing Condition   
 

Introduction 

The Pawnee National Grassland (PNG) is located in Northeastern Colorado. It is on the 

east side of the Continental Divide and in the rain shadow of the Rocky Mountains. The 

area is in the Central Shortgrass Prairie ecoregion (Wohl et al., 2009). The climate is 

semi-arid (SGS-LTER, 2010).  The landscape is dominated by gently rolling hills with 

gentle gradient slopes (average slope gradient is <7%). The northern part of the grassland 

has high bluffs, arroyos, and box gullies. The valleys and swales range from broad-

bottom to narrow down-cut shapes.  
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Dominant plant species include blue grama grass, threeawn grass, fringed sage, 

rabbitbrush, snakeweed, ring muhly, prickly pear cactus, western wheatgrass, scurf pea, 

sand sage, soapweed, and scarlet globemallow. Several aquatic plants are located in 

wetlands, including sandbar willow and cottonwood trees.  These are located along some 

riparian corridors.  There are also some juniper trees located in the Northern region of the 

grassland (Wohl et al., 2009).   

 

Watersheds 

The Hydrologic Unit Code (HUC) system is used nationally to code watersheds from 

largest (HUC2) to smallest (HUC6). The HUC6 number is the watershed’s HUC number, 

6
th

 level.  A HUC 6 watershed has a size range from 5,000 to 40,000 acres.  FS managed 

lands on the PNG falls within 39 HUC 6 watersheds.  The watersheds where the majority 

of FS lands with important hydrologic resources occur are listed in Table 15 and shown in 

Figure 6. 

 

Table 19 HUC6 watersheds representing 60% of FS lands on the PNG 

HUC 6 WS name/# WS size 

(acres) 

Acres/%  FS 

lands in WS 

Watershed Condition 

Class (WCC) 

WEST SIDE    

Little Owl Creek/ 

101900080302 26,391 3,496/13% 

2- Functioning at Risk 

Eastman Creek-Owl 

Creek/ 

101900080303 23,599 6,313/27% 

2- Functioning at Risk 

Lower Geary Creek/ 

101900090306 17,396 8,504/49% 

2- Functioning at Risk 

Lower Willow 

Creek-Little Crow 

Creek/ 

101900090308 17,605 7,882/45% 

2- Functioning at Risk 

Wildhorse Creek/ 

101900090401 14,963 2,801/19% 

2- Functioning at Risk 

Headwaters Coal 

Creek/ 

101900090402 28,076 11,692/42% 

2- Functioning at Risk 

Howard Creek-Crow 

Creek/ 

101900090501 25,367 9,864/38% 

2- Functioning at Risk 

Sand Creek/ 

101900090502 32,147 15,332/48% 

1-Functioning Properly 

EAST SIDE    

Twomile Creek/ 

101900120801 35,195 4,018/11% 

2-Functioning at Risk 

Headwaters Cedar 

Creek/ 

101900120803 25,810 1,666/6% 

1-Functioning Properly 

Headwaters Wild 28,399 8,636/30% 1-Functioning Properly 
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Horse Creek/ 

101900140202 

101900140203 40,487 13,202/33% 1-Functioning Properly 

Outlet Wild Horse 

Creek/ 

101900140204 14,234 4,671/33% 

2-Functioning at Risk 

Upper South Pawnee 

Creek/ 

101900140205 16,676 3,026/18% 

2- Functioning at Risk 

Middle South 

Pawnee Creek/ 

101900140206 25,413 10,359/41% 

2- Functioning at Risk 
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Figure 18 HUC6 watersheds representing 60% of FS lands on the PNG 
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The Forest Service portions of the watersheds have been rated with the National 

Watershed Condition Class (WCC) rating system (USDA-FS, 2011).  The WCC system is 

a national forest-based, reconnaissance level evaluation of watershed condition based on 

a core set of national watershed condition indicators. The system relies on professional 

judgment exercised by forest interdisciplinary (ID) teams, GIS data, and national 

databases to the extent they are available, and on written rule sets and criteria for 

indicators that describe the three watershed condition classes: functioning properly (Class 

1), functioning at risk (Class 2), and impaired function (Class 3).  Private lands are not 

rated, but they are generally more highly developed than National Forest System (NFS) 

or National Park lands (i.e. residential and commercial developments, and agricultural 

use).  The Forest Service has considerably less information on specific land use and 

watershed conditions for private lands than on adjacent Forest Service lands.  The WCC 

system consists of 12 watershed condition indicators: Water Quality, Water Quantity, 

Aquatic Habitat, Aquatic Biota, Riparian/Wetland Vegetation, Roads and Trails, Soils, 

Fire Regime or Wildfire, Forest Cover, Rangeland Vegetation, Terrestrial Invasive 

Species, and Forest Health.  Each of the 12 indicators is given a rating, which is then 

averaged into the overall WS rating.  Watersheds on the PNG all fall into either Class 1 or 

2.  

 

Climate and Hydrology  

Temperature and moisture are significant variables that influence soil fertility. For 

vegetative growth on the PNG, available moisture is the most limiting factor. Historical 

data shows a trend of increased temperature (1941-2005) and precipitation (1931-2005) 

in Colorado over time. The entire grassland area experienced a severe drought in 2002, 

especially when considering precipitation patterns over the last century. For New 

Raymer, it has taken eight years to reach the 15 inches per year average that it held from 

1970 to 2000 (CSU Climate Center 2010).  

 

The area has greatest monthly precipitation inputs during May through August (NCDC, 

2010; Sala and Laurenworth, 1982). Storms are typically of short duration and high in 

intensity (Sala and Laurenworth, 1982). Precipitation events during these months can be 

intermittent showers with heavy runoff (SGS-LTER, 2010). High temperatures create a 

water deficit on the PNG because potential evapotranspiration (PET) is high, ranging 

from 2 to 10 times more than annual precipitation rates (Sala et al. 1992).  

 

Runoff on the PNG does occur, but usually under specific circumstances. Some drainages 

connect to larger systems but some of them drain into playas or topographic low spots. 

The years that actual water is observed in intermittent streams is very sporadic and occurs 

infrequently.  Flow in the intermittent streams on the PNG tends to be sporadic and 

infrequent. 

 

During heavy rains, erodible soils (especially where bare and exposed) are scoured from 

drainages, resulting in bank widening, gullies and rills. Erosion and sedimentation can be 

exacerbated by human caused changes to the watersheds.  For example, the Natural 

Resource Conservation Service (NRCS) suggests that changes in vegetation from native 

to invasive plants can decrease infiltration rates (USDA-NRCS, 2003). Roads, trampling 
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and other removal of vegetative cover have also been shown to influence watershed 

characteristics and runoff potential.  

 

Streams, lakes, and other water sources 

Sources of water, which are limited on the PNG, include streams, potholes, playas, and 

subsurface groundwater. The general orientation of stream drainages is northwest to 

southeast. On the grassland there are approximately 1,600 miles of ephemeral channels, 

1,800 miles of intermittent channels, and less than 2 miles of perennial streams (Figure 7. 

Potholes are also a source of perennial water on the PNG. They are found in stream 

channels and are fed from ground water or resupplied during spring runoff, with most 

being permanently wet. There are approximately 33 miles of stream on Forest Service 

lands within PNG boundary that are suitable fish habitat, which includes perennial 

streams as well as some intermittent streams that have perennial pockets of water.  

Twelve of the 33 miles are confirmed to be occupied by fish. 

 

The Colorado Department of Public Health and Environment (CDPHE, 2012) classifies 

streams, tributaries and open bodies of water on the PNG as Aquatic Life Warm 2, 

Recreation (E, U, N), water supply, and agriculture.  Currently, no streams on the PNG 

are listed on the State 303d list (CDPHE, 2012) and are presumed to be meeting 

standards for their uses. 

 

Playas are another important water source on the PNG.  Playas are shallow clay-lined 

depressions on the landscape fed exclusively by precipitation events and overland flow or 

runoff from surrounding lands (PLJV, 2007). The high clay content in playas helps to 

impound water on the surface, although not throughout the entire year. During dry 

periods, it is not uncommon for as much as 50% of a playa bed to be without vegetation 

or water. Playas existing on FS managed lands are gaining more recognition as 

ecologically valuable because of the unique habitats they provide for various forms of 

terrestrial wildlife and aquatic species, and for their contribution to recharging the 

groundwater aquifer through cracks that form in the soil during dry periods.  
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Figure 19 Streams, lakes, and other water sources on the PNG 
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Wetlands, Riparian and Prairie Potholes areas 

Wetlands and deep-water habitats are essential ecosystems. Wetlands protect water 

quality by trapping sediments and retaining excess nutrients and other pollutants such as 

heavy metals. These functions are especially important when a wetland is connected to 

groundwater or surface water sources (such as rivers and lakes) that are in turn used by 

humans for drinking, swimming, fishing, or other activities. Wetlands connected to 

groundwater systems or aquifers are important areas for groundwater exchange. They 

retain water which provides time for infiltration to occur.  Groundwater, in turn, provides 

water for drinking, irrigation, and maintenance of streamflow and lake and reservoir 

levels. 

 

Known wetlands on the PNG were overlaid with the U.S. Fish and Wildlife Service 

National Wetlands Inventory (NWI) database (USFWS, 2014) (Figure 8). Wetland digital 

data from Pawnee National Grassland were downloaded from the NWI online wetlands 

mapper, transferred to a Geographic Information System project and manually digitized 

after aerial photography verification from two different seasons (two 2013 NAIP 

(National Agriculture Imagery Program) images). 

 

The National Wetland Inventory (NWI) from the US Fish and Wildlife classified 

wetlands on PNG lands (USFWS, 2014) as part of the palustrine or riverine system 

(Cowardin et al., 1979). The palustrine system groups the vegetated wetlands 

traditionally called by such names as marsh, swamp, bog, fen, and prairie, which are 

found throughout the United States (USFWS, 2014). The riverine system includes all 

wetlands and deepwater habitats contained within a channel, dominated by trees, shrubs, 

persistent emergents, emergent mosses, or lichens.  

 

There are 677 acres of mapped wetlands on Forest Service lands, including one reservoir, 

the Bringleson Reservoir (9 acres on the East side) (Figure 8. Most of these wetlands on 

Forest Service lands are classified by the National Wetland Inventory as Palustrine 

Emergent Wetlands some are artificially flooded or intermittently flooded. Less than 15 

percent of wetlands on Forest Service lands are classified as riverine streambed 

intermittent/lower perennial wetlands/deepwater habitats.  

 

Riparian zones are important natural biofilters, protecting aquatic environments from 

excessive sedimentation, polluted surface runoff and erosion, and are instrumental in 

water quality improvement for both surface runoff and water flowing into streams 

through subsurface or groundwater flow.  

 

Riparian areas and prairie potholes were manually digitized from the PNG Watershed 

Inventory Network database (WIN). The WIN database display geographically 

coordinated points surveyed on the Forest Service lands of the Pawnee National 

Grassland during 2008 and 2009. The feature boundaries were manually digitized using 

the WIN survey and two 2013 aerial photography images.  Based on the Watershed 

Inventory database there are 11 acres of riparian areas on Forest Service land and 48 

acres of prairie potholes systems (Figure 8).  
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Figure 20 Highly erosive areas, mapped wetland, riparian and pothole areas on the PNG 
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Existing watershed condition 

Across the PNG, erosion features such as large gullies, road washouts, and unstable 

stream banks are threats to soil, water and other natural resources. Many of these features 

are caused or accelerated by activities such as road use, grazing, recreation and other 

uses. During the 2008 and 2009 field seasons, a total of 124 sites on the PNG were 

surveyed as part of the Watershed Improvement Needs (WIN) inventory (Figure 9. Using 

the WIN data, the watershed inventory sites were ranked according to (1) level of 

alteration, (2) need for immediate attention, (3) threat to water or other resources, and (4) 

feasibility of restoration and/or corrective action. The ranking exercise was followed-up 

with field visits to all of the highest risk sites to develop plans for remediation.  Two 

projects have been completed to date.  The WIN data provides a good overview of the 

areas of the PNG that have erosional or other problems, but it also contains valuable 

information on the location of many of the water and riparian areas across many of the 

drainages and watersheds. 
 

The WIN field inventory highlighted that problem areas and their contributing watershed 

areas are much smaller than the entire HUC6 watershed area. However, it has been noted 

that the contributing area of the smaller sub-watersheds seem to experience the same 

magnitude of damaging effects that can be observed in the larger watershed under the 

proportional precipitation events of that watershed. This is referred to as 

“microtopography” (USDA-NRCS 2003). Thus, even at even smaller scales; erosion is 

initiated by channeling of overland flow and can be significant. So even though FS lands 

may only be a small portion of a given watershed, localized erosional areas and 

restoration efforts can still be significant.  
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Figure 21 Watershed Improvement Need Inventory sites on the PNG 
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Groundwater 

Based on the 2003 USGS Principal Aquifers of the 48 Conterminous United States, 

Hawaii, Puerto Rico, and the U.S. Virgin Islands map layer, Pawnee National Grasslands 

is enclosed on the Northeast by the High Plain Aquifer (58 percent), and on the southeast, 

western and southwest (42 percent) by rocks that are generally poorly permeable but 

locally may contain productive aquifers. The area is known as the High Plain 

Groundwater region (Heath, 1984) distributed in five hydrogeological settings. The 

hydrogeological settings are Ogallala, Alluviums, Sand Dunes, River Alluvium without 

over bank deposits and alternating Limestone, Sandstone, Shale (Aller et al., 1987) (Table 

16, Figure 10).  

 

Table 20 Hydrogeological settings and Geology of the PNG 

Hydrogeological Settings Geological Formations 

ALLUVIUMS Qgo - Quaternary Alluvium - Slocum Alluvium 

Alternating LMST, SNDT, 

SHALE 

Kl -Laramie Formation / Kf - Fox Hills Sandstone / Kpu - 

Pierre Shale 

OGALLALA To - Ogallala Formation 

RIVER ALLUVIUM 

WITHOUT OVERBANK 

DEPOSITS 

Twr - White River Group - (Brule/Chadron Formations) 

SAND DUNES Qe - Eolian and Loess Deposits 
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Figure 22 Hydrogeological Settings on the PNG 
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The High Plains region is underlain by one of the most productive and most intensively 

developed aquifers in the United States. This is alluvial materials derived from the Rocky 

Mountains, which are referred to as the Ogallala Formation (Boettcher, 1966). Younger 

eolian sand and alluvial deposits overlay the Ogallala Formation, and where these 

deposits are saturated, they form part of the High Plains aquifer. The White River Group 

(Chadron/Brule Formation) underlies the Ogallala formation and forms the base of the 

High Plains aquifer. Locally productive aquifers (confined aquifers) are found on the 

lower medium and fine grained sandstone sections of the Laramie and Fox Hill 

formations.  

 

The saturated thickness of the High Plains aquifer ranges from less than 1 foot to more 

than 1,000 feet and averages about 200 feet. It varies geographically and is thickest in the 

northern High Plains (Wyoming Water Development Commission, 2008). Water and 

chemical movement to the water table are controlled, in part, by the thickness and 

composition of sediments in the unsaturated zone. The Eolian sands deposits yield small 

supplies of water locally but are important recharge areas. The permeability in alluvium 

deposits is high in gravels and low in clay/silt layers. The Ogallala is a regional aquifer 

with small to large yields and good water quality. The White River is a regional aquifer 

with small to large yields and good water quality in some areas. The lower Laramie 

Formations section yields small quantities of water to domestic and stock wells but the 

water quality is generally poor. The lower Fox Hills Sandstone shows a medium 

permeability which yields moderate quantities of water to domestic, stock and municipal 

wells. 

 

The Colorado Division of Water Resources wells map layer shows that the water table 

depth on Pawnee National Grassland ranges from 0 to 465 feet on the west side and 5 to 

1,188 feet on the east side (CDWR, 2014).  

 

The technical report “Grassland Climatology of the Pawnee Grassland” shows average 

annual precipitation as 11 to 13 in/year for the West section and 13 to 15 in/year for the 

East section (Rasmussen et al, 1971). Precipitation ranges increase in both sections in a 

southeastern direction. Recharge rates of about 0.07 in/yr are common in much of the 

area, but could increase as much as 0.8 to 1.0 inch of water per year (Wyoming Water 

Development Commission, 2008). Recharge to the High Plains Aquifer occurs by 

infiltration of irrigation water, aerially diffuse infiltration from precipitation, focused 

infiltration of storm and irrigation water runoff through streambeds and other topographic 

depressions, and upward movement of water from underlying aquifers. Due to the fact 

that so much of the streamflow in the region is diverted for irrigation, the only source of 

groundwater recharge now is local precipitation.   

 

Discharge from the High Plains aquifer occurs primarily by irrigation well pumping, 

discharge to streams and underlying aquifers, groundwater flow across the eastern 

boundary of the aquifer, and evapotranspiration. 

 

Based on the CDSS’ (Colorado Decision Support System) (CDWR, 2014) decreed wells 

map layer, exempt groundwater wells are the primary water sources on the East and West 
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Pawnee Grassland sections for a total of 160 exempt groundwater wells on Forest Service 

land (Mathesen and Bowden, 2011). Exempt groundwater wells are classified by the 

Colorado Division of Water Resources as wells that are exempt from water rights 

administration and are not administered under the priority system. In most cases, exempt 

well permits limit the pumping rate to no more than fifteen gallons per minute. Exempt 

groundwater wells are Household Use Only Wells, Domestic and Livestock Wells, etc.  

 

The United States Environmental Protection Agency, defines an underground sources of 

drinking water (USDWs) as an aquifer or a portion of an aquifer that 1) supplies any 

public water system; 2) Contains sufficient quantity of groundwater to supply a public 

water system; and i) currently supplies drinking water for human consumption; or ii) 

contains fewer than 10,000 milligrams per liter (mg/L) total dissolved solids (TDS); or 

iii) is not an exempted aquifer.  USDWs on the PNG were not mapped for the EIS 

analysis, but a site specific assessment of local USDWs will be needed during the APD 

stage of development. 
 

EPA works with state and tribal agencies, non-governmental agencies and citizen groups 

to encourage partnerships and provide information for carrying out source water 

protection actions (EPA, 2013). Source water is untreated water from streams, rivers, 

lakes or underground aquifers that is used to provide public drinking water, as well to 

supply private wells used for human consumption. The Source water protection actions 

begin with a source water assessment, one of the assessment components is the 

delineation of source water protection areas (SWPA). SPWA are portion of a watershed 

or ground water area that may contribute pollution to the water supply. EPA delineated 4 

generalized source water protection areas near Pawnee National Grassland (Figure 6). 

The first protection area (T8N R62W Section 20 NE1/4) comprises some Forest Service 

lands while the other protection areas are outside but adjacent to PNG FS land.  

 

According to the CDSS’ (Colorado Decision Support System) (CDWR, 2014), there are 

approximately 259 domestic, 15 household use only and 9 municipal wells permits issue 

on private lands within the Pawnee National Grassland administrative boundary (Figure 

7).  

 

In January 2013, the Colorado Oil and Gas Conservation Commission (COGCC) 

approved the statewide groundwater and monitoring rules. The rules 609 and 318A.e 

became effective May 1, 2013. The purpose of these rules is to gather baseline water 

quality data prior to oil and gas development and after drilling and completion operations 

(COGA, 2013 and COGCC, 1999 and 2012).  

 Rule 609 requires oil and gas operators to sample all available water sources, 

(up to four), within one half mile radius of a proposed Oil and Gas well, 

multi- well sites, and dedicated injection wells for which a form 2 application 

for permit to drill is submitted on or after May 1, 2013. Under this rule 

operator shall select sampling location based in a criteria of preferred water 

sources such as proximity (closest to proposed well), type of water source 

(preferable well maintained domestic water wells), orientation of sampling 

locations, multiple identified aquifers available and condition of water source.  
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 Rule 318A.e requires that baseline samples and subsequent monitoring 

samples shall be collected from one available water source in the 

governmental quarter section in which a new Oil and Gas well, the first well 

on a multi-well site or a dedicated injection well is located. Sampling location 

is based in the same criteria as rule 609.  

 Rule 318A(I)  - Greater Wattenberg area special well location, Spacing and 

unit designation rule. The Greater Wattenberg Area ("GWA") is defined 

(section a) to include those lands from and including Townships 2 South to 7 

North and Ranges 61 West to 69 West, 6th P.M. Under this rule water 

sampling will be performed pursuant to rule 609.  
 

100,329 acres of unleased PNG Forest Service lands (federal and private mineral rights) would be 

subject to the Rule 609 and 318A.e.  Leased lands acres would be subject to those rules if a 

permit to drill was submitted on or after May 1, 2013 and/or if existing leases expire.  

 

Based in the Colorado Decision Support System, available water sources are located in 

approximately 10 % of unleased PNG Forest Service lands however, less than 1 percent of 

those available water sources are domestic well permits. Therefore, it is probable in some sites 

to not locate available water sources; neither the quantity nor to follow the sampling 

location criteria. In those cases operators will follow rules 609 and 318A.e regulations. 

 

Per rule 318A(I) section a, Pawnee National Grassland is located outside from the 

defined Greater Wattenberg area (GWA).  

 
Figure 23 Generalized Source Water Protection Areas Provided by the Environmental Protection Area 
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Figure 24 Pawnee National Grassland Boundary Water Well Permits located by Surface Land Ownership 

 

 

 

Groundwater Vulnerability (DRASTIC) 

Drilling and associated production could impact groundwater quality through leaks, 

spills, pits, poorly cemented production wellbores, pipelines, or evaporation ponds.  A 

groundwater vulnerability conceptual model was completed following the EPA 

DRASTIC semi-quantitative model methodology (Aller et al., 1987).  The DRASTIC 

index method allows a systematic evaluation of groundwater pollution potential 

anywhere in the United States based on designated mappable units known as 

hydrogeological settings. The method incorporates the major hydrogeological parameters 

which affect and control groundwater movement including depth to water, rate of 

recharge, aquifer, soil and vadose zone media, topography and hydraulic conductivity.  

 

Preparation of the model required comprehensive evaluation of relevant ground water 

data from the USGS, Colorado Geological Survey, Colorado State Engineer’s Office, 

National Resources Conservation Service, EPA, and consultant’s reports for the local area 

(see Data Sources list).  The data was used to rank all the hydrogeological parameters 

(depth to water, rate of recharge, aquifer, soil and vadose zone media, topography and 

hydraulic conductivity) using the 1987 DRASTIC manual and ranges/ratings tables (Aller 

et al., 1987).  
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For the Pawnee National Grassland groundwater vulnerability model, each of the 

following hydrogeological parameters was classified from least sensitive to most 

sensitive (see Figure 11): 

 Depth to Water Table: 1 to 10 

 Recharge (net annual): 1 to 4 

 Aquifer media: 1 to 7 

 Soil media: 1 to 10 

 Topography (slope): 1 to 10 

 Impact of the vadose zone: 3 to 8 

 Hydraulic Conductivity: 1 to 10 
Figure 25 DRASTIC parameter tables 
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The 7 parameter ratings were then overlaid and weighted using a Geographic Information 

System to calculate indices for each hydrogeological setting across the PNG.  These 

results suggest that on the Pawnee National Grassland, groundwater resources are more 

vulnerable to adverse effects (pollutant contamination) in areas where: 

 Depth to ground water is 0 - 30 feet from surface. 

 Recharge areas with vegetation cover (land cover) such as grasslands, croplands, 

different wetlands, and open water section overlay on medium to coarse grained 

soils. 

 The aquifer media is comprised of quaternary alluvium formations that consist of 

gravel, sand, silt and clay alluvial sediments. 

 The soil media overlying the uppermost water bearing unit consists of sand, 

sandy skeletal, coarse – loamy textures or over playas. 

 The area is relatively flat and infiltration and media transportation rates are high. 

 The Vadose zone (intermediate zone between the soil surface and the water table) 

material consists of unconsolidated deposits of gravel and alluvium material 

(sand). 

 The dominant geology material is sand and gravel with hydraulic conductivity 

ranging from 200 up to 4,000 GPD/ft².  
 

In general, the model results provide a map of the geographical areas where ground water 

would be more vulnerable to contamination from surface occupancy based on the 

DRASTIC numerical rating (Figure 11).  Areas where these conditions are most likely to 

occur inside the PNG Boundary have DRASTIC Indices from 105 to 174.  Within the 

PNG administrative boundary, a total of 63,258 acres fall into this range.  On NFS lands 

only, 10,705 acres (5 percent) of PNG lands fall into this range, mostly on the east side. 2 

percent of those areas are already impacted under existing leases or under private mineral 

rights. 

 

High groundwater vulnerability indexes overlay mostly on Alluviums, Ogallala, and Sand 

Dunes hydrogeological settings; with some exposed areas on the Alternating Limestone, 

Sandstone and Shale settings which correspond to Fox Hills Sandstone Formations. 
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69 percent of the areas with high groundwater vulnerability are located on lands with 

moderate-high to high conventional Oil and Gas development potential, based on the 

Bureau of Land Management Reasonable Foreseeable Development report. This 

represents a range of 10 to 20 wells per township in the moderate-high category and 20 to 

50 wells per township in the high category. Under these developments there is a high risk 

of shallow groundwater contamination, directly from well injection if the well is not 

constructed properly, surface spills, etc.  
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Figure 26 DRASTIC model results: Areas of the PNG with high groundwater vulnerability 
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Soil Resources  

Pawnee National Grassland soil resources existing conditions were evaluated using the 

Natural Resources Conservation Service’s (NRCS) Weld County soil survey (CO 617). 

The Soil survey data was downloaded January 24, 2013 from the NRCS-Geospatial Data 

Gateway. Additional soil information was gathered from the NRCS-Web Soil Survey 

website and the NRCS-Soil Data Mart website on January 24, 2013 and January 26, 2013 

(NRCS, 2013a&b). 

 

There are 73 soil series on the PNG. Loamy soils are the dominant textural classification, 

with 99 percent classified as fine sandy loam. PNG soils originated mainly from 

sedimentary deposits. The sedimentary deposits are classified in seven formations; Fox 

Hill Sandstone, Laramie Formation, Pierre Shale-Upper unit, Eolian deposits, Older 

gravels and alluviums, Ogallala Formation, and White River Formation or Group. The 

dominant rock types in these formations are sandstone (49%), shale (46%), dune sand 

(3%), and gravel (2%). The sedimentary rock erosion originated soils through alluvium 

(73%), colluviums (5%), eolian (0.4%) and residuum (21%) depositions. Alluvium 

deposits cover 73% of the PNG acres. Alluvium deposits are unconsolidated water eroded 

material. This implies that over the long-term (decades to centuries), water erosion action 

occurred in the area. 

 

Soils Physical Properties 

 Under dry conditions, PNG soils are dominantly well drained soils. Excessively 

drained soils occur over 3% of the area.  

 Infiltration is the downward entry of water into the soil (NRCS, 2008). 

Approximately 63% of the soils on the PNG exhibit a moderate to high 

infiltration rate. This is due to the high sandy and moderate loam material with 

alluvium origin. Low to very low infiltration rates occur on 36% of the PNG 

acres; this condition is related to wet, clayey soils, areas suited to water storage. 

Some of the areas with moderate infiltration rates occur under clayey soils with a 

sandy subsurface 

 Overall, soils within the Pawnee National Grassland exhibit a moderate rutting 

potential. This rating indicates that rutting is likely.  

 Only 5% of the PNG soils show high plasticity levels corresponding to wet soil 

areas and high clay surface textures. A high Plasticity level indicates a high 

rutting potential and the likelihood that ruts form readily.  

 Under current conditions, soils within the project area have not reached the 

minimum bulk density values at which root-restricting conditions may occur. This 

suggests that in the present soils within PNG do not exhibit compaction features.  

However, most of the soils do not exhibit ideal bulk densities for plant growth, 

which indicates that they have a prompt susceptibility to formation of compaction 

layers.  

 

Soil runoff and erosion potential 

 Most of the PNG soils show a low to medium surface runoff potential. This 

indicates that, depending on the slope, climate and vegetation cover, most of the 
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PNG soils have a high to moderate infiltration rate due to porosity and low slope 

surface (i.e. plains).  

 Erosion factors within the PNG soils indicate a moderate susceptibility to sheet 

and rill erosion. This is due to the high sand content, low organic matter and low 

percentage of rock fragment.  

 Wind erosion potential is measured using the NRCS soil survey wind erodibility 

group (WEG). Around 81 percent of PNG soils are considered susceptible (high 

to moderate) to wind erosion, with a WEG ranging from 2 to 4.  

 

Soil engineering properties 

 For the PNG, the NRCS rates 52% of the soil series as somewhat limited to local 

road construction. This indicates that excavation, grading and traffic movement 

on these soils could be limited due to frost action, shrink swell potential, slope, 

depth to soft bedrock, and low strength.  

 Approximately 80% of the PNG soils are rated as somewhat limited to shallow 

excavations. A somewhat limited rating indicates that the soil has features that are 

moderately favorable for the specified use. This rating is given to soils that have 

one or more limiting factors for digging in the area and results in a higher 

probability that excavations could collapse. The limitations can be overcome or 

minimized by special planning, design, or installation. The rest of the PNG soils 

are rated as very limited to shallow excavations. A very limited rating indicates 

that the soil has one or more features that are unfavorable for the specified use. 

The limitations generally cannot be overcome without major soil reclamation, 

special design, or expensive installation procedures. Poor performance and high 

maintenance can be expected. 

 

Soil Reclamation potential and/or nutrient cycle behavior 

 Soil organic matter within PNG soils is rated “dominantly low” (0.75 to 1.5%). 

This rating indicates that the soil surface, upon disturbance, would be more prone 

to crusting, erosion, and depleted nutrient levels.   

 According to the NRCS reclamation rating, approximately 78% of the soils on the 

PNG are rated as “fair” for reclamation potential.  This means that vegetation can 

be established and maintained and the soil can be stabilized through the 

modification of one or more properties.  

 The rest of the PNG soils (22%) have a poor reclamation potential. This means 

that re-vegetation and stabilization would be very difficult and costly. Depending 

on the physical and topographic properties of the soil, erosion, and runoff issues 

could occur. 

 

Soil Surface water restrictions 

 Eleven acres of the soils on the PNG are classified as aquic moisture regime. 

These wet soils have a saturated area up to 72 inches deep and include partially 

hydric soil. These soils are located on channel, stream terraces, swales, and 

floodplain landforms. 
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 Most of the soils within the Pawnee National Grassland exhibit a moderately high 

to high saturated hydraulic conductivity at the surface (zero depth). This rating 

indicates that PNG soils under saturation conditions exhibit a high risk of 

subsurface contaminant transport.  

 This high saturated hydraulic conductivity prevails up to 15 inches in depth. 

Therefore, after a heavy rain system saturated soil layers could exist at 0 to 15 

inches into the soil profile, with a high risk of contaminant transport. 

 

 

3.7.2 Environmental Consequences  
 

Methodology   

 

Soil and Hydrology Resource Components 

1. Areas where surface water and groundwater resources are susceptible to 
degradation 

a. Indicators: acres available for development with high risk to critical 
watersheds and groundwater resources. 

2. Areas with soils that have high erosion potential and are near streams, lakes, 
springs, wetlands, floodplains, and riparian areas (including riparian veg). 

a. Indicators: acres available for development with high erosion potential or 
near to water resources.  

 

Surface Water 

Forest Service ownership is less than 50% in the majority of watersheds on the PNG, so 

the ability of the FS to affect changes at the watershed scale is limited.  Areas where 

concentrations of resource components are located will be more likely to be adversely 

affected by oil and gas activities.  HUC6 watersheds where concentrations are higher are 

listed in the table below.  Acres that may be developed are displayed by alternative for 

each watershed.   

 

Table 21 Acres open to surface disturbance by alternative and HUC6 watershed (Forest Service land) 

HUC 6 WS name/# Primary 

concerns 

WS size 

(acres) 

Acres  

(%) 

existing 

leases-

Federal 

and 

private 

minerals 

Acres open 

to surface 

disturbance 

Alt 1 

Acres 

 (%) open 

to surface 

disturbance 

Alt 2 

Acres open 

to surface 

disturbance 

Alt 3 

WEST SIDE       

Little Owl Creek/ 

101900080302 

Perennial 

Pools w/ 

fish, 

erosion 26,391 

2,118 

(8%) 
0 

1,380  

(5%) 
0 
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Eastman Creek-Owl 

Creek/ 

101900080303 

Perennial 

Pools w/ 

fish, 

erosion 23,599 

3,799 

(16%) 
0 

2,508  

(11%) 
0 

Lower Geary Creek/ 

101900090306 

Perennial 

Pools w/ 

fish, 

erosion 17,396 

2,772 

(16%) 
0 

5,726  

(33%) 
0 

Lower Willow 

Creek-Little Crow 

Creek/ 

101900090308 

Perennial 

Pools w/ 

fish, 

erosion, 

large 

exclosure 17,605 

4,291 

(24%) 
0 

3,585  

(20%) 
0 

Wildhorse Creek/ 

101900090401 

Perennial 

Pools w/ 

fish, 

erosion, 

shooting 

impacts 14,963 

1,607 

(11%) 
0 

1,192  

(8%) 
0 

Headwaters Coal 

Creek/ 

101900090402 

Perennial 

Pools w/ 

fish, 

erosion 28,076 

5,861 

(21%) 
0 

5,822  

(21%) 
0 

Howard Creek-Crow 

Creek/ 

101900090501 

Perennial 

Pools w/ 

fish, 

erosion 25,367 

5,366 

(21%) 
0 

4,069  

(16%) 
0 

Sand Creek/ 

101900090502 

Perennial 

Pools w/ 

fish, 

erosion 32,147 

4,804 

(15%) 
0 

10,488 

(33%) 
0 

 TOTAL  30,618 0 34,770 0 

EAST SIDE       

Twomile Creek/ 

101900120801 

Perennial 

Pools w/ 

fish 35,195 

89  

(0%) 
0 

3,928  

(11%) 
0 

Headwaters Cedar 

Creek/ 

101900120803 

Perennial 

Pools, 

caves, 

riparian 

areas 25,810 

0  

(0%) 
0 

1,665 

 (6%) 
0 

Headwaters Wild 

Horse Creek/ 

101900140202 

Perennial 

Pools w/ 

fish, 

erosion 28,399 

6,893 

(24%) 
0 

1,436  

(5%) 
0 

101900140203 Perennial 

Pools w/ 

fish 40,487 

10,018 

(25%) 
0 

3,175  

(8%) 
0 

Outlet Wild Horse Perennial 14,234 4,253 0 415  0 
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Creek/ 

101900140204 

Pools w/ 

fish, 

erosion 

(30%) (3%) 

Upper South Pawnee 

Creek/ 

101900140205 

Perennial 

Pools w/ 

fish 16,676 

2,249 

(13%) 
0 

775 

 (5%) 
0 

Middle South 

Pawnee Creek/ 

101900140206 

Perennial 

Pools w/ 

fish 25,413 

7,767 

(31%) 
0 

2,907  

(11%) 
0 

 TOTAL  31,269 0 14,301 0 

 

Effects to surface water on the PNG will be possible in areas with: surface disturbance, 

road and pipeline crossings, leaks/spills, pits or evaporation ponds.  Shallow groundwater 

is also included in the surface water analysis, as shallow groundwater is thought to be a 

primary source of water for the surface water features on the PNG.  

 

Direct/Indirect Effects 

 

Effects common to all alternatives:  

Effects of traffic, water use, disposal of produced water and used fracking fluids, and 

accidents/spills are occurring across the project area, both on NFS lands and on private 

lands.   

 

Spills in the State of Colorado are well documented and occur frequently (Center for 

Western Priorities, 2014).  The Center has posted online a “Colorado Toxic Release 

Tracker” using available data compiled by the Colorado Oil and Gas Conservation 

Commission.  According to the data, there were 495 oil industry-related chemical spills in 

Colorado in 2013, and nearly a quarter of the spills impacted ground or surface water. 

Impacts from the fall 2013 flooding in Colorado heavily damaged oil and gas facilities in 

the South Platte River floodplain.  There were 56 spills reported in January 2014, 3 of 

which impacted groundwater and 1 that impacted surface water.  33 of the spills occurred 

within 1,000 feet of surface water, 14 spills occurred within 500 feet of surface water, 11 

spills occurred less than 50 feet from groundwater, and 7 spills occurred between 50 and 

100 feet from groundwater.  Based on the Center for Western Priorities interactive map, 

there were 61 spills (94,164 gallons) reported from 2006-2014 in the general PNG area.  

 

Alternative 1: No New Leasing:  

There wouldn’t be any additional surface disturbance or impacts to surface water 

resources on the PNG from the no leasing alternative.  There could be residual effects to 

water resources in that drill pads and wells could be placed directly on the borders of 

NFS lands.  The placement of these facilities would not be subject to the same restrictions 

as those on NFS lands and could cause greater impacts in those areas than they would on 

NFS lands. 
 

Alternative 2: No Action, leasing under current Forest Plan:  

Under Alternative 2, all of the watersheds with high value water resources would have 

some level of surface disturbance; Sand Creek on the West side and Two Mile Creek on 

http://westernpriorities.org/about/
http://westernpriorities.org/about/
http://westernpriorities.org/colorado-toxic-release-tracker/
http://westernpriorities.org/colorado-toxic-release-tracker/
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the East side are the watersheds that would have the most activity and disturbance.  

Under the current Forest Plan, water resources are primarily protected by the Standard 

Leasing Terms (SLT) which allows the FS to require facilities be moved up to 200 meters 

to avoid impacts. However, oil and gas operations in upland areas that drain to perennial 

surface waters and fisheries resources could still put these resources at risk from sediment 

or chemical contamination even outside of the 200 meter “buffer”.  These contaminants 

could be transported from the watershed as surface water or as shallow groundwater.   

 

One watershed with critical water resources, Little Owl Creek, has a portion protected by 

a NSO stipulation as part of the Owl RNA.  This would help to protect the important 

water features and aquatic biota present in the perennial pools in that drainage.  Other 

critical watershed resources would not have the same protection under this alternative. 

 

Alternative 3: Leasing under NSO:  

No drill pads or wells would occur on NFS lands.  There could be residual effects to 

water resources in that drill pads and wells could be placed directly on the borders of 

NFS lands.  The placement of these facilities would not be subject to the same restrictions 

as those on NFS lands and could cause greater impacts in those areas than they would on 

NFS lands. An APD with potential Conditions of Approval would still be required. 

 

Cumulative Effects:  

Across the HUC6 watersheds, regardless of ownership, effects from the action 

alternatives would be cumulative to effects from previously leased and developed areas.  

Impacts from development of existing leases as well as private mineral leases would 

continue.  Watersheds that have development within 200m of surface water resources 

would continue to have impacts.  In addition, oil and gas operations in upland areas that 

drain to perennial surface waters and fisheries resources, would put these resources at risk 

from sediment or chemical contamination.  These contaminants could be transported 

from the watershed as surface water or as shallow groundwater.  Furthermore, effects 

from leasing occurring on private lands would be cumulative to effects from NFS lands at 

the watershed scale.  It is likely however, that the effects of activities on NFS lands would 

be minor and unmeasurable at the watershed scale under Alternatives 1 and 3, but could 

increase under Alternative 2. 

Water Use and Management Associated with Leasing and Production 

Significant quantities of water are required for drilling and hydraulic fracturing 

operations.  If water wells or surface water resources are used for this, significant impacts 

to PNG water resources could occur, including water table depletion and loss of surface 

water recharge areas.  In addition, large quantities of flowback and produced water need 

to be dealt with at the well sites.  Storage and transport of these large quantities of non-

potable water also has risks to water quality on the PNG.  The Colorado Division of 

Water Resources is responsible for permitting and administering water rights in the State, 

and any water developments or uses from or on NFS lands would need to be completed 

following appropriate procedures. 
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Approximately 22,100 to 39,500 acre-feet (AF) of water is used for fracking annually in 

Colorado (Western Resource Advocates, 2012).  Typically, water for drilling and fracking 

in Weld County has been supplied from non-tributary groundwater wells and municipal 

water from surrounding cities.  After drilling, the produced water is primarily disposed of 

in deep injection wells, making it unavailable to the water cycle.  Some of the produced 

water is also being reused or recycled in the area. 

 

The associated traffic is also significant to the area, especially with the increased risk for 

spills into water resources.  Traffic is greatly increased to bring and remove this water 

from drilling sites.  A recent report completed for Douglas County, CO estimates 11,040 

loaded truck trips for one well pad (containing six wells) over a 265 day period (6,000 

trips were made to haul fracking water and 3,000 trips were for wastewater disposal).  

The Bureau of Land Management report estimates 1,160 truck visits are required to 

develop each well. 

 

Direct/Indirect effects: 

It takes approximately 2 acre-feet (AF) of water to drill one well.  In the Niobrara 

Formation (Northern Colorado, Chesapeake Energy), it takes approximately 4 million 

gallons (12.28 AF) to hydraulically fracture one well (Western Resource Advocates, 

2012).  For this analysis, it is assumed that each well will need to be fractured 4 times 

over the life of the well
32

. 

 
Alternative 1: No new leasing:  

No new wells will be developed, so no additional water would be needed on the PNG, but 

the same amount of water would still be needed as Alternative 2, if the same number of 

wells is needed on private lands.  If there are 10% more wells needed without leasing 

PNG minerals, then 10% more water would be needed to drill the wells. 
 

Alternative 2: No action, leasing under current Forest Plan:  

Greater quantities of water would be needed than under the no new leasing alternative 

(approximately 7,140 AF would be needed for 140 wells)
33

.   
 

Alternative 3: Leasing under NSO:  

If wells are simply moved off NFS lands, the same amount of water would still be needed 

as Alternative 2, if the same number of wells would be needed on private lands. 

 

 

 

 

 

 

                                                           
32

 Formula: water usage for one well = 2AF (drilling – one time) + (12.28AF * 4 “fracking usage”) = 
51.12AF. 
33

 140 wells is an estimated value based in an area proportion of federal mineral rights available for leased 
within PNG (53%). This value will be additional water usage to current leased lands and represent the 
direct effect of water usage under 100% federal mineral right within FS surface lands. 



 

78 

 

Cumulative Effects:  

The water needed under the new leases would be cumulative to the water needed for the 

already leased lands and leasing on private mineral estate, which is approximately 

another 6,400 AF
34

.    

 

Groundwater Vulnerability 

Drilling and associated production could impact groundwater quality through leaks, 

spills, pits, poorly cemented production wellbores, pipelines, or evaporation ponds. 

Accidental spills anywhere could cause isolated introduction of pollutants into near-

surface ground water sources which could be of local significance depending on location, 

season and size of spill.  In addition, the State of Colorado prohibits oil and gas 

operations within 500 feet of any permitted water wells.   

Direct and Indirect Effects: 

Alternative 1: No new leasing:  

Under this alternative, 6,786 acres of the PNG that have a high groundwater vulnerability 

rating within the unleased available acres will be protected from direct contamination and 

surface disturbance.  These areas will be available for groundwater recharge, which 

would help to increase the shallow groundwater resources in the area and decrease any 

surface and subsurface contamination. 

Alternative 2: No action, leasing under current Forest Plan:  

Under Alternative 2, up to 6,786 acres with a high groundwater vulnerability rating 

within the available unleased acres would be at risk from hazardous chemical spills 

which frequently occur from Oil and Gas activities. Substances such as hydraulic fluid, 

fracking fluids, and produced water could leak from evaporation pits and /or injection 

wells and could be transported laterally and vertically to the shallow groundwater 

resources and to surface water bodies. Reduction of recharge potential at developed sites 

would also be likely in these areas, due to the loss of soil infiltration features such as 

organic matter.  

 

Increased groundwater consumption for drilling activities may also result in water table 

depletion.  Drilling close to alluvial aquifers could impact recharge areas such as 

potholes, ponds, wetlands and riparian areas.  There would also be a greater risk of lateral 

shallow groundwater pollution from leasing in sensitive areas or from adjacent private 

lands under Oil and Gas development. 

Alternative 3: Leasing under NSO:  

Up to 6,786 acres with high groundwater vulnerability would be protected from risk. This 

alternative would result in the lowest amount of groundwater acres impacted due to Oil 

                                                           
34

 6,400AF represent the estimated water usage within FS surface ownership but with private mineral 
rights and leased lands. Adding this acres to the available for lease FS lands with federal mineral rights the 
total water usage is: 6,400 AF + 7140 AF = 13,540 AF OR 51.12 AF * 265 wells = 13546 AF. 
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and Gas activities. This would result in less risk to surface water quality, a reduction in 

the amount of sedimentation potential, and an increase in groundwater recharge, which 

would increase shallow groundwater resources.  

 

Table 22 Acres of potential disturbance or protection to vulnerable groundwater resources 

 Alternative 1 Alternative  2 Alternative  3 

Disturbed acres 
0 6,786 0 

Protected acres 6,786 0  6,786 

 

Cumulative effects: 

The cumulative effects analysis boundary for groundwater is the NFS lands on the PNG. 

Under Alternatives 1 and 3, higher concentrations of well structures and facilities could 

occur on adjacent private surface and mineral ownership. The amount of well concentration 

depends on the level of development on site and the economic feasibility of Oil and Gas 

reservoirs on non-leasable and NSO areas. This would be cumulative to development on 

the 3,458 acres on existing leased and private mineral right acres on Forest Service 

jurisdiction.   
 

The effects to groundwater under Alternative 2 would be cumulative to the effects from 
the existing leases as well as the private leases across the Grassland.  Up to 10,244 acres 
with high groundwater vulnerability may be affected, (2,515 acres on existing leased 
lands, 943 acres within private mineral rights and 6,786 acres on the available leasable 
federal mineral rights, not including 461 acres of “No lease by decision” from the 1997 
Forest Plan).  These areas with high groundwater vulnerability represent over 1.3 percent 
(2,515 acres) of the existing leased areas, mostly on the east side.   

Within these areas with high groundwater vulnerability, there is higher potential for 
groundwater contamination.   In addition, lateral groundwater contamination could occur 
from adjacent private jurisdiction which is currently leased and/or available.  Clustering 
of well structures could occur on private lands adjacent to areas with high groundwater 
vulnerability.  Groundwater recharge will be reduced due to a decrease in ideal 
infiltration from disturbed surface areas. There could also be a reduction in groundwater 
discharge (water table depletion) to surface water flows if the main water source for Oil 
and Gas activities comes from the area groundwater. 

Soils 

Impacts from oil and gas activities in the following areas could be detrimental to soil 

resources and water resources. 

A.  Areas with high sediment contribution potential within stream buffers and loss 

in soil productivity (compaction, rutting, wind erosion, poor reclamation 

potential). 

B.  Wetlands, Riparian and Pothole areas 
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Areas with high sediment contribution potential within stream buffers and loss in soil 

productivity 

Most of the soils on the PNG have a moderate susceptibility to sheet and rill erosion 

(erosion due to water forces). However, due to the high sand content, low organic matter, 

low percentage of rock fragment and topography, under continuous surface disturbance 

these areas become highly susceptible to surface erosion. 

 

In addition, soils with high surface runoff potential can develop preferential flow 

sections.  Preferential flow is the uneven and often rapid movement of water and solutes 

through the soil by cracks, root holes, and fractures on the soil surfaces.  It allows much 

faster transport of contaminants to the vadose zone and groundwater sources, and 

increases the occurrences of gullies and loose sediment areas that could contribute 

sediment and contaminants to playas, wetlands, potholes and/or ponds. 

 

Mapped areas with highly erosive soils and soils with high surface runoff potential were 

overlaid and related geographically to the stream layer in GIS. This process located areas 

equal or less than 200 meters away from streams, which could be sources of sediment 

contribution from developed areas. There are 1,510 acres with high potential for sediment 

contribution within the PNG.  Additional disturbance activities in these areas could result 

in bare soil and loose surfaces escalating the in situ erosion potential and sediment 

transportation (including chemical contaminants) to streams, wetlands, potholes, ponds, 

and other water sources.  

 

There are 740 acres with low soil productivity across the PNG. These areas need 

additional soil amendments and/or best management practices to reduce any erosion or 

runoff potential and increase soil productivity during disturbance activities such as well 

pads, pipeline trenching, road construction, etc. Without management practices 

revegetation and stabilization would be very difficult and costly in these areas. 

 

Approximately 81 percent of PNG soils are considered moderately to highly susceptible 

to wind erosion, with a WEG (Wind Erodibility Group) ranging from 2 to 4.  Soils with a 

WEG of 2 to 4 are typically susceptible to 85-140 tons/ac/yr of sediment loss. Due to the 

potential effect to air quality and reduction in soil productivity, disturbance of these soils 

could be detrimental to the PNG. 

Direct and Indirect Effects 

Alternative 1: No new leasing:  

All of the areas with high sediment contribution potential which are located on current 

available leasable lands will be avoided. This represents a total of 838 acres, which is 

55% of all the areas with high erosion and sediment contribution potential across the 

PNG.  Not leasing these areas would have benefits to water quality, soil productivity and 

shallow groundwater resources.  All of the areas with poor reclamation potential would 

not be disturbed (450 acres – 62 %), decreasing the likelihood of bare soils, wind erosion 

and low soil productivity on PNG lands. 
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Alternative 2: No action, leasing under current Forest Plan:  

The areas with high sediment contribution potential which are located on current 

available leasable lands (a total of 838 acres, which is 55% of all the areas with high 

erosion and sediment contribution potential within the PNG) could be disturbed under 

this alternative.  Up to 61% of the low productivity soils could be disturbed, which could 

reduce the reclamation potential of the area (450 acres). 

 

Most of these areas could transport sediment and pollutant to surface water bodies 

(streams) within a 200 meter buffer; also increasing the pollutants transportation through 

the soil profile. There could also be direct impacts to aquatic habitat and wildlife survival, 

shallow groundwater resources quality and quantity, and surface water quality. 
 

81 percent of the PNG has soils with high wind erosion potential and approximately 21 

percent of the PNG is in soils with high rutting potential. Soil productivity will be highly 

reduced in these areas due to mechanical disturbance, no erosion control, or revegetation 

growth practices.  

Alternative 3: Leasing under NSO:  

Under NSO, more than 838 acres (55%) of the areas of high erosion potential across the 

PNG will be protected.  Surface disturbance and sediment contribution to surface water 

bodies from leasing activities would be minimal.  Erosion features such as gullies, cracks, 

and any other degradation will be minimal, which would help reduce the likelihood of 

rapid transport of water and solutes through the soil profile.  Soil productivity and ground 

cover will improve in these areas (61% of the sensitive soils), consequently preventing 

any additional sedimentation to surface water, which would help for maintaining water 

quality in nearby water resources.  Good ground cover and soil productivity will result in 

a higher organic soil cover and the deposition of colloidal particles which are suitable to 

retaining some of the inorganic pollutants used in oil and gas operations, subsequently 

helping to prevent shallow groundwater contamination.  

 

Table 23 Acres with high sediment contribution potential disturbed or protected, by alternative 

Alternatives Disturbed acres  Protected acres 

No New Leasing – Alt 1 0 838 

No Action, leasing under current Forest Plan - Alt 

2 
838 0 

Leasing under NSO - Alt 3 0 838 

 

Table 24 Acres of potential soil productivity changes due to surface disturbance or protection, by alternative 

Alternatives Disturbed acres  Protected acres 

No New Leasing – Alt 1 0 450 

No Action, leasing under current Forest Plan - Alt 

2 
450 0 
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Leasing under NSO - Alt 3 0 450 

 

Cumulative Effects: 

The cumulative effects analysis boundary for soil resources is the NFS lands on the PNG. 

Alternative 1: No new leasing and Alternative 3: Leasing under NSO:  

a) A total of 647 acres (43%) of areas with high sediment contribution potential 

will continue to be disturbed due to existing development of leased FS lands 

and lands with private mineral rights with FS surface. 

b) There is no monitoring information that classifies the current erosion and/or 

surface cover conditions of these areas, as well as the possible affected surface 

water bodies. 

c) Some watershed reclamation and erosion control projects might be required in 

these areas to reduce sediment contribution to surface water, to increase soil 

productivity up to Forest Service guidelines, and to be in compliance with 

water quality standards.   

Alternative 2: No action, leasing under current Forest Plan: 

a) A total of 1,485 acres (98%) of highly erosive areas could be disturbed 

(currently leased, private mineral rights on FS surface and available leasable 

lands) 

b) Additional surface disturbance (on Forest Service land and private) could 

occur from other management projects and other adjacent Oil and Gas 

facilities such as pipelines and access roads. 

c) Adjacent disturbance (from private surface developments) could promote 

degradation to the mentioned sensitive areas; this will depend on the level of 

use (traffic), footprint disturbance (i.e. excavation failure), etc. 

d) There could be a detrimental loss in soil productivity on almost 100 percent of 

highly sensitive soils (high erosion and low productivity soils) under 

available, existing leases and private mineral rights.   

e) 80 percent of the areas with existing leases are in areas of high susceptibility 

to wind erosion and 21 percent are in areas with poor reclamation potential. 

Monitoring of these areas is needed to classify the erosion, and soil 

productivity levels and any needed surface management restrictions.  

Wetlands, Riparian and Potholes areas 

 

Altering the hydrology of wetland and riparian areas will result in restricting inflow and 

outflow of the surface water and groundwater (reduction of discharge and recharge 

potential); reducing residence time of water (less filtration), and introducing toxic 

substances. 

 

53 percent of wetland areas occur on available leasable lands, the rest are located on 

currently leased lands. There are 48 acres of mapped prairie potholes systems on PNG, 

with half of it on current leased lands.  
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Direct and Indirect Effects 

Alternative 1: No new leasing:  

All wetlands, riparian and potholes areas on available leasable lands (362 acres) will be 

protected.  Protecting these areas will promote groundwater recharge, sediment runoff 

filtration, removal of toxic substances adjacent to sensitive areas, wildlife habitat and an 

increase in water surface discharge (shallow water quantity). 

Alternative 2: No action, leasing under current Forest Plan: 

Up to half of the wetlands, riparian and potholes acres on FS lands could be impacted by 

development.  As stated in the 1997 Forest Management Plan, development could occur 

under Standard Leasing Terms (SLTs), which provide the ability to move facilities up to 

200m.  This would provide the FS the ability to protect wetlands smaller than 400 m
2
.  

Operators would also be liable to the US Fish and Wildlife, EPA and/or ARMY Corps 

under these agency wetland protection regulations (Clean Water Act). Disturbance 

adjacent to wetlands or riparian areas could promote sediment and toxic substance 

transportation and storage on these areas, which could destroy vegetation cover and/or 

affect these surface water ecosystems.  Site specific wetland delineation would occur 

prior to development.  

Alternative 3: Leasing under NSO: 

All wetlands, riparian and potholes areas on available leasable lands (362 acres) will be 

protected.  Protection of these areas will promote groundwater recharge, sediment runoff 

filtration, removal of toxic substances adjacent to sensitive areas, wildlife habitat, and an 

increase in water surface discharge (shallow water quantity). 

a. Operators could use horizontal drilling to move underground across wetland, 

riparian, reservoir and potholes areas (for other secondary oil and gas structures 

such as pipelines). This process could result in underground pollution and 

interference with the inflow and outflow of surface or groundwater resources.  
 

 

Table 25 Acres of mapped wetland, riparian and potholes disturbance and protection per alternative 

Alternatives Disturbed acres  Protected acres 

No New Leasing - Alt1 0 362 

No Action, leasing under current Forest 

Plan - Alt 2 
362 0 

Leasing under NSO - Alt 3 0 362 

 

Cumulative Effects:  

The cumulative effects analysis boundary for wetland and surface water resources is the 
NFS lands on the PNG. 

1. No new leasing / No action: leasing under current Forest Plan: 
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a. Up to 677 acres of wetlands, riparian, and potholes could be disturbed. The level 

of protection from the Forest Service on these sensitive areas depends on the 

mineral rights jurisdiction. Higher protection will be available on 363 acres 

(available leasable lands), some protection will occur on 103 acres (existing 

leased) as stated in the 1997 Forest Management Plan, under which development 

would occur under SLTs, which provide the ability to move facilities up to 200m.  

Lower protection will occur on 211 acres (private mineral rights). 

b. Some of these areas might have been disturbed due to existing well developments, 

resulting in a loss of wetland, riparian areas consequently losing groundwater 

recharge zones and water filtration areas. 

c. If these recharge areas are disturbed there could be an additional negative impact 

to the groundwater and surface water quantity and quality on Forest Service lands 

due to diminished infiltration.
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Summary of Effects  

In summary, for soil and water resources, Alternative 2 would have the highest risk to soil 

and water resources (Table 22).   Alternative 3 has the least risk, followed by Alternative 

1, which has a slightly higher risk due to the likelihood for 10% more wells surrounding 

the PNG than would be needed under Alternatives 1 and 2. 
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Table 26 Summary of effects 

 

All Alternatives Alternative 1 Alternative 2 Alternative 3

Effects on existing leases and 

private mineral estates
No Additional Leasing

No Action--leasing across PNG under 

current Forest Plan
Leasing under No Surface Occupancy

Acres available for leasing 43,444 0 146,367 146,367

New wells/well pads some percentage of Alt 2 0/0 241/80 0/0

Acres new surface disturbance some percentage of Alt 2 0 960 0

1. a. Areas where surface 

water resources are 

potentially susceptible to 

degradation

Environmental risks from 

erosion and sediment 

deposition into surface water

Development will continue to 

increase on leased NFS Lands and 

private mineral estate; Risks are 

present and will potentially rise for 

streams and other water resources.

Development will not occur on most 

NFS Lands; Risks will be lower to 

streams on NFS lands, may increase 

for adjacent private lands 

Development will increase on most 

NFS Lands, between 3% and 39% of 

individual critical watersheds could 

be developed;  risk will rise for water 

resources across the PNG. Critical 

watersheds with more than 20% 

potential development occurs only 

on the West side.

Development will not occur on most 

NFS Lands; Risks will be lower to 

streams on NFS lands, may increase 

for adjacent private lands.

Accidental releases of 

hydrocarbons and industrial 

chemicals into surface water

Within existing leases and on private 

mineral estate, surface and ground 

water sources may become 

contaminated as a result of spills, 

discharges, or accidents.  

Surface and groundwater sources 

supporting suitable habitats have 

potential to become contaminated as 

a result of spills, discharges, or 

accidents where roads or other 

facilities are located near to NFS lands.

Surface and groundwater sources 

supporting suitable habitats would be 

more likely to become contaminated 

as a result of spills, discharges, or 

accidents. 

Surface and groundwater sources 

supporting suitable habitats have 

potential to become contaminated as 

a result of spills, discharges, or 

accidents where roads or other 

facilities are located near to NFS 

lands.

1.b.  Areas where 

groundwater resources are 

potentially susceptible to 

degradation

Surface release of 

hydrocarbons or industrial 

chemicals could contaminate 

potential surface recharge 

areas and groundwater.

32 percent of the existing lease and 

private mineral estate areas, mostly 

on the east side, are in areas with 

high vulnerability for groundwater 

contamination.

Development will not occur on most 

NFS Lands; Risks will be lower to 

groundwater on NFS lands, but may 

increase on adjacent private lands.

30 percent of the PNG 

admininstrative boundary is in areas 

with higher risk for groundwater 

contamination.  On available NFS 

lands only, 6,786 acres (5 percent) of 

PNG lands fall into this range, mostly 

on the east side. 2 percent are at the 

highest risk.

Development will not occur on most 

NFS Lands; Risks will be lower to 

groundwater on NFS lands, but may 

increase on adjacent private lands.

2. Areas with high erosion 

potential near streams, 

lakes, springs, wetlands, 

floodplains, and riparian 

areas (including riparian 

veg).

Unacceptable amounts of 

surface erosion or runoff, 

especially in areas with 

surface water.

42 percent of existing leases and 

private mineral estate are on highly 

erosive soils (high potential sediment 

contribution areas to streams).

Development will not occur on most 

NFS Lands; Risks will be lower to 

surface water resources on NFS lands, 

may increase on adjacent private 

lands.

There are 838 acres with high 

potential for sediment contribution 

to water resources and 450 acres 

with poor reclamation potential 

within the PNG lands available for 

leasing.  

Development will not occur on most 

NFS Lands; Risks will be lower to 

surface water resources on NFS 

lands, may increase on adjacent 

private lands.

OVERALL RISK SUMMARY
Less than Alt 2, more than Alt 3--

due to 10% increase of wells outside 

FS lands due to no leasing

Highest Least

Resource Component
Oil and Gas Development 

Impacts
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3.8  Fisheries Resources 

Fisheries and Aquatic Resource Issues 

1. Suitable aquatic habitat either supporting or capable of supporting native fishes of 
the Pawnee National Grassland (PNG) 

2. Surface and groundwater sources that supply water to sustain suitable habitats 
3. Connection habitat that links patches of suitable aquatic habitat within the stream 

networks of the PNG 
4. Risks to population persistence for plains topminnow on PNG 
5. Risks to species viability for plains topminnow and plains killifish on PNG 

 

3.8.1 Affected Environment for Fisheries   
The Pawnee National Grassland contains several land parcels among 39 sixth field (i.e., 6 
digit hydrologic units) prairie watersheds on a portion of Colorado’s eastern plain.  All of 
the plains streams occurring on the grassland are tributary to the South Platte River.  This 
is a portion of the western Great Plains that extends from eastern Colorado and eastern 
Wyoming east across much of Nebraska, portions of South Dakota, and into Kansas.  
These prairie watersheds originate on the plains and have developed into a loosely 
parallel drainage pattern, exhibiting a hydrology characterized by flooding and drying.  
Resultantly, few of these streams are continuously perennial.  Rather, most streams are 
intermittent with short sections of perennial surface water that occur as semi-connected 
pools along the streamcourse (Figure 13).   

Surface water within these clusters of aquatic habitat is maintained by stochastic 
precipitation events great enough to generate overland flow during and shortly following 
storm events and via groundwater that is exposed to the surface where pool-like 
depressions occur along the streamcourse.  Based on 75 years of precipitation data, the 
greatest amount of precipitation falls from April through June; however, some areas 
experience a wet monsoon season in August and September (USDA Forest Service, 
unpublished data).  These wet periods likely generate sufficient stream flow to connect 
separate perennial habitats within a 10-year period or less.  Although small and unseen by 
most, these unique aquatic habitats occur in most of the intermittent stream channels 
across the western Great Plains, including the Pawnee National Grassland.   
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Amount and Distribution of Aquatic Habitat 

Although the total amount of aquatic habitats on the Pawnee National Grasslands may be 
quite limited during a snapshot of time, the linear networks in which those habitats occur 
are large, covering multiple 40,000 acre watersheds that stretch from southeastern 
Wyoming to the South Platte River.  Hydrologic data used to classify the types of stream 
channels are not very well resolved; however, based on National Hydrography Data 
(USGS), there are well over 3000 miles of stream channel on the Pawnee grassland with 
at least 30 of those miles being perennial and over 1,700 miles being intermittent 
(Entwistle and Nieves-Rivera 2014).  The amount and distribution of aquatic habitat 
suitable for aquatic life varies based on annual precipitation patterns as well as the 
capacity of local aquifers to maintain pockets of exposed groundwater.  At this time it is 
unclear which aquifers are most important in supplying water to the specific perennial 
aquatic habitats. Three key aquifers are believed to have great enough hydrostatic 
pressure and groundwater volume to support surface water habitats: the Ogallala, the 
Brule member of the White River Group, and numerous undefined shallow, perched 
aquifers (Wohl et al. 2009).  Several artesian springs occur on the grassland and supply 
groundwater from the deep aquifers (i.e., Brule formation) to support some perennial 
aquatic habitat. A groundwater mapping model, called DRASTIC (Aller et al. 1987), was 
used to identify the vulnerabilities and potential susceptibilities of groundwater resources 
on the Pawnee National Grassland (Entwistle and Nieves-Rivera 2014).  Approximated 
groundwater influence zones have been described in depth in the Hydrology and Soils 
Report (Entwistle and Nieves-Rivera 2013).  Precipitation events occurring in the spring 
and summer seasons can recharge some of the shallow perched aquifers. While flood 
events are both infrequent (i.e., once every year or two) and typically of very short 
duration (i.e., less than 24 hours), events can be very high in magnitude, exceeding the 
calculable 100-year and 500-year flow rates for these small intermittent streams (USDA 
Forest Service unpublished data).     
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Figure 27 Water level changes in perennial surface water habitats from July 2012 to October 2013 in the South 

Pawnee Creek drainage, Pawnee National Grassland, Weld County, Colorado.  Water levels above dashed lines 

approximate periods when surface flow were present. 
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Table 27 . Summary of the amount and distribution of aquatic habitat  

 

For purposes of this environmental analysis, aquatic habitats were categorized into: (1) 
suitable habitats, defined areas of known surface water occurring along intermittent 
stream networks; (2) movement habitats, defined as the intermittent stream channels that 
during flooding events would connect patches of suitable habitat; and (3) occupied 
habitat, defined as habitats where native prairie fish or amphibians have been observed.  
To determine the amount and distribution of aquatic habitats, data were compiled from 
multiple sources including Kehmeier and VanBuren (1990), Nessler and others (1997), 
unpublished Colorado Parks and Wildlife data, and unpublished Forest Service data.  The 
National Wetlands Inventory (USFWS 1998) and aerial photographs were used to 
identify additional habitats not surveyed in previous attempts or those located on private 
land.  In addition, informal notes about sources of surface water were sought from 
District files.  

The 1997 Forest Plan described perennial riparian sites on the Pawnee National 
Grassland as being limited to 30 acres; however, the actual quantity of aquatic habitat 
likely varies substantially based on precipitation patterns and local groundwater discharge 
experienced each year.  Thus, in describing the quantity of suitable and occupied aquatic 

 

Pawnee HUC 6 Watersheds Occupied (mi) 

Suitable 

Habitat (mi) 

Movement 

Habitat (mi) 

Eastman Creek-Owl Creek 2.3 4.2 5.9 

Headwaters Cedar Creek  0.1 0.3 

Headwaters Coal Creek 1.0 1.7 12.2 

Headwaters Owl Creek 0.1 0.1 1.4 

Headwaters Wild Horse Creek  0.4 2.4 

Howard Creek-Crow Creek 0.1 3.0 7.4 

Little Owl Creek 1.8 1.9 3.5 

Lower Geary Creek 0.0 1.9 5.5 

Lower Little Crow Creek 0.1 3.9 5.8 

Lower Willow Creek-Little Crow Creek 1.0 2.2 6.1 

Middle South Pawnee Creek 2.1 3.1 3.6 

Middle Spring Creek 0.7 0.7 4.5 

Outlet Coal Creek   0.8 

Outlet Wild Horse Creek   1.4 

Sand Creek  1.5 4.1 

Twomile Creek 1.0 1.3 2.1 

Upper Geary Creek   0.2 

Upper South Pawnee Creek 1.3 1.3 1.3 

Upper Willow Creek-Little Crow Creek  4.8 16.4 

Wildhorse Creek 1.2 1.4 1.6 

GRAND TOTAL 12.7 33.3 86.6 
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habitat patches, length of habitat patch is a more suitable metric to use for fish.  Through 
GIS analysis, approximately 86 miles of aquatic movement habitat, 33 miles of suitable 
habitat, and 12 miles of occupied aquatic habitat were identified through this analysis 
(Table 23).  Aquatic habitats were more prevalent and evenly distributed on the western 
unit when compared to the eastern unit (Figure 14). The known perennial aquatic 
habitats, commonly referred to as refuge pools, experience a high degree of interannual 
variation in water volume and many often experience high variability in water quality 
parameters.  In Wohl and others (2009), volume of refuge pools in some Pawnee streams 
changed up or down by an order of magnitude.  Understandably, water quality parameters 
such as pH, salinity, nutrient levels, dissolved oxygen, and water clarity can change 
remarkably through cycles of flooding, drying, and extreme water temperature fluctuation 
(Entwistle and Nieves-Rivera 2014).  Based on a compilation of field observations of 
water quality parameters, aquatic habitat sites on the Pawnee National Grassland exhibit 
water quality conditions that range from suitable for aquatic life to unsuitable, at least for 
vertebrate aquatic life (i.e., fishes and amphibians).  Aquatic habitats supported by more 
perennial and consistent water sources exhibit more normal water quality conditions, 
whereas, aquatic habitats that are seasonal and entirely dependent on precipitation events 
exhibit the most extreme water quality conditions.  Nonetheless, aquatic animals living in 
the aquatic habitats on the Pawnee Grassland are well adapted for surviving periods of 
high salinity, high water temperatures, and low dissolved oxygen levels. 
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Figure 28 Maps of the East and West units of the Pawnee National Grassland depicted to distribution of 
movement corridors, suitable aquatic habitat, and occupied aquatic habitat, Weld Cty, Colorado. 
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Current Human Disturbances and Threats to Aquatic Habitats 

Most of the streams in the Great Plains have been anthropogenically altered (e.g., Fausch 
and Bestgen 1997, Dodds et al. 2004, Rahel and Thel 2004a, 2004b) and those alterations 
are believed related to current losses of endemic prairie fishes, such as the plains 
topminnow and other species (e.g., Fischer and Paukert 2008).  Substantial modifications 
to prairie streams have occurred over a large portion of the species range.  The 
conversion of grasslands from prairies to agricultural production and intense livestock 
grazing has degraded and simplified riparian systems, resulting in altered stream 
morphologies, the loss of complex stream habitats, and the loss of native fishes from 
prairie streams (Fausch and Bestgen 1997).  Reservoirs and stream diversions constructed 
for irrigation and municipal uses have dramatically altered fish communities on the 
prairie landscape (e.g., Falke and Gido 2006), rendering vast stretches of streams 
uninhabitable to most native prairie stream fishes (e.g., Patton and Hubert 1993) while 
also permanently fragmenting prairie streams and markedly reducing the ability for 
prairie stream fishes to recolonize streams following droughts and floods (Fausch and 
Bestgen 1997, Rahel and Thel 2004a).  Road infrastructure has expanded on the prairie 
landscape as well and has increased habitat fragmentation as more road culverts have 
been constructed over the Great Plains streams.  Fragmentation of habitat has limited 
dispersal opportunities dramatically, which is fundamental to both the community 
dynamics and persistence of prairie fish species (Falke and Faush 2009).  Water 
depletions and increased rates of water depletions have reduced the amount of habitat 
available and the degree of isolation among population sources for prairie fishes (Dodds 
et al. 2004, Falke et al. 2011). Realized and potential surface water and groundwater 
contamination from expanded oil and gas development have degraded aquatic habitats 
and poses additional risk to functional habitats (e.g., Freilich 2004, Ramirez 2005, 
Whittemore 2007, Papoulias et al. 2013). Western mosquitofish and other non-native 
species, such as bullfrogs, have become more common in western Great Plains streams 
rendering many refuge habitats historically occupied by many native prairie fish 
uninhabitable (Lynch and Roh 1996, Rahel and Thel 2004a, Fischer and Paukert 2008, 
Pasbrig et al. 2012).   

In addition, anticipated trends in climate conditions for the western Great Plains region 
indicate warmer temperatures will occur, which could lead to higher rates of drying for 
the isolated pools occupied by plains topminnow.  In the streams of the south Great Plains 
and southwest, Matthews and Zimmerman (1990) have predicted that species occupying 
intermittent streams would be increasingly vulnerable to more frequent extirpations as 
habitats dry more frequently and for longer periods of time.  While no direct link to 
climate change has been made for stream drying, increased consumption of groundwater 
and higher incidence of drought conditions have resulted in habitat losses that have 
completely dried many Great Plains streams (Dodds et al. 2004).  Anticipated droughts 
and future water depletions are predicted to cause severe reductions in the amount of 
baseflow refugia habitats in portions of the western Great Plains (Covich et al. 1997, 
Falke et al. 2010). 

Aquatic Communities and Aquatic Species Distributions 

Great Plains fishes have evolved adaptations that allow them to survive in physiologically 
stressful conditions (e.g. high water temperatures, low dissolved oxygen, etc.), and 
compress their reproduction and growth into short periods of unpredictable high flows 
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(Rahel and Thel 2004a, 2004b; Wohl et al. 2009).  The assemblage of species occurring 
in aquatic habitats on the Pawnee National Grassland varies by stream drainage, but on 
the whole aquatic habitats may be occupied by fathead minnows (Pimephales promelas), 
Iowa darters (Etheostoma exile), johnny darters (Etheostoma nigrum), black bullheads 
(Ameiurus melas), green sunfish (Lepomis cyanellus), plains topminnows (Fundulus 
sciadicus), northern plains killifish (Fundulus kansae), native crayfish species, northern 
leopard frogs (Rana pipiens), tiger salamanders (Ambystoma tigrinum), and some native 
mollusks (USDA Forest Service unpublished data, Colorado Parks and Wildlife 
unpublished data, Nessler et al. 1997).  Species occur within isolated pools as 
assemblages of one to three species and rarely attain higher species diversity within the 
intermittent prairie streams on the Pawnee.  Species occurring in habitats outside of the 
proclaimed boundary of Pawnee National Grassland, but within the same high plains 
watersheds include common carp (Cyprinus carpio) (introduced species), sand shiner 
(Notropis stramineus), white sucker (Catostomus commersoni), creek chub (Semotilus 
atromaculatus), brook stickleback (Culaea inconstans), central stoneroller (Campostoma 
anomalum), orange-spotted sunfish (Lepomis humilis), bigmouth shiner (Notropis 
dorsalis), red shiner (Cyprinella lutrensis), brassy minnow (Hybognathus hawkinsoni), 
and longnose sucker (Catostomus catostomus); however, collection records to date have 
not located these species on the Pawnee National Grassland (Nessler et al. 1997).  Of 
these fish species, the plains topminnow and northern leopard frog are considered Region 
2 Sensitive Species, both plains topminnow and northern plains killifish are Management 
Indicator Species (MIS) for prairie aquatic habitats on the ARP, and brassy minnow and 
Iowa darter have declined throughout its range and is considered a Species of Concern by 
all states where it occurs. 

Table 28 The list of aquatic species for which environmental impacts have been examined in the Final 
Environmental Impact Statement. Includes special status and reason for in depth analysis. Note: Pallid sturgeon is 
included as federally-listed species of Platte 

 

 

Common 

Name Species Status Reason for Analysis 

Plains topminnow Fundulus sciadicus Region 2 Sensitive 

Species 

MIS for prairie 

aquatic habitats 

Species occurs in several locations across the 

PNG 

Plains killifish Fundulus kansae MIS for prairie 

aquatic habitats 

Species occurs in several locations across the 

PNG 

Iowa darter Etheostoma exile  Colorado Special 

Concern Species 

Species occurs in several locations across the 

PNG 

Pallid sturgeon Scaphirhynchus 

albus 

Endangered Species Species adversely affected by water depletions 

from the Platte River Basin 
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The native fishes of Great Plains streams exist in a continuous state of disequilibrium 
between flooding and drying (Fausch and Bestgen 1997, Dodds et al. 2004., Wohl et al. 
2009).  Fish species assemblages on National Forest System Lands exist in isolated 
refuge habitats or pools of exposed alluvial groundwater.  While most of these species are 
considered to be extremely mobile, only under certain environmental conditions (i.e., 
floods) does surface connectivity provide a vector for dispersal.  Rapid dispersal 
following floods is a key strategy Great Plains fishes use to persist as refuge habitats 
either remain suitable or become desiccated due to local and regional weather patterns 
(Fausch and Bestgen 1997).  The key to population persistence under this strategy is the 
ability of native prairie fishes to rapidly recolonize habitats, which is reliant upon 
stochastic precipitation events and unfragmented linear habitat networks.  

Plains Topminnow 

The plains topminnow occurs within the grassland portions of Nebraska, South Dakota, 
Wyoming, and Colorado (Rahel and Thel 2004a); however, its distribution is limited to a 
relatively narrow band of elevations ranging from approximately 4000 to 5600 feet above 
sea level (Quist et al. 2004) in association primarily with the Great Plains ecosystem 
(Baxter and Stone 1995).  Occupied habitats occur in isolated patches and dispersal 
opportunities are often reliant upon the precipitation events that generate localized 
flooding (Rahel and Thel 2004a).  Although the species occurs across a large geographic 
area, recent genetic work indicates that populations are genetically distinct among river 
drainages (Li et al. 2009), which supports the current dispersal dynamics within, but not 
between river basins (Falke and Fausch 2009).  For the isolated habitats on the Pawnee 
National Grassland and likely for occupied habitat on other National Forest units, 
dispersal likely occurs within specific stream/drainages, but not between drainages. 

Plains topminnow is overall considered “apparently secure” by Nature Serve (2012); 
however, a persistent downward trend in occurrence is a common theme throughout the 
species’ range.  All states within the native range, except Oklahoma, have at one point 
recognized some level of conservation concern for the species.  The species is presumed 
extirpated from Iowa, critically imperiled in Kansas and Oklahoma, vulnerable in 
Minnesota, Missouri, South Dakota, and Wyoming, imperiled in Nebraska, and 
apparently secure in Colorado (Nature Serve 2012a).  The recent range-wide 
distributional synopsis by Pasbrig and others (2012) documented a 65% to 70% decline 
in observed occurrences of plains topminnow, with the greatest reductions occurring in 
the Platte and Republican River basins. Others (Fischer and Paukert 2008) have 
documented similar declines from known historic occurrences in the Platte basin of 
Nebraska.  Even 20 years ago the species was considered historically (i.e., pre-1980) 
more abundant than at the time Lynch and Roh (1996) made their collections in 
Nebraska.  In Kansas, the species has been presumed extirpated from Kansas by some 
(Pasbrig et al. 2012); however, the only known occurrence of plains topminnow in 
Kansas is from a 1963 collection in Shoal Creek and those fish were considered more of 
an incidental collection rather than a representation of the native fish assemblage 
(Haslouer et al. 2005, Haslouer 2013, personal communication).  Pasbrig and others 
(2012) also reported significant declines (~ 90%) within the species native range of 
Colorado based on data supplied Colorado Parks and Wildlife; however, Colorado Parks 
and Wildlife (CPW) responded to the reported reduction in occurrence in a letter to the 
U.S Fish & Wildlife Service, noting that CPW has observed some declines in the species, 
but “nowhere near the losses reported by Pasbrig” (Crockett 2012).  The population trend 
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in South Dakota is declining (Hoagstrom et al. 2006).  Results from local population 
monitoring on the Pawnee National Grassland indicate reductions in the proportion of 
habitats occupied by all fish species, including plains topminnow. Willow Creek and 
South Pawnee Creek topminnows have remained consistently occupied by plains 
topminnow; however, the species has disappeared from Coal, Geary, Howard, and 
Wildhorse Creeks.  In addition, the species has not been observed in South Pawnee Creek 
since 2002. 

Northern Plains Killifish 

The systematics of plains killifish has been contested for a long time (Rahel and Thel 
2004b); however, the current scientific classification accepts two species of plains 
killifish occurring in North America, plains killifish (Fundulus zebrinus) and northern 
plains killifish (Fundulus kansae) (Kreiser 2001, Kreiser et al. 2001, and Page et al. 
2013). The northern plains killifish is native to some grassland/lowland regions of 
Nebraska, Wyoming, Colorado and Kansas (Rahel and Thel 2004b).  Most records in 
Colorado have referred to the native killifish as F. zebrinus; however, genetic 
phylogeographies clearly show that the plains killifish of eastern Colorado (i.e., Platte, 
Republican, Arkansas River Basins) is in fact the northern species, Fundulus kansae. The 
species occurs in a wide range aquatic habitats, but is most commonly associated with 
intermittent and perennial high plains streams and in some instances main stem and 
backwater areas of large rivers (Propst and Carlson 1986, Pflieger 1997).  Northern plains 
killifish, like the plains topminnow, are tolerant of environmental extremes, such as high 
temperatures, low dissolved oxygen, high alkalinity, and high salinity (Woodling 1985, 
Rahel and Thel 2004b).  Thus, the species is well-adapted for living in the intermittent 
pools found on the Pawnee National Grassland.  

Northern plains killifish appear to have been in decline in portions of their range (Kansas, 
Missouri), while having remained stable in other portions of their range (Nebraska, 
Wyoming, Colorado) (Nature Serve 2012b). The species is has a conservation status in 
Kansas (Haslouer et al. 2005), yet it does not in South Dakota (Hayer et al. 2006), despite 
apparent restriction of native range (Hoagstrom et al. 2006).  Results from local 
population monitoring on the Pawnee National Grassland indicate reductions in the 
proportion of habitats occupied by all fish species, including northern plains killifish.  
Owl and Little Owl Creeks remain strongholds for the species; however, the species has 
disappeared from Little Crow Creek and has not been observed in South Pawnee Creek 
since 2005. 

Iowa Darter 

Iowa darters range from Central Canada to New York and west to Colorado and 
Wyoming (Woodling 1985).  In Colorado, the species occurs primarily in the lowland and 
grassland streams of the South Platte River (Propst and Carlson 1986).  Most published 
synopses describe the preferred habitat for Iowa darter as cool, clear water over an 
organic to sandy streambed (Woodling 1985, Wyoming Game and Fish 2010).  In 
Colorado and elsewhere in the species’ western extent, they are often found in small 
lentic habitats such as isolated pools of intermittent streams and the backwater habitats of 
large rivers (Propst and Carlson 1986).  Iowa darters have been documented in streams of 
the western unit of the Pawnee National Grassland.   



 

96 

 

Iowa darters, though widespread in extent, appear to have been in decline along the 
western extent of the species range as a result of habitat loss and dewatered streams 
(Woodling 1985, Hoagstrom et al. 2006, Wyoming Game and Fish 2010).  The species is 
considered extirpated from Kansas (Haslouer et al. 2005), declining in South Dakota 
(Hoagstrom et al. 2006), needing conservation in Wyoming (Wyoming Game and Fish 
2010), and vulnerable in Colorado (Colorado Parks and Wildlife 2011, Nature Serve 
2011).  Results from local population monitoring on the Pawnee National Grassland 
indicate reductions in the proportion of habitats occupied by all fish species, including 
Iowa darters. 

Pallid Sturgeon 

The pallid sturgeon is a large river fish historically occurring in most major rivers 
(Missouri River, Mississippi River, and the lower reaches of other large tributaries such 
as the Yellowstone, Platte, Kansas, Ohio, Arkansas, Red, and Sunflower; and in the first 
60 miles of the Atchafalaya River) of the interior United States.  Pallid sturgeon is a long-
lived (>60 years) fish species and does not reach sexual maturity until 7-15 years of age. 
It is well-adapted for living near the bottoms of large rivers in highly turbid waters and a 
natural hydrograph.  They prefer large riverine habitats with a diversity of depths and 
velocities formed by braided channels, sand bars, islands, sand flats and gravel bars, akin 
to an unregulated river.  Due to habitat loss from flood regulation, the species range has 
been dramatically reduced to a few fragmented areas of the Missouri, Mississippi, 
Yellowstone, and Platte Rivers (U.S. Fish & Wildlife Service 1993).  The species does 
not occur on the Pawnee National Grassland; however, water depletions from the Platte 
River Basin have the potential to affect this federally Endangered Species.   
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3.8.2 Environmental Consequences  
 

Most environmental impacts and consequences of oil and gas development and production on 
aquatic ecosystems occur through indirect and cumulative effect mechanisms.  Many of these 
impacts at the landscape scale are similar to the effects from timber extraction combined with 
urbanization (Smith et al. 2012).  Regardless of region, these environmental impacts center on 
water losses reducing aquatic habitat, sediment from development reaching aquatic habitat, 
contaminants polluting aquatic habitat, and infrastructure (e.g., roads, pipelines) fragmenting 
aquatic habitat (e.g., Davis et al. 2009, Entrekin et al. 2012, Weltman-Fahs and Taylor 2013).  
Similarly, the anticipated development of oil and gas resources on the Pawnee National 
Grassland (PNG) may result in impacts to aquatic species and their habitats through the 
following mechanisms: (1) loss of aquatic habitat due to water depletions from regional water 
sources, (2) reduction in suitability of aquatic habitat where deposited sediments have reduced 
pool volume and altered the physical structure important to fish occurrence, (3) loss of aquatic 
habitat due to contaminated water sources supplying the habitat, and (4) fragmentation of aquatic 
habitat as a result of physical barriers created as new roads and pipelines are developed.  
Through either loss or reduced suitability of aquatic habitat, these mechanisms would potentially 
cause local population declines or extirpations of prairie fish species.  The severity of these 
anticipated effects varies among the alternatives and is best considered along a gradient of 
environmental risk for habitats and the species.  

Methodology   

The potential effects of oil and gas related development on aquatic habitat have been examined 
separately by each mechanism to determine the predicted environmental consequences to prairie 
fish. Descriptions of each mechanism have been described and relative comparisons among 
alternatives in terms of direct, indirect, and cumulative effects.  The effects of existing leases on 
the PNG have been described as a point of reference of which to base the predicted consequences 
of action alternatives.  The analytical approach used a combination of GIS analytics, inferences 
drawn from published datasets on the impacts of Oil and Gas Development, and professional 
judgment for synthesizing analytical components together.  The best available information and 
published datasets were sought and employed from myriad sources including USDA Forest 
Service, USDI Bureau of Land Management, Colorado Oil and Gas Conservation Commission, 
Colorado Water Quality Control Division, Colorado Parks and Wildlife, and numerous academic 
and research institutes.  The National Forest Service Library performed literature searches for on 
the impacts of oil and gas development to fishes and water quality. 

Incomplete and Unavailable Information  

The potential impacts of unconventional oil and gas development are not fully understood.  The 
newly available technologies being used to extract fossil fuels from deep geologic formations 
may pose uncertain, unquantified, and to date unrealized impacts to aquatic resources.  There are 
uncertainties regarding the biology, dispersal, and habitat requirements for several of the prairie 
fish native to the Pawnee National Grassland.  Water quality datasets are incomplete and efforts 
to collect water quality data in drilling-dense areas of the PNG do not currently occur.  Our 
understanding of the shallow alluvial aquifer system and the connectivity of shallow 
groundwater to areas of suitable fish habitat is incomplete.  Data regarding human-related 
aquatic habitat fragmentation is lacking for the PNG and surrounding areas.   
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Spatial and Temporal Context for Effects Analysis  

The spatial context for this analysis covers the major prairie watersheds on the PNG: Kiota 
Creek, Owl Creek, Crow Creek, and Pawnee Creek.  The time-based context of the prediction 
provided herein span from current day development through a 20 year period of development at 
the current rates of oil and gas extraction and infrastructure development as well as some 
anticipation of latent effects on the landscape beyond 20 years of development, including the 50-
year average production life of an oil well. 

Aquatic Habitats as Affected by Leasing Decision 

The environmental consequences for fisheries issues have been addressed within the context of 
existing federal leases, federal surface ownership overlying private mineral estates, and unleased 
federal mineral estate.  The decision space for this leasing decision is only for the unleased 
federal mineral estate underlying the Pawnee National Grassland.  Substantial development has 
already occurred throughout portions of the administrative boundary.  Approximately half of the 
suitable aquatic habitat on the PNG has unrealized risks to aquatic habitats and fish species 
where the Forest Service has limited control over how new infrastructure may be developed.  
Environmental risks for undeveloped private minerals are greater than the risks from leased, but 
undeveloped, federal minerals. Environmental risks to new leases would be similar leases sold 
under the current Forest Plan.  Roughly 10 miles of suitable aquatic habitat (Coal, Geary, Little 
Owl, Owl, Wildhorse, and Willow Creek) on the PNG occurs over top of private mineral estates.  
An additional 6 miles of suitable aquatic habitat (Little Crow, South Pawnee, Wild Horse Creeks) 
on the PNG occurs over top of existing leases.  The remaining 16 miles of suitable aquatic 
habitat on the PNG occur over top of unleased federal mineral estate.   

Consequences of Water Depletions and Consumptive Use 

Direct and Indirect Effects 

Large amounts of water are used for oil and gas development and uses included dust abatement, 
initial drilling, pumping water and other constituents (i.e., hydro-fracturing) to stimulate oil and 
gas extraction at the surface, and treatment and disposal of produced water.  Elsewhere in 
drilling-dense regions of the United States, consumptive water use and loss has shown large, 
sustained increases over several decades and those impacts on local water sources account for 
large proportions of water use (Nicot and Scanlon 2012).  While the issue of water consumption 
anticipated under the various alternatives has been addressed elsewhere in the FEIS (Entwistle 
and Neives-Rivera 2014), losses of water from aquatic habitats are a major cumulative effect and 
not entirely discountable.  Among other competing water uses on the Great Plains, water loss 
from aquatic habitats remains the single most critical cumulative effect causing aquatic habitat 
loss for prairie fish assemblages (Falke et al. 2010, 2011).  Water loss from existing aquatic 
habitat is likely to occur as water used during oil and gas development and subsequent 
production is lost to the system either as a result of poor recovery during hydro-fracturing 
procedures or reinjecting produced water into deep geologic formations.  In either case, the 
volume of water used during this phase is effectively removed from the hydrologic cycle 
(Baccante 2012).  It is uncertain what sources of water would be used for future oil and gas 
development approved on the PNG; however, it would likely come from (1) regional 
groundwater sources or (2) the South Platte River.  Water removed from each of these sources 
would result in reduced habitat availability, which would likely pose negative impacts to the 
native, imperiled fish species of the respective water sources.  The annual sum of water used and 
lost from those sources based on current leases is approximately 3264 acre-feet (Entwistle and 
Neives-Rivera 2014).  Annual water depletions with greater development and production during 
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the next 20 years is estimated to be 7,140 acre-feet (Entwistle and Nieves-Rivera 2014).  Water 
depletions attributable to leases occupying the PNG vary by some alternatives; however, overall 
water consumption within the landscape of the PNG would likely remain the same.   

Water depletions from the Colorado and South Platte Basins are anticipated to exceed minimum 
thresholds (U.S. Fish and Wildlife 2009, 2014) that trigger adverse impacts to listed fish species 
in the respective river basins, depending upon the source of water used for specific drilling 
permits. Additional water withdrawn from the South Platte River would cause adverse impacts to 
the Pallid Sturgeon (Scaphirhynchus albus).  However, water depletions and Endangered Species 
Act (ESA) consultation procedures are initiated for individual projects and, in the case of oil and 
gas development, are proponent-based consultations. Therefore, the programmatic level analysis 
here only provides disclosure of the cumulative potential of water depletions under various 
alternatives (Table 25).  

Cumulative Effects 

Groundwater pumping and depletions also remove water from local aquifers under PNG lands.  
Pumping occurs to supply municipal and domestic water supplies.  On the PNG, shallow 
groundwater is pumped to provide livestock watering sources.  Groundwater pumping does 
deplete local and regional aquifers.  While some of these aquifers are considered tributary and 
non-tributary to the South Platte Basin, we do expect aquifer depletions to grow in the future.  

 

Table 29 Consequences of water depletions compared among alternatives. 

 

All Alternatives Alternative 1 Alternative 2 Alternative 3 

Effects on existing leases No Additional 

Leasing 

No Action--leasing 

across PNG under 

current Forest Plan 

Leasing under No 

Surface Occupancy 

Approximately 43,000 

acres of PNG are already 

leased and could have 125 

wells developed on them.  

The estimated cumulative 

water depletion for 

existing, but undeveloped 

PNG leases is 6375 ac-ft 

No additional effects For 100,000 acres of 

available PNG 

mineral lease, 

approximately 140 

wells are anticipated 

should leasing occur.  

The estimated water 

depletion under RFD 

scenario expected on 

unleased federal 

mineral estate is ~ 

7140 ac-ft 

Same amount of 

water as RFD (7140 

ac-ft), but water 

depletions may not 

have connected 

Forest Service 

authorization subject 

to ESA Consultations 

 

Consequences of Habitat Sedimentation 
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Direct and Indirect Effects 

Oil and gas development includes ground-disturbing activities that increase the amount of 
erosion-prone area on landscapes and poses sedimentation risk to aquatic habitats. Road 
construction can lead to large amounts of sediment yield in prairie landscapes and sediment yield 
can persist for many years following initial construction. Sediment production from pipeline 
construction is similar to initial road construction; however, yield declines as disturbed areas 
revegetate. Well pads have been poorly sited in other drilling-dense regions, resulting in high 
runoff potential and substantial capacity for sediment transport into aquatic habitats (Drohan and 
Brittingham 2012, McBroom et al. 2012). In addition, sediment yields from constructed well-pad 
sites can be very high (e.g., >20 yds

3
 per acre) in dry grassland settings, similar to yields 

observed at large construction sites (Williams et al. 2008).  These rates are much higher than the 
current conditions of sediment yields observed on the PNG (Entwistle and Nieves-Rivera 2014).  
In addition, high levels of traffic on both Weld County and Forest Service roads anticipated with 
more oil and gas development would increase rates of wind-born and water-born erosion 
processes from road-surfaces, thereby increasing the likelihood of sediment delivery to suitable 
aquatic habitats.  These erosion processes and the vulnerabilities of soil erosion across the PNG 
have been addressed elsewhere in the FEIS (Entwistle and Neives-Rivera 2014).  Here, the 
consequences of sedimentation in aquatic habitats and biological ramifications will be addressed.   

The ultimate fate and consequences of sediment deposition into the small aquatic habitats could 
reduce the habitat suitability for the native prairie fish community by reducing aquatic habitat 
volume, reducing pool depths, and facilitating the conversion of suitable fish habitat to shallow 
wetland habitat incapable of supporting the prairie fish community.  It is well-known that 
sediment deposited into stream habitats can alter and, in some cases, eliminate fish assemblages 
(Waters 1997).  These shifts are caused by sediment covering structurally-diverse streambed 
habitat and reducing pool quantity and quality (Waters 1997).  In Missouri, fish with feeding 
ecologies and spawning habitat requirements similar to plains topminnows, northern plains 
killifish, and Iowa darters were markedly reduced by stream sedimentation (Berkman and Rabeni 
1987, Rabeni and Smale 1995).  In addition, the effective life-span and habitat suitability of other 
aquatic habitats has been dramatically reduced by interception of deposited sediments elsewhere 
in the Great Plains (Gleason and Euliss 1998).  Sediments deposited into suitable habitats on the 
PNG are likely to persist for a long-time (~10 years) given the low likelihood of large 
precipitation events capable of scouring out depositional sediment.  Thus, deposition of sediment 
into suitable habitats would likely result in the conversion of fish habitat to shallow wetlands 
with little surface water.  In sum, although the specific mechanisms for potential sedimentation 
effects to PNG fishes vary by species, all three species would suffer negative impacts as a result 
of reduced pool habitat, alteration in food availability, and degraded spawning habitat.   

Entwistle and Nieves-Rivera (2014) identified areas with the greatest potential to deliver 
sediment into aquatic habitats for the PNG.  Some areas of existing leases fall into the identified 
susceptibility areas that lie in close proximity to suitable habitats.  These habitats (e.g., Coal 
Creek, Little Crow Creek, Owl Creek, South Pawnee Creek) are at greatest risk of sedimentation 
impacts.  Sedimentation risks can be managed to acceptable levels by separating the aquatic 
habitat from the sediment source.  The key to this approach is to ensure that not only is there 
sufficient buffering distance, but also that landforms and vegetation exist to adequately filter 
anticipated volumes of sediment (Waters 1997).  The application of aquatic habitat buffers in 
small plains streams has been demonstrated to improve habitats degraded by sedimentation (e.g., 
Sheilds et al. 1995, Rabeni and Smale 1995). 
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Sedimentation Risks to PNG Fishes by Alternative 

Direct and indirect effects of sedimentation causing loss or degradation of aquatic habitat will 
vary depending on how much new oil and gas development occurs and the proximity of new oil 
and gas development to suitable aquatic habitats.  The effects described above should be seen as 
risks that are common to all alternatives with the probability of resource risk changing with 
increasing displacement of the risk from the aquatic habitat.  The impacts of sedimentation to 
aquatic habitat resulting from oil and gas development under various leasing decisions can be 
estimated based on proximity analysis of how close or far erosion risks are separated from 
aquatic habitats. Existing oil and gas infrastructure on the PNG has been developed within 100 
feet of adjacent aquatic habitat (e.g., API # 05-123-13427; API # 05-123-13275; API # 05-123-
21580), so it is reasonable to assume that continued development under the Forest Plan could 
result in new infrastructure (i.e., wells, roads, pipelines) being developed within close proximity 
(< 650 feet or 200m) to suitable aquatic habitats.  Development within close proximity to aquatic 
habitat would pose sedimentation risks to valuable aquatic habitat, resulting in impacts to fish. 

The relative risks of sedimentation impacts to PNG fish vary by alternative and are based on the 
proximity of susceptible erosion areas to suitable habitat patches. A GIS proximity analysis was 
used to determine miles of suitable habitat that would potentially be degraded by sedimentation.  
Based on highly erosive soils identified within 650 feet of suitable habitat patches, habitats were 
classified as either susceptible to sedimentation or not as a result of well pad, road, or other 
infrastructure development.  Comparisons were made within the context of the type of mineral 
estate (i.e., federal-leased, private estate, or federal-available) to attribute risks to suitable aquatic 
habitats under each alternative (Table 26). Sedimentation risks are highest on private mineral 
estate due to the limited ability of surface ownership to stipulate environmental protections.  
Sedimentation risks are second highest on currently leased federal minerals due to insufficient 
protections provided by the Forest Plan (e.g., wells have been and may continue to be located 
within 200m of suitable habitat; in some areas erosion beyond 200m may still cause 
sedimentation of suitable aquatic habitats).  Sedimentation risks are lowest on unleased federal 
minerals; however, sedimentation risks to remaining suitable aquatic habitats may be higher 
under certain leasing alternatives (i.e., Forest Plan).  Within the context of existing leases, private 
mineral estate under PNG, and federal mineral estate under PNG, conclusions can be drawn 
about to a degree to which suitable habitats are at risk to sedimentation.  Under Alternatives 1 
and 3, additional sedimentation risks associated with Oil and Gas development would be limited. 
Permits for access roads and pipeline infrastructure are expected to occur, which may cause 
minor sedimentation of habitats.  Under Alternative 2, additional sedimentation risks associated 
with Oil and Gas development would rise for most of the suitable aquatic habitat.  Well pad 
development, new roads, and new pipelines would increase sedimentation risks, which may 
significantly reduce the quantity and quality of suitable aquatic habitat on the PNG.  
Approximately 15.1 miles of suitable aquatic habitat would be highly susceptible to 
sedimentation should any development occur within 200m (650 ft).  Approximately 5.9 miles of 
suitable aquatic habitat would be susceptible to sedimentation even if development were to occur 
beyond 200m. Suitable aquatic habitat occurring within the Little Owl Research Natural Area 
would be largely protected from sedimentation effects even under Alternative 2. 

Cumulative Effects  

Other activities on the PNG also contribute to sedimentation in aquatic habitats, including, 
season long grazing and modest levels of road maintenance.  Grazing on the PNG is expected to 
remain near current rates in the future.  Road maintenance on the PNG is expected to continue at 
current rates, but may also increase as new roads are constructed.  While both of these activities 
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are known to cause sedimentation to aquatic habitats, current amounts of sedimentation to 
aquatic habitats has not been quantified for aquatic habitats across the PNG.  It is reasonable to 
conclude that sedimentation from these cumulative actions will continue to occur at current rates 
and it is uncertain if current sedimentation rates are diminishing suitable habitat.  

 

Table 30 Consequences of habitat sedimentation to 33 miles of suitable aquatic habitats on the Pawnee National Grassland 
compared among alternatives. 

 

All Alternatives Alternative 1 Alternative 2 Alternative 3 

Effects on existing 

leases plus effect of 

private mineral 

estate under PNG. 

No Additional 

Leasing 

No Action--leasing 

across PNG under 

current Forest Plan 

Leasing under No 

Surface Occupancy 

Over 16 miles of 

suitable aquatic habitat 

is at a moderate to 

very high risk of 

sedimentation 

reducing the capacity 

of the habitat to 

support prairie fish due 

to existing leases and 

private mineral estates.   

 

2.5 miles of suitable 

habitat are at high risk 

of sedimentation on 

existing leases.   

 

5.7 miles of suitable 

habitat are at very high 

risk of sedimentation 

on private mineral 

estate.    

FS authorized 

activities would 

contribute minimal 

additional risks of 

sedimentation to 16 

miles of suitable 

aquatic habitat on 

unleased federal 

mineral estate.  

Sedimentation risks 

may be displaced 

from NFSL to 

adjacent private 

lands, which may 

result in habitat loss 

on adjacent lands or 

as result of 

downstream 

sediment transport. 

Sedimentation risks 

will rise for 32 miles 

of suitable aquatic 

habitats.   

 

Development within 

200m = 15.1 miles 

of suitable habitat is 

at high risk to 

sedimentation.  

 

Development 

beyond 200m = 5.9 

miles of suitable 

habitat is at 

moderate risk to 

sedimentation. 

 

Risks from FS 

authorized actions 

will remain low on 

Little Owl Creek (1 

mile) within the 

Research Natural 

Area.   

FS authorized 

activities would 

contribute minimal 

additional risks of 

sedimentation to 16 

miles of suitable 

aquatic habitat on 

unleased federal 

mineral estate.  

Sedimentation risks 

may be displaced 

from NFSL to 

adjacent private 

lands, which may 

result in habitat loss 

on adjacent lands or 

as result of 

downstream 

sediment transport. 

 

Consequences of Environmental Contaminants to Aquatic Habitat 

Direct and Indirect Effects 

Oil and gas development and production poses risk of environmental contaminants reaching 
aquatic habitats.  Risks of leaks, spills, and other losses of containment exist during much of the 
development and production phases; however, the greatest risks are associated with the 
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collection of hydrocarbons at the surface, transport and storage of hydrocarbons, down-hole 
pumping of water, sand, and chemicals, and collection, containment, and disposal of flow-back 
and produced water.  Among these risks, flow-back and produced water (collectively referred to 
as produced water, henceforth) poses the most significant risk to aquatic habitats due to the sheer 
volume of produced water managed by the industry (Ahmadun et al. 2009).  The proximity of 
these risks to important aquatic habitat areas controls the fate and ultimate consequence of 
environmental contaminants reaching aquatic habitats (Entrekin et al. 2013).  Water resource 
features vulnerable to contamination have been identified as either surface waters or groundwater 
influence zones (Entwistle and Nieves-Rivera 2014).  Here, a brief review covers potential 
contaminants used for oil and gas development, contaminant fate and persistence in surface and 
groundwater, and the environmental consequences of contaminants to fish.  

For unconventional oil and gas development, contaminant transport pathways and risks have not 
been well-studied as much of the “unconventional” technology has been developed within the 
past 10 years (Jackson et al. 2013).  Areas of dense development (e.g., Pennsylvania, Wyoming, 
Colorado) pose the largest risks as the hydro-fracturing processes and well-cementing issues 
around “active” and “closed” wells may create vectors for contaminants and expedite 
contaminant transport to ground and surface water resources (e.g., Myers 2012, Jackson et al. 
2013).  Aquitards (i.e., zones of relatively impermeable sediment) can trap and prevent the flow 
of contaminants released at the surface from moving into deep aquifers (Cherry et al. 2004); 
however, the shallow clay-based aquitards on the Pawnee National Grassland also funnel ground 
water in the unconfined alluvial aquifer into suitable fish habitats.  Thus, while aquitards protect 
deep aquifers (e.g., Ogallala, Brule), they may concentrate and deliver contaminants released at 
the surface to suitable habitats.   

The process of pumping water and fracturing fluids into drilled wells to create high pressure 
underground is referred to as hydro-fracturing.  This process causes fractures in the dense 
geologic formations such as shale, which releases oil and gas resources, and also results in the 
production of large volumes of water mixed with oil, gas, and other substances at the surface.  
Both hydro-fracturing fluids and produced water contain potential environmental contaminants 
and can be viewed as risks to groundwater and surface water quality (Gordalla et al. 2013). 
While water and sand are the chief constituents used in hydro-fracturing fluids, several known 
toxic substances are often used in hydro-fracturing fluids (Vidic et al. 2013, Kassotis et al. 2013). 
Conversely, as hydro-fracturing fluid is pumped into the well, hydrostatic pressure causes 
substances trapped in deep geologic formations to dissolve in the water.  This aqueous solution 
becomes a mixture of oils, gases, and water with constituents from fracturing fluids as well as 
dissolved constituents from geologic formations that eventually return to the surface at the well 
head.  From there, the gases and oils are separated from the produced water and produced water 
is typically handled as wastewater.   

Produced water is the single largest waste stream from the oil and gas industry and with the 
volume of material to manage (Ahmadun et al. 2009), accidental spills and releases of produced 
water into the environment is inevitable.  Approximately 50,000 acre-feet of produced water are 
generated in Colorado annually and while the majority is evaporated or reinjected (Clark and 
Veil 2009, COGCC 2014), produced water can be permitted for discharge into streams, 
percolation into the ground, or put to beneficial use (e.g., irrigation).  In Weld County, produced 
water is disposed by reinjection of the water along with constituents underground or through 
evaporation and percolation of water in pits (COGCC 2014).  Although oil and gas operators in 
Weld County reportedly generated 12,000 acre-feet of produced water in a 10 year period, the 
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rate of water produced at well heads has been steadily increasing since 2007 (Figure 15).  In 
addition, rates of produced water increase as wells age (Veil et al. 2004).  The rate of produced  

Figure 29 Quantity of produced water (blue line) and number of spills (red line) reported to Colorado Oil and Gas 
Conservation Commission for Weld County Colorado from 2004 to 2013.  Source: Colorado Oil and Gas Conservation 
Commission Online Database. 

  
  

water generated is expected to increase over the next 20 years, so annual rates of produced 
waters could easily double or triple the annual rate of 2,000 acre-feet of water.  The importance 
of this quantity of produced water and constituent substances is how it is handled, treated, and 
disposed as wastewater.  In addition, disposal via percolation into the ground from unlined 
evaporation pits represents a large potential risk to neighboring groundwater influence zones that 
supply water to suitable habitats.   

Similarly, rates of spills and releases have also been on the rise in recent years (Earthworks 2008, 
Figure 15). Statewide from 2003 to 2008, roughly 20% of spills have affected surface or ground 
water resources; however, 47% of spills in Weld County affect water resources.  In addition, the 
rate of spills/releases to the environment in Weld County has been increasing approximately 80% 
per year (Earthworks 2008).  Spills and chemical releases often receive media attention 
(Banerjee 2013, Finley 2011); however, water quality testing is not routinely performed and 
formal pre-drilling to post-drilling water quality monitoring program does not occur in Weld 
County, Colorado.  Thus, there is little information available regarding what substances are 
released into the environment when spills occur.   

The constituency of produced water has received some study and varies in composition based on 
the type of oil or gas being produced (Veil et al. 2004).  For gas production, produced waters 
contain inorganics (e.g., chloride and bromine salts, metals), organics (e.g., phenols, alkanes, 
aromatic hydrocarbons), and radio-active materials in concentrations in excess of toxicity 
standards for aquatic life (Alley et al. 2011).  Produced water from gas production contains high 
levels of chloride salts or other brines (Alley et al. 2011, Farag et al. 2012).  Concentrations of 
salts and constituent substances increases with time as the wells age (Veil et al. 2004).  These 
substances reduce immune function (e.g., Reynaud and Deschaux 2006), disrupt reproductive 
function (e.g., Sumpter and Jobling 1995, Nicolas 1999, Kidd et al. 2007), delay or halt 
embryonic development (e.g., Carls et al. 2008, Farag et al. 2012), lead to mortality (e.g., Cairns 
and Nebecker 1982, Woltering 1984, Vittozi and De Angelis 1991, Farag et al. 2012), and reduce 
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both quantity and diversity (e.g., Albers et al. 1985, Thienpoint et al. 2013) in fish and other 
aquatic animals.  Several of these impacts have been documented in fathead minnows, both a 
common laboratory animal and inhabitant of aquatic habitats on the PNG.   

Table 31 Concentration of oil & gas related constituents (mg/L) in surface water, ground water, and produced water within 
0.25 mile of PNG lands, Weld Co. 

  

 

 

 

 

 

 

 

 

 

 

 

 

Existing Water Quality 

To discern evidence of risk to ground and surface waters from oil and gas activities on the PNG, 
water quality data were queried from COGCC and the Colorado Water Quality Control Division 
on February 19, 2014.  Seven water quality collection sites were located within a quarter-mile of 
PNG lands with the majority of sample sites located near municipalities (e.g., Nunn, Briggsdale, 
Raymer).  Contaminants tested were compiled and those exceeding safe levels (Woltering 1984, 
Vitozzi and DeAngelis 1991, Alley et al. 2011, and EPA 2014) were used to determine existing 
risk; however, this should not be considered exhaustive and accuracy of contaminant 
measurements is unclear as data were collected by different entities and processed by different 
laboratories. Several BTEX, PAH, and other hydrocarbon substances along with salts, metals, 
and radioactive elements were detected in produced water near the PNG (Table 27).  In some 
cases, surface water and ground water were contaminated by some of those substances.  It should 
be noted that while these observations represent some conditions found near the PNG, they are 
not comprehensive because mandatory ground and surface water quality testing is not required at 
this time in Colorado.  

Water quality standards for surface waters on the PNG are currently set for protections to 
agricultural systems and not aquatic life because the beneficial uses in suitable aquatic habitats 
on the PNG are classified as agricultural only (Colorado Water Quality Control Division, 2014 
pers. comm.).  Standards for agricultural beneficial uses are lower than standards for aquatic life 

An asterisk (*) indicates values exceeds known toxicity level for fish or water quality 

standard.  N-Hexane, naphthalene, methane, magnesium, iron, oil & grease, fluoride, 

ethylbenzene, bicarbonate, calcium, chromium, barium, arsenic, strontium, sulfate, diesel 

organics, gasoline organics, thorium, and xylenes were detected but below known toxicity 

values for fish. (1) Value is just under known toxicity level, but reproductive physiology is 

likely affected at this level. 

Constituent Surface Water Ground-water Produced Water 

Benzene (mg/L) 0.0005 0.0005 5.2* 

Bicarbonate (mg/L) 406* 238 152 

Cadmium (mg/L) 0.001* 0.001* 0.001* 

Chloride (mg/L) 131 25.8 5799 

Lead (mg/L) 0.005 0.0139 0.005 

Potassium (mg/L) 38.8 9.53 11.7 

Sodium (mg/L) 411 145 3999 

Toluene (mg/L) 0.0005 0.0005 6.14
1 

Cesium 137 (pCi/L) 12.0 0.0 9.0 

Radium 226 (pCi/L) 0.0 0.0 19.0 

Radium 228 (pCi/L) 50.0* 0.0 30.0* 

Xylene (mg/L) 0.0005 0.0005 2.71* 

Uranium (µg/L) 66.7 0.001 8.9 
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beneficial uses.  This means that contaminants exceeding standards for aquatic life in suitable 
aquatic habitats on the PNG likely would not trigger a State regulatory response even if samples 
with exceedances were detected.  

Contaminant Fate 

It is uncertain how long contaminants will persist in surface and groundwater sources and thus 
how long they may disrupt biological mechanisms.   Contaminant degradation rates span 1.5 to 5 
years for BTEX contaminants (Cozarelli et al. 2010); however, degradation of all oil and gas 
contaminants varies from short term (i.e., months) to long-term persistence (i.e., > 10 years) 
depending on soil media type and hydrogeological factors (Farhadian et al. 2008, Baedecker et 
al. 2011).  In addition, toxicity of contaminants released into the environment can be amplified 
by exposure to sunlight (Oris and Giesy 1987 [PAH]), while PAH, some BTEX, other 
contaminants bioaccumulate through aquatic food webs resulting in cascading impacts to aquatic 
ecosystems (Neff 2002).   

Contaminant Risks to PNG Fishes by Alternative 

Based on known fish responses to contaminants and the persistence of contaminants in the 
environment, potential contamination to surface or ground water resources could easily cause 
them to become degraded to the point where suitable aquatic habitats are no longer capable of 
supporting the native prairie fish.  In addition, the current rates of spills and environmental 
releases to surface water and groundwater are expected to increase with time. Over a 20 to 50 
year period the likelihood of fish being adversely affected by contaminants is high. This 
degradation of water quality in suitable habitats would be an indirect effect of permitted oil and 
gas development activity on the PNG.  The risks of contamination and consequence to PNG 
fishes was compared among alternatives by performing proximity analysis similar to the 
approach used to determine potential impacts of increased sedimentation.  In summary, the long-
term or short-term loss of suitable habitat is likely given the increased risk of water pollution due 
to accidental releases of hydrocarbons and other industrial chemicals, such as hydro-geologic 
fracturing fluids and produced water and these risks vary among alternatives.  Under the No 
Action alternative, risks of environmental contaminants in aquatic habitats would increase from 
16 miles of suitable aquatic habitat at very high to high risk to 33 miles (100% of PNG) of 
suitable aquatic habitat at high risk (Table 28).  Under the No Leasing and No Surface 
Occupancy alternatives, risks of environmental contaminants in aquatic habitats would not 
increase for aquatic habitats on the PNG.  

Cumulative Effects  

Grazing and Oil and Gas Development have been and continue to be the primary land uses for 
the Pawnee National Grassland. These land uses have resulted in contamination of aquatic 
habitats through either nutrient enrichment or the release of toxic chemicals into the 
environment.  These impacts are expected to continue in the future.  Oil and Gas development 
under some alternatives is expected to increase in the future and would likely contribute to 
additional toxic chemical releases to the environment.  In addition, recreational shooting occurs 
in some locations and contributes to increased levels of heavy metals (i.e., lead), which can cause 
adversely affect water quality and fish.  This use is expected to continue and perhaps expand in 
the future.  Additions of leads and other heavy metals would add to the environmental risks of 
contaminants in aquatic habitats.  
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Comparison of Effects among Alternatives 

 

Table 32 Consequences of habitat contamination compared among alternatives. 

All Alternatives Alternative 1 Alternative 2 Alternative 4 

Effects of Existing 

Leases 

No Additional 

Leasing 

No Action–leasing 

across PNG 

under current 

Forest Plan 

Leasing under No 

Surface Occupancy 

Over 16 miles of suitable 

aquatic habitat is at a 

moderate to very high risk 

of contamination 

adversely affecting fish & 

ability of habitat to 

support fish due to 

existing leases and private 

mineral estates.   

 

10+ miles of Coal, Owl, 

Wildhorse, and portions of 

Willow Creek habitats are 

at very high risk of 

contamination due to 

private minerals.   

 

6+ miles of Little Crow & 

S. Pawnee Creek habitats 

are at high risk of 

contamination due to 

existing leases.    

Increased risk from 

contaminated surface 

or ground water will 

be confined to 

private lands. 

 

FS authorized 

activities would 

contribute minimal 

additional risks of 

contamination to 16 

miles of suitable 

aquatic habitat on 

unleased federal 

mineral estate.  

Contamination risks 

may be displaced 

from NFSL to 

adjacent private 

lands. 

Contamination 

risks will rise for 

31 miles of 

suitable aquatic 

habitats.  No 

suitable habitat 

areas would be 

protected from 

contaminant risks 

 

Risks from FS 

authorized actions 

will remain low on 

Little Owl Creek 

within the 

Research Natural 

Area.   

Increased risk from 

contaminated surface 

or ground water will 

be confined to private 

lands. 

 

FS authorized 

activities would 

contribute minimal 

additional risks of 

contamination to 16 

miles of suitable 

aquatic habitat on 

unleased federal 

mineral estate.  

Contamination risks 

may be displaced 

from NFSL to 

adjacent private 

lands. 

 

Consequences of Habitat Fragmentation 

Direct and Indirect Effects 

Existing infrastructure on the Pawnee National Grassland fragments both suitable habitat and 
movement corridors; however, we do not currently have a field-based assessment of barriers to 
fish movement.  Reservoirs and stream diversions constructed for agricultural and residential 
uses occur on most of the major stream drainages.  Some of these structures still exist on federal 
lands; however, most occur on private lands. Some reservoir and diversion dams have been 
abandoned over the years and many of these have been breached by flooding and were never 
rebuilt. These water development sites can render vast stretches of streams uninhabitable to most 
native prairie stream fishes (e.g., Patton and Hubert 1993) and thus, permanently fragmenting 
prairie streams.  In addition, road infrastructure on the Pawnee National Grassland varies from 
primitive two-track roads to major county roads and state highways.  As these roads cross the 
landscape, they also cross streams and the majority of stream crossings serve as barriers to fish 
movement due to under-sized culverts that convey water too swiftly and pose jumping heights 
that exceed the physical abilities of the native prairie fishes.  Crossing structures along this 
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gradient of primitive to well-developed roads vary in the degree to which they may fragment 
habitat.  For example, some lightly-used administrative roads cross streams with open-water 
fords and do not usually fragment habitat; whereas, major county roads are full-prism roads and 
cross stream areas with large fills and small culverts that do fragment habitat.  While diversion 
structures are not expected to increase as a result of expanded oil and gas infrastructure 
development and use, the impact on habitat fragmentation remains.  Road construction, on the 
other hand, is expected to increase as a result of new road and pipeline infrastructure.  New 
infrastructure will likely pose additional fragmentation risk to suitable habitat and movement 
corridors as new crossings traverse over or under stream networks.  Approximate locations of 
new roads and pipelines are indeterminate at this time.  Thus, how the new linear infrastructure 
features interact with linear stream habitat features is unknown.  However, relative comparisons 
of the degree to which infrastructure crosses and potentially poses risk of habitat fragmentation 
can be described and compared among alternatives. 

Table 33 Distribution of potential fragmentation sites along streams on the Pawnee National Grassland, Weld Co., Colorado. 

GIS generated results from Colorado Division of Water Resources and USDA Forest Service. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Stream Name Crossings Diversions 

 Unnamed Creeks 57 99 

Cedar Creek 5 0 

Coal Creek 27 42 

Crow Creek 3 12 

Eastman Creek 3 4 

Geary Creek 13 10 

Howard Creek 10 11 

Little Crow Creek 3 2 

Little Owl Creek 14 32 

Little Sand Creek 5 4 

Lone Tree Creek 10 11 

Owl Creek 12 17 

Pawnee Creek 4 0 

Robinson Creek 2 0 

Sand Creek 9 8 

South Pawnee Creek 12 275 

Spring Creek 6 40 

Twomile Creek 4 0 

West Fork Willow Creek 4 22 

Wild Horse Creek 11 55 

Wildhorse Creek 2 2 

Willow Creek 11 112 

Grand Total 227 758 
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In order to determine areas of greatest fragmentation risk, a GIS analysis was performed to 
capture the existing amount of potential fragmentation as a result of diversions/reservoirs 
(Colorado Division of Water Resources 2013) and road/stream intersections (USDA Forest 
Service, unpublished data).  Based on this query of available data, over 200 road crossings and 
over 700 past water diversion sites occur on PNG streams.  Although not all of these sites occur 
on federal lands, these features still disrupt movement into suitable habitats from refuge areas.  
Some streams have few fragmentation sites given their length (e.g., Crow Creek, Robinson 
Creek); whereas, other streams have a high number of potential fragmentation sites (e.g., Coal 
Creek, Little Owl Creek, South Pawnee Creek).    

There are roughly 30 miles of additional road construction anticipated with new leases and 
associated oil and gas infrastructure development.  This anticipated habitat fragmentation will 
markedly reduce the ability for prairie stream fishes to recolonize streams following droughts 
and floods (Fausch and Bestgen 1997, Rahel and Thel 2004a).  Fragmentation of habitat has 
limited dispersal opportunities dramatically, which is fundamental to both the community 
dynamics and persistence of prairie fish species (Falke and Faush 2009).  Because determining 
the impacts of habitat fragmentation from additional oil and gas development requires site-
specific proposals, at the programmatic level we merely describe what fish habitat resources are 
at greatest risk.  Based on the distribution of suitable habitats and existing fragmentation across 
the PNG, additional fragmentation of all streams and suitable habitat would be detrimental to 
persistence of the native prairie fishes.  Key streams with suitable and occupied habitat most 
susceptible to additional fragmentation are Owl Creek, Little Owl Creek, Coal Creek, and South 
Pawnee Creek.  Any additional road or pipeline development crossing suitable habitat or 
movement corridors should be provided for upstream-downstream passage of the full suite of 
prairie fishes occurring on the PNG.  In addition, where permits for road use of existing Forest 
Service Roads are authorized, existing fish barriers should be replaced during the process of 
bringing the roads up to Forest Plan and Forest Service Transportation standards. 

Under the No Action Alternative, additional habitat fragmentation is possible and likely to occur.  
The degree and extent to which habitat will be fragmented cannot be determined without site-
specific proposals.  Under the No Leasing and No Surface Occupancy alternatives, there is 
limited potential for additional fragmentation as a result of activities on PNG.  Incidence of road 
permits may increase and the FS may have opportunities to reduce additional habitat 
fragmentation.   

Cumulative Effects  

Grazing and Oil and Gas Development have been and continue to be the primary land uses for 
the Pawnee National Grassland.  Minor amounts of recreation also occur on PNG lands.  Grazing 
and recreation management is unlikely to cause the construction of additional fish passage 
barriers. Water storage or diversion projects are unlikely to be proposed for PNG lands as there is 
little water to make such proposals viable. Depending of the type of lease, fish passable 
structures may be constructed.  Additional stream crossing infrastructure may be constructed for 
existing Oil and Gas leases or private mineral access.  However, the Forest Service may either 
choose not to or may not be able to require fish passable structures on PNG lands. The PNG 
lands comprise a scattered ownership.  The interspersed private lands likely pose higher risks 
overall for additional road or pipeline construction for both Oil and Gas and other types of 
development.   
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Comparison of Effects Among Alternatives 

 

Table 34 Consequences of habitat fragmentation compared among alternatives. 

All Alternatives Alternative 1 Alternative 2 Alternative 4 

Effects on existing leases No Additional 

Leasing 

No Action–leasing 

across PNG under 

current Forest 

Plan 

Leasing under No 

Surface Occupancy 

Baseline conditions 

present plus potential 

fragmentation of any 

aquatic habitat on Little 

Crow Creek, upper 

portion of Owl Creek, 

portions of Howard 

Creek, large extents of 

Wildhorse Creek (east 

side), large extents of 

South Pawnee Creek, 

nearly all of Kibben 

Creek  

Limited additional 

fragmentation as a 

result of activities 

on PNG.  Incidence 

of road permits may 

increase and the FS 

may have 

opportunity reduce 

additional habitat 

fragmentation. 

Risk of additional 

aquatic habitat 

fragmentation is 

likely on any 

aquatic habitat, 

especially within 

highest potential 

development areas.   

 

Risks from FS 

authorized actions 

will remain low on 

Little Owl Creek 

within the 

Research Natural 

Area.   

Limited additional 

fragmentation as a 

result of activities on 

PNG.  Incidence of 

road permits may 

increase and the FS 

may have opportunity 

reduce additional 

habitat fragmentation. 

 

Determination of Effects to Species and Rationale 

The purpose of this section is to provide an analysis of the anticipated consequences to federally-
listed, regionally-sensitive, and management indicator species as a result of the various 
alternatives.  This section summarizes the overall effects of oil and gas leasing decisions to fish 
species.  

Threatened and Endangered Species (ESA) 

Pallid sturgeon is a federally-listed species occurring downstream in the Platte River, Nebraska.  
Under ESA and the Platte River Recovery Program, water depletions from the Platte Basin have 
been determined to cause a detrimental loss of habitat available to the species downstream in 
Nebraska.  Within the programmatic oil and gas leasing decision, this species would only be 
affected by downstream water depletions in the South Platte Basin.  The leasing decision alone 
will not cause additional water depletions.  Rather, water depletions would occur at the site-
specific scale (i.e., APD), when wells would be authorized to be developed.  In context of the 
programmatic leasing decision, water depletions have been cumulatively summed based on the 
RFD (Reasonable Foreseeable Development) scenario and the forecasted effects determination 
has been provided for the leasing alternatives.  Existing leases are anticipated to cause a 6,375 
ac-ft of water depletions from the South Platte River.  Under the No Leasing alternative, it is 
likely that there would be collectively fewer wells and thus less water needed for the 
development of oil and gas resources; however, most water used for well-drilling, development 
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and production would occur on adjacent private lands.  It is not determinable how much water 
would be used to develop infrastructure on adjacent lands, but it is reasonable to assume that less 
water would be depleted from the South Platte Basin under the No Leasing alternative compared 
to others.  Additional leases under the No Action alternative would result in additional water 
depletions subject to Section 7 ESA consultation.  Based on the RFD and assumptions of 
development, the forecasted amount of additional water depletions to the South Platte River 
would be approximately 7,140 ac-ft to be consulted upon during the site-specific analysis.  Under 
the No Surface Occupancy alternative, additional well pad development, well drilling, and most 
of the other activities associated with water depletions would not occur on lands administered by 
the Pawnee National Grassland.  Oil and gas infrastructure that would have been developed on 
PNG would be displaced to adjacent lands and thus, the forecasted water depletion for the South 
Platte assumed for the No Action alternative, 7,140 ac-ft, would also occur, albeit on surface 
ownerships that may or may not be subject to Section 7 ESA consultation for downstream water 
depletions. 

Under those forecasted water depletions, both the No Action Alternative (No. 2) and No Surface 
Occupancy Alternative (No. 3) would eventually lead to similar amounts of water depleted from 
the South Platte Basin. These alternative leasing decisions are expected to lead toward 7,140 ac-
ft of new water depletions largely from sources in the South Platte Basin.  Most of these water 
depletions would have a federal nexus for project proponents, exceeding the de minimus that the 
U.S. Fish & Wildlife Service established in 2006 (U.S. Fish &Wildlife Service Biological 
Opinion 2006). The No Leasing Alternative (No. 1) is not expected to lead toward an increase in 
the amount of water depleted from the South Platte Basin because there would not be a large 
demand for water and thus no additional water depletions as related to this leasing decision.  
Actual effects determinations to pallid sturgeon have not been made for this leasing decision 
because water depletions are managed site-specifically during the “APD” stage and the 
responsibility of project proponents.   

Forest Service Sensitive Species 

The plains topminnow is a fish species on the Regional Forester’s Sensitive Species List for the 
Rocky Mountain Region.  This species occurs in roughly 4.5 miles of the occupied aquatic 
habitat across the grassland.  The most robust population occurs in West Willow Creek, while 
smaller and more diffuse populations occur in South Pawnee Creek and its tributary Kibben 
Creek.  The species has disappeared from all other known habitats on the PNG.  The species’ 
stronghold in Willow Creek occurs in an area identified by the BLM as having “moderately high 
development potential” (i.e., 10-20 wells per Township) and occurs on top of a private mineral 
estate (i.e., O&G development could occur in close proximity to sensitive habitats without 
controls/stipulations by the surface owner).  Thus, this particular plains topminnow habitat is 
already at high risk from reduced habitat suitability as related to sedimentation, contamination, 
and fragmentation.  Some habitat in South Pawnee Creek is already at a moderate risk due to 
existing leases and infrastructure in close proximity to occupied habitat.  Only 38% of habitat 
currently occupied by plains topminnow in South Pawnee Creek is relatively protected from the 
potential impacts of Oil and Gas Development.  The following determinations have been made in 
accordance with FS Biological Evaluation Standards (FSM 2672.42). 
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Table 35 Summary of the distribution, extent, and current status of fish occurrence in occupied aquatic habitats on the PNG, 
Weld Co, Colorado. 

The proportion of habitat at high, moderate, and low risk are indicated for each drainage. 

Superscripts indicated streams historically occupied by plain topminnow (1) and northern 

plains killifish (2).  

Stream Miles 

Last Year 

Occupied 

Current 

Species 

Present 

Private 

Mineral 

Estate  

(High Risk) 

Leased Federal 

Minerals  

(Moderate 

Risk) 

Available 

Minerals 

(Low Risk) 

Coal 

Creek
1 

1.01 2002 NONE 100%   

Geary 

Creek
1 

0.04 2001 NONE 100%   

Howard 

Creek
1 

0.09 2006 NONE   100% 

Little 

Crow 

Creek
2 

0.13 2013 Iowa darter, 

fathead 

minnow 

 100% 

 

 

Little Owl 

Creek
2 

1.82 2013 fathead 

minnow, 

Iowa darter, 

black 

bullhead, 

plains 

killifish 

17%  83% 

South 

Pawnee 

Creek
1 

3.38 2014 fathead 

minnow, 

green 

sunfish, 

plains 

topminnow 

 62% 38% 

Spring 

Creek 

0.68 1999 green 

sunfish 

  100% 

Twomile 

Creek 

0.99 2002 green 

sunfish 

  100% 

Wildhorse 

Creek
1 

1.24 2012 NONE 100%   

Willow 

Creek
1 

1.03 2014 fathead 

minnow, 

green 

sunfish, 

plains 

topminnow, 

black 

bullhead, 

Iowa darter 

92%  8% 
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 Alternative 1 – No Additional Leasing of Federal Minerals.  This alternative would have 
few additional impacts to the either 3.5 miles of occupied or 16.1 miles (~50%) of 
suitable aquatic habitat for the plains topminnow.  Occupied aquatic habitat in South 
Pawnee Creek would remain protected from the anticipated impacts associated with Oil 
and Gas Development.  Most occupied aquatic habitat in “Kibben Creek” (i.e., tributary 
to South Pawnee) and in West Willow Creek may remain at a high risk of degradation.  
Populations in these habitats are already at high risk of extirpation based on proximity of 
existing risks and minimal control over development on National Forest System Lands. 
The 3 miles of occupied aquatic habitat in South Pawnee Creek and 13.1 miles of 
additional suitable aquatic habitat may be subjected to some additional fragmentation 
related to Forest Service permits for road access and pipelines; however, the agency will 
have more control over these permitted actions than well-drilling.  Current populations 
and the capacity of suitable aquatic habitats to support plains topminnow would not be 
adversely affected.  The likelihood that plains topminnow will remain a viable species on 
the PNG is moderate under this alternative.  Therefore, Alternative 1: “May adversely 
impact individuals, but not likely to result in a loss of viability in the Planning Area, 
nor cause a trend toward federal listing” on the plains topminnow on the PNG.  
Cumulative effects of Oil and Gas development on adjacent lands may result in 
degradation of suitable aquatic habitats and possibly extirpations from locally occupied 
habitats; however the full extent of those impacts are indeterminable. 

 Alternative 2 – No Action, Development Under Forest Plan.  This alternative is expected 
to result in additional long-term losses or reductions to 31 miles (95%) of both suitable 
and 12 miles of occupied aquatic habitat for plains topminnow.  In addition to the “at 
risk” occupied aquatic habitats in Willow and Kibben Creeks, habitats in South Pawnee 
Creek and the 15 miles of remaining suitable aquatic habitat would also be at risk for 
degradation related to sedimentation and contamination of aquatic habitats as well as 
additional fragmentation related to 30 miles of anticipated road construction.  Suitable 
habitat in the Little Owl Research Natural Area would remain protected from most 
development impacts; however, plains topminnow has never been a documented species 
in the Little Owl Creek drainage.  Although surface use would be stipulated, displacing 
surface use by 200 meters would not adequately protect suitable aquatic habitats from 
either sedimentation or contamination impacts (Entwistle and Nieves-Rivera 2014).  
Thus, the quantity and quality of 16.1 miles of suitable aquatic habitat has a high 
likelihood of degradation over 20 years of development and throughout the estimated 50 
year production phase of an oil/gas well.  Therefore, Alternative 2 is: “Likely to result in 
a loss of viability in the Planning Area, or in a trend toward federal listing” for the 
plains topminnow.  Cumulative effects of Oil and Gas development on adjacent lands 
may result in degradation of suitable aquatic habitats and  possibly extirpations from 
locally occupied habitats; however the full extent of those impacts are indeterminable. 

 Alternative 3 – No Surface Occupancy of Pawnee National Grassland.  This alternative 

would also have few additional impacts to the either 4.5 miles of occupied or 16.1 miles 

(50%) of suitable aquatic habitat for the plains topminnow.  Occupied aquatic habitat in 

South Pawnee Creek would remain protected from the anticipated impacts associated 

with Oil and Gas Development.  Most occupied aquatic habitat in “Kibben Creek” (i.e., 

tributary to South Pawnee) and in West Willow Creek may remain at a high risk of 

degradation.  Populations in these habitats are already at high risk of extirpation based on 

proximity of existing risks and minimal control over development on National Forest 

System Lands. The 3 miles of occupied aquatic habitat in South Pawnee Creek and 13.1 

miles of additional suitable aquatic habitat may be subjected to some additional 
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fragmentation related to Forest Service permits for road access and pipelines; however, 

the agency will have more control over these permitted actions than well-drilling.    

Current populations and the capacity of suitable aquatic habitats to support plains 

topminnow would not be adversely affected.  The likelihood that plains topminnow will 

remain a viable species on the PNG is moderate under this alternative.  Therefore, 

Alternative 3 “May adversely impact individuals, but not likely to result in a loss of 

viability in the Planning Area, nor cause a trend toward federal listing” on the plains 

topminnow on the PNG.  Cumulative effects of Oil and Gas development on adjacent 

lands may result in degradation of suitable aquatic habitats and  possibly extirpations 

from locally occupied habitats; however the full extent of those impacts are 

indeterminable. 
 

Management Indicator Species  

The plains topminnow and northern plains killifish are Management Indicator Species for prairie 
aquatic habitats for the Pawnee National Grassland.  These species have been documented to 
historically occur in most of the occupied aquatic habitats on the PNG.  Based on the potential 
impacts that Oil and Gas Development may have on suitable and occupied aquatic habitats (refer 
to earlier portions of this chapter), population trends are likely to be affected by some of the 
alternatives.  The following determinations have been made for the effects of Oil and Gas 
Development under the 3 management alternatives. 

 Alternative 1 – No Additional Leasing of Federal Minerals.  This alternative would have 
few additional impacts to 16.1 miles (~ 50%) of suitable aquatic habitat for the plains 
topminnow and northern plains killifish on the PNG.  Aquatic habitat in South Pawnee 
Creek and Little Owl Creek would remain protected from the anticipated impacts 
associated with Oil and Gas Development.  Aquatic habitat in “Kibben Creek” (i.e., 
tributary to South Pawnee), West Willow Creek, and Owl Creek may remain at a high 
risk of degradation because populations in these areas are already at high risk of 
extirpation based on proximity of existing risks and minimal control over development on 
National Forest System Lands.  Habitat fragmentation is expected to be limited on 16 
miles (~50%) of aquatic habitat in unleased mineral areas. Current populations and the 
capacity of suitable aquatic habitats to support plains topminnow and northern plains 
killifish would not be adversely affected.  The likelihood that plains topminnow and 
northern plains killifish will remain a viable species on the PNG is moderate under this 
alternative.  Therefore, Alternative 1 is expected to have a slightly negative effect on 
individuals of these species; however, this alternative would not result in a loss of species 
viability for either plains topminnow or northern plains killifish across the PNG. 

 Alternative 2 – No Action, Development Under Forest Plan.  This alternative is expected 
to result in additional long-term losses or reductions to 31 miles (~95%) of suitable 
aquatic habitat for plains topminnow and northern plains killifish.  All suitable aquatic 
habitats would be at risk In addition to the “at risk” occupied aquatic habitats in Willow 
and Kibben Creeks, habitats in South Pawnee Creek and the 16 miles of remaining 
suitable aquatic habitat would also be at risk for degradation related to sedimentation and 
contamination of aquatic habitats as well as additional fragmentation related to 30 miles 
of anticipated road construction.  Although surface use would be stipulated, displacing 
surface use by 200 meters would not adequately protect suitable aquatic habitats from 
either sedimentation or contamination impacts (Entwistle and Nieves-Rivera 2014).  
Thus, the quantity and quality of all suitable aquatic habitat has a high likelihood of 



 

115 

 

degradation over 20 years of development and throughout the estimated 50 year 
production phase of an oil/gas well.  Therefore, Alternative 2 is expected to have a 
negative effect on individuals and populations of both plains topminnow and northern 
plains killifish potentially leading to a loss of viability for species across the PNG. 

 Alternative 3 – No Surface Occupancy of Pawnee National Grassland.  This alternative 

would also have few additional impacts to 16.1 miles (~ 50%) of suitable aquatic habitat 

for the plains topminnow and northern plains killifish on the PNG.  Aquatic habitat in 

South Pawnee Creek and Little Owl Creek would remain protected from the anticipated 

impacts associated with Oil and Gas Development.  Aquatic habitat in “Kibben Creek” 

(i.e., tributary to South Pawnee), West Willow Creek, and Owl Creek may remain at a 

high risk of degradation because populations in these areas are already at high risk of 

extirpation based on proximity of existing risks and minimal control over development on 

National Forest System Lands.  Habitat fragmentation is expected to be limited on 16 

miles (~50%) of aquatic habitat in unleased mineral areas. Current populations and the 

capacity of suitable aquatic habitats to support plains topminnow and northern plains 

killifish would not be adversely affected.  The likelihood that plains topminnow and 

northern plains killifish will remain a viable species on the PNG is moderate under this 

alternative.  Therefore, Alternative 1 is expected to have a slightly negative effect on 

individuals of these species; however, this alternative would not result in a loss of species 

viability for either plains topminnow or northern plains killifish across the PNG. 

 

3.9 Wildlife Species and Habitats  

 

3.9.1 Affected Environment 

 
Wildlife on the Pawnee National Grassland (PNG) is diverse.  A total of 59 mammal species, 8 
amphibian species, 14 reptile species, 13 fish species, and 301 species of birds are known to use 
the Grassland for all or a part of their habitat.  This diversity of wildlife is due in part to the 
diversity of habitats found on the Grassland.  The location of the Grassland in relation to the 
Rocky Mountains and the Great Plains, as well as its proximity to avian migration corridors, and 
flyways also influences the diversity of wildlife found here.   

 

Many of the common wildlife species that occur on the Grassland are associated with short grass 

prairie ecosystems and use prairie dog colonies to meet a variety of their needs.  Some of the 

most common mammal species include pronghorn antelope, American badger, coyote, striped 

skunk, deer mouse, thirteen-lined ground squirrel, black-tailed jack rabbit, and eastern cottontail.  

Common bird species associated with prairie dog towns include eastern meadowlark, golden 

eagle, American kestrel, horned lark, killdeer, and western meadowlark.  Common reptiles and 

amphibians include prairie rattlesnakes, Texas horned lizards, Wood house’s toad, Plains spade 

foot toad, and tiger salamanders.   

 

Black-tailed prairie dogs have been called a “keystone” species, a foundation species, and a 

highly interactive species by authors, based on its pronounced impact on the grassland ecosystem 

and its role in grazing, burrowing, and as a prey species.  Many species depend on prairie dogs as 
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prey and still more depend on prairie dog burrows for shelter.  Others depend on prairie dogs to 

create and maintain open habitats.  Sharps and Uresk (1990), state that 134 vertebrate species 

have been documented on prairie dog towns.  Many of these occur on the PNG. 

 

The analysis area serves as pronghorn habitat. This species is a game species and numbers are 

managed by the CPW.  The entire PNG serves as fawning habitat (CPW 2011).  

 

 The PNG is also known for its raptors.  The Pawnee Buttes is visited by the public, as 

historically the area supported several raptor nest sites. Golden eagles, ferruginous hawks and 

prairie falcons historically nested at the Buttes. In 2012 and 2013 there was one known prairie 

falcon nest site.   Golden eagle and ferruginous hawk numbers have drastically decreased in the 

past 20 years, based on annual monitoring.  The ferruginous hawk resides on the PNG year 

round.  The rough legged hawk inhabits the grassland during the winter months. It nests in the 

northern part of North America.  The Swainson’s hawk is a summer resident and the most 

common nesting hawk.  American kestrels, an occasional red tail hawk, and great-horned owls 

also nest on the PNG.  It is a Forest Plan standard to protect raptor nest sites.   

  
Conversion of native grasslands to agricultural cropland and urban development has altered the 
look and character of the short grass prairie region. This alteration and fragmentation of the 
landscape has changed the level of wildlife diversity the vast landscape once supported. Concern 
has grown over the past several years for the long-term sustainability, diversity, and integrity of 
many components of the short grass prairie grassland ecosystem as a whole (Grassland Species).   
Grasslands are one of the most threatened ecosystems on the planet (Steidel et. al.  2013) 

 
Species Considered and Evaluated  
 
Threatened and Endangered Species 
 
An analysis was conducted per Forest Service Policy on Threatened, Endangered, Sensitive and 

MIS species who may be impacted by the proposed project.  The Endangered Species Act of 

1973 (as amended) requires all federal departments and agencies to conserve Threatened and 

Endangered species and the habitats on which they depend, and to consult with the U.S. Fish and 

Wildlife Service on all actions authorized, funded, or carried out by the agency to ensure that the 

actions will not likely jeopardize the continued existence of any Threatened and Endangered 

species or adversely modify critical habitat (FSM 2670; USFS 2005).  The Forest Plan also 

identifies species of viability concern on the Forest and species for which additional baseline 

information is needed to determine viability status. 

 
 
Table 36 Threatened and Endangered Species Considered in this Analysis 

 

Common Name Species  Status  Species  

Excluded from 

Further Analysis 

Reason for 

Exclusion  

Piping Plover Charadius 

melodus 

Threatened N  
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Least Tern Sterna 

antillarum 

Endangered  N  

Mexican spotted 

owl 

(Strix 

occidentalis 

lucida) 

 

Threatened Y No habitat 

Whooping 

Crane 

Grus 

Americana 

Endangered N  

Preble’s 

Meadow 

Jumping Mouse  

(Zapus 

hudsonius 

preblei) 

 

Threatened Y No habitat 

 

Sensitive Species  

In addition, the Forest Service requires a biological evaluation of effects on species proposed 

for federal listing as Threatened or Endangered, and Forest Service Sensitive species and 

habitat (FSM 2672.4; USFS 2009).  Sensitive Species are identified by the Forest Service 

Regional Forester as “those…for which population viability is a concern, as evidenced 

by...significant current or predicted downward trends in population numbers or density..." or 

"significant current or predicted downward trends in habitat capability that would reduce a 

species' existing distribution." (FSM 2670.5; USFS 2005).  A  biological evaluation is 

necessary to ensure that Forest Service actions do not contribute to loss of viability of any 

Threatened, Endangered, Proposed, or Sensitive plant or animal species, or cause any species 

to move toward federal listing.  The biological evaluation is also used to identify 

opportunities for species and habitat enhancement and to reduce potential negative impacts.  

The analysis of effects on wildlife species, including Threatened, Endangered, Proposed, 

Sensitive, Management Indicator, and Species of Viability Concern (collectively referred 

to as “special status species”). The quality and quantity of habitat   is considered in the 

analysis (USDA 1981).   
 
Table 37 Sensitive Species Considered in this Analysis 

COMMON 

NAME 
SPECIES 

SPECIES EXCLUDED FROM 

FURTHER ANALYSIS 
REASON FOR EXCLUSION 

Mammals 

Mammals 

Black-tailed 

prairie dog 

Cynomys ludovicianus No  

Fringed myotis Myotis thysanodes  No  

Swift fox Vulpes velox No  

Birds 

American bittern Botaurus lentiginosus No  

Bald Eagle Haliaeetus 
leucocephalus 

Yes Rare migrant on the PNG.  No species 

or habitat within the project area.   

Black tern Chilidonias niger No  
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COMMON 

NAME 
SPECIES 

SPECIES EXCLUDED FROM 

FURTHER ANALYSIS 
REASON FOR EXCLUSION 

Brewer’s sparrow Spizella breweri No  

Burrowing owl Athene cunicularia  No  

Cassin’s sparrow Aimophila cassini No  

Chestnut-collared 

longspur 

Calcarius ornatus No  

Ferruginous hawk Buteo regalis No  

Grasshopper 

sparrow 

Ammodramus 

savannarum 

No  

Lewis’ woodpecker Melanerpes lewis No  

Loggerhead 

shrike 

Lanius ludovicianus No   

Long-billed 

curlew 

Numenius americanus No  

McCown’s 

longspur 

Calcarius mccownii No  

Mountain Plover Charadrius montanus No  

Northern harrier Circus cyaneus No  

Olive-sided 

flycatcher 

Contopus cooperi Yes Resides in pine trees of interior forest 

Peregrine falcon Falco peregrinus Yes Rare migrant on the PNG.  No species 

or habitat within the project area.   

Purple martin Progne subis Yes Rare migrant on the PNG. No primary 

habitat (aspen) present.  

Yellow-billed 

cuckoo 

Coccyzus americanus 

occidentalis 

No  

Amphibians 

Northern leopard 

frog 

Rana pipiens No  

Invertebrates 

Regal fritillary 

butterfly 

Speyenia idalia No  

 

 

The Forest Plan identifies management indicator species (MIS) as a way to monitor wildlife 

population changes on the Grassland.   Management indicator species are wildlife species that 

have been selected by a National Forest and Grassland to represent the habitat needs of a 

larger group of species requiring similar habitat communities and that are likely to reflect 

changes in habitat conditions.  MIS are also chosen to address a significant issue on the 

National Grassland.    

 

Management Indicator Species and Sensitive Species Analyzed Fully in the EIS  
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For this EIS, Management Indicator Species (MIS) and those sensitive species considered to 

be most at risk from the indirect impacts of the Leasing Decision were chosen for a detailed 

analysis.   

The analysis area considered for this project includes the lands administratively available for 

oil and gas leasing in the administrative boundaries of the Pawnee National Grassland (PNG).  

Acres of habitat were calculated based on the species habitat within cumulative impact 

analysis areas. For most species, the administrative boundary of  the PNG was determined to 

be adequate in size. For species such as the swift fox, and mountain plover, whose habitat use 

occurs in between and beyond the boundaries of the PNG,   an impact analysis area extended 

beyond the administrative boundaries. For more information on the analysis area rationale 

refer to the wildlife project files.  Below is a table with their status, and acres of habitat for the 

species analyzed.   
 

Table 38 Potential Acres by Species in Wildlife Analysis Area 

Species Habitat 

description  

 Forest Service 

Species 

Designation  

Management 

Indicator 

Community  

Potential Habitat  

Acres in  

wildlife analysis 

area (includes 

private lands) 

Acres of PNG 

habitat  

*Mountain 

Plover 

Loamy plains 

and 5% or less 

slope 

MIS and 

Sensitive  

Short grass 

prairie 

874,559 121,453 

*Swift fox Short grass 

prairie, 

agricultural 

pastures  on PVT 

Sensitive N/A  1,250,714 175,394 

Black-tailed 

Prairie Dog 

Prairie dog 

burrows 

MIS and 

Sensitive  

Prairie dog 

towns 

132,080 42,499 

Western 

Burrowing Owl 

Prairie dog 

burrows 

MIS and 

Sensitive  

Prairie dog 

towns 

132,080 42,499 

Ferruginous 

Hawk  

Primarily Trees, 

occasional use of 

cliff sites,  

ground for 

nesting.  

Foraging.  

MIS and 

Sensitive 

Short grass 

and mid grass 

prairie 

N/A  158,572  

Northern 

Leopard frog 

Wetlands, ponds.   Sensitive  N/A  Approximately 

33 miles of 

stream 

Approximately 

33 miles of 

stream, 9 

occupied sites 

Lark bunting  Mid to tall grass 

prairie  

MIS  Mid to tall 

grass prairie 

N/A  11,067 

Mule Deer  Prairie 

woodlands  

MIS  Prairie 

woodlands  

N/A  1,339  

*analysis area extends beyond oil/gas EIS analysis area boundary due to species’ range 

Methodology  
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Potential effects to wildlife were assessed by considering 1)  life history requirements, 2) species’  

occurrence, where known 3)  assessing  known impacts from both existing oil and gas 

development activities as well as other actions which have similar effects to wildlife and wildlife 

habitats. Key indicators for these impacts are described below.   4) Applying the Reasonable 

Foreseeable Development (RFDS) Scenario  to species’ habitat.  The RFDS projection was 

applied to species’  habitat in order to display the greatest level of potential effects if all 

development were to occur within a specie’s  habitat.   Potential impacts are described broadly 

because the site specific locations of future oil and gas development are unknown.   

 

The acres of land disturbance and road miles are based on the Reasonably Foreseeable 

Development (RFD).  The RFD predicts that approximately 80 well pads, totaling 960 acres of 

disturbance may occur on the PNG during the construction phase.  In the short-term (less than 1 

year) a typical well pad will disturb 12 total acres (10 acres for the well pad, 1 acre for the road, 

and 1 acre for the pipeline).  

 

In the long term (after 1 year) a typical well pad will disturb 1.5 acres (1 acre for the pad, .5 acres 

for the road, and zero for the pipeline—because it’s buried underground).  Total road miles for 

all 80 wells were calculated at 30 miles This is derived from  approximately .3 miles of road per 

well pad (80 well pads) (White 2014).     

 

Because it is not known where the well pads would occur, an assumption was made by the 

interdisciplinary team that some of the well pads would occur on the unleased lands, while others 

would occur on the already leased lands or private minerals with federal surface ownership on 

the PNG.  

For analysis sake, it was assumed that the percentage of well pads and their associated acreage 

would occur based on the percentage of lands on each of the three types of minerals estates 

occurring on the PNG.   Below is a table depicting this break out of acreage and road miles by 

mineral estate.    These calculations are used throughout the analysis and applied to the species’ 

habitat. 
 
 
Table 39 Acres of Land Disturbance during Construction and Reclamation Stage and Road Miles Based on 960 acres of well 
pads and 30 miles of Road 

Mineral Estate 

and 

Approximate  

Acres  of  

PNG Land 

% of PNG  

land in each 

Mineral 

Estate  

Approximate 

number of 

well pads 

analyzed 

(total = 80 ) 

Approximate 

Acres  

Impacted 

during 

Construction 

Phase 

(alternative 2 

and 3)*  (12 

acres per well 

pad) 

Approximate 

Acres 

Impacted After 

Reclamation  

(1.5 acres per 

well pad) 

Approximate 

Road Miles  

(based on 30 

miles of road 

total)  

Unleased  
100,329 acres  

53%  42 (53% of 960 

acres)= 508 

acres  

(42 well pads 

X 1.5 acres) = 

60 acres 

(53% of 30 

miles)= 16 

miles  
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Leased 

 43,444 acres 

23% 18-19 (23% of 960 

acres)=  

221 acres 

19  well pads 

X 1.5 =  

29  acres 

(23% of 30 

miles = 6.9  

miles  

Private 

Minerals  

43,444 acres 

24% 20 (24% of 960 

acres)= 

231 acres  

20 well pad X 

1.5 acres = 30 

acres 

(24% of 30 

miles = 7.2 

miles 
 

*Alternative 1 would be approximately 10% more well pads and roads than under alternative 2 

or 3.   This is due to the fact that PNG lands would be avoided, and avoiding the lands would 

result in more well pads.  Refer to the EIS, Chapter 2, for more clarification of Alterative one.  

Therefore, 46 well pads were analyzed (10% additional to the 40 well pads), and 10% more 

acres, resulting in approximately 539 acres of disturbance.  Reclamation would result in 

approximately 63 acres of disturbance from well pads and roads long term.  There would be 

approximately 10% more roads (compared to 16 mile of unleased lands under alternative 2 or 3), 

resulting in 17 miles of road that is analyzed in the indirect effects.   
  

Terrestrial Wildlife Key Indicators and Evaluation Measures 
 

Indirect effects to wildlife that may occur once a parcel of the Pawnee National Grassland is 

leased and subsequently developed for oil and gas production can be categorized into two broad 

relevant issues:  behavioral disturbance impacts and physical impacts.  Key indicators were 

developed to help focus the oil and gas potential future development effects analysis on priority 

issues for wildlife.  These are listed below along with appropriate measures for evaluating each 

key indicator. 

 

 

 
Table 40 Terrestrial Key Indicators and Evaluation Measures 

Identified issue Indicator 
  

Terrestrial Wildlife Issue Statement  

(Physical) Potential future development of oil 

and gas leases could result in physical impacts 

to terrestrial wildlife habitats and movement 

corridors including habitat loss, habitat 

degradation, mortality,  interruption of 

wildlife movement corridors, and isolation)   

Percent of habitat lost or substantially 

degraded as compared to available habitat 

(calculation) 

Habitat fragmentation –narrative discussion  

 

Increase in invasive plants (Narrative 

Discussion)   

Terrestrial Wildlife Issue Statement 

(Behavioral) 
Potential future development of oil and gas leases could 

result in behavioral disturbance, impacts or mortality to 

terrestrial wildlife species due to oil and gas 

development, and production activities associated with 

road use, noise, and night time lighting.   

Human presence and noise (narrative) 

 

Road density/miles of road (calculation) 

 

# of visits with traffic (calculation)  

 noise level (narrative 

 

3.9.2 Environmental Consequences  
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Federally listed species  

Within the programmatic oil and gas leasing decision, the whooping crane, piping plover, and 
least term  species would only be affected by downstream water depletions in the South Platte 
Basin.  The leasing decision alone will not cause additional water depletions.  Rather, water 
depletions would occur at the site-specific scale (i.e., Application Permit to Drill), when wells 
would be authorized to be developed.  In context of the programmatic leasing decision, water 
depletions have been cumulatively summed based on the RFD (Reasonable Foreseeable 
Development) scenario and the forecasted effects determination has been provided for the 
leasing alternatives.  Existing leases are anticipated to cause a 6375 ac-ft of water depletions 
from the South Platte River.  Under the No Leasing alternative, it is likely that there would be 
collectively fewer wells and thus less water needed for the development of oil and gas resources; 
however, most water used for well-drilling, development, and production would occur on 
adjacent private lands.  It is not determinable how much water would be used to development 
infrastructure on adjacent lands, but it is reasonable to assume that less water would be depleted 
from the South Platte Basin under the No Leasing alternative compared to others.  Additional 
leases under the No Action alternative would result in additional water depletions subject to 
Section 7 ESA consultation.  Based on the RFD and assumptions of development, the forecasted 
amount of additional water depletions to the South Platte River would be approximately 7140 ac-
ft to be consulted upon during the site-specific analysis.  Under the No Surface Occupancy 
alternative, additional well pad development, well drilling, and most of other activities associated 
with water depletions would not occur on lands administered by the Pawnee National Grassland.  
Oil and gas infrastructure that would have been developed on PNG would be displaced to 
adjacent lands and thus, the forecasted water depletion for the South Platte assumed for the No 
Action alternative, 7140 ac-ft, would also occur, albeit on surface ownerships that may or may 
not be subject to Section 7 ESA consultation for downstream water depletions. 

Under those forecasted water depletions, both the No Action Alternative (No. 2) and No Surface 
Occupancy Alternative (No. 3) would eventually lead to similar amounts of water depleted from 
the South Platte Basin.  The No Leasing Alternative (No. 1) is not expected to increase the 
amount of water depleted from the South Platte Basin.   

 Alternative 1 – No Additional Leasing of Federal Minerals.  This alternative would have 
“no effect” on Pallid Sturgeon because without O&G development (e.g., drilling, hydro-
fracturing) there would not be a large demand for water and thus no additional water 
depletions as related to this leasing decision.  It is undeterminable how much water might 
be used or needed for any road construction related to O&G development occurring on 
adjacent lands. 

 Alternative 2 – No Action, Development Under Forest Plan.  This alternative is expected 
to result in 7,140 ac-ft of new water depletions largely from sources in the South Platte 
Basin.  We anticipate that most of these water depletions would have a federal nexus for 
proponents.  These water depletions exceed the de minimus that the U.S. Fish & Wildlife 
Service established in 2006 (U.S. Fish &Wildlife Service Biological Opinion 2006).  
Depletions exceeding the de minimus adversely affect species dependent on the Platte 
River Ecosystem, therefore the No Action alternative “may affect and is likely to 
adversely affect” the whooping crane, piping plover, and least tern,  

 Alternative 3 – No Surface Occupancy.  This alternative is also expected to result in 
7,140 ac-ft of new water depletions largely from sources in the South Platte Basin.  Many 
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of these water depletions would likely have a federal nexus for proponents due to 
connectedness of the federal mineral estate as accessed via adjacent non-federal lands.  
These water depletions exceed the de minimus that the U.S. Fish & Wildlife Service 
established in 2006 (U.S. Fish &Wildlife Service Biological Opinion 2006).  Depletions 
exceeding the de minimus adversely affect species dependent on the Platte River 
Ecosystem, therefore the No Surface Occupancy alternative “may affect and is likely to 
adversely affect” the whooping crane, piping plover, and least tern.  
 

Sensitive and Management Indicator Species Effects  

Physical Disturbance Impacts  

Potential future development of oil and gas leases has the potential to physically impact 

terrestrial wildlife habitats and movement corridors.  Physical impacts may include 

 habitat loss, 

 habitat degradation, 

  habitat fragmentation and isolation, 

 and interruption of wildlife movement corridors (USDA unpublished).    
 

The loss, removal, or fragmentation of vegetation and habitat structure influences wildlife by 

reducing quality, quantity, extent, and/or availability of resources for critical life requirements. 

Critical life requirements include food, cover, water, and space needed for survival, growth, 

reproduction, and protection from predators and weather.  Refer to the wildlife species’ effects 

analysis for % habitat loss by species.   

 

Although the actual physical footprints of well pads, associated facilities, pipelines and access 

roads do not result in large amounts of direct habitat loss, the presence of oil and gas 

development can result in considerable effects to wildlife in some areas.  In general, an increase 

in people and human development can degrade wildlife habitat and change wildlife movement 

patterns (USDA 2012). Refer to the behavioral disturbance impact  section for more 

information. 

 

 The loss or substantial degradation of habitats can modify wildlife occurrence, abundance, 

and distribution at local scales, and potentially influence wildlife at larger landscape levels. In 

addition to the physical impacts that may be caused by the potential future construction of oil 

and gas facilities, impacts to wildlife habitats could result from the potential construction of 

new roads to access oil and gas development areas . Additional physical impacts associated 

with oil and gas development and production activities may include unintentional wildlife 

mortality resulting from collisions with wildlife along access roads, entrapment in open 

vertical pipes and vents, drowning, poisoning, or hyperthermia from contaminated water 

sources (such as reserve pits, oil field waste pits, ponds and tanks, and wastewater disposal 

facilities. (USDA  2012).  

 

Habitat fragmentation has the potential to isolate small populations, contribute to decreased 

population distribution, and contribute to the increased likelihood of local extinction. This may 

occur naturally through such agents as fire, landslides, wind throw, and insect attack. On 

managed lands, human-related activities (e.g., timber harvesting,  oil/gas development, resource 

extraction, and road construction) have been the dominant disturbance agents (USDA Sioux 
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2012- Custer National Forest).  For larger mammals, fragmentation may hinder metapopulation 

dynamics such as migration and dispersal. At a smaller scale, wildlife such as small mammals 

and reptiles are affected by single roads that may split a population in half and prevent migration 

in and out. Fragmentation of fish and wildlife populations leads to reduced genetic diversity and 

increased susceptibility to population decline. This is particularly true for migratory species that 

habitually move long distances (USDA 2014, USDA 2012a- Custer National Forest).  

 
Roads are a major source of habitat fragmentation Roads also contribute to impacts such as 
barriers to movement of wildlife; and can isolate  rare and unique habitats, or intersect habitats 
such as riparian areas.   Overall, the physical effect of road corridors (in the absence of human 
use) has the most adverse effect on wildlife when 1) the road  is wide 2) is constructed in remote, 
undisturbed habitat 3)  divides limited habitat essential to small animals  or separates resources 
needed within the annual home range (Meadows 2002). Larger animals may also cross roads less 
than expected (Mace et al. 1996; Krebs and Lewis 1997), though this may be related more to 
avoiding traffic and noise than to the physical presence of the road. The barrier effect also varies 
with the size of the road and the level of traffic.   Roads also are sites of human disturbance, 
which will be addressed further in the document (USDA 2014).      

Roads act as common vectors for the introduction of noxious weeds and non-native plants, 

wildlife, and diseases. These noxious weeds and non-native species and diseases can lead to 

habitat degradation, competition with native species, and potentially reduced survival of native 

species. The creation of well pads also increases noxious weeds through disturbance to soil and 

increases the risk of heavy equipment from other areas bringing in new noxious weed seeds.  

Invasive plants usually deplete soil and water resources more quickly and aggressively than 

native plants, thus out-competing them, and reducing the diversity of the vegetation, which tends 

to diminish the value of wildlife habitats in general. 
 
Roads are a primary, chronic source of sedimentation for aquatic, wetland, and riparian habitats. 

Increased sedimentation in water sources can result in the following: stream bank instability, 

channel widening and straightening, decreased water depths, changes to water flows, reduced 

dissolved oxygen capacity, loss of invertebrate and fish spawning habitats, filling of pools, and 

changes to water temperatures.  

  

New road construction would provide increased access to remote wildlife habitat areas by both oil 

and gas personnel and possibly other users.  Pipelines supporting oil and gas activities that may 

be constructed cross- country outside of road right of ways would also result in physical impacts 

to wildlife habitat.  Pipeline corridors could be re-vegetated within a few years.  Pipelines would 

contribute to the fragmentation of wildlife habitats but would not be expected to deter wildlife 

movements for the long term.   

 

Possible future development of oil and gas resources has the potential to negatively affect water 

quality and quantity in creeks, ponds, wetlands, playas and springs.  Construction and use of 

roads and well pads can result in erosion of soils, some or which may reach water sources. 

Chemical water quality can be affected by spills and leaks of industrial chemicals and drilling 

fluids used in the drilling and finishing processes (USDA 2012).   Pipelines can leak, causing 

contamination to the ground and wildlife habitat. For more information on the impacts to water 

quality and aquatic habitats, see the Hydrology Section.  
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Behavioral Disturbance Impacts  

 

Potential future development of oil and gas leases could cause behavioral disturbance 

impacts to terrestrial wildlife.  Behavioral disturbances in wildlife may include:  

 Changes in use of habitats 
 

 Changes in use of movement corridors 
 

 Changes in behavior 
 

 Physiological reactions to stress (especially during critical time periods such as winter 

and reproduction periods)  (USDA 2012).   

 Mortality  

 
 

The behavioral disturbances listed above could be caused by any of the following: 
 

 Presence of people 
 

 Vehicle and equipment noise 
 

 Construction activities 
 

 Lights from drill rigs, vehicles, and facilities 

 Increased vehicle traffic 

 
 
These oil and gas activities may lead to displacement of individuals from preferred habitats to 

areas that are less desirable. They may also result in a change in use of wildlife travel routes and 

movement patterns. Ultimately, behavioral disturbances could lead to avoidance of habitats.   

 

Behavioral impacts may in turn lead to increased vulnerability to mortality through predation, 

energy expenditure in winter, and loss of critical food or water resources. Physiological 

reactions to stress and reduced nutrition can also lead to reductions in reproductive success or 

survival (Joslin and Youmans 1999; Knight and Gutzwiller 1995; Olliff et al. 1999; USDA Forest 

Service 2000; Wisdom et al. 2004).    
 

Behavioral disturbance impacts of road use have been documented in many wildlife species.  

The widespread detrimental impacts of human disturbance on wildlife, fish, and plant 

communities are well documented throughout these reports.  No positive benefits to native 

species of wildlife, fish, or rare plants have been identified from increases in road and trail 

access.  Direct and indirect effects on species that have been identified in the literature indicate 

negative impacts to all studied species as motorized, mechanized, and other travel uses 

increase. 

 

Roads and trails allow increased human intrusion into wildlife habitats.  Disturbance by humans 

and vehicles on roads and trails make habitats less secure for wildlife USDA 2012).   In 

addition, increased humans can lead to higher mortality risk from increased collisions 
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intentional or unintentional harassment, poaching and increased harvest levels by legal hunting 

(USDA 2014, Lyon 1983).     

The use of roads to access oil and gas sites has a high potential to impact wildlife species along 

these corridors. There is high potential for impacts, because the potential future development and 

operation of oil and gas activities include many visual and noise producing sources.  These 

sources include: 
 

 Large and potentially noisy vehicles and facilities  
 

 High frequency road use  (traffic)  
 

 Day and night operations (24 hours) 
 

Potential future oil and gas development is also anticipated to result in new road construction 

to access development sites.  An increase in road density would result in a reduction of wildlife 

habitat effectiveness.  Researchers found the type and magnitude of human disturbance impacts 

on wildlife varies depending on many factors. These factors include the type of activity; 

predictability, frequency and magnitude; time of day or season of year; and location of the 

disturbance (Knight and Gutzwiller 1995).   

 

Traffic volume is especially important when evaluating road impacts to wildlife. Jaeger   et al. 

2005,   found that although vulnerability to traffic varied among species, traffic volume had the 

greatest effect on population persistence.   Traffic also had the greatest impacts in largely 

undisturbed areas (Charry Jones 2009).  Vehicle traffic both day and night could result in 

moralities to wildlife by vehicle collisions and potential for wildlife poaching (USDA 2012).    

 
The scientific literature contains a number of studies on the effects of roads and oil and gas 
activities on wildlife. A couple particularly relevant studies are summarized below. When 
reviewing these studies, however, it is important to note that the term “avoidance” as used in 
these articles does not mean total avoidance, but instead refers to disproportionately low use 
based on the type or extent of habitat present. 

For lesser prairie-chicken, Pittman (2005) determined that they avoided nesting for 80 meters 
(wellheads) to greater than 1,000 meters (buildings) from wellheads, buildings, improved 
roads, transmission lines, and center-pivot irrigation fields in sand-sagebrush habitat.  

More recently, during a 10-year study of mule deer habitat use prior to and during the 
development of the Pinedale gas field in southwestern Wyoming, Sawyer and Nielson (2010) 
reported that deer consistently avoided habitat within 2.5 to 3.5 kilometers from well pads, 
although this habitat was of high use prior to development. Sawyer and Nielson also found 
that mule deer abundance was 60 percent lower in 2009 compared to 2001 within the study 
area while abundance was increasing in the reference area. 

Reed et al. (1996) calculated that the effective habitat loss associated with construction of new 
roads in an area open to logging was 2.5 to 3.5 times the actual habitat loss, assuming a 
“road-effect” zone extending 100 meters from a road. 

Bird communities changed in response to noise at well pads. Species diversity decreased, nest 
site locations changed, and predation of some species’ nests were lessened due to a reduction 
of predatory birds (Francis, C.P.  Ortega and A. Cruz 2009).     
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Ingelfinger (2001) reported that numbers of sagebrush steppe songbirds are reduced by up to 60 percent 

within 100 meters of high-traffic roads (greater than 12 vehicles per day) associated with oil and gas 

development and by up to 50 percent within 100 meters of low-traffic roads.  

Studies of the effects of human disturbance on wildlife have revealed there are critical 

periods for many bird and mammal species when disturbance can result in more serious 

impacts (Knight and Gutzwiller 1995).  The immediate postnatal period for mammals and the 

breeding period for birds are often the most sensitive. The impacts would be greatest in these 

areas during periods of critical wildlife use such as reproduction seasons and winter months 

when species survival is most difficult.   (USDA 2012).   Areas such as pronghorn fawning 

areas, raptor nest sites, and prairie dog towns are areas of concern.  

 

Below is a table depicting road densities by mile per square mile in the PNG analysis area by 

alternative for unleased lands.   When considering the impacts of indirect impacts of unleased 

lands, under alternative 1, there would be approximately 17 miles of road on private lands.    

This increase accounts for approximately 10% more well pads.  Under alternative 2, there 

would be approximately 16 miles additional roads to access well pads. Under alternative 

3, there would be approximately 16 miles of road, with the majority being built on private 

lands.   Therefore, under alternative 1 and 4 there would be no increase in road densities  on 

PNG lands unless exceptions were granted to the lease stipulation of NSO.   Alternatives 1 and 

3 would also result in more secure areas for wildlife and less fragmentation on the PNG lands.  

Of the three alternatives, impacts to wildlife fragmentation and other behavioral impacts 

described above would be least under alternative 3.  At road densities of over 2 mile/square 

mile, surrounding habitat for large mammal species is considered to be reduced by at least 

50% (WildEarth Guardians 2006).  Adding in the additional miles of road, as displayed below, 

increases the road density by a negligible amount.   

 

  

Table 41 Total Road Density within the PNG Administrative Boundary by Alternative 

 Existing 

Condition 

road density 

miles/square 

mile)  

Alternative 1 

miles /square 

mile ( addition 

of 17 miles of 

road on private 

land  ) road 

Alternative 2  

miles /square 

mile of  road  

(addition of 16 

miles of road on 

PNG land ) 

 

 Alternative   3  

(addition of 16 

miles of road on 

private land  )  

 1.74 1.76      1.76   1.76   

 

Summary of Comparison of Alternatives by Indicator  

The table below summarizes impact determinations to species analyzed for this project based 

on physical and behavioral indicators.   For more information, refer to species effects analysis 

in Chapter 3 of the EIS or BE.  The table below was used as a way to compare alternatives by 
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indicator on the PNG.  For wildlife these indicators are behavioral and physical indicators and 

are discussed above.    

  

Table 42 Comparison of Indicators by Alternative. 

Indicators  Alternative 1- 

no additional 

leasing 

Alternative 

2- No 

action 

Forest Plan  

Alternative 

3 NSO 

Habitat loss Negligible  Moderate 

adverse 

Negligible  

Habitat 

fragmentation  

Minor adverse Moderate 

adverse 

Minor 

adverse  

Human 

presence and  

disturbance  

Moderate  * 

adverse  

Moderate 

adverse 

Moderate 

adverse  

Road density Negligible  Negligible  Negligible  

# of traffic 

visits  

 

Moderate 

adverse 

Moderate 

adverse 

Moderate 

adverse 

Increase in 

invasive plants 

Minor adverse Moderate 

adverse 

Minor 

adverse 

* construction phase for all determinations. Impacts for human disturbance and # traffic visits would 

decrease during the production phase.  

 

In some cases, impacts to individual’s species may vary from the above table.   The table 

depicts an overall summary   to compare the wildlife indicators analyzed between the 

alternatives and focusing on impacts on PNG lands.   It does not include the cumulative 

impacts of additional drilling that is occurring on private lands beyond the 80 well pads 

analyzed in this EIS.   In some cases, combined with the cumulative impacts on private, there 

could be a more noticeable impact, such as moderate to major adverse for indicators such as 

habitat fragmentation or traffic.  

 

Habitat    loss and fragmentation would not occur on PNG lands under alternatives 1 and 3. 

The no leasing alternative and the NSO would reduce and/or avoid impacts to wildlife.  Large 

areas of unfragmented  land  equaling  about 1000,00 acres would remain on the PNG.  To 

further clarify,   under all alternatives, impacts such as human presence and traffic from well 

pads built on private lands   can impact wildlife residing on the PNG. This is because although 

well pads are placed on private lands, wildlife species use both private and PNG land. Also, 

the unique situation of the mixed  land ownership pattern on the PNG causes indicators such 
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as traffic and  human disturbance to occur adjacent to PNG lands and therefore  still impacts  

wildlife within the boundaries of the federal PNG lands.   One disadvantage  of alternative 1 

and 3 is that site specific design measures at well pad sites such as for noise, and perch 

inhibitors to lessen impacts  cannot be designed at the APD stage, as in alternative 2.  Well pad 

design would occur under the COGC (Colorado Oil and Gas Commission) regulations.  Under 

alternative 2, there is the possibility of implementing section b of the standard lease term 

form. This section allows for measures to reduce impacts to sensitive species including prairie 

dogs to reduce adverse impacts to the prairie dog.  A more site specific analysis at the APD 

stage would need to occur to determine the level of impact. 

 

 Overall, alternative 2 is the most impacting alternative, with alternative 1 being intermediate 

in impacts. The 10% increase in roads and well pads under alternative 1 would be more 

impacting than under alternative  3, but 10% was  not measureable enough to distinguish a 

difference in  impact determinations used above.  Because there would be less well pads and 

roads under alternative 3 than alternative 1 and well pads and associated roads would not 

occur on the PNG, alternative 3 is the least impacting alternative for wildlife.   

 

Effects to Sensitive Species  

 

The following sensitive  species may occur in the project area and may be impacted by the 

proposed project: the fringed myotis, American bittern, black tern, Long-billed curlew, 

Yellow-billed curlew, brewer’s sparrow, Cassin’s sparrow, chestnut-collared longspur, 

grasshopper sparrow, Lewis’s woodpecker, loggerhead shrike, McGowan’s long spur, regal 

fritillary butterfly,  and Northern harrier  

 

Under alternative 2 there would be a minor  to moderate loss of habitat with the construction 

of 80 well pads resulting in 960 acres of habitat loss if all well pads occurred in any one 

species’ habitat.  During the construction  phase, there would be a loss of habitat of 

approximately 60 acres.  It is not known at this time where well pads would be placed.   Site 

specific impacts would need to occur at the APD stage.  Timing stipulations for the mountain 

plover of April 10-July 10 would reduce impacts of bird species relying on similar nesting  

habitat to the mountain plover such as the long-billed curlew, McGowan’s longspur, and  

loggerhead shrike.    

 

 Under alternative 1 and 3, there would be no loss of habitat on the PNG  for any of the 

sensitive species listed above.  Habitat loss and increased fragmentation would occur on 

private lands.   Fragmentation and habitat loss would be the least under alternative 3 because 

there would be about 10%  less roads and well pads built compared to alternative 1.  Well pads 

may be built adjacent to PNG habitat of these species during the nesting season under 

alternatives 1 and 3.   

 



 

130 

 

Under all alternatives, increased traffic would occur at the level of over  300,000 vehicle trips 

if all  80 well pads were constructed at the same time. This would be an unlikely occurrence. 

For about 50 years (the life of the well) there would be approximately 2 one way vehicle trips 

per day to the well pads. The increased traffic would likely increase the risk of mortality by 

vehicles to all sensitive species.   Under all alternatives, there would be an increase in road 

density with the addition of about 16 miles of road under alternatives 2 and 3, and 17 miles of 

road under alternative 1.   This increase in road density compared to the overall road density 

discussed above is a minor to moderate effect.   Human disturbance for several months at one 

well pad may occur under all alternatives adjacent to or on the PNG. This may result in 

species’ avoiding portions of the PNG due to human disturbance and noise.   The impacts of 

roads would be greatest under alternative 2 because there would be increased fragmentation,  

especially on important habitats such as prairie dog towns or near aquatic habitat.  

Fragmentation of the grassland as a whole, including private lands would occur.   Increased 

noxious weeds would likely occur as a result of well pad construction. This increase in 

noxious weeds would be most detrimental under alternative 2, because noxious weeds could 

occur along road sides at well pads.  Conditions of approval for noxious weed treatment could 

occur under alternative 2.   Noxious weeds may also increase under alternatives 1 and 3, with 

three being the least impacting because less well pads and roads would be built than under 

alternative 1. 

 

 In consideration of these impacts, the loss of habitat is minor (< 1 % of the  Pawnee) and 

fragmentation under all alternatives would not substantially  increase based on road densities 

discussed above.  Several of these species have not occurred on the PNG more than 

occasionally and have limited amounts of habitat. This reduces the likelihood of impacts. 

Some of these species include the yellow billed cuckoo, long billed curlew,   American bittern,  

regal fritillary butterfly  and black tern.  Some of the species have abundant habitat on the 

grassland, such as the McGowan’s long spur.   Based on previous analyses of  several  species 

utilizing similar habitat, and considering the impact of oil/gas activities on these species, and  

the likelihood  of occurrence,  under all alternatives, this project may adversely  impact 

individuals but is not likely to cause a loss of viability in the planning area or cause a trend 

towards federal listing for the following species:  the fringed myotis,  American bittern, black 

tern, Long-billed curlew, Yellow-billed curlew, brewer’s sparrow, Cassin’s sparrow, chestnut-

collared longspur, grasshopper sparrow, Lewis’s woodpecker, loggerhead shrike, McGowan’s 

long spur, regal fritillary butterfly,  and Northern harrier  

 

The table below includes a summary of the impact determinations to sensitive wildlife species 

by alternative    

 

 
Table 43 Summary of Impact Determinations To Sensitive Wildlife Species 

COMMON NAME ALTERNATIVE 1 ALTERNATIVE 2 ALTERNATIVE 3 

Black-tailed prairie dog MII MII MII 

Fringed myotis MII MII MII 

Swift fox MII MII MII 
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COMMON NAME ALTERNATIVE 1 ALTERNATIVE 2 ALTERNATIVE 3 

American bittern MII MII MII 

Black tern MII MII MII 

Brewer’s sparrow MII MII MII 

Northern Burrowing 
owl 

MII MII MII 

Cassin’s sparrow MII MII MII 

Chestnut-collared 
longspur 

MII MII MII 

Ferruginous hawk MII MII MII 

Grasshopper sparrow MII MII MII 

Lewis’ woodpecker MII MII MII 

Loggerhead shrike MII MII MII 

Long-billed curlew MII MII MII 

McCown’s longspur MII MII MII 

Mountain Plover MII MII MII 

Northern harrier MII MII MII 

Yellow - 

billed cuckoo 

MII MII MII 

Northern leopard frog MII WLRLV MII 

Regal fritillary 

butterfly 

MII MII MII 

 

MII: may impact individuals but is not likely to result in a loss of viability in the 

planning area or cause a trend in federal listing.  

 

The majority of the Management Indicator Species analyzed are sensitive species. The analysis 

for these species is discussed previously.  The mule deer and lark bunting are MIS species that 

are not sensitive species. 

Table 44 Summary of Determinations for MIS species 

 

MIS Species  

Alternative 1 Alternative 2 Alternative 3 

Mountain Plover Neutral influence 

on habitat and 

neutral impact on 

local population 

Neutral influence 

on habitat and 

neutral influence 

on local  

population  

Neutral influence 

on habitat and 

neutral impact on 

local population 

Northern Burrowing Neutral influence Negative Neutral influence 
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Owl on habitat and 

negative  

influence  on 

local  population 

influence on 

habitat negative 

influence on local  

population  

on habitat and 

negative 

influence  on  

local population 

Black-tailed prairie dog  Neutral influence 

on habitat and 

neutral influence 

on local 

population 

Negative 

influence on 

habitat and 

negative 

influence on local 

population  

Neutral influence 

on habitat and  

negative 

influence on local 

population 

Ferruginous hawk  Negative 

influence on 

habitat and 

negative impact 

on local 

population 

Negative 

influence on 

habitat and 

negative 

influence  on 

local population  

Negative 

influence on 

habitat and 

negative 

influence  on 

local population 

Mule Deer  Negative  

influence on 

habitat and 

negative 

influence on local  

population  

Negative 

influence on 

habitat and 

negative 

influence on local  

population 

Negative  

influence on 

habitat and 

negative 

influence on local 

population 

Lark Bunting  Neutral influence 

on habitat, 

negative 

influence on 

population  

Negative 

influence on 

habitat and 

negative 

influence on local  

population 

Neutral influence 

on habitat and 

negative 

influence on local   

population 

 

 

 
 

 

3.10    Air Quality 

 Legal Framework 

 
The Forest Service manages lands in accordance with Congressional direction in the form of 

legislation. There are several important laws affecting the way the service protects air quality as 

well as resources that may be adversely affected by air pollutants.  

 

Wilderness Act 
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The Wilderness Act of 1964 created the National Wilderness Preservation System in order to 

“secure for the American people of present and future generations the benefits of an enduring 

resource of wilderness.” The act defined wilderness as an area “where the earth and its 

community of life are untrammeled by man, where man himself is a visitor who does not 

remain.”  It directs that congressionally designated wilderness areas be protected and managed to 

preserve their natural conditions, with the imprint of man’s work substantially unnoticeable.  

 

Clean Air Act 

The Clean Air Act (CAA), passed in 1970 and amended in 1977 and 1990, requires the 

Environmental Protection Agency (EPA) to set standards for air pollutants to protect the public 

health and welfare. The standards, known as National Ambient Air Quality Standards (NAAQS), 

limit the concentrations of six common or “criteria” air pollutants that can be present in the 

atmosphere: ozone (O3), particulate matter (PM), nitrogen dioxide (NO2), sulfur dioxide (SO2), 

lead (Pb), and carbon monoxide (CO).  There are standards for two categories of particulate 

matter--one for suspended particles less than 10 micrometers in diameter (PM10) and one for fine 

particles less than 2.5 micrometers in diameter (PM2.5). Primary standards are designed to protect 

public health, while secondary standards are designed to protect public welfare, which includes 

protection against decreased visibility and damage to animals, crops, vegetation, and buildings. 

These standards are shown in Table 45, below.  Units of measure for the standards are parts per 

million (ppm) by volume, parts per billion (ppb) by volume, and micrograms per cubic meter of 

air (µg/m
3
). 

 
Table 45 National Ambient Air Quality Standards 

Pollutant 

 

Primary/  

Secondary 

Averaging 

Time 
Level Form 

Carbon Monoxide  primary 
8-hour 9 ppm Not to be exceeded more than once per 

year 
1-hour 35 ppm 

Lead 

 

primary and  

secondary 

Rolling 3 

month 

average 

0.15 μg/m
3
 

(1)
 

Not to be exceeded 

Nitrogen Dioxide 

 

primary  1-hour 100 ppb 98th percentile, averaged over 3 years 
 

primary and 

secondary 
Annual 53 ppb 

(2)
 Annual Mean 

Ozone 

 

primary and  

secondary 
8-hour 0.075 ppm 

(3)
 

Annual fourth-highest daily maximum 8-hr 

concentration, averaged over 3 years 

Particle Pollution 

Dec 14, 2012 

PM2.5 

primary Annual 12 μg/m
3
 annual mean, averaged over 3 years 

secondary Annual 15 μg/m
3
 annual mean, averaged over 3 years 

primary and  

secondary 
24-hour 35 μg/m

3
 98th percentile, averaged over 3 years 

PM10 
primary and 

secondary 
24-hour 150 μg/m

3
 

Not to be exceeded more than once per 

year on average over 3 years 

http://www.epa.gov/airquality/carbonmonoxide/
http://www.epa.gov/airquality/lead/
http://www.epa.gov/air/criteria.html#1
http://www.epa.gov/airquality/nitrogenoxides/
http://www.epa.gov/air/criteria.html#2
http://www.epa.gov/airquality/ozonepollution/
http://www.epa.gov/air/criteria.html#3
http://www.epa.gov/airquality/particlepollution/
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Sulfur Dioxide 
(5)

 

 

primary 1-hour 75 ppb 
(4)

 
99th percentile of 1-hour daily maximum 

concentrations, averaged over 3 years 

secondary 3-hour 0.5 ppm 
Not to be exceeded more than once per 

year 

(1) Final rule signed October 15, 2008.  The 1978 lead standard (1.5 µg/m
3
 as a quarterly average) remains in effect 

until one year after an area is designated for the 2008 standard, except that in areas designated nonattainment for the 

1978, the 1978 standard remains in effect until implementation plans to attain or maintain the 2008 standard are 

approved. 

(2) The official level of the annual NO2 standard is 0.053 ppm, equal to 53 ppb, which is shown here for the purpose 

of clearer comparison to the 1-hour standard. 

(3) Final rule signed March 12, 2008.  The 1997 ozone standard (0.08 ppm, annual fourth-highest daily maximum 8-

hour concentration, averaged over 3 years) and related implementation rules remain in place.  In 1997, EPA revoked 

the 1-hour ozone standard (0.12 ppm, not to be exceeded more than once per year) in all areas, although some areas 

have continued obligations under that standard (“anti-backsliding”).  The 1-hour ozone standard is attained when the 

expected number of days per calendar year with maximum hourly average concentrations above 0.12 ppm is less 

than or equal to 1. 

(4) Final rule signed June 2, 2010.  The 1971 annual and 24-hour SO2 standards were revoked in that same 

rulemaking.  However, these standards remain in effect until one year after an area is designated for the 2010 

standard, except in areas designated nonattainment for the 1971 standards, where the 1971 standards remain in effect 

until implementation plans to attain or maintain the 2010 standard are approved. 

(5) Colorado has adopted its own SO2 secondary standard. The 3-hour average concentration cannot exceed 700 

g/m
3
 (or 0.267 ppm) more than once per year. 

 

 

Prevention of Significant Deterioration 

The Clean Air Act contains provisions for protection of air quality in areas that are meeting the 

ambient air quality standards. This is known as the prevention of significant deterioration (PSD) 

program. Under this program, areas of the country are designated as Class I or Class II. Class I 

areas are defined as areas of special national or regional natural, recreational, or historic value 

and thus receive special protection under the CAA. Class I areas include wilderness areas over 

5,000 acres in size and national parks over 6,000 acres in size that were in existence in 1977. All 

other areas of the country have been designated as Class II.  

 

An area’s class designation determines the maximum amount of additional air pollution, called 

an increment, which can be added beyond a baseline value emitted from new or modified 

“major” stationary sources of pollution.  Increment consumption analysis falls under the PSD 

major sources permitting program, which is administered in Colorado by the Colorado Air 

Pollution Control Division (APCD). Only small amounts of pollution can be added in Class I 

areas, while Class II areas permit moderate amounts of pollution to be added. The Clean Air Act 

also charges federal land managers, including the Forest Service, with an “affirmative 

responsibility to protect the air quality related values (including visibility)” of Class I areas that 

they manage. Air quality related values are resources, as identified by the federal land manager 

for one or more Federal areas that may be adversely affected by a change in air quality. The 

resources may include visibility or specific scenic, cultural, physical, biological, ecological, or 

recreational resources identified by the FLM for a particular area.
35

 

  

Visibility 

                                                           
35

 Federal Land Managers’ Air Quality Related Values Work Group (FLAG), Phase I Report—Revised (2010) 

http://www.epa.gov/airquality/sulfurdioxide/
http://www.epa.gov/air/criteria.html#4
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The CAA amendments of 1977 set a national goal of preventing future and remedying any 

existing impairment to visibility in Class I areas that is caused by man-made pollution. The 

Environmental Protection Agency (EPA) promulgated the Regional Haze Rule in order to meet 

this goal. Visibility is a measure of not only how far one can see, but how well one can see 

important characteristics of the landscape such as form, color, geologic features, and texture. 

Visibility impairment is caused by the scattering of light by gases and particles in the 

atmosphere. Man-made pollution results in the addition of very small particles to the atmosphere, 

resulting in haze. A monitoring network was established by the Interagency Monitoring of 

Protected Visual Environments (IMPROVE) program to measure atmospheric particulate 

concentrations near Class I areas. The Regional Haze Rule requires states to develop air quality 

protection plans to reduce the pollution that causes visibility impairment visibility in Class I 

areas, with a goal of achieving “natural” visibility levels within a 60 year period. EPA has 

provided guidance to help states estimate natural visibility for their Class I areas 

(http://www.epa.gov/ttn/caaa/t1/memoranda/rh_envcurhr_gd.pdf).  

 

Hazardous Air Pollutants 

Air pollutants that may cause cancer or other harmful effects such as birth defects are classified 

as hazardous air pollutants (HAPs).  EPA is required to control emissions of 187 such hazardous 

air pollutants. Examples of hazardous air pollutants include benzene, which is found in gasoline; 

perchloroethylene, which is emitted from some dry cleaning facilities; and methylene chloride, 

which is used as a solvent and paint stripper by a number of industries 

(http://www.epa.gov/ttn/atw/allabout.html). The EPA has issued rules requiring that facilities 

belonging to 96 different classes meet emissions standards for hazardous air pollutants in order 

to reduce these emissions. Hazardous air pollution emissions standards can be found on the 

EPA’s web site (http://www.epa.gov/ttn/atw/mactfnlalph.html) as well as information on 

progress that has been made on reducing toxic emissions 

(http://www.epa.gov/ttn/atw/allabout.html#progress). 

 

Air Quality Regulation in Colorado 

The EPA has delegated to the State of Colorado the authority to enforce NAAQS and PSD 

increments, and to issue air quality permits. The CAA requires states to submit State 

Implementation Plans (SIPs) to EPA which provide for the implementation, attainment, 

maintenance and enforcement of the National Ambient Air Quality Standards. The Colorado 

Department of Public Health and Environment’s (CDPHE) APCD administers Colorado’s air 

quality control programs, and is responsible for enforcing the state’s air pollution laws. 

 

The Colorado Air Pollution Control Commission oversees the development and adoption of the 

state’s air quality regulation program. The commission can set its own ambient air quality 

standards that are equally or more stringent than the Federal air quality standards. The state has 

adopted one additional standard (for SO2) in addition to the federal standards; the state’s ambient 

air quality regulations can be found at http://www.colorado.gov/cs/Satellite/CDPHE-

Main/CBON/1251601911433. The APCD implements the air management programs adopted by 

the commission and enforces compliance with the NAAQS and PSD increments.  

 

In February 2014, the State of Colorado adopted new regulations that will affect emissions from 

the oil and gas industry. These include Regulation 7, which contains extensive requirements to 

http://www.epa.gov/ttn/caaa/t1/memoranda/rh_envcurhr_gd.pdf
http://www.epa.gov/ttn/atw/allabout.html#progress
http://www.colorado.gov/cs/Satellite/CDPHE-Main/CBON/1251601911433
http://www.colorado.gov/cs/Satellite/CDPHE-Main/CBON/1251601911433
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control emissions of ozone precursors and hydrocarbons from equipment associated with oil and 

gas development and production.
36

  In addition to extensive VOC reductions, the Regulation 

Number 7 revisions also regulate methane emissions from the oil and gas industry.
37

  It also 

adopted Regulation 6, which incorporates the federal Standards of Performance for Crude Oil 

and Natural Gas Production, Transmission, and Distribution Standards contained in 40 CFR Part 

60, Subpart OOOO.
38

  These provisions should result in lower emissions of methane and other 

hydrocarbons from oil and gas operations. 

 

Federal Agency Compliance with Federal, State, Tribal, and Local Air Quality Standards and 

Regulations  

The APCD implements regulatory and planning programs based on federal and state regulations. 

The CAA and the Federal Land Policy and Management Act of 1976 (FLPMA) require USFS 

and other federal agencies to comply with federal, state, tribal, and local air quality standards and 

regulations. FLPMA further directs the Secretary of the Interior to take any action necessary to 

prevent unnecessary or undue degradation of the lands [Section 302 (b)], and to manage the 

public lands “in a manner that will protect the quality of scientific, scenic, historical, ecological, 

environmental, air and atmospheric, water resource, and archeological values” [Section 102 

(a)(8)]. 

 

 

  

                                                           
36

 https://www.colorado.gov/pacific/sites/default/files/T1_AQCC_5-CCR-1001-9.pdf 
37

 http://www.colorado.gov/cs/Satellite?blobcol=urldata&blobheadername1=Content-
Disposition&blobheadername2=Content-
Type&blobheadervalue1=inline%3B+filename%3D%22Regulation+Numbers+3%2C+6+%26+7+-
+Fact+Sheet.pdf%22&blobheadervalue2=application%2Fpdf&blobkey=id&blobtable=MungoBlobs&blobwhere=12
51949265521&ssbinary=true 
38

 http://www.gpo.gov/fdsys/pkg/FR-2012-08-16/pdf/2012-16806.pdf 

http://www.colorado.gov/cs/Satellite?blobcol=urldata&blobheadername1=Content-Disposition&blobheadername2=Content-Type&blobheadervalue1=inline%3B+filename%3D%22Regulation+Numbers+3%2C+6+%26+7+-+Fact+Sheet.pdf%22&blobheadervalue2=application%2Fpdf&blobkey=id&blobtable=MungoBlobs&blobwhere=1251949265521&ssbinary=true
http://www.colorado.gov/cs/Satellite?blobcol=urldata&blobheadername1=Content-Disposition&blobheadername2=Content-Type&blobheadervalue1=inline%3B+filename%3D%22Regulation+Numbers+3%2C+6+%26+7+-+Fact+Sheet.pdf%22&blobheadervalue2=application%2Fpdf&blobkey=id&blobtable=MungoBlobs&blobwhere=1251949265521&ssbinary=true
http://www.colorado.gov/cs/Satellite?blobcol=urldata&blobheadername1=Content-Disposition&blobheadername2=Content-Type&blobheadervalue1=inline%3B+filename%3D%22Regulation+Numbers+3%2C+6+%26+7+-+Fact+Sheet.pdf%22&blobheadervalue2=application%2Fpdf&blobkey=id&blobtable=MungoBlobs&blobwhere=1251949265521&ssbinary=true
http://www.colorado.gov/cs/Satellite?blobcol=urldata&blobheadername1=Content-Disposition&blobheadername2=Content-Type&blobheadervalue1=inline%3B+filename%3D%22Regulation+Numbers+3%2C+6+%26+7+-+Fact+Sheet.pdf%22&blobheadervalue2=application%2Fpdf&blobkey=id&blobtable=MungoBlobs&blobwhere=1251949265521&ssbinary=true
http://www.colorado.gov/cs/Satellite?blobcol=urldata&blobheadername1=Content-Disposition&blobheadername2=Content-Type&blobheadervalue1=inline%3B+filename%3D%22Regulation+Numbers+3%2C+6+%26+7+-+Fact+Sheet.pdf%22&blobheadervalue2=application%2Fpdf&blobkey=id&blobtable=MungoBlobs&blobwhere=1251949265521&ssbinary=true
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3.10.1 Air Quality Affected Environment 
 

The following map, Figure 28, shows locations of active oil and gas wells (as of Spring, 2013), 

locations of oil and gas well completions for years 2008 through 2012, PNG land surface 

available for oil and gas leasing for the Project (shaded dark green) and ozone 8-hour non-

attainment area (shaded yellow).   

 
Figure 30 Project Area and Designated Air Boundary Intersections 

 

 

The potential oil and gas development is in the northern part of the Front Range of Colorado, 

north of Denver and east of the Continental Divide. Elevations range from approximately 5,000 

on the high plains to 14,000 feet at the highest peaks of the Continental Divide. Average annual 

precipitation ranges from 12 to 25 inches on the Grassland to 16 to 40 inches or more at upper 
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elevations in the mountains to the west. Most precipitation at the upper elevations falls in the 

form of snow. On the grasslands, the prevailing winds are generally northwest to southeast or 

southwest to northeast.     

 

The grasslands are within 100 miles of several major metropolitan areas. This proximity 

increases the potential for impacts from air pollution. Mobile and area sources from the Ft. 

Collins, Denver and Colorado Springs areas produce pollutants that impact regional air quality. 

 

The pollutants of concern include sulfur dioxide, oxides of nitrogen, particulates (PM10, PM2.5) 

and ozone.  Although many of the documented impacts are associated with external sources 

(those outside Forest/Grassland boundaries and jurisdiction), some activities that occur on the 

national forest also have the potential to impact air quality. These include prescribed and 

wildland fires, oil and gas development, grazing, mining, developed recreation and use of travel 

ways. 

 

Wilderness areas on the Arapaho and Roosevelt National Forests closest to the project area 

include the Cache la Poudre, Rawah, Mt. Evans, the eastern half of the Indian Peaks and James 

Peak Wilderness Areas. Rocky Mountain National Park is also relatively close to the project 

area.  

 

Existing Emissions from All Sources in Selected Northern Front Range Counties 

The potential oil and gas development would occur in Weld County.  Existing air quality 

conditions are generally a function of emissions loading within any particular region.  Table 46 

shows estimated total emissions within Weld and nearby counties in northeastern Colorado for 

2011.    
 

   
Table 46 2011 Emissions by County (tons) 

  CO CO2 N2O NH3 NOX PM10 PM2.5 SO2 VOC 

Adams 72,900 2,669,518 94 1,346 24,330 14,055 4,346 8,033 21,395 

Arapahoe 85,894 2,692,975 99 632 11,876 13,296 3,350 207 17,861 

Boulder 52,779 1,448,510 52 631 9,293 5,478 2,161 1,126 20,898 

Broomfield 9,095 353,420 14 26 1,437 1,776 354 14 3,082 

Denver 95,541 3,251,182 120 522 19,636 12,439 3,226 2,486 17,752 

Douglas 51,763 1,835,874 65 468 8,508 4,983 1,457 93 18,675 

Jefferson 89,211 2,941,300 109 531 13,656 6,839 2,773 2,653 27,943 

Larimer 111,347 2,347,936 63 2,582 10,386 13,302 7,208 1,406 54,472 

Logan 8,737 212,893 5 4,518 4,052 7,659 1,719 101 11,568 

Morgan 11,648 274,751 8 5,410 7,650 6,564 1,622 13,082 10,861 

Washington 7,255 137,352 3 1,763 2,746 12,463 2,570 34 13,253 

Weld 68,222 1,782,317 59 16,080 25,663 27,960 6,194 575 137,717 

 Source:  National Emissions Inventory Data (2011) 

  

NAAQS Exceedances and Nonattainment, State Implementation Plan and General Conformity 

An exceedance occurs whenever an individual measurement is recorded at an applicable federal 

reference method monitor that is above the level of the standard, but as the standards are 
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generally defined as an average of several values, an individual exceedance does not necessarily 

indicate a violation of an ambient air quality standard.   
 

Areas where criteria pollutant concentrations, as determined by monitoring, exceed the NAAQS 

are designated by EPA to be in nonattainment. The CAA establishes timetables for each region 

to achieve attainment of the NAAQS, and for each area found to be in nonattainment, the state 

has to prepare revisions to the SIP which document how the area will reach attainment by the 

required date. A nonattainment plan includes inventories of emissions within the area and 

establishes programs that are designed to bring the area into compliance with the NAAQS.   

 

Section 176(c) of the CAA prohibits Federal entities from taking actions in nonattainment areas 

that do not “conform” to the SIP. The purpose of this conformity requirement is to ensure that 

Federal activities: (1) do not interfere with the emissions budgets in the SIP; (2) do not cause or 

contribute to new violations of the NAAQS; and (3) do not impede the ability to attain or 

maintain the NAAQS. To implement CAA Section 176(c), EPA issued the General Conformity 

Rule (40 CFR Part 93, Subpart B), which applies to all Federal actions not funded under U.S.C. 

Title 23 or the Federal Transit Act (USFS actions are not funded by U.S.C. Title 23 or the 

Federal Transit Act). The General Conformity Rule established emissions thresholds (40 CFR 

93.153), known as “de minimis” levels, for use in evaluating the conformity of a project. If the 

net emissions increases due to the project are less than these thresholds, the project is presumed 

to conform and no further conformity evaluation is required. If the emissions increases exceed 

any of these thresholds, a formal conformity determination is required. The conformity 

determination can include air quality modeling studies, consultation with EPA and state air 

quality agencies, and commitments to revise the SIP or to implement measures to mitigate air 

quality impacts.  The federal entity with jurisdiction for the proposed action must demonstrate 

that the proposed action meets the requirements of the General Conformity rule. 

 

Existing Air Quality Conditions:  NAAQS Compliance 

Ambient air quality in the affected environment (i.e. compliance with the NAAQS) is 

demonstrated by monitoring for ground level atmospheric air pollutant concentrations. Table 47, 

below, presents the maximum measured concentrations for criteria pollutants within select 

counties in northeastern Colorado near the project area for 2011-2013 (no data were available for 

lead).Exceedances of the standard are highlighted in yellow.  The data in the table excludes 

exceptional events, which are defined as “unusual or naturally occurring events that can affect air 

quality but are not reasonably controllable using techniques that tribal, state or local air agencies 

may implement in order to attain and maintain the National Ambient Air Quality Standards” 

(http://www.epa.gov/ttn/analysis/exevents.htm).  
 

 

http://www.epa.gov/ttn/analysis/exevents.htm
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Table 47 Maximum Measured Criteria Pollutant Concentrations for Select Counties in Northeastern Colorado: 2011 to 2013. 

County 

CO 

2nd 

Max 

1-hr 

(ppm) 

CO 

2nd 

Max 

8-hr 

(ppm) 

NO2 

98th 

percent 

1-hr 

(ppb) 

Ozone 

2nd 

Max 1-

hr 

(ppm) 

Ozone 

4th 

Max 8-

hr 

(ppm) 

SO2 99th 

Percent 

1-hr 

(ppb) 

SO2 

2nd 

Max 

24-hr 

(ppb) 

PM2.5 

98th 

Percent 

24-hr 

( g/m
3
) 

PM2.5 

Weighted 

Mean 24-

hr ( g/m
3
) 

PM10 

2nd 

Max 

24-hr 

( g/m
3
) 

2013 

Adams 2.4 2.1 58 0.1 0.076 30 5 27 8.7 97 

Boulder . . . 0.09 0.079 . . 23 7.1 51 

Denver 5.7 2.5 68 0.09 0.071 38 11 29 8.8 76 

Larimer 2.5 1.4 . 0.1 0.08 . . 18 6.8 55 

Weld 3 1.7 . 0.09 0.072 . . 21 7.2 47 

2012 

Adams 2.2 1.3 64 0.09 0.072 28 5 26 8.6 91 

Boulder . . . 0.09 0.074 . . 28 7.2 43 

Denver 4 2 72 0.09 0.074 39 10 37 8.2 103 

Larimer 2.5 1.7 . 0.1 0.079 . . 26 7.3 91 

Weld 3.2 1.6 . 0.1 0.074 . . 32 7.9 91 

2011 

Adams 2.4 1.6 64 0.1 0.075 30 5 20 7.6 65 

Boulder 4.3 2.1 . 0.1 0.076 . . 19 6.4 33 

Denver 3.1 1.8 72 0.09 0.074 34 7 20 7.5 92 

Larimer 2.5 1.3 . 0.1 0.08 . . 15 5.7 40 

Weld 2.5 1.5 . 0.09 0.077 . . 23 7.4 46 

NAAQS 35 9 100  0.075 75 500 35 12 150 

Source:  http://www.epa.gov/airdata/ad_rep_con.html 

  

As shown in Table 47, ozone exceedances occurred in Adams, Boulder, Larimer and Weld 

Counties between 2011 and 2013. Areas that meet federal ambient air quality standards are 

classified as being in attainment, while areas not meeting standards are classified as being in 

nonattainment. On April 30, 2012, the EPA finalized its ozone nonattainment designations with 

respect to the 2008 ozone standard 

(http://www.epa.gov/airquality/ozonepollution/designations/2008standards/final/region8f.htm ). 

EPA identified only one nonattainment area in Colorado for ozone that includes part or all of 

Denver, Adams, Arapahoe, Boulder, Broomfield, Douglas, Jefferson, Larimer, and Weld 

counties (roughly the Denver-Boulder-Greeley-Fort Collins metropolitan areas). EPA has not 

identified any current nonattainment areas in Colorado for any of the other criteria pollutants. 

 

http://www.epa.gov/airquality/ozonepollution/designations/2008standards/final/region8f.htm
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Five exceedances of the 8 hour ozone standard occurred in Weld County in 2011and three in 

2012. These exceedances were recorded by the Greeley monitor.  No exceedances were recorded 

in 2013.  

 

The NAAQS include standards for particulate matter in two size ranges: all particulate matter 

less than 10 microns in size (PM10); and particulate matter less than 2.5 microns in size (referred 

to as fine particulate or PM2.5). PM2.5 is the major cause of reduced visibility (haze). Fine 

particulate matter (PM2.5) is chiefly comprised of five mass types: organic mass, elemental 

carbon (also known as soot or black carbon), ammonium sulfates, ammonium nitrates, and 

crustal materials (i.e., soil). Primary, fine particulate emissions result from combustion processes 

(including fossil fuel combustion and biomass combustion that occurs in wildfires) and include 

black carbon. In general, however, black carbon and crustal materials comprise a relatively 

small proportion of the fine particulate mass suspended in the atmosphere. Some fine 

particulates (PM2.5), principally ammonium sulfate and ammonium nitrate particles, can also be 

formed in the atmosphere from the interaction of SO2 or nitrogen oxides and ammonium. These 

types of PM2.5 particles are referred to as secondary particulates, while particles emitted directly 

from a source are referred to as primary particulates. The largest constituents of fine particulate 

are usually organic mass, ammonium nitrates, and ammonium sulfates.  

 

Particulate matter, specifically PM2.5, poses a health hazard to humans because it can be inhaled 

and reach deep into the lungs. Health impacts from PM2.5 include respiratory problems, 

aggravated asthma, and bronchitis. High particulate levels are associated with increased hospital 

and emergency room visits. Table 47 shows just one exceedance of the PM2.5 NAAQS within the 

listed counties, in Denver County in 2012. There are no nonattainment areas associated with 

particulate matter within Colorado. 
 

Existing Conditions: Ozone 

Ozone (O3) is a gas that occurs both within the Earth’s upper atmosphere (stratosphere) and at 

ground level (troposphere).  Stratospheric ozone extends about 6 to 30 miles above the Earth’s 

surface and serves to protect life on Earth from the sun’s harmful ultraviolet rays.  Occasionally 

small amounts of stratospheric ozone will briefly migrate downwards and add to ozone 

concentrations at the earth’s surface.  Typically these instances are associated with the passage of 

an upper level low pressure trough (Musselman et.al. 1998). 

 

Unlike most other criteria pollutants, ozone is not emitted to the atmosphere directly; it is formed 

when nitrogen oxides and volatile organic compounds react in the presence of sunlight. Ozone 

formation is highly dependent on meteorological conditions, including temperature, wind speed, 

and solar radiation. Ozone in the lower atmosphere is harmful to human health and vegetation. In 

general, ozone concentrations in the lower atmosphere are highest during warmer months and 

lower in the cooler months. In some parts of the western U.S., high wintertime ozone 

concentrations have been monitored. The project area is not in an area with monitored high 

winter ozone concentrations. The chemical reactions that form ozone are complicated and 

nonlinear, making it difficult to predict ozone concentrations that will result from increasing the 

amount of the ozone precursors (i.e., nitrogen oxides and volatile organic compounds) in the 

atmosphere. The effect of adding nitrogen oxides or volatile organic compounds to the 

atmosphere on the concentration of ozone depends upon the ratio of the two precursors already 

present. Ozone formation is also highly dependent on meteorological conditions, including 
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temperature, wind speed, and solar radiation. Ozone in the lower atmosphere is harmful to 

human health and vegetation.   

 

Natural sources of ozone precursors include trees, soil, forest fires, and lightning. Naturally 

occurring ozone is at low concentrations that are not considered a threat to human health or the 

environment. 

 

Anthropogenic sources of ozone precursors present in Colorado include local, regional, national 

and global sources of NOx and VOCs.  A 2004 report prepared for the Denver Early Action 

Compact indicated that transported ozone “significantly” impacted the final ozone concentration 

recorded in the Denver region (Parsons and Arnold 2004).  Correlation between ozone reductions 

or increases and sources (local vs transported) is difficult although the CDPHE did find a 

correlation between reduced power plant emissions in northeast Colorado and ozone along the 

Front Range (Reddy 2010). 

 
Elevated levels of ozone can adversely impact human respiratory health and impede plant 

growth.  Major sources of VOCs and NOx include industrial facilities, electric utilities, motor 

vehicle exhaust, gasoline vapors, and chemical solvents. Sunlight and warm weather accelerate 

the reaction, which is why high ozone levels are typically seen in the summer.   

 

A portion of the Pawnee National Grasslands (along the southern boundary) is located within the 

Denver Metro-North Front Range 8-hour Ozone Nonattainment Area, and any potential 

development within the nonattainment area will be required to comply with the General 

Conformity rule. The following map (Figure 29) shows the full extent of the Denver-Boulder-

Greeley-Fort Collins-Loveland Ozone Nonattainment Area. Figure 30 shows the portion of the 

Pawnee NG that is included in the nonattainment area. 
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Figure 31  Ozone Nonattainment Area 
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Figure 32 Land Ownership and the Ozone Nonattainment Area on the Pawnee National Grassland 

 

Ozone Design Value 

A design value is a statistic that describes the air quality status of a given location relative to the 

level of the National Ambient Air Quality Standards (NAAQS). The design value at a 

monitoring site is the statistic used to compare to the standard. For ozone, this is the three year 

average of the annual 4
th

-highest 8-hour ozone concentration. EPA uses the highest value of the 

statistic observed at any monitor within a nonattainment area as the design value for that area. 

These values are published on an annual basis. The current design value for the Denver 

metropolitan nonattainment area is shown below in Figure 31.  
 

 
Figure 33  Design Values in Areas Previously Designated Nonattainment for the 8-Hour Ozone NAAQS 

Designated Area 

Designation 

Status
1
 Classification

1
 

2010-2012 Design 

Value (ppm)
2,3

 

Meets 

NAAQS? 

Denver-Boulder-Greeley-Ft 

Collins-Loveland, CO Nonattainment Marginal 0.082 No 

Source: http://www.epa.gov/airtrends/values.html  

Notes:        

1. Area classification and designation status as of July 23, 2013.       
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2. The level of the 2008 8-hour ozone NAAQS is 0.075 parts per million (ppm).  The design value is the 3-year 

average of the annual 4th highest daily maximum 8-hour ozone concentration.     

3. The design values shown here are computed using Federal Reference Method or equivalent data reported by State, 

Tribal, and Local monitoring agencies to EPA's Air Quality System (AQS) as of June 28, 2013. Concentrations 

flagged by State, Tribal, or Local monitoring agencies as having been affected by an exceptional event (e.g., 

wildfire, volcanic eruption) and concurred by the associated EPA Regional Office are not included in these 

calculations.  

 

Additional Ozone Monitoring Data 

The US Forest Service has recently established two ozone monitors on the Pawnee NG. These 

monitors are located at Briggsdale and Dave’s Draw, which is near the Pawnee Buttes. The 

monitors are operated by the USFS Rocky Mountain Research Station in Fort Collins, Colorado. 

Because these monitors are not operated as regulatory monitors, the data from them cannot be 

used to officially determine compliance with the NAAQS. Most state regulatory monitors are 

located near urban areas, and none are located within the borders of the Pawnee NG. The FS 

therefore installed monitors to provide additional local information on ozone concentrations 

within this area. The USFS is committed to continuing ozone data collection at Briggsdale and 

Dave’s Draw for as long as adequate funding and personnel are available.  Data from these 

monitors are shown in the plots below (Figure 32). These monitors do not operate all year. The 

plots show all available daily maximum 8-hour average ozone concentrations. The red line on 

each plot indicates the ozone standard (75 ppb). The lowest 8-hour concentration exceeding the 

standard is 76 ppb. As indicated by the plots, only one value that exceeded the standard was 

observed, at Briggsdale in 2012.  
 

 

 
Figure 34 Daily Maximum 8-hour Ozone Concentrations at Pawnee NG Monitors  

 

Daily Maximum 8-Hour Average Ozone Concentration (ppb) 

Pawnee Buttes 
 

 
 

Daily Maximum 8-Hour Average Ozone Concentration (ppb) 

Briggsdale 
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AQRV:  Visibility 

Visibility impairment is caused by the scattering of light by gases and particles in the 

atmosphere. Manmade emissions of air pollutants contribute to the loading of particulates in the 

atmosphere that cause haze.  Fine particulates (PM2.5) have the largest contribution to haze.  

Visual range, i.e., the greatest distance at which an observer can distinguish an object from the 

background, is an easily understood way to describe visibility.  Visual range, however, is not 

linear with perceived changes in visibility.  For instance, a 5 kilometer change in visual range is 

more easily seen where the air is quite clear than when it is hazy.  For this reason, visibility is 

usually described in terms of an index called the deciview that is linear with perceived changes 

in visibility.  A change of 1.0 deciview is equivalent to a ten percent change in light extinction 

and represents a just noticeable change in visibility.  The higher the deciview, the less a person 

can see into the distance.  

 

Visibility at Class I areas is monitored through the Interagency Monitoring of Protected Visual 

Environments (IMPROVE) program, which maintains a network of particulate monitors.  

Visibility on the 20% clearest and haziest days is tracked to measure progress toward the 

national visibility goal as required by the Regional Haze Rule.  The closest IMPROVE monitor 

to the project area is located at Rocky Mountain National Park, approximately 75 kilometers to 

the west.  Figure 33 shows trends in annual mean visibility on the clearest and haziest days at 

Rocky Mountain National Park. The plots show the data overlaid with the trend in time.  The 

data indicate a statistically significant downward (improving) trend on the clearest days.  No 

significant trend is noted on the haziest days.  
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Figure 35 Trend in haze index (deciview) on the 20% clearest and haziest days at Rocky Mountain National Park. 

 
 

 
 
 

      

AQRV:  Atmospheric Deposition 

Air pollutants can be deposited through precipitation (such as rain or snow) or by dry settling 

processes to surfaces on the ground such as soils and water bodies. Deposition of some types of 

pollutants, particularly nitrogen and sulfur compounds (e.g., nitrate and sulfate), can lead to 
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acidification of lakes and streams. Acidification of surface waters can negatively affect aquatic 

organisms such as zooplankton, algae, diatoms, invertebrates, amphibians, and fish. Nitrogen can 

cause other ecosystem impacts by fertilizing both soils and water. These excess inputs of 

nitrogen can disrupt the natural flora and fauna by allowing certain species that would not 

naturally occur in abundance to out-compete those that thrive in pristine nitrogen-limited 

systems. The end result is an unnatural shift in species composition for sensitive species, which 

may have a subsequent impact on other components of the ecosystem.  

 

The chemistry of wet precipitation (rain and snow) is monitored by the National Atmospheric 

Deposition Program (NADP), an interagency organization that maintains a network of samplers 

located across the country. The closest NADP monitor to the project area (CO22) is located at 

the State Agricultural Experiment Station on the west side of the Pawnee National Grassland. 

Data from this monitor are shown in Figures 34, 35, and 36. Figures 34 and 35 show the 

concentrations of nitrate and sulfate in wet precipitation in microequivalents per liter (μeq/l). 

Figure 36 shows the total annual wet deposition of nitrogen. The NADP has established 

completeness criteria for deposition data. The colors of the symbols on the three plots indicate 

when the completeness criteria were not met, as shown in the plot legends.  
 
Figure 36  Annual trends in nitrate (NO3) concentrations in wet deposition collected by the Pawnee (CO 22) National 
Atmospheric Deposition Program monitor. 
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Figure 37  Annual trends in sulfate (SO4) concentrations in wet deposition collected by the Pawnee (CO 22) National 
Atmospheric Deposition Program monitor. 

 
Figure 38  Annual trends in wet nitrogen deposition collected by the Pawnee (CO 22) National Atmospheric Deposition 
Program monitor. 

 
Plot notes (applicable to Figures 22-24): 
The annual weighted mean concentrations and depositions are characterized as meeting or not meeting the NADP's data 
completeness criteria for the 1-year period. 
 
1.Valid samples for 75% of the time period 
2.Valid samples for 90% of the precipitation amount 
3. Precipitation amounts for 75 % of the time period 
 
Trend line 
The trend line is a smoothed 3-year moving average with a one-year time step. The line is only displayed where the minimum data 
completeness criteria is met for the 3-year period. 

Source: http://nadp.sws.uiuc.edu/sites/siteinfo.asp?net=NTN&id=CO22 

http://nadp.sws.uiuc.edu/sites/siteinfo.asp?net=NTN&id=CO22


 

150 

 

The closest NADP monitors located at a Class I area are at Rocky Mountain National Park. The 

park operates two NADP monitors, one at a lower elevation at Beaver Meadows (monitor CO19) 

and two monitors at a higher elevation site at Loch Vale (monitors CO89 and CO98). Data from 

those monitors indicate that nitrogen deposition in precipitation at the park varies from around 

1.5 to 3.5 kilograms per hectare per year. The National Park Service has set a critical load for 

nitrogen deposition in precipitation at the park of 1.5 kilograms per hectare per year 

(http://www.nature.nps.gov/air/Studies/criticalloads/criticalLoadExplain.cfm ). A critical load is 

a level of deposition below which significant harmful ecosystem effects are not known to occur. 

The park has recently partnered with a number of organizations to look at ways to reduce 

nitrogen deposition levels in the park. Participants in this effort, referred to as the Rocky 

Mountain National Park Initiative, include the Colorado Department of Public Health and 

Environment Air Pollution Control Division, U.S. Environmental Protection Agency (EPA) 

Region 8 Air Program, the Air Resources Division of the National Park Service and the U.S. 

Forest Service (http://www.colorado.gov/cs/Satellite/CDPHE-AP/CBON/1251594862555). 
 
 

Greenhouse Gases and Climate Change 

There is broad scientific consensus that humans are changing the chemical composition of 

earth’s atmosphere.  Activities such as fossil fuel combustion, deforestation, and other changes in 

land use are resulting in the accumulation of trace greenhouse gases (GHGs) such as carbon 

dioxide (CO2), methane (CH4), nitrous oxide (N2O), and several industrial gases in the Earth’s 

atmosphere.  An increase in GHG emissions is said to result in an increase in the earth’s average 

surface temperature, primarily by trapping and thus decreasing the amount of heat energy 

radiated by the earth back into space.  The phenomenon is commonly referred to as global 

warming.  Global warming is expected in turn, to affect weather patterns, average sea level, 

ocean acidification, chemical reaction rates, and precipitation rates, which is collectively referred 

to as climate change.   

 

The Intergovernmental Panel on Climate Change (IPCC) has predicted that the average global 

temperature rise between 1990 and 2100 could be as great as 5.8°C (10.4°F), which could have 

massive deleterious impacts on the natural and human environments.  Although GHG levels have 

varied for millennia (along with corresponding variations in climatic conditions), 

industrialization and the burning of fossil carbon fuel sources have caused GHG concentrations 

to increase measurably, from approximately 280 ppm in 1750 to 400 ppm in 2014 (as of April).  

The rate of change has also been increasing as more industrialization and population growth is 

occurring around the globe.  This fact is demonstrated by data from the Mauna Loa CO2 monitor 

in Hawaii that documents atmospheric concentrations of CO2 going back to 1960, at which point 

the average annual CO2 concentration was recorded at approximately 317 ppm.  The record 

shows that approximately 70% of the increases in atmospheric CO2 concentrations since pre-

industrial times occurred within the last 54 years.  

 

Three of the most important greenhouse gases (GHG) resulting from human activity are carbon 

dioxide (CO2), methane (CH4) and nitrous oxide (N2O).  They are produced by both natural 

processes and human activity. While they make up less than one percent of the Earth’s 

atmosphere, they exert a powerful influence over global temperatures. 

 

http://www.nature.nps.gov/air/Studies/criticalloads/criticalLoadExplain.cfm
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Greenhouse gases play a role in the natural environment by absorbing the sun’s heat. As the suns 

energy radiates back from the Earth’s surface toward space, these gases trap the heat in the 

atmosphere keeping the planet’s surface warmer than it would otherwise be.  Increases of 

atmospheric greenhouse gases result in additional warming of the Earth’s atmosphere. Carbon 

dioxide equivalents (CO2e) is a metric used to compare the emissions from various greenhouse 

gases based upon their global warming potential (GWP). For instance, over a 100 year period the 

GWP of methane (CH4) is estimated to be about 21 times greater than carbon dioxide (CO2), so 

its carbon dioxide equivalent (CO2e) is 21
39

.  The carbon dioxide equivalent (CO2e) of nitrous 

oxide (N2O) is 310 (EPA 2005). 

 

Globally the average annual temperature has risen since 1900 by about 1.5
o
F and is expected to 

rise another 2 to 10
o
F by 2100. The average annual temperature in the United States has risen by 

a comparable amount over the same time period but is expected to rise more than the global 

average over this century (Karl et al. 2009). 

 

In 2005 Colorado’s greenhouse emissions were 35 percent higher than they were in 1990.  They 

are projected to grow 81 percent above the 1990 levels by 2020 (CDPHE 2010).  Climate change 

related impacts observed in Colorado in recent decades include shorter and warmer winters with 

reduced snowpack and earlier spring runoff, more precipitation falling as rain rather than snow, 

and longer periods of drought (CDPHE 2010). 

 

GHG Emissions from Oil and Gas Development and Operations  

Energy-related activities in the United States account for three-quarters of human-generated 

GHG emissions. These activities account for 97 percent of carbon dioxide (CO2), 37 percent of 

methane (CH4) and 13 percent of nitrous oxide (N2O) emissions in the country (EPA 2010a).  

Stationary sources such as power plants make up more than half of the energy-related emissions. 

Transportation’s contribution is one third of these emissions (CDPHE 2010). 

 

Natural gas is one of the top three major fuel sources that contribute to the United States’ energy-

related emissions of carbon dioxide (CO2).  Petroleum contributes about 42 percent of the total 

emissions, coal comes in second with approximately 37 percent, and natural gas contributes 21 

percent (DOE 2009). 

 

Aside from GHG emissions from fossil fuel consumption in the United States, the production, 

transmission, storage, and distribution of natural gas contributes to less than one percent of 

carbon dioxide (CO2) emissions and about 17 percent of methane (CH4) emissions.  The source 

of most of these emissions is leakage from wells, pipelines, well-site treatment facilities, 

pneumatic devices, compressors, storage facilities, and other related systems. Carbon monoxide 

(CO), volatile organic compounds (VOCs), and nitrogen oxides (NOx) are also emitted but in 

much smaller quantities (EPA 2010a). 

 

                                                           
39

 EPA lists the GWP of methane as 21 on its website 
(http://epa.gov/climatechange/ghgemissions/gases/ch4.html). In its 2013 rulemaking, however, EPA lists the value 
for the 100-year GWP of methane as 25. See Federal Register, Vol. 78, No. 230,  p. 71909, available at 
http://www.gpo.gov/fdsys/pkg/FR-2013-11-29/pdf/2013-27996.pdf 

http://epa.gov/climatechange/ghgemissions/gases/ch4.html
http://www.gpo.gov/fdsys/pkg/FR-2013-11-29/pdf/2013-27996.pdf
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The EPA has recognized the significance of equipment leaks and vented GHG emissions from 

both the natural gas and petroleum industries.  A recent ruling by the EPA requires mandatory 

reporting of GHG from facilities that annually emit 25,000 metric tons or more of carbon dioxide 

(CO2) equivalent (EPA 2010b). 
 

3.10.2 Environmental Impacts to Air Quality from Potential PNG Oil and 

Gas Development 
 

No alternatives specifically propose the exploration or development of oil and gas resources. For 

this reason, the leasing analysis relies on the RFD which projects future potential surface 

disturbing activities to provide a development scenario for the proposed available lands.  

However, this scenario is not entirely foreseeable and is dependent on future industry interest, 

access, market values and many other factors.   

 

Project Area and Alternatives  

As described earlier in, the Pawnee National Grassland (PNG) contains a mixture of federal and 

private mineral estate. A portion of the federal mineral estate has been leased, while the 

remainder is unleased. Chapter 2 describes the three alternatives being considered for this leasing 

analysis.  These are:  (1) no leasing; (2) no action; and (3) leasing under no surface occupancy 

(NSO).  Under Alternatives 2 and 3, the unleased portion of the federal mineral estate would be 

available for leasing and the reasonably foreseeable development (RFD) would be the same.  For 

these alternatives, the reasonably foreseeable development projects that up to 265 new and 

exploratory wells could be drilled, and up to 234 producing wells would remain in the long term. 

Under Alternative 1, no leasing would occur and thus no oil and gas development would be 

allowed.  However, as explained in Chapter 2, it is likely that additional private development 

would occur that would result in a somewhat larger number of wells being drilled due to the need 

to avoid federal surface and mineral estate. This could result in up to 292 new and exploratory 

wells being drilled, of which 257 producing wells would remain in the long term.  Therefore, for 

the air quality analysis, all three alternatives would result in approximately the same level of 

emissions and thus the same impacts to air quality. 

 

Analysis Area 

Because the PNG exists in an area of mixed federal and non-federal surface ownership, the 

analysis area for air quality effects for this analysis includes all potential wells from the RFD that 

would access Federal minerals within the boundary of the PNG.  This is the area within the black 

borders in Figure 37.  Within this area, up to 354 wells accessing Federal minerals are projected.  

The map in Figure 37 also shows the areas of Pawnee NG surface within the potential 

development area (designated with black hash marks) and areas of Federal minerals (colored in 

blue, pink or light green). Under Alternatives 2 and 3, up to 265 wells could be drilled.  These 

include the wells that would intersect the Federal minerals underneath the Pawnee potential 

development areas shown in the map. The remaining wells (89) would intersect Federal minerals 

but not under the PNG potential development areas (e.g., these could include wells drilled into 

Federal minerals under private surface). For air quality, the potential effects of all wells that 

would access Federal minerals and associated development within the PNG boundary were 

considered.  Under Alternative 1, no lands would be leased but it is anticipated that additional 

private development would occur in the absence of leasing, as discussed earlier, resulting in the 
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same impacts to air quality. Therefore, the potential impacts of up to 354 wells and associated 

development were analyzed for all three alternatives.   
Figure 39  Air Quality Analysis Area 

 
 

Effects of Making Lands Available for Oil and Gas Leasing 

This analysis does not disclose direct impacts because this decision addresses making lands 

available for oil and gas leasing and under certain conditions (lease stipulations).  As a result of 

making lands available for oil and gas leasing, any subsequent development would be considered 

an indirect effect of this decision.  Leasing is a commitment of the resource for potential future 

exploration and development activities, but it does not compel or authorize any ground 

disturbing actions in support of the exploration or development of a lease. As a result of leasing, 

future exploration and development proposals could be brought forward that would be subject to 

additional site specific environmental study and permitting requirements. 

 

Environmental Impacts 

The analysis presented here provides sufficient information for this level of decision, where the 

decision under consideration is whether or not to make lands available for leasing. As there is no 

way at this time to accurately project the exact location, nature, and extent of oil and gas 
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development that might occur as a result of this decision, the air quality analysis considered a 

conservative but reasonable scenario based upon the RFD that included all wells within the 

boundary of the Pawnee NG. The number of wells analyzed was somewhat higher than the 

number of wells projected under any of the alternatives, and should therefore provide an upper 

bound to potential air quality impacts. 

 

Any future exploration or development of oil and gas resources, if and when it does occur, would 

result in direct, indirect and cumulative impacts.  Those future impacts, specific to a proposed 

project, will be disclosed through additional environmental study and the federal leasing and 

development process. 

 

Potential future impacts to air resources could result if reasonably foreseeable future actions 

were to occur. Thus, potential future oil and gas development was disclosed through the RFD 

scenarios.  Associated emissions were calculated and are disclosed in the emissions inventory.  

Potential future impacts from these emissions are described below.   
 

Effects of Future Development 

The decision to offer the identified lands for lease would not result in any direct emissions of air 

pollutants.  However, future development of these leases will result in emissions of criteria 

pollutants, including carbon monoxide, nitrogen oxides, sulfur dioxide, particulate matter, and 

volatile organic compounds.  It will also result in emissions of hazardous air pollutants and 

greenhouse gases.  Emissions of nitrogen oxides and volatile organic compounds will contribute 

to ozone formation.  Impacts resulting from development of oil and gas leases will be addressed 

in a subsequent analysis when lessees file an APD.  The analysis conducted at that time will 

determine if any contemporaneous incremental increases from project emissions cause 

significant impacts at the local and regional scales. All proposed activities including, but not 

limited to, exploratory drilling activities would be subject to applicable local, state, and Federal 

air quality laws and regulations.   

 

Any subsequent activity authorized after APD approval could include soil disturbances resulting 

from the construction of well pads, access roads, pipelines, power lines, and drilling. Any 

disturbance is expected to cause increases in fugitive dust and potentially inhalable particulate 

matter (specifically PM10 and PM2.5) in the project area and immediate vicinity. Particulate 

matter, mainly dust, may become airborne when drill rigs and other vehicles travel on dirt roads 

to drilling locations. Air quality may also be affected by exhaust emissions from engines used for 

drilling, transportation, gas processing, compression for transport in pipelines, and other uses.   

 

Potential Near field Impacts  

Potential near-field impacts for areas close to potential development sites were not evaluated for 

this analysis. Near-field effects are strongly dependent upon the characteristics of individual 

development sites such as the number of wells per pad, the types of equipment in use, 

topography, and other factors that cannot be determined (or reasonably estimated) at this time. 

This type of analysis can only be meaningfully completed once a project is proposed and more 

detailed information is available so that useful results can be obtained. Under Alternatives 2 and 

3, any future drilling of Federal minerals within the Pawnee NG boundary will require approval 

from the BLM and further NEPA analysis, including the drilling of federal minerals from private 
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surface. The near-field analysis will include estimates of nearby impacts to the following 

standards: 

1-hour and annual NO2, 

PM2.5 24-hour and annual, 

PM10 24-hour, and 

hazardous air pollutants, to include benzene, toluene, ethyl benzene, xylene, and 

formaldehyde. 

Impacts to 1-hour and 3-hour SO2, as well as 1-hour and 8-hour CO, may be included if needed; 

this will be determined on a case-by-case basis, depending on the amount of emissions and 

potential for impacts. Impacts to lead will not be assessed as oil and gas projects are typically not 

meaningful sources of lead emissions, and ozone cannot be assessed in the near-field. This 

analysis is typically performed by the BLM when approving an APD. If necessary, mitigation 

will be applied at that time as a condition of approval in order to ensure that federal and state air 

quality standards are not exceeded and that AQRV impacts are acceptable. Under Alternative 1, 

no additional leasing of federal minerals would occur and therefore there would be no additional 

NEPA analysis associated with unleased portions of the Pawnee NG, although additional 

development is likely to occur on private surface and private minerals surrounding the federal 

lands (see description of Alternative 1). 

 

Potential Far Field Impacts 

Far-field impacts that could result under these alternatives were assessed using a quantitative air 

quality model. An air quality model consists of a series of computer programs, and it is used to 

mathematically simulate atmospheric conditions and behavior. Using inputs such as meteorology 

and source emissions, an air quality model can calculate estimated pollutant concentrations in the 

air or the amount of pollution deposited (deposition) on the ground from the air.  

 

The air quality modeling results disclosed here came from a larger study conducted by the BLM 

that includes emissions from the entire continental US, but focuses on new oil and gas 

development and air quality impacts in Colorado, called the Colorado Air Resource Management 

Modeling Study (CARMMS). This study is examining the potential air quality impacts from 

future oil and gas development that might occur through the year 2021. CARMMS is an on-

going effort being conducted by the Colorado BLM for use in land management planning and 

project-specific analyses that is examining impacts to air quality from a number of different 

source groups related to oil and gas development. It is using a photochemical air quality model 

called the Comprehensive Air Quality Model with Extensions (CAMx) to quantitatively estimate 

potential impacts to air quality and related values such as visibility, deposition, and lake 

chemistry in the surrounding area and at nearby Class I and sensitive Class II wilderness areas. 

Additional details on how the study is being conducted can be found in the CARMMS modeling 

protocol (Colorado Air Resource Management Modeling Study (CARMMS), Detailed 

Descriptions of Background, Emissions Inventories and Air Quality Modeling Methodologies for 

the Study, Draft August, 2014). 

 

Emissions inventories were developed for a 2008 base case as well as a 2021 future projection 

year.  CARMMS was run using a conservative estimate of potential development (i.e., the 

projected level of development is on the high end of what is expected).  This is referred to in this 

discussion as the “2021 high scenario”. The 2021 emissions were derived from the 2020 
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emissions estimates developed under a different but complementary interagency study known as 

the Three-State Air Quality Study covering Colorado, Utah, and Wyoming. Those emissions 

estimates were updated with improved oil and gas and mining emissions estimates for use in the 

CARMMS analysis
40

. As discussed earlier, this scenario projected a potential for 354 wells to be 

developed within the larger area bounded by the extent of the PNG. The results from this 

analysis are disclosed in the Summary of CARMMS - Pawnee Grassland Modeling Results 

Report (Project File) and summarized here. These results are documented in a draft report dated 

May 2014 that was provided by BLM on June 3, 2014. 

 

The emissions inventory included all oil and gas sources within the domain, as well as on-road 

and off-road mobile sources, stationary sources, windblown dust, fires and biogenic emissions, 

agricultural emissions such as ammonia, and other miscellaneous sources.  Estimates of future 

emissions from potential oil and gas development included emissions from well pad construction 

and development, production operations and central gas compression and processing.  The 

CARMMS modeling factored in emissions mitigation from federal and state air pollution control 

regulations that are currently effective or expected to be phased in through 2020.  

 

An emissions inventory was created for the Pawnee NG potential development and analyzed 

separately as a source group in the CARMMS modeling study. The projected development 

scenario was based on the RFD developed by oil and gas resource specialists with input from 

with industry representatives and assumed a constant oil and gas development rate through the 

year 2021. This emissions scenario considered on-the-books requirements for emissions controls. 

Current EPA and Colorado emissions controls as of 2013 included New Source Performance 

Standards contained in 40 CFR Part 60 Subpart OOOO, and the analysis assumed Tier 2
41

 

drilling and completion engines for oil and gas well development. The estimated inventory for 

2021 for PNG area oil and gas development that was used in the CARMMS analysis is shown in 

Table 48 below. 
 

 

 
Table 48  Estimated Emissions from Additional Oil and Gas Development under the 2021 Development Scenario. 

Area 

Potential 

Additional 

Wells 

Additional Oil and Gas Emissions Under Maximum Development Scenario 

for Alternatives 1, 2 and 3 (tons/year) 

NOx VOC PM10 PM2.5 SO2 CO 

Pawnee National 

Grasslands--Federal 354 927 1,838 686 89 3 823 

 

                                                           
40

 For more information on how the 2021 oil and gas emissions estimates were developed, see the CARMMS 
protocol, Colorado Air Resource Management Modeling Study (CARMMS), Detailed Descriptions of Background, 
Emissions Inventories and Air Quality Modeling Methodologies for the Study, Draft August, 2014, page 3 and pp. 
30-36.  
41

 Emissions standards for nonroad diesel engines have been phased in through a tiered approach to reduce 
emissions from these engines. Higher tier numbers indicate engines meeting stricter emissions standards. For 
more information, see http://www.epa.gov/otaq/nonroad-diesel.htm. 
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The CARMMS analysis estimated impacts to air quality and related values from the various 

source groups examined, as well as cumulative impacts from emissions from all sources within 

the area considered by the model (referred to as the “modeling domain”). The model was run 

using a set of nested domains with progressively smaller grid cell sizes
42

. Emissions from all 

sources were included for all three domains. These included a 36 km domain covering the 

continental US, a 12 km domain covering the entire Rocky Mountain region, and a 4 km domain 

included the entire state of Colorado, as well as portions of eastern Utah, northeastern Arizona, 

northern New Mexico, and small portions of Wyoming, Nebraska, Kansas, Oklahoma, and 

Texas. The following map, Figure 38, shows the CARMMS 4 km air quality modeling domain; 

this is the area within which effects from oil and gas development were analyzed. Class I areas 

within the modeling domain for which impacts were assessed are shown in green on the map. 
Figure 40  CARMMS Modeling Domain 

 
 

                                                           
42

 The grid cell size of the model determines its resolution. Reducing the grid size improves the model's ability to 
reproduce differences in concentrations of atmospheric pollutants between adjacent areas. 
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Air Quality Modeling Results—Impacts from PNG Area Development 

The future year modeling (2021) was run for an entire year of 2008 weather research and 

forecasting meteorological data.  Maximum impacts from PNG sources reported by the model 

could occur at any time during the year. Impacts to NO2 concentrations due to PNG oil and gas 

emissions sources (as well as other source groups) were determined using the particulate matter 

source apportionment tool.  This tool treats all reactive gas nitrogen species, including NO, NO2, 

NO3 radical, HONO, and N2O5, as a group, so NO2 impacts resulting from specific source groups 

(such as the Pawnee NG) cannot be separately identified using the tool. In the FEIS, all reported 

impacts from Pawnee NG sources to annual NO2 concentrations included all reactive gas 

nitrogen compounds and therefore overestimated impacts to NO2 concentrations.  

  

Since the FEIS was written, additional post-processing of the CARMMS results was completed 

in order to provide a better estimate of Pawnee NG contributions to NO2 concentrations. This 

was done by determining the ratio of NO2 to reactive gas nitrogen (RGN) concentrations for all 

cumulative source emissions and applying that NO2 / RGN ratio to the RGN concentrations for 

each source group / apportionment area to obtain an estimate of NO2 in each cell for the separate 

source apportionment areas (i.e. Pawnee NG). This should provide a reasonable estimate of the 

NO2 contributions of Pawnee oil and gas sources in areas near the grasslands as these sources 

will be the largest contributors to NO2 concentrations near the Pawnee. In areas further away 

from the Pawnee NG, where Pawnee oil and gas sources (or other similar oil and gas sources) 

would have a smaller influence on the overall RGN profile (such as the Denver metropolitan area 

where there is a substantial contribution from mobile sources), this technique could 

underestimate the NO2 fraction of total RGN for the Pawnee sources. The contributions of the 

Pawnee to the daily maximum 1-hour and annual average NO2 concentrations presented in this 

document were estimated using this technique. However, the contributions of the Pawnee to NO2 

PSD increments originally presented in the FEIS were retained here. These values represent total 

reactive gas nitrogen, and are thus a conservative estimate of contributions to the NO2 

increments. 

 

Impacts of Alternatives 2 and 3 on Criteria Pollutant Concentrations and PSD Increments 

Impacts to PSD increments that would result from potential PNG area oil and gas development 

were estimated as part of the CARMMS analysis. These estimates are shown in Table 49 below.  

It should be noted that the estimated impacts to increment consumption do not constitute a 

regulatory increment consumption analysis, but are provided to assess potential contributions to 

pollutant concentrations as a way to provide a comparison with a common bench mark.  A 

regulatory increment analysis would be conducted by the regulatory authority (the Colorado Air 

Pollution Control Division) and would consider all increment consuming sources and would be 

done, when applicable, under the regulatory context of permitting new or modified major 

stationary sources of air pollution as defined in the CAA. The table shows the highest predicted 

impacts to PSD increments for any Class I or sensitive Class II area for NO2, PM10, PM2.5, and 

SO2. The annual second-highest values for the 24-hour PM2.5 impacts would be lower than those 

shown here for the highest annual values.  All values are less than 1% of the applicable PSD 

increment.  
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Table 49  Highest PSD Pollutant Concentrations at any Class I or II Area due to Emissions from PNG Area Oil and Gas 
Development (units are μg/m3). 

 
 

Impacts from possible PNG oil and gas development to the 1-hour NO2 standard are shown in 

Figure 39. The maximum modeled impact to the 8
th

-highest 1-hour NO2 concentration from PNG 

sources is 7 mg/m
3
. Impacts to the annual average NO2 concentration are shown in Figure 39. 

The maximum modeled impact to the annual average NO2 concentration from PNG sources is 2 

mg/m
3
.
 
 

 

Figure 41 Maximum Modeled  Contributions to 1 Hour Daily Maximum NO2 Concentrations from PNG 2021 Development 
Scenario.  

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

Pollutant
PSD Class I 

Increment

Max @ any 

Class I area

Percent of 

PSD Class I 

Increment

Class I Area where 

Max occurred

PSD Class II 

Increment

Max @ any 

Class II area

Percent of 

PSD Class II 

Increment

Class II Area 

where Max 

occurred

Annual NO2 2.5 0.0011 0.04% Rocky_Mountain 25 0.0006 0.00% Mount_Evans

24-Hour PM10 8 0.0351 0.44% Rocky_Mountain 30 0.0121 0.04% Mount_Evans

Annual PM10 4 0.0015 0.04% Rocky_Mountain 17 0.0008 0.00% Mount_Evans

24-Hour PM2.5 2 0.0179 0.90% Rocky_Mountain 9 0.0067 0.07% Mount_Evans

Annual PM2.5 1 0.0006 0.06% Rocky_Mountain 4 0.0003 0.01% Mount_Evans

3-Hour SO2 25 0.0005 0.00% Rocky_Mountain 512 0.0002 0.00% Mount_Evans

24-Hour SO2 5 0.0002 0.00% Rocky_Mountain 91 0.0001 0.00% Mount_Evans

Annual SO2 2 0.0000 0.00% Rocky_Mountain 20 0.0000 0.00% Mount_Evans
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Figure 42 Maximum Modeled Contributions to Annual Average NO2 Concentrations from PNG 2021 Development Scenario. 

 
 

 

Impacts from possible PNG oil and gas development to the 1-hour SO2 standard are shown in 

Figure 41. The maximum modeled impact to the 4
th

-highest daily maximum1-hour SO2 

concentration from PNG sources is 0 mg/m
3
. Impacts to the annual average SO2 concentration 

are shown in Figure 42. The maximum modeled impact to the annual average SO2 concentration 

from PNG sources is 0 mg/m
3
.
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Figure 43 Maximum Modeled Contributions to 1 Hour Daily Maximum SO2 Concentrations from PNG 2021 Development 
Scenario 
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Figure 44 Maximum Modeled Contributions to Annual Average SO2 Concentrations from PNG 2021 Development Scenario 

 
 

The 1-hour NO2 and 1-hour SO2 standards are unlikely to be exceeded except in areas very close 

to a source or group of sources. Impacts from potential oil and gas development will be 

evaluated if needed as part of a near-field analysis at the project level. For this analysis, no 

projects are proposed and the locations of potential developments cannot be determined, making 

it infeasible to perform an analysis of near-field impacts. Impacts to these standards in the 

immediate vicinity of development will be assessed if needed as part of a near-field analysis at 

the project level.  

 

Modeled contributions to the 2
nd

 highest 1-hour daily maximum and annual 2
nd

-highest 8-hour 

CO concentrations from possible PNG oil and gas development are not available. Impacts to 

these standards in the immediate vicinity of development will be assessed if needed as part of a 

near-field analysis at the project level. 
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The maximum modeled contribution from Pawnee NG sources to SO2 3-hour and 24-hour 

concentrations at any grid cell within the modeling domain was less than 1 μg/m
3
.  The 

maximum contributions to the 8
th

 highest 24-hour and annual PM2.5 concentrations due to 

emissions from Pawnee NG sources are 0.6 and 0.2 μg/m
3
, respectively.  The maximum 

contribution to the 2nd highest 24-hour PM10 from Pawnee NG sources is 3 μg/m
3
.  

 

The CARMMS analysis also projected the impacts of Pawnee NG area emissions from potential 

oil and gas development on ozone concentrations.  The CARMMS 2008 base case results 

indicate that 4th highest daily maximum ozone concentrations within the project area (Weld 

County) would range from 70-73 ppb, which is very close to the standard and agrees reasonably 

well with actual monitored values.  The CARMMS results for the 2021 reasonably foreseeable 

development scenario show a mixture of slight increases and decreases in ozone concentrations 

when compared with 2008 concentrations within the project area. The maximum modeled 

contributions from potential future Pawnee area development are shown below in Figure 43.  For 

the 2021 scenario, the maximum modelled impact of these emissions to ozone concentrations 

anywhere in the domain was 0.5 ppb (see Figure 43). The highest modelled contribution from 

Pawnee area sources to a modeled exceedance of the 8-hour ozone was 0.032 ppb in the Denver 

area. Modeled contributions to areas in northern New Mexico and eastern Utah, where 

exceedances are projected to occur, were negligible.   
 
Figure 45  Maximum Modeled Contributions to Ozone Concentrations from PNG 2021 Development Scenario. 

 
 

As shown in Figure 43, maximum contributions to ozone contributions from PNG oil and gas 

development are not expected to be more than 0.4 ppb.  The geographical extent of the 
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contributions is limited to the north-eastern part of the Colorado Front Range and southern 

Wyoming.   
 

Visibility Impacts 

Visibility impacts were calculated at all Class I and sensitive Class II wilderness areas using the 

2010 Federal Land Managers’ Air Quality Related Values Work Group (FLAG) Report 

procedures using monthly average relative humidity adjustment factors and annual average 

natural conditions.  The FLAG report details the federal lands managers’ guidance for assessing 

impacts to air quality related values, including visibility, in lands that they manage.   

 

The 2010 FLAG report states that a source whose 98th percentile value of the haze index is 

greater than 0.5 deciview (dv) (approximately 5% change in light extinction) is considered to 

contribute to regional haze visibility impairment, and a source that exceeds 1.0 dv 

(approximately 10% change in light extinction) causes visibility impairment.  The model-

predicted impacts from Pawnee NG oil and gas sources were compared against the 0.5 and 1.0 

change in deciview (Δdv) thresholds.  As shown in Table 50, below, the results indicate that the 

maximum impacts to visibility at Class I and sensitive Class II wilderness areas within the 

modeling domain were 0.13 dv at Rocky Mountain National Park, and 0.056 dv at the Mount 

Evans wilderness. There were no days of visibility impacts above 0.5 dv at any Class I or 

sensitive Class II wilderness area within the modeling domain. 
 
Table 50  Maximum Pawnee NG Impacts to Visibility (dv) 

 
 

Deposition Impacts 

The contributions of emissions from Pawnee NG oil and gas development under the 2021 

scenario to sulfur and nitrogen deposition at Class I and II areas are shown in Table 46.  These 

annual deposition amounts are compared against the 0.005 kilogram per hectare per year 

(kg/ha/yr) deposition analysis threshold (DAT) adopted by federal land managers. A DAT is 

defined as the additional amount of nitrogen or sulfur deposition below which estimated impacts 

to a Class I area, from a proposed new or modified major emission source, are considered 

negligible (FLAG 2010).  An impact above this threshold does not necessarily indicate 

significance, but it highlights the need for further study of a proposal’s potential to adversely 

impact sensitive resources such as soils, vegetation, or aquatic systems.  Tables 51 and 52 show 

the highest PNG contributions to nitrogen and sulfur deposition for the maximum and average 

across grid cells that cover the Class I and sensitive Class II wilderness areas. For both 

pollutants, the highest deposition at a Class I area occurs at Rocky Mountain National Park.  The 

highest deposition at a sensitive Class II wilderness area occurs at the Mount Evans and Lost 

Creek wilderness areas.  None of the 30 Class I areas have modeled annual nitrogen or sulfur 

deposition that exceeds the DAT.   
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Table 51  Highest Maximum and Average Nitrogen Deposition Impacts Under 2021 Scenario (kg/ha/yr.) from Pawnee NG Oil 
and Gas Development 

 
 

 
Table 52  Highest Maximum and Average Sulfur Deposition Impacts Under 2021 Scenario (kg/ha/yr.) from Pawnee NG Oil 
and Gas Development 

Analysis 

Type 

Dep @ Class 

I Area 

(kg/ha/yr.) 

Affected Class I Area 

Dep @ Class 

II Area 

(kg/ha/yr.) 

Affected Class II Area 

Maximum 0.000018 Rocky Mountain NP 0.000017 
Lost Creek and Mount Evans 

Wilderness Areas 

Average 0.000006 Rocky Mountain NP 0.000008 
Lost Creek and Mount Evans 

Wilderness Areas 

 

Impacts to Acid Neutralizing Capacity (ANC) At Sensitive Lakes 

Many headwater lakes located in wilderness areas are sensitive to acid deposition. A lake’s acid 

neutralizing capacity governs its ability to tolerate elevated acidic inputs from the atmosphere—

the lower the ANC, the lower the lake’s ability to neutralize acidic inputs. This analysis assessed 

the impacts of sulfur and nitrogen deposition on ANC for 58 lakes located in Class I areas and 

sensitive Class II wilderness areas within the domain. Lakes were chosen for this analysis based 

on their relatively low baseline ANC values. 

 

The USFS has established levels of acceptable change to ANC for sensitive lakes. For lakes with 

a base ANC > 25 micro equivalents per liter (μeq/l), the limit is no greater than a 25% change 

(decrease) in ANC. For lakes with a baseline ANC < 25 μeq/l, the limit is no greater than a 1 

μeq/l change (decrease) in ANC.  The projected changes in ANC due to nitrogen and sulfur 

deposition from the Pawnee NG 2021 High Scenario are shown in Table 53 below.  The changes 

shown in the table are absolute values and represent projected decreases in ANC.  The largest 

projected change, a decrease of 0.0064 μeq/l, is for Upper Middle Beartracks Lake in the Mount 

Evans Wilderness.  The greatest projected decrease on a percentage basis is 0.02% at Blue Lake 

in the Indian Peaks Wilderness.  Also shown in the table are the 10
th

 percentile lowest ANC 

(which is used to determine the baseline), the projected total sulfur (S) and nitrogen (N) 

deposition in kg/ha/yr., the estimated annual precipitation, the limit of acceptable change, and the 

predicted value of the 10
th

 percentile lowest ANC for the lake in 2021. All of the values are 

below the USFS limit of acceptable change threshold at all sensitive lakes.   



 

166 

 

Table 53  Projected Changes in Acid Neutralizing Capacity at Sensitive Lakes Due to Federal Oil and Gas Development Within 
the Pawnee NG Planning Area. 

Lake

10th Percentile 

Lowest ANC 

Value (µeq/L)

Total S Dep 

(kg-S/ha-yr)

Total N Dep 

(kg-N/ha-yr)
PPT (m)

Delta ANC 

(%)*

Delta ANC 

( eq/L)*

USFS LAC 

Threshold

Below 

Threshold?

2021 Hi 

Predicted 10th 

Percentile 

Lowest ANC 

Value (µeq/L)

Brooklyn Lake 101.7 0.0000 0.0000 0.898 0.00% 0.0005 <10% yes 101.7

Tabor Lake 112.4 0.0000 0.0000 0.860 0.00% 0.0005 <10% yes 112.4

Booth Lake 86.8 0.0000 0.0001 0.844 0.00% 0.0006 <10% yes 86.8

Upper Willow Lake 134.1 0.0000 0.0001 0.741 0.00% 0.0015 <10% yes 134.1

Ned Wilson Lake 39.0 0.0000 0.0000 1.158 0.00% 0.0001 <10% yes 39.0

Upper Ned Wilson Lake 12.9 0.0000 0.0000 1.158 0.00% 0.0001 <1(µeq/L) yes 12.9

Lower NWL Packtrail Pothole 29.7 0.0000 0.0000 1.158 0.00% 0.0001 <10% yes 29.6

Upper NWL Packtrail Pothole 48.7 0.0000 0.0000 1.158 0.00% 0.0001 <10% yes 48.7

Walk Up Lake 55.2 0.0000 0.0000 0.878 0.00% 0.0000 <10% yes 55.2

Bluebell Lake 55.5 0.0000 0.0000 0.883 0.00% 0.0000 <10% yes 55.5

Dean Lake 48.9 0.0000 0.0000 1.061 0.00% 0.0000 <10% yes 48.9

No Name (Utah, Duchesne - 4D2-039) 67.0 0.0000 0.0000 0.844 0.00% 0.0000 <10% yes 67.0

Upper Coffin Lake 64.9 0.0000 0.0000 0.960 0.00% 0.0000 <10% yes 64.8

Fish Lake 105.8 0.0000 0.0000 0.869 0.00% 0.0000 <10% yes 105.8

Blodgett Lake, Colorado 47.7 0.0000 0.0000 0.928 0.00% 0.0003 <10% yes 47.7

Upper Turquoise Lake 104.0 0.0000 0.0000 0.809 0.00% 0.0005 <10% yes 104.0

Upper West Tennessee Lake 114.2 0.0000 0.0000 0.904 0.00% 0.0006 <10% yes 114.2

Blue Lake (Colorado; Boulder - 4E1-040) 19.3 0.0000 0.0003 1.128 0.02% 0.0032 <1(µeq/L) yes 19.2

Crater Lake 53.1 0.0000 0.0003 1.071 0.01% 0.0027 <10% yes 53.1

King Lake (Colorado; Grand - 4E1-049) 52.3 0.0000 0.0004 0.959 0.01% 0.0042 <10% yes 52.3

No Name Lake (Colorado; Boulder - 4E1-055) 25.6 0.0000 0.0005 1.126 0.02% 0.0044 <10% yes 25.6

Upper Lake 69.0 0.0000 0.0003 1.139 0.00% 0.0024 <10% yes 69.0

Small Lake Above U-Shaped Lake 59.9 0.0000 0.0000 0.927 0.00% 0.0004 <10% yes 59.9

U-Shaped Lake 81.4 0.0000 0.0000 0.927 0.00% 0.0004 <10% yes 81.4

Avalanche Lake 158.8 0.0000 0.0000 1.282 0.00% 0.0001 <10% yes 158.8

Capitol Lake 154.4 0.0000 0.0000 1.110 0.00% 0.0002 <10% yes 154.4

Moon Lake (Upper) 53.0 0.0000 0.0000 1.110 0.00% 0.0002 <10% yes 53.0

Upper Middle Beartrack Lake 50.9 0.0000 0.0005 0.869 0.01% 0.0064 <10% yes 50.9

Abyss Lake 81.1 0.0000 0.0004 0.896 0.01% 0.0044 <10% yes 81.1

Frozen Lake 93.3 0.0000 0.0004 0.896 0.00% 0.0044 <10% yes 93.3

North Lake 80.9 0.0000 0.0004 0.896 0.01% 0.0044 <10% yes 80.9

South Lake 66.7 0.0000 0.0004 0.896 0.01% 0.0044 <10% yes 66.7

Lake Elbert 56.6 0.0000 0.0000 1.726 0.00% 0.0002 <10% yes 56.6

Seven Lakes (LG East) 36.2 0.0000 0.0000 1.546 0.00% 0.0002 <10% yes 36.2

Summit Lake 48.0 0.0000 0.0000 1.449 0.00% 0.0002 <10% yes 48.0

Deep Creek Lake 20.6 0.0000 0.0000 0.887 0.00% 0.0002 <1(µeq/L) yes 20.6

Island Lake 71.0 0.0000 0.0001 1.079 0.00% 0.0012 <10% yes 71.0

Kelly Lake 179.9 0.0000 0.0001 1.079 0.00% 0.0012 <10% yes 179.8

Rawah Lake #4 41.3 0.0000 0.0002 1.098 0.00% 0.0015 <10% yes 41.3

Crater Lake (Sangre de Cristo) 162.9 0.0000 0.0002 0.959 0.00% 0.0024 <10% yes 162.9

Lower Stout Lake 145.2 0.0000 0.0003 0.671 0.00% 0.0042 <10% yes 145.2

Upper Little Sand Creek Lake 129.5 0.0000 0.0002 1.064 0.00% 0.0025 <10% yes 129.5

Upper Stout Lake 76.3 0.0000 0.0003 0.671 0.01% 0.0042 <10% yes 76.3

Glacier Lake (Colorado) 63.4 0.0000 0.0001 1.145 0.00% 0.0005 <10% yes 63.4

Lake South of Blue Lakes 16.9 0.0000 0.0001 1.312 0.00% 0.0005 <1(µeq/L) yes 16.9

Big Eldorado Lake 19.6 0.0000 0.0000 1.128 0.00% 0.0001 <1(µeq/L) yes 19.6

Four Mile Pothole 123.4 0.0000 0.0000 1.173 0.00% 0.0003 <10% yes 123.4

Lake Due South of Ute Lake 13.2 0.0000 0.0000 1.067 0.00% 0.0001 <1(µeq/L) yes 13.2

Little Eldorado -3.3 0.0000 0.0000 1.128 0.00% 0.0001 <1(µeq/L) yes -3.3

Little Granite Lake 80.7 0.0000 0.0000 0.830 0.00% 0.0003 <10% yes 80.7

Lower Sunlight Lake 80.9 0.0000 0.0000 1.177 0.00% 0.0001 <10% yes 80.9

Middle Ute Lake 42.8 0.0000 0.0000 1.052 0.00% 0.0001 <10% yes 42.8

Small Pond Above Trout Lake 25.5 0.0000 0.0000 1.087 0.00% 0.0003 <10% yes 25.5

Upper Grizzly Lake 29.9 0.0000 0.0000 1.177 0.00% 0.0001 <10% yes 29.9

Upper Sunlight Lake 28.0 0.0000 0.0000 1.177 0.00% 0.0001 <10% yes 28.0

West Snowdon Lake 39.4 0.0000 0.0000 0.978 0.00% 0.0001 <10% yes 39.3

White Dome Lake 2.1 0.0000 0.0000 1.128 0.01% 0.0001 <1(µeq/L) yes 2.1

South Golden Lake 111.4 0.0000 0.0000 0.984 0.00% 0.0002 <10% yes 111.4

* USDA Forest Service methodology reports both Delta ANC calculations and LAC thresholds as positive quantities, however they reflect a decrease in lake ANC  

Pawnee Grasslands portion of RGFO#1
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Cumulative Ozone Impacts  

Figure 44 shows the projected cumulative impacts to the 4
th

 highest daily maximum 8-hour 

ozone concentration at locations throughout the modeling domain.  The projected values are the 

maximum predicted for each location and would not necessarily occur on the same day.  Areas 

colored in white are those with a projected maximum value at or above 76 ppb, indicating a 

projected exceedance of the standard. Other colors represent areas with projected maximum 

values at or below the standard of 75 ppb.  The projected values for the 2008 base case are 

shown on the map on the left side of the figure.  The map on the right shows projected values for 

the 2021 high development scenario. The modeling analysis predicts exceedances of the ozone 

standard in some areas, particularly in the Front Range urban area, which is consistent with 

monitoring results. The model predicts some increases and some decreases by 2021 in the 4
th

 

highest daily maximum 8-hour ozone concentration for difference areas on the map, but the 

overall extent of exceedances is predicted to decrease, particularly in the Denver area.  
 

 
Figure 46   Fourth Highest Daily Maximum 8-hour Ozone Concentrations for the 2008 Base Case (left) and the 2021 High 
Development Scenario (right) 

  

 

In addition to absolute modeling results presented above, the cumulative impacts on ozone 

concentrations were assessed using EPA’s Model Attainment Test Software, or MATS 

(http://www.epa.gov/scram001/modelingapps_mats.htm), as recommended by EPA (2007). This 

tool was used to take the relative differences in predicted ozone between the 2008 base case and 

the 2021 high development scenario and apply them to measured ozone concentrations to 

estimate future ozone design values at monitoring locations.   

 

A design value is a statistic that describes the air quality status of a given location relative to the 

level of the National Ambient Air Quality Standards. For ozone, this is the 3-year average of the 

http://www.epa.gov/scram001/modelingapps_mats.htm
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annual 4
th

-highest 8-hour ozone concentration. The MATS tool was also used to make 2021 

ozone design value predictions at locations throughout the modeling domain through the 

unmonitored area analysis procedures. The results of this analysis are shown in Figure 45 below 

for selected monitors located within the Denver nonattainment area. The figure shows the 

monitor name, EPA identifier (CID), the current design value (DVC), and the future predicted 

design value (DVF). For most of the monitored locations, modeled ozone predictions within the 

entire domain result in lower future modeled values, with the only exception being the Larimer 

monitor (within the Denver-Northern Front Range Ozone nonattainment area), which registered 

a slight increase from the baseline year to the future year (2021). Only two monitors within the 

entire domain showed future design values that would exceed the 8 hour-ozone standard in year 

2021. Predicted future design values for all of the rest of the monitored locations were below the 

standard. 
 

 
Figure 47  Baseline and Predicted Future Design Values for Ozone (ppb) Results from the Modeled Attainment Test Software 
Relative Analysis 

 
 

Cumulative Impacts to Visibility at Class I Areas 

The EPA promulgated the Regional Haze Rule to meet the Clean Air Act’s goal of the 

“prevention of any future, and the remedying of any existing, impairment of visibility in 

mandatory Class I federal areas which impairment results from man-made air pollution.”  Under 

this rule, states track trends in visibility conditions on the 20% of days with the best visibility 

(20% clearest days) and on the 20% of days with the poorest visibility (20% haziest days).  For 

the cumulative visibility analysis, visibility impacts were calculated on both the 20% clearest and 

20% haziest days at Class I areas within the modeling domain using the MATS software.  These 

results are presented in Table 54 below.  The table shows the projected 2008 base case deciview 

on the clearest and haziest days and the corresponding projections for the 2021 scenario.  The 

change for both scenarios is also shown, where a decrease in deciview indicates improving 

visibility. The modeling results suggest that on the haziest days, visibility will improve at all 

Class I areas except for Salt Creek and Capitol Reef.  On the clearest days, small increases in 

deciview are projected for a number of Class I areas, but only Bandelier National Monument, 

Capitol Reef National Park, and Salt Creek show a degradation of visibility on the clearest days 
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of more than 0.5 deciview.  No change in visibility of more than 0.7 dv is projected on the best 

days at any Class I area. For comparison, the Federal Land Managers’ Air Quality Related 

Values Work Group considers a source whose 98th percentile value of the haze index is greater 

than 0.5 deciview (dv) (approximately a 5% change in light extinction) to be contributing to 

regional haze visibility impairment. Similarly, a source that exceeds 1.0 dv change 

(approximately a 10% change in light extinction) causes visibility impairment.
43

 
 

 
Table 54  Projected Cumulative Impacts to Visibility in Class I Areas 

Class I Area 

 

IMPROVE 

Monitor 

Haziest 20% of Days (dv) Clearest 20% of  Days (dv) 

2008 

Base 

Case 

2021 

Scenario 

Deciview 

Change 

2008 

Base 

Case 

2021 

Scenario 

Deciview 

Change 

Arches NP UT CANY1 11.02 10.63 -0.39 2.86 2.97 0.11 

Mount Baldy Wilderness AZ BALD1 11.10 10.40 -0.70 2.86 2.83 -0.03 

Bandelier NM NM BAND1 11.33 11.16 -0.17 4.01 4.71 0.70 

Black Canyon of the Gunnison NM CO WEMI1 9.95 9.52 -0.43 2.25 2.39 0.14 

Bosque del Apache NM BOAP1 12.72 12.26 -0.46 5.50 5.52 0.02 

Canyonlands NP UT CANY1 11.02 10.63 -0.39 2.86 2.97 0.11 

Capitol Reef NP UT CAPI1 10.72 11.00 0.28 2.58 3.09 0.51 

Eagles Nest Wilderness CO WHRI1 8.68 8.07 -0.61 0.69 0.65 -0.04 

Flat Tops Wilderness CO WHRI1 8.68 8.07 -0.61 0.69 0.65 -0.04 

Gila Wilderness NM GICL1 11.58 11.13 -0.45 2.58 2.62 0.04 

Great Sand Dunes NP CO GRSA1 10.90 10.48 -0.42 3.58 3.64 0.06 

La Garita Wilderness CO WEMI1 9.95 9.52 -0.43 2.25 2.39 0.14 

Maroon Bells-Snowmass Wilderness  CO WHRI1 8.68 8.07 -0.61 0.69 0.65 -0.04 

Mesa Verde NP CO MEVE1 11.20 10.84 -0.36 3.12 3.18 0.06 

Mount Zirkel Wilderness CO MOZI1 9.36 8.52 -0.84 0.95 0.75 -0.20 

Petrified Forest NP AZ PEFO1 12.49 12.19 -0.30 4.54 4.70 0.16 

Rawah Wilderness CO MOZI1 9.36 8.52 -0.84 0.95 0.75 -0.20 

Rocky Mountain NP CO ROMO1 12.04 11.18 -0.86 1.91 2.00 0.09 

Salt Creek Wilderness NM SACR1 16.87 17.38 0.51 6.81 7.32 0.51 

San Pedro Parks Wilderness NM SAPE1 9.43 8.72 -0.71 1.28 1.32 0.04 

West Elk Wilderness CO WHRI1 8.68 8.07 -0.61 0.69 0.65 -0.04 

Weminuche Wilderness CO WEMI1 9.95 9.52 -0.43 2.25 2.39 0.14 

White Mountain Wilderness NM WHIT1 12.92 12.83 -0.09 3.33 3.43 0.10 

 

Cumulative Impacts to Deposition 

The CAMx model used in the CARMMS analysis predicted CAMx‐predicted wet and dry fluxes 

of sulfur‐ and nitrogen‐containing species were processed to estimate total annual sulfur (S) and 

nitrogen (N) deposition values at each Class I and sensitive Class II wilderness area. Tables 55 

                                                           
43

 Federal Land Managers ‘Air Quality Related Values Work Group (FLAG) Phase I Report—Revised (2010), 
http://www.nature.nps.gov/air/pubs/pdf/flag/FLAG_2010.pdf 
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and 56 present the maximum and average deposition values for nitrogen and sulfur under the 

2021 high development scenario due to all sources at Class I and sensitive Class II wilderness 

areas within the modeling domain. The highest predicted maximum nitrogen deposition at a 

Class I area is 8.5 kg-N/ha/yr. at Bandelier National Monument in New Mexico. The highest 

average predicted nitrogen deposition at a Class I area is 3.3 kg-N/ha/yr. at Mount Zirkel 

Wilderness in Colorado. The maximum predicted nitrogen deposition at Rocky Mountain 

National Park is 3.4 kg-N/ha/yr., and the average is 3.6 kg-N/ha/yr. Predicted sulfur deposition 

values were lower, with the highest maximum value of 1.74 kg-S/ha/yr. at Mount Baldy 

Wilderness. The highest average sulfur deposition at a Class I area is 1.2 kg-S/ha/yr. at Wheeler 

Peak Wilderness.  
 

 
Table 55  Cumulative Deposition at Class I Areas for 2021 High Development Scenario 

Class I Area 

Nitrogen- 

Max 

Nitrogen- 

Avg 

Sulfur- 

Max 

Sulfur- 

Avg 

 (kg-N/ha)  (kg-N/ha)  (kg-S/ha)  (kg-S/ha) 

Arches NP 1.67 1.56 0.22 0.20 

Bandelier NM 8.47 2.29 0.77 0.45 

Black Canyon of the Gunnison NM 2.67 2.06 0.36 0.32 

Bosque del Apache (Chupadera Unit) Wilderness 1.75 1.60 0.38 0.36 

Bosque del Apache (Indian Well Unit) Wilderness 1.87 1.69 0.37 0.35 

Bosque del Apache (Little San Pascual Unit) Wilderness 2.49 1.63 0.37 0.35 

Bosque del Apache National Wildlife Refuge 2.49 1.71 0.38 0.34 

Canyonlands NP 1.81 1.42 0.35 0.22 

Capitol Reef NP 3.22 1.55 0.40 0.22 

Eagles Nest Wilderness 2.79 2.12 0.92 0.58 

Flat Tops Wilderness 3.00 2.39 1.04 0.71 

Galiuro Wilderness 2.39 2.29 1.31 1.17 

Gila Wilderness 2.07 1.40 1.32 0.63 

Great Sand Dunes NM 4.34 2.08 0.57 0.34 

La Garita Wilderness 1.97 1.67 0.67 0.51 

Maroon Bells-Snowmass Wilderness 3.01 2.45 1.14 0.89 

Mesa Verde NP 2.92 2.53 0.58 0.49 

Mount Baldy Wilderness 2.38 1.94 1.74 1.13 

Mount Zirkel Wilderness 4.29 3.34 1.48 1.04 

Pecos Wilderness 2.98 2.29 1.42 0.86 

Petrified Forest NP 1.85 1.69 0.52 0.47 

Rawah Wilderness 3.23 2.70 1.01 0.73 

Rocky Mountain NP 3.41 2.57 1.11 0.68 

Salt Creek Wilderness 2.70 2.42 0.69 0.61 

San Pedro Parks Wilderness 2.70 2.31 1.11 0.75 

Weminuche Wilderness 3.03 2.23 1.50 0.87 

West Elk Wilderness 2.55 2.03 0.90 0.58 

Wheeler Peak Wilderness 3.10 2.76 1.54 1.22 



 

171 

 

White Mountain Wilderness 3.09 2.43 1.61 0.98 

 

 
Table 56  Cumulative Deposition at Class II Areas for 2021 High Development Scenario 

Class II Area 

Nitrogen- 

Max 

Nitrogen- 

Avg 

Sulfur- 

Max 

Sulfur- 

Avg 

 (kg-N/ha)  (kg-N/ha)  (kg-S/ha)  (kg-S/ha) 

Browns Park NWR 2.33 2.02 0.30 0.25 

Colorado NM 2.87 2.38 0.38 0.30 

Dinosaur NM 3.70 2.41 0.54 0.35 

Dinosaur NM on Colorado side 3.07 2.28 0.54 0.35 

Dinosaur NM on Utah side 3.70 2.77 0.53 0.35 

Flaming Gorge RA 3.43 2.07 0.46 0.30 

Greenhorn Mountains WA 2.76 2.33 0.91 0.57 

High Uintas WA 2.38 1.87 0.67 0.49 

Holy Cross Wild/San Isabel NF 2.33 1.99 0.74 0.52 

Holy Cross Wild/White River NF 2.68 2.06 0.92 0.60 

Hunter-Fryingpan Wild/White River NF 2.27 1.97 0.72 0.57 

La Garita Wild/Gunnison NF 1.97 1.56 0.67 0.44 

La Garita Wild/Rio Grande NF 1.90 1.63 0.63 0.49 

Lost Creek WA 2.79 2.34 0.71 0.51 

Maroon Bells-Snowmass Wild/Gunnison NF 2.53 2.18 1.00 0.79 

Maroon Bells-Snowmass Wild/White River NF 3.01 2.21 1.14 0.71 

Mount Zirkel Wild/Routt NF 4.29 3.20 1.48 0.97 

Mount Evans WA 3.16 2.35 0.76 0.53 

Raggeds Wild/Gunnison NF 2.70 2.25 1.10 0.70 

Raggeds Wild/White River NF 2.70 2.52 1.10 0.88 

Rawah Wild/Roosevelt NF 3.23 2.51 1.01 0.65 

Savage Run WA 2.60 2.16 0.72 0.52 

Spanish Peaks WA 2.81 2.49 0.86 0.69 

Weminuche Wild/Rio Grande NF 2.83 1.93 1.15 0.66 

Weminuche Wild/San Juan NF 3.03 2.36 1.50 0.95 

West Elk Wild/Gunnison NF 2.58 1.99 0.90 0.54 

White River NF 2.44 2.44 0.70 0.70 

 

Cumulative Impacts to Particulate Matter Concentrations 

There are two fine particulate (PM2.5) ambient air quality standards, one for a 24‐hour averaging 

time that is expressed as a three‐year average of the 98th percentile value in a year with a 

threshold of 35 μg/m
3
,
 
and an annual average over three‐years with a threshold of 12 μg/m

3
. With 

a complete year of modeling results, the 98th percentile corresponds to the 8th highest daily 

PM2.5 concentration in a year. Figure 46 below shows predicted values for the 8
th

 highest daily 

average PM2.5 concentration for the 2008 base case and the 2021 high scenario across the 

modeling domain. White shading indicates areas that are projected to exceed the 24-hour 

standard. The maximum 8th high 24‐hour PM2.5 in 2008 (670 μg/m
3
) and 2021 (671 μg/m

3
) 



 

172 

 

exceed the 35 μg/m
3
 NAAQS. These high values occurred on the southern border of the 

CARMMS domain and were due to emissions from wildfires. Within Colorado, the results show 

areas along and east of the Front Range are predicted to exceed the standard, and the area 

experiencing exceedances is projected to grow by 2021. 
 

   
Figure 48  Eighth highest 24-hour PM2.5 Concentrations for the 2008 Base Case (left) and the 2021 High Development 
Scenario (right). 

  
 

Figure 47 below shows the projected annual average PM2.5 concentrations for the 2008 base case 

and 2021 high development scenario. The highest annual average PM2.5 concentration is ~30 

μg/m
3
 in both the 2008 and 2021 scenarios and occurs in the southern most portion of the 

modeling domain near Ruidoso, New Mexico; this maximum value is and is due to wildfires. 

The plots indicate there are several areas where the modeled annual PM2.5 concentrations are 

projected to exceed the 12 μg/m
3
 annual ambient standard. Areas projected to exceed the 

standard areas are identified in red.  
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Figure 49  Annual Average PM2.5 Concentrations for the 2008 Base Case (left) and the2021 High Development Scenario 
(right) 

  
 

 

The maximum predicted contribution from PNG oil and gas sources to the 8th highest 24‐hour 

PM2.5 and annual PM2.5 concentrations under the 2021 high scenario are 0.6 μg/m
3
 and 0.2 μg/m

3
, 

respectively.  

 

Figure 48 shows the projected second highest daily average PM10 concentrations across the 

modeling domain for the 2008 base case and the 2021 high development scenario. This figure 

also indicates projected exceedances of the standard, as indicated by the areas colored white on 

the maps, although there are fewer exceedances than for PM2.5. The area of projected 

exceedances along the Front Range is projected to grow by 2021. Figure 49 shows the projected 

contribution of Pawnee NG oil and gas sources to PM10 contributions by 2021. The maximum 

contribution shown is 3 μg/m
3
. 
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Figure 50  Second Highest 24-hour Average PM10 Concentrations for the 2008 Base Case (top left) and 2021 High 
Development Scenario. 

 

 

 

 

 
Figure 51  Contribution of PNG Oil and Gas Sources to 2nd-Highest 24-hour PM10. 
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Figure 50 below shows the modeled change in the 2
nd

 highest daily average PM10 concentration 

from 2008 to 2021. The maximum projected change is 241.4 mg/m
3
 and occurs in north central 

New Mexico. Smaller increases in the 2
nd

 highest daily average PM10 concentration are projected 

to occur in the vicinity of the PNG.  

 
Figure 52 Modeled change in the 2nd highest  daily average PM10 concentration from 2008 to 2021 

 

 

Cumulative Impacts to SO2 and NO2 concentrations 

Figure 51 shows the projected impacts to SO2 concentrations within the modeling domain for the 

4
th

 highest 1-hour daily maximum for the 2008 base case and 2021 high development scenario. 

The 2021 high scenario shows a maximum value 212 μg/m
3
, which exceeds the standard of 196 

mg/m
3
, in Arizona. This exceedance occurred at a considerable distance from the Pawnee NG, 

and was not a result of impacts from projected Pawnee NG development. No exceedances are 

projected for the Pawnee NG area under the 2021 scenario. 
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Figure 53  Fourth highest (98th percentile) daily maximum 1-hour average SO2 concentrations for the 2008 Base Case (left) 
and 2021 High Development Scenario (right). 

  
 

Figure 52 shows the predicted 2008 base case and 2021 for the second-highest 3-hour SO2 

concentrations across the modeling domain.  The maximum predicted value for the 2021 high 

scenario is 185 μg/m
3
, which is below the 3-hour standard of 1300 μg/m

3
. 

 
Figure 54  .  Second highest 3-hour average SO2 concentrations for the 2008 Base Case (left) and 2021 High Development 
Scenario (right). 

  



 

177 

 

Figure 53 shows the modeled 2008 base case and 2021 annual average SO2 concentrations across 

the modeling domain. The maximum modeled annual concentrations are 15.2 mg/m
3
 for the 

2008 base case and 31.4 mg/m
3
 for 2021. 

 
Figure 55 .  Annual average SO2 concentrations for the 2008 Base Case (left) and 2021 High Development Scenario (right) 

 
 

Figure 54 shows the relative change in the modeled 4th highest 1 hour daily maximum and 

annual average SO2 concentrations from 2008 to 2021. The largest modeled increase in the 4th 

highest 1 hour daily maximum concentration, 91.2 g/m
3
, is located in western Colorado. The 

figure shows the modeled 4
th

 highest 1-hour daily maximum SO2 concentrations in the vicinity 

of the PNG are projected to stay the same or decrease. The largest modeled increase in the 

annual average SO2 concentration, 27.6 mg/m
3
, is located in Arizona. No change in annual 

average SO2 concentration is projected in the vicinity of the PNG.  
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Figure 56 Modeled change in the 4th highest  1-hour daily maximum (left) and  annual (right) SO2 concentrations from 2008 
to 2021 

 

NO2 NAAQS Analysis 

Figure 55 shows the modeled cumulative impacts to NO2 concentrations within the modeling 

domain for the 8
th

 highest 1-hour daily maximum for the 2008 base case and 2021 high 

development scenario. The 2021 high scenario shows a maximum value of 514.8 μg/m
3
, which 

exceeds the standard of 188 mg/m
3
, located in New Mexico near the southern edge of the 

modeling domain. 
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Figure 57 Eighth highest  daily maximum 1-hour average NO2 concentrations for the 2008 Base Case (left) and 2021 High 
Development Scenario (right) 

 
 

Figure 56 shows the modeled cumulative impacts to annual average NO2 concentrations within 

the modeling domain for the 2008 base case and 2021 high development scenario. The 2021 high 

scenario shows a maximum value of 65.6 μg/m
3
, in the vicinity of the PNG. This is below the 

standard of 53 ppb (or 99 μg/m
3
).  

 
Figure 58 Average Annual  NO2 Concentrations for the 2008 Base Case (left) and 2021 High Development Scenario (right) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

180 

 

Figure 57 shows the relative change in the modeled 8
th

 highest 1 hour daily maximum and 

annual average NO2 concentrations from 2008 to 2021. The largest modeled increase in the 8
th

 

highest 1 hour daily maximum concentration is located in the vicinity of the PNG near the 

Wyoming border in northeast Colorado, at 217.1 mg/m
3
. The largest modeled increase in the 

annual average NO2 concentration is located in approximately the same area, at 63.1 g/m
3
. 

 
Figure 59 Modeled change in the 8th highest  1-hour daily maximum (left) and  annual  NO2 concentrations (right) from 2008 
to 2021 
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Figure 58 shows the modeled cumulative impacts to CO concentrations within the modeling 

domain for the 2
nd

 highest 1-hour daily maximum for the 2008 base case and 2021 high 

development scenario. The 2021 high scenario shows a maximum value of 43,106 μg/m
3
, which 

exceeds the standard of 40,082 mg/m
3
, located in New Mexico.  Modeled CO values in the 

vicinity of the PNG are well below the standard.  
 

Figure 60 Second Highest  Daily Maximum 1-hour Average CO  Concentrations for the 2008 Base Case (left) and 2021 High 
Development Scenario (right) 
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Figure 59 shows the modeled cumulative impacts to CO concentrations within the modeling 

domain for the 2
nd

 highest 8-hour average for the 2008 base case and 2021 high development 

scenario. The 2021 high scenario shows a maximum value of 38,453 μg/m
3
, which is above the 

standard of 10,305 μg/m
3
, located in New Mexico. Modeled CO values in the vicinity of the 

PNG are below the standard. 

 
Figure 61 Second Highest  8-hour  Average CO  Concentrations for the 2008 Base Case (left) and 2021 High Development 
Scenario (right) 
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Figure 60 shows the relative changes in the modeled 2
nd

 highest 1 hour daily maximum and 2
nd

 

highest 8 hour average CO concentrations from 2008 to 2021. The largest modeled increase in 

the 2
nd

 highest 1 hour daily maximum CO concentration is located to the west of Denver, at 

2,194 mg/m
3
. The largest modeled increase in the 2

nd
 highest 8 hour average CO concentration, 

1,764.7 g/m
3
, is located over the city of Denver. 

 

Figure 62 Modeled change in the 2nd  highest  1-hour daily maximum (left) and  2nd highest 8-hour  CO concentrations 
(right) from 2008 to 2021 

 

 
 

 

Future Considerations 

All federal actions that occur within an air quality nonattainment area must comply with the 

General Conformity Rule. This rule, established by the Environmental Protection Agency under 

the Clean Air Act, ensures that federal actions that occur within a nonattainment area do not 

interfere with the state’s plan to meet air quality standards. As the southern portion of the 

Pawnee NG lies within the Denver metropolitan ozone nonattainment area, any oil and gas 

development resulting from a federal action that occurs within the nonattainment area will be 

required to meet the provisions of the general conformity rule. This determination will be 

required unless the activity causes only a small amount of emissions (below de minimis levels), 

is presumed to conform, or is otherwise exempt. If an action is not exempt and has the potential 

to emit ozone precursors (nitrogen oxides and volatile organic compounds) in excess of de 

minimis thresholds, the BLM will complete a general conformity determination  as required by 

40 CFR 93. For the Denver metropolitan nonattainment area, the de minimis levels are 100 tons 

of VOCs or 100 tons of NOx. Because there are no development projects being considered under 

this analysis and thus no known emissions inventory is available to compare to the de minimis 
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levels, a conformity analysis for any specific development proposal will be completed by the 

BLM at the project level. 

 

The proposed action being considered for this analysis is whether or not to make lands available 

for leasing. This action has been evaluated in accordance with the provisions of 40 CFR 93.153, 

which covers the applicability of conformity determinations. As stated in Subpart c, the 

conformity determination requirements do not apply to Federal actions that would result in no 

emissions increase or an increase in emissions that is clearly de minimis, or where the emissions 

are not reasonably foreseeable. 40 CFR 193.152 states that reasonably foreseeable emissions are 

“projected future direct and indirect emissions that are identified at the time the conformity 

determination is made; the location of such emissions is known and the emissions are 

quantifiable as described and documented by the Federal agency based on its own information 

and after reviewing any information presented to the Federal agency.”  

 

The act of leasing or making lands available for lease does not authorize emissions generating 

activities. Leasing itself is similar in nature to the excepted activities listed in 40 CFR 93.153, 

“Transfers of ownership, interests, and titles in land, facilities, and real and personal properties, 

regardless of the form or method of the transfer.” Furthermore, the locations and amounts of 

indirect emissions that may result in the future if parcels are leased and developed cannot be 

determined at this time, and thus there are no reasonably foreseeable projected direct or indirect 

emissions. For these reasons, this action has been found to conform and does not require 

additional analysis under 40 CFR 93. 

 

If parcels are leased and developed in the future, it is likely there would be project design 

features such as equipment sets, tanks, separators, compression engines, pump jacks, dehydration 

units, etc. that will require at least a minor new source review (i.e. permit) prior to construction. 

As stated in 40 CFR 93.153(d), “Notwithstanding the other requirements of this subpart, a 

conformity determination is not required for the following Federal actions (or portion thereof):   -  

40 CFR 93.153(d)(1) - The portion of an action that includes major or minor new or modified 

stationary sources that require a permit under the new source review (NSR) program (Section 

110(a)(2)(c) and Section 173 of the Act) or the prevention of significant deterioration program 

(title I, part C of the Act).” While the specific details of any future project are not known at this 

time, emissions from any such permitted facilities would not be subject to the general conformity 

analysis provisions. In other words, equipment and operations that undergo state air permitting 

(minor or major) would already be analyzed for their potential impacts to ozone pollution and a 

conformity analysis is not required. This permitting exemption only covers stationary sources 

that are required to obtain a permit under the New Source Review or PSD programs; a source 

that is not subject to those permitting programs would not be covered by this exemption. 

 

If parcels are leased and developed, the BLM will consider options for mitigating emissions to 

reduce impacts, if necessary, at the project level. The BLM recently developed a strategy to 

address air resource concerns within Colorado known as the Comprehensive Air Resources 

Protection Protocol (CARPP). This strategy document outlines potential mitigation measures that 

may be required of oil and gas operators to protect air resources.   

 



 

185 

 

As mentioned earlier, the CARMMS modeling study included an examination of impacts from 

potential oil and gas development of federal minerals throughout Colorado, both as regional 

source groups and cumulatively. The results from this study for many of these source groups are 

not available as of this writing but will be included in a BLM summary report in the next few 

months. In addition, future CARMMS modeling results will include two additional scenarios, 

one with a lower level of projected development, and an intermediate scenario that projects the 

same level of development as the high scenario presented here but includes additional controls 

that would lower emissions. Although the impacts presented here from Pawnee NG emissions 

alone are comparatively small, the BLM will consider cumulative impacts from oil and gas 

development within the state when considering mitigation for Pawnee NG oil and gas 

development. The BLM will also consider the results of the two additional CARMMS modeling 

runs when determining the appropriate level emissions controls. 

 

The analysis presented here provides sufficient information for this level of decision, where the 

decision under consideration is whether or not to make lands available for leasing. As there is no 

way at this time to accurately project the exact location, nature, and extent of oil and gas 

development that might occur as a result of this decision, the air quality analysis considered a 

conservative but reasonable scenario based upon the RFD that included all wells within the 

boundary of the Pawnee NG. The number of wells analyzed was somewhat higher than the 

number of wells projected under any of the alternatives, and should therefore provide an upper 

bound to potential air quality impacts. As can be seen from the modeling results presented here, 

the potential impacts to air quality from potential Pawnee NG development alone are relatively 

small and will not cause or contribute to any violations of the NAAQS. While some exceedances 

are predicted to SO2, particulate matter, and ozone standards, the individual contributions from 

the Pawnee NG to concentrations of these pollutants are extremely small.  The contributions of 

Pawnee NG sources to AQRVs (i.e. visibility and deposition) presented here for Class I and 

sensitive Class II wilderness areas are also quite small. 

 

Greenhouse Gases 

Greenhouse gases are atmospheric gases that absorb energy radiated from the earth, preventing 

that energy from being lost to space. Greenhouse gases include water vapor, carbon dioxide 

(CO2), methane (CH4), nitrous oxide (N2O), and fluorinated gases. These gases help to regulate 

the temperature of the earth by preventing the loss of heat. Without these gases, the temperature 

of the earth would be much cooler than it is. Climate is influenced by natural changes that affect 

how much solar energy reaches Earth. These changes include changes within the sun, changes in 

Earth’s orbit, and changes in the reflectivity of the Earth. 

(http://www.epa.gov/climatechange/science/causes.html)  Climate is also affected by natural 

variations in the amount of greenhouse gases present in the atmosphere. Greenhouse gases 

remain in the atmosphere for relatively long times. For example, the atmospheric lifetime of CO2 

in the atmosphere is estimated at 5 to 200 years, the lifetime of methane at 12 years, and the 

lifetime of N2O is estimated to be 114 years (http://www.ipcc.ch/ipccreports/tar/wg1/016.htm).  

 

Human activities have substantially increased the amount of greenhouse gases present in the 

atmosphere since the beginning of industrialization. The concentration of carbon dioxide, for 

example, has increased from 280 parts per million (ppm) prior to industrialization to around 400 

http://www.epa.gov/climatechange/science/causes.html
http://www.ipcc.ch/ipccreports/tar/wg1/016.htm
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ppm in 2013 (http://www.esrl.noaa.gov/gmd/ccgg/trends/)
44

. This rise in CO2 concentrations has 

been accompanied by increases in the global mean temperature. Globally the average annual 

temperature has risen since 1900 by about 1.5
o
F and is expected to rise another 2 to 10

o 
F by 

2100. The average annual temperature in the United States has risen by a comparable amount 

over the same time period but is expected to rise more than the global average over this century 

(Karl et al. 2009). 

 

The extent of changes that have occurred to the climate is becoming more certain. The 

Intergovernmental Panel on Climate Change (IPCC) has concluded in its 2013 report that: 

  

“Warming of the climate system is unequivocal, and since the 1950s, many of the observed 

changes are unprecedented over decades to millennia. The atmosphere and ocean have warmed, 

the amounts of snow and ice have diminished, sea level has risen, and the concentrations of 

greenhouse gases have increased.  Each of the last three decades has been successively warmer at 

the Earth’s surface than any preceding decade since 1850.  In the Northern Hemisphere, 1983–

2012 was likely the warmest 30-year period of the last 1400 years (medium confidence).”
45

 

 

Greenhouse gas emissions are often expressed in terms of carbon dioxide equivalents (CO2e). 

This is a measure of the quantity of carbon dioxide that would be required to produce an 

equivalent amount of warming. For example, the CO2e of carbon dioxide is 1, and for methane 

the CO2e is approximately 21. This means that methane has approximately 21 times the warming 

potential of carbon dioxide.
46

 

 

In 2005 Colorado’s greenhouse emissions were 35 percent higher than they were in 1990. They 

are projected to grow 81 percent above the 1990 levels by 2020. Climate change related impacts 

observed in Colorado in recent decades include shorter and warmer winters with reduced 

snowpack and earlier spring runoff, more precipitation falling as rain rather than snow, and 

longer periods of drought (CDPHE 2010). 

 

Energy-related activities in the United States account for three-quarters of human-generated 

GHG emissions. These activities account for 97 percent of carbon dioxide (CO2), 37 percent of 

methane (CH4) and 13 percent of nitrous oxide (N2O) emissions in the country (EPA 2010a). 

Stationary sources such as power plants make up more than half of the energy-related emissions. 

Transportation’s contribution is one third of these emissions (CDPHE 2010).  

 

The end use of natural gas is primarily as an energy source for the production of heat or 

electricity. Cleaner burning than coal, the contribution to greenhouse gases is primarily through 

emissions of carbon dioxide (CO2). A 2009 inventory of fossil fuel sources in the United States 

shows that the contribution to greenhouse gases from natural gas combustion represents about a 

third of the total carbon equivalents from emissions from electrical and heat generation. Coal’s 

                                                           
44 Dr. Pieter Tans, NOAA/ESRL (www.esrl.noaa.gov/gmd/ccgg/trends/) and Dr. Ralph Keeling, Scripps 

Institution of Oceanography (scrippsco2.ucsd.edu/).  

 
45

 http://www.ipcc.ch/report/ar5/wg1/docs/WGIAR5_SPM_brochure_en.pdf 
46

 http://epa.gov/climatechange/ghgemissions/gases/ch4.html 

http://www.esrl.noaa.gov/gmd/ccgg/trends/
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contribution is about 53 percent. Overall, natural gas combustion contributes to 17 percent of the 

greenhouse gas emissions in the United States (EPA 2011). 

 

Natural gas is one of the top three major fuel sources that contribute to the United States’ energy-

related emissions of carbon dioxide (CO2). Petroleum contributes about 42 percent of the total 

emissions, coal comes in second with approximately 37 percent, and natural gas contributes 21 

percent (DOE 2009).  

 

Aside from GHG emissions from fossil fuel consumption in the United States, the production, 

transmission, storage, and distribution of natural gas contributes to less than one percent of 

carbon dioxide (CO2) emissions and about 17 percent of methane (CH4) emissions. The source of 

most of these emissions is leakage from wells, pipelines, well-site treatment facilities, pneumatic 

devices, compressors, storage facilities, and other related systems. Emissions of carbon 

monoxide (CO), volatile organic compounds (VOCs), and nitrogen oxides (NOx) are also emitted 

but in much smaller quantities (EPA 2010a).  

 

The EPA has recognized the significance of equipment leaks and vented GHG emissions from 

both the natural gas and petroleum industries. A recent ruling by the EPA requires mandatory 

reporting of GHG from facilities that annually emit 25,000 metric tons or more of carbon dioxide 

(CO2) equivalent (mtCO2e) (EPA 2010b). In February 2014, the State of Colorado adopted new 

regulations that will affect emissions from the oil and gas industry. These include Regulation 7, 

which contains extensive requirements to control emissions of ozone precursors and 

hydrocarbons from equipment associated with oil and gas development and production.
47

 In 

addition to extensive VOC reductions, the Regulation Number 7 revisions also regulate methane 

emissions from the oil and gas industry.
48

 It also adopted Regulation 6, which incorporates the 

federal Standards of Performance for Crude Oil and Natural Gas Production, Transmission, and 

Distribution Standards contained in 40 CFR Part 60, Subpart OOOO.
49

 These provisions should 

result in lower emissions of methane and other hydrocarbons from oil and gas operations.  

 

Any subsequent development of leases for oil and gas production will lead to the emission of 

greenhouse gases, principally carbon dioxide (CO2) and methane (CH4). Table 57 gives 

estimated emissions of greenhouse gases that could result from Pawnee NG oil and gas 

development under the 2021 high development scenario. The annual greenhouse emissions 

estimates represent construction for all wells and one year of production emissions, under the 

assumption that all 354 wells would be operating at the same time; as this is unlikely to occur, 

the numbers are likely an overestimate of the maximum annual potential greenhouse gas 

emissions. Annual operating greenhouse emissions will be 85% of the total emissions shown for 

the maximum year. 
 

                                                           
47

 https://www.colorado.gov/pacific/sites/default/files/T1_AQCC_5-CCR-1001-9.pdf 
 
48

 http://www.colorado.gov/cs/Satellite?blobcol=urldata&blobheadername1=Content-
Disposition&blobheadername2=Content-
Type&blobheadervalue1=inline%3B+filename%3D%22Regulation+Numbers+3%2C+6+%26+7+-
+Fact+Sheet.pdf%22&blobheadervalue2=application%2Fpdf&blobkey=id&blobtable=MungoBlobs&blobwhere=12
51949265521&ssbinary=true 
49

 http://www.gpo.gov/fdsys/pkg/FR-2012-08-16/pdf/2012-16806.pdf 

https://www.colorado.gov/pacific/sites/default/files/T1_AQCC_5-CCR-1001-9.pdf
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Table 57  Maximum Annual Potential Greenhouse Gas Emissions from Pawnee NG Development Under the 2021 High 
Development Scenario (tons) 

CO2 CH4 N2O CO2e  
CO2e (metric 

tons) 

127,440 6,068 --- 254,859  231,269 

 

If all 354 projected wells were to be drilled in the first year and operate continuously for 25 

years, the total GHG emissions would be approximately 4,950,000 metric tons in CO2e for the 

new wells projected under all alternatives. Since it is highly unlikely that all 354 wells could be 

drilled in the first year and continue to operate at maximum production capacity for 25 years, this 

number is an overestimate of total potential greenhouse gas emissions. 

 

The figures for CO2 equivalence were computed using a global warming potential of 21 for 

methane. This is the figure used by EPA on its website. However, in a 2013 rulemaking EPA 

listed the GWP of methane as 25. If this figure is used instead of 21, the combined annual CO2e 

listed in Table 57 increases to 279,129 tons CO2e, or 253,293 metric tons. The 25-year total 

GHG emissions increases to approximately 5,500,000 metric tons, assuming all 354 wells would 

operate for all 25 years. 

 

The numbers provided in Table 57 do not include greenhouse gas emissions that would result 

from processing the extracted oil and gas into final products or from the end use of those 

products. This is because it is not possible to determine what the volume or quality of extracted 

oil and gas will be or which types of products will ultimately be derived from the oil and gas. It 

is also not possible to forecast where, how, or when products extracted from the project area will 

be used. Oil, for example, can be used to produce many types of products, including diesel fuel, 

gasoline, aircraft fuel, kerosene, motor oils, plastics, solvents, lubricants, tires, asphalt, and a 

myriad of other possible end products. Natural gas could be used for electrical generation, home 

heating, home cooking, as a vehicle fuel, in fertilizer production (via the Haber–Bosch process), 

and for other uses.  

 

For comparison, in 2010 the U.S. emissions of CO2 (including some natural sources) amounted 

to roughly 6.3 billion tons, emissions of methane totaled approximately 734 million tons in CO2 

equivalents, and emissions of N2O totaled roughly 337 million tons in CO2 equivalents. Total 

U.S. emissions of greenhouse gases in CO2 equivalents (including other greenhouse gases) was 

approximately 7.5 billion tons. When carbon sinks (i.e., losses of carbon from the atmosphere 

due to processes such as uptake by plants) are considered, net U.S. greenhouse gas emissions to 

the atmosphere were approximately 6.3 billion tons in CO2 equivalents. During the same year, 

gross greenhouse gases emitted in Colorado totaled roughly 142 million tons in CO2 equivalents, 

and net emissions (after subtracting carbon sinks) were roughly 113 million tons in CO2 

equivalents. (Center for Climate Strategies 2007). According to the EPA’s greenhouse gas 

equivalents calculator (http://www.epa.gov/cleanenergy/energy-resources/calculator.html), the 

greenhouse gas emissions shown in Table 57 in CO2e are approximately equal to the annual 

greenhouse gas emissions from 48,688 passenger cars.  

 

Emissions of greenhouse gases will contribute to climate change. The Intergovernmental Panel 

on Climate Change (IPCC) has concluded that “human influence on the climate system is 

http://www.epa.gov/cleanenergy/energy-resources/calculator.html
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clear.”
50

 However, it is not possible to predict the impact of potential Pawnee NG emissions on 

climate. Greenhouse gases are long-lived and therefore well distributed throughout the 

atmosphere. The impact of these gases to climate will also be distributed globally, but the degree 

of warming may not be equally distributed. In addition, the estimated quantity of greenhouse 

gases that could be emitted from development on the Pawnee NG is quite small relative to total 

U.S. and global greenhouse gas emissions, making it impossible to determine quantitatively the 

degree of change that might be attributable to these emissions. However, it is anticipated that the 

relative contribution of these emissions will be quite small.  

 

There are estimates of potential impacts to climate resulting from the cumulative effects of 

greenhouse gas emissions. Climate projections specific to Colorado have been reported for the 

Colorado Water Conservation Board (Ray et al. 2008). These findings include the following 

projections: 

 

 Colorado will warm by an average of 2.5 degree Fahrenheit by 2025 relative to the 1950-

1999 baseline and by an average of 4 degrees Fahrenheit by 2050. Summers will warm 

more (by an average of +5 degrees Fahrenheit) than winters (by an average of +3 degrees 

Fahrenheit). 

 The climate of the mountains will migrate upward in elevation. Winter projections 

indicate that Colorado will see less extreme cold months and more extreme warm months 

as well as more strings of consecutive warm winters. 

 No consistent trends in precipitation were detected due to a high variability in modeling 

outputs. 

 Snowpack is projected to decline in lower-elevations (below 8,200 feet) by the mid-21st 

century. During the same time period areas in Colorado above 8,200 feet are projected to 

see modest declines in snowpack. 

 During the 21st century runoff will decline in most of Colorado’s river basins. 

Hydrologic studies indicate that the Upper Colorado River Basin may see average 

decreases of runoff ranging from 6% to 20% by 2050. One statistical stream flow model 

projects that decline at 45%. 

 

Between 2000 and 2010 Colorado’s population grew by 16.9% 

(www.indexmundi.com/facts/united-states/quick-facts/colorado/population-growth#map). 

Projections of population growth estimate that the state will grow by 30% between 2020 and 

2040 (DeGroen 2012). When considering that the implications of the climate change models 

suggests a reduction in total water supply by 2050, the growth in Colorado’s population could 

exacerbate efforts by water managers and planners who already face challenges in assuring water 

supplies to existing communities.  

 

The impacts of climate change to Colorado’s water supply include a number of challenges. 

These include the following (Ray et al. 2008): 

 

 Water demands by agriculture and outdoor watering may increase as rising temperatures 

raise the rates of evapotranspiration, lower soil moisture and alter the growing season. 

                                                           
50

 http://ipcc-wg2.gov/AR5/images/uploads/WG2AR5_SPM_FINAL.pdf 

http://www.indexmundi.com/facts/united-states/quick-facts/colorado/population-growth#map
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 Reservoir operations such as flood control and storage may be affected by hydrologic 

changes in the timing and magnitude of snowmelt runoff. 

 The prior appropriation system and interstate water compacts may be further complicated 

by earlier runoff. This could affect when water rights holders receive water. Reservoir 

operation plans may have to be amended.  

 Warmer temperatures may place higher energy demands on hydropower plants. Cooling 

of power plants may be affected as lake and stream temperatures rise. 

 Increases in temperature and changes in soil moisture may result in a shift of mountain 

habitats toward higher elevations. 

 Forest health may respond to changes in air, water and soil temperatures. The 

relationships between forests, surface and ground water, insect pests and wildfire may be 

modified. For instance, water-stressed trees may be more vulnerable to insect outbreaks. 

 Increased stream temperatures may stress aquatic ecosystems leading to the spread of in-

stream non-native species and diseases to higher elevations.  

 Changes in the timing and magnitude of stream flow may affect riparian ecosystems and 

increase the potential for non-native species to invade riparian areas.  

 Water and snow-based recreational pursuits may also be impacted. Changes in reservoir 

storage could affect lake and river recreation activities dependent on reservoir releases. 

Changes in stream flow timing and magnitude will impact rafting and fishing. Changes in 

the timing and character of snowpack will influence winter recreation activities. Tourism 

could be impacted. 

 With changes in long-term precipitation and/or soil moisture, ground water recharge rates 

may be affected. This could exacerbate an already challenging water supply issue as a 

growing population places increasing demands for water leading to greater pressures to 

develop groundwater resources. 
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3.11 Geology/Minerals 

 
3.11.1   Fluid Minerals Existing Condition  

 

The Pawnee National Grasslands (PNG) occupies the northern portion of the Denver Basin, 

which is an asymmetrical Laramide-age structural basin that is approximately oval in shape, 

stretched north to south, with a steeply dipping western flank and a gently dipping eastern flank.  

The greatest thickness of sedimentary rocks or axis of the Denver Basin lies parallel to the Front 

Range roughly on a line between Denver and Cheyenne, Wyoming.  The axis plunges southward 

toward Denver, the deepest part of the Denver Basin.  The sedimentary rocks of the Denver 

Basin range from Cambrian (Paleozoic) aged through undifferentiated alluvial deposits of 

Quaternary age.  The sedimentary rocks rest on a Precambrian basement of metamorphic and 

igneous rocks that do not outcrop in the basin.   

 

The fresh water bearing Upper Cretaceous Fox Hills Sandstone crops out along the western, 

southern, and eastern side of PNG.  The southern and eastern Fox Hills outcrop follows the 

South Platt River from Greeley through Sterling.  The western outcrop follows the course of US 

Route 85 northward.  The Fox Hills is typically flat lying or dipping slightly westward under the 

PNG.  The upper most Cretaceous-aged Laramie Formation and the Tertiary-aged White River 

Formations outcrop across the PNG.  The thick Pierre Shale underlies the Fox Hills Sandstone 

but does not outcrop in the PNG.  The oil prospective Cretaceous-aged Niobrara Formation lies 

below the Pierre Shale.  Older Upper Cretaceous rocks below the Niobrara Formation separate it 

from the oil and gas prospective Muddy and Dakota sandstones of Lower Cretaceous age.  These 

rocks are in turn underlain by Jurassic and Triassic aged rocks that separate them from the oil 

prospective Permian aged Lyons Sandstone.  While many oil producing zones underlie the PNG, 

not all are currently productive or actively drilled there. 

 

Mineral Resources  

Federal mineral resources are categorized into three distinct groups (leasable, salable and 

Locatable) that are defined by various laws that provide for their management and disposition. 

The PNG are acquired lands that were once in private ownership.  As a consequence locatable 

minerals are treated like leasable minerals.  The geologic setting of the PNG creates favorable 

conditions for the occurrence of leasable (oil, gas and coal) and salable (sand, gravel, etc.) 

mineral resources. Otherwise locatable minerals (typically hydrothermal and placer deposits) are 

unlikely in the Pawnee Grasslands.  However, stratiform uranium deposits do occur in the Upper 

Cretaceous Fox Hills Sandstone that lies above the hydrocarbon bearing rocks of the Niobrara 

Formation.  The Niobrara is the current target of oil and gas development in the PNG.   

 

Mineral Resources – Leasable  

The category of traditionally Leasable Minerals (on federal lands) was established as a result of 

the Mineral Leasing Act of 1920. This act removed certain minerals from location under the 

Mining Law of 1872 and authorized the Secretary of Interior to issue leases for their extraction 

(currently applies to coal, phosphate, sodium, potassium, oil, oil shale, gilsonite, and natural 

gas). The act applies to National Forest lands reserved from the public domain, including lands 

received in exchange for timber or other public domain lands and lands with minerals reserved 
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under special authority. The Federal Onshore Oil and Gas Leasing Reform Act of 1987 

(FOOGLRA) amended the Mineral Leasing Act of 1920 as described in Chapter 1, Relevant 

Laws, Regulations, and Guidance Documents. 

 

Oil and gas are produced primarily from Cretaceous aged rocks across the Denver Basin; 

however some production occurs from older Paleozoic formations.  The Denver Basin contains 

about 1,500 oil and (or) gas fields, concentrated along a northeast trend stretching from Denver 

into southwestern Nebraska.  This trend is south of the PNG.  These fields are “traditional” in 

that they commonly have a water contact below the hydrocarbon accumulation and a trapping 

mechanism that inhibits hydrocarbon migration in an otherwise permeable reservoir.  They have 

limited lateral extent that is bounded by the trapping mechanism and the oil-water contact.  They 

exclude reservoirs that exhibit unusually low pressure and permeability.  Non-traditional 

reservoirs have low permeability and no down-dip water contact.  They cannot be produced by 

traditional development practices that rely on sufficient reservoir permeability for oil flow 

without stimulation.  Non-traditional reservoirs can be laterally extensive bounded only by the 

quality and quantity of the hydrocarbons present and the lithologic properties of the host rock. 

Current drilling in the PNG typically targets non-traditional oil reservoirs in the Niobrara 

Formation that are continuous in nature.   

 

Development of Oil and Gas in the Pawnee National Grasslands 

 

The current oil and gas interest in the PNG is principally in the Upper Cretaceous Niobrara 

Formation.  Older, deeper oil and gas producing formations exist in the PNG, but interest in them 

is not presently significant.  The Niobrara Formation is being exploited by non-traditional means 

while the older formations are traditional targets. 

 

The Denver Basin, one of the largest sedimentary basins in the Rocky Mountain Region, was 

created during the Laramide Orogeny 60 to 80 million years ago. The basin is asymmetric with a 

gentle east flank and a faulted to very steeply dipping west flank. Source rock intervals for the 

Cretaceous include the Skull Creek, Mowry, Graneros, Carlile, Niobrara, and lower Pierre 

(Sharon Springs) shales. In the past, most production in the basin came from the Lower 

Cretaceous Muddy (D) and Muddy (J) sandstones. In the area of the Wattenberg Field south of 

the PNG production is found in the Dakota, J, D, Greenhorn, Codell, Niobrara, Hygiene, and 

Terry units. The Wattenberg area is a geothermal “hot spot” (Higley et al., 2003; Higley et al., 

1992; Meyer and McGee, 1985). The principal reason for all the stacked pays in Wattenberg is 

the high temperature anomaly, which is inferred to be related to the Colorado Mineral Belt, 

which extends beneath the Denver Basin in the Wattenberg area (Higley et al., 2003).   The high 

temperature anomaly along with the depth of burial of the source rocks converted the organic 

material contained in the source rocks to oil and gas. New discoveries in the Niobrara in the 

Denver Basin include Hereford Field northeast of Wattenberg, which is being developed with 

horizontal drilling and multi-stage hydraulic-fracture stimulations. 

 

The PNG has a relatively low density of oil and gas development in comparison to existing wells 

within the Royal Gorge Planning area.  As of January 2013, there are 62 wells located on 

approximately 43,000 leased acres of the PNG which are used for oil and gas production, water 

injection, and monitoring. 



 

193 

 

 

Niobrara Geology 

 

The Niobrara Petroleum System consists of petroleum source beds and reservoir units within the 

Niobrara Formation, and it is also the source of hydrocarbons for reservoirs in the overlying 

Cretaceous Mesaverde sandstones (Terry and Hygiene). Thermogenic (thermally mature) oil and 

gas accumulations occur in the deeper part of the Denver Basin whereas biogenic gas 

accumulations occur on the shallow east flank of the basin. The Niobrara thermogenic 

production turns from gas to oil as the geothermal gradients decrease in all directions away from 

the Wattenberg “hotspot.”  The area of thermally mature Niobrara source rocks is probably in the 

eastern half of the PNG.  We assume that petroleum exploration will be successful in 50% of the 

PNG and that success will be largely in the eastern block. 

 

 

The Niobrara Formation in the Denver Basin is a marine deposit consisting of interlayered shale, 

limestone and chalk beds with limited silt and sand layers.   The Niobrara was formed in the 

Cretaceous seaway that extended across North American connecting the warm waters to the 

south with the cold waters of the north.  Water circulation in the seaway brought warm southern 

water northward on the eastern side of the seaway and cold polar water southward along the 

western side.  The water circulation pattern and the source of sediment to the west in what is now 

Utah caused thicker clay and sand deposition to the west and more limestone and chalk 

deposition to the east.  Westward from the Denver Basin the Niobrara grades into the thick 

Mancos Shale in western Colorado.  The Niobrara Formation of the PNG was more influenced 

by the warm southern waters and is characterized by limestone and chalk rather than clays, silts, 

and sands.   

 

The Niobrara Formation of the PNG area is composed of the Fort Hayes Limestone Member at 

its base and the overlying interbedded Smokey Hill Member.  The Smokey Hill Member has 

three limestone/chalk layers and intervening organic rich shale layers.  The Smokey Hill Member 

is thicker than the Fort Hayes member and is important to the formation’s oil production.  The 

shales of the Smokey Hill Member are the source rocks for the oil and the interbedded limestone 

and chalks are the reservoirs in which the oil is held.  The target of horizontal drilling is always 

the most chalk-rich beds (R & R the Niobrara RMAG Ch1 Pg. 19).  The organic material of the 

Niobrara Formation source rocks in at least the eastern half of the PNG is thermally mature 

because it was buried deep enough and exposed to an increase in heat associated the Wattenburg 

hotspot for a long enough time to generate oil.   

 

Number of Wells per Pad 

 

The RFDS estimates that 4 wells may be drilled on each pad north of Greater Wattenberg area, 

which includes the PNG (Page 21).   Niobrara wells will most likely be drilled vertically to a 

depth of about 6000 feet and the laterals “kicked off” from that point. The laterals are horizontal 

extensions form the kick off point and extend up to 1.5 miles or more from that point.   

 

According to the RFDS the number of wells that will be drilled on the USFS lands in the Pawnee 

area north of the non-attainment area is 126.  These are expected to be horizontal wells drilled 
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from pad locations that may host 4 or more wells per pad.  The RFDS indicates that the average 

number of wells per pad in the planning area is 3.2 wells and that about 67% of the new wells 

permitted (at the time of the RFDS preparation based on numbers from 2011).  The RFDS says 

that in the area north of the Wattenberg AQNAA development will proceed (after initial stages 

of exploration) with pads averaging at least 3 wells per pad.  In fact, the RFDS cites pads with as 

many as 16 wells and counts about 500 pads with from 4 to 8 wells per pad in the Greater 

Wattenberg AQNAA (pg 21).   

 

Geometry of the PNG Acreage 

 

The PNG is spread in two blocks separated by a north-south band of mostly private with some 

state lands that is one and a half townships (9 miles) wide in Weld County.  The Niobrara 

Formation in the eastern block is currently undergoing the most intense development.  The PNG 

land pattern in this block is more fragmented than in the western block.  While the average size 

of discrete tracts of PNG mineral estate are approximately the same in both blocks, there are 

more and larger interspersed tracts of private lands in the eastern block.   

 

Hydraulic Fracturing and Horizontal Drilling 

 

Hydraulic fracturing (HF) is a well stimulation process used to maximize the extraction of 

underground resources – oil, natural gas and geothermal energy. The HF process includes the 

acquisition of water/mixing of chemicals, well perforating and production zone fracturing, and 

HF flow-back disposal. 

 

Prior to the development of hydrocarbon bearing low permeability formations, domestic 

production of conventional resources had been declining.  In response to this decline, the federal 

government in the 1970’s through 1992, passed tax credits to encourage the development of 

unconventional resources.  It was during this time that the HF process along with horizontal 

drilling was further advanced to include the high-pressure multi-stage fracking of long horizontal 

“laterals” drilled into tight or low permeability rocks.  

 

The HF process involves the injection of a fracturing fluid and most often a proppant that is 

typically sand into the hydrocarbon bearing formation under sufficient pressure to further open 

existing fractures and/or create new fractures.  This allows the hydrocarbons to more readily 

flow into the wellbore.  HF coupled with horizontal drilling has gained interest recently as 

hydrocarbons previously trapped in low permeability tight sand and shale formations are now 

technically and economically recoverable.  As a result, oil and gas production has increased 

significantly in the United States.  

 

Horizontal wells reach far greater areas of an oil and gas reservoir than do vertical wells with far 

fewer surface acres disturbed.  Multiple horizontal wells can be drilled from a single surface 

location or drilling pad.  Horizontal wells are lateral extensions that can reach out from the 

surface location up to two miles or more.  The typical horizontal well in the Niobrara Formation 

in the Greater Pawnee National Grasslands (PNG) starts as a vertical well drilled to a depth of 

about 6,000 feet.  At that depth the well is deviated into the horizontal and extends outward to its 

total horizontal reach.  Multiple wells are drilled from a single pad each with a horizontal 
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extension or lateral.  The wells on a common pad are spud about 30 to 50 feet apart.   The 

laterals from the individual wells on the same pad are drilled parallel to each other separated by a 

distance that maximizes hydraulic fracking efficiency.  The laterals from each pad are typically 

drilled in opposed directions at 180 degrees separation.  Laterals from half the wells on the pad 

may be drilled to the north and the other half to the south.   

 

Generally, HF can be described as follows: 

 

1. Water, proppant, and chemical additives are pumped at extremely high pressures down the 

wellbore. 

2. The fracturing fluid is pumped through perforated sections of the wellbore and into the 

surrounding formation, creating fractures in the rock. The proppant holds the fractures open 

during production of the well. 

3. Company personnel continuously monitor and gauge pressures, fluids and proppants, 

studying how the propping agent reacts when it hits the bottom of the wellbore, slowly 

increasing the density of proppant to water as the frack progresses. 

4. This process may be repeated multiple times, in “stages” of a few hundred to a thousand 

feet or more along the entire length of a horizontal well bore that may be several thousand 

feet long.  The wellbore is temporarily plugged between each stage to maintain the highest 

water pressure possible and get maximum fracturing results in the rock. 

5. The plugs are drilled or removed from the wellbore and the well is tested for results. 

6. The pressure is reduced and the fracturing fluids are returned up the wellbore for disposal 

or treatment and re-used, leaving the sand in place to prop open the fractures and allow the 

oil/gas to flow. 

 

Operational Issues 

 

Wells that undergo HF may be drilled vertically, horizontally, or directionally and the resultant 

fracture induced by HF can be vertical, or horizontal, or both. Wells in the PNG extend to depths 

of 6,000 to 7,000 feet, and horizontal sections of a well may extend up to 2 miles from the 

production pad on the surface. 

 

The total volume of fracturing fluids is generally 95-99% water. In the Niobrara oil play, up to 5 

million gallons may be used to fracture a horizontal well (much of which will be recovered for 

treatment, reuse and/or approved disposal). 

 

Drilling muds, drilling fluids, water, and hydraulic fracturing fluids are stored in onsite tanks 

during the drilling and/or completion process. Equipment transport and setup can take several 

days, and the actual HF and flowback process can occur in a few days.  For oil wells, the 

flowback fluid from the HF operations is treated in an oil-water separator before it is stored in a 

lined pit or tank located on the surface.  

 

Gas emissions associated with the HF process are captured when the operator utilizes a green 

completion process. Where a green completion process is not utilized, gas associated with the 

well may be vented and/or flared until “saleable quality” product is obtained in accordance with 

Federal and state rules and regulations. The total volume of emissions from the equipment used 



 

196 

 

(trucks, engines) will vary based on the pressures needed to fracture the well, and the number of 

zones to be fractured. Emissions associated with a project, and HF if proposed, will be analyzed 

through a site specific NEPA document to ensure that the operation will not cause a violation 

under the Clean Air Act.  

 

Beginning 1 January 2015, new source performance standards require green completion for new 

natural gas wells completions and natural gas wells re-completions.  New wells in the DJ Basin 

may produce large quantities of natural gas, oil and condensate, and may be viewed by the BLM 

as natural gas wells at the permitting APD stage.  Conditions of Approval (COA) may be applied 

to new Federal wells in the DJ Basin requiring green completion regardless of well type 

classification (gas or oil well) given the location of the new oil and gas development relative to 

the Ozone NAA.  The O&G industries typically describe green completion as a routine process 

for oil and gas development in this area.  However, the Niobrara Formation in the PNG area 

typically contains oil with very little, if any, gas and condensate produced.   

 

High amounts of dust and combustion emissions typically accompany drilling, completion, and 

hydraulic fracturing related traffic.  Multiple near-field particulate matter (PM) short-term (24-

hour average) modeling analyses have been completed for development related traffic that show 

that high-levels of dust control are needed to achieve air quality compliance. The BLM routinely 

requires enhanced dust mitigation.  

 

Emissions calculators used by the BLM are based on oil industry input. These calculators assume 

multiple engines totaling 10,000 – 15,000 horse power used for hydraulic fracturing. These 

engines usually only operate for short-durations, but could lead to short-term air quality concerns 

such as NO2 1-hour impacts. The BLM usually places a COA that all large development related 

engines are required to meet EPA Tier 2 or better Diesel Engine Standards.  

 

Under either completion process, wastewaters from the HF process may be disposed in several 

ways. For example, the flowback water may be stored in tanks pending reuse; the water may be 

re-injected using a permitted injection well, or the water may be hauled to a licensed facility for 

treatment, disposal and/or reuse. Water containing certain air polluting compounds may require 

permitting. 

 

Disposal of the waste stream following establishment of “sale-quality” product would be handled 

in accordance with Onshore Order #7 regulations and other state/federal rules and regulations.  

 

Fracturing Fluids  

As indicated above, the fluid used in the HF process is approximately 95% to 99% water and a 

small percentage of special-purpose chemical additives and proppant.  There is a broad array of 

chemicals that can be used as additives in a fracture treatment – including, but not limited to, 

hydrochloric acid, anti-bacterial agents, corrosion inhibitors, gelling agents (polymers), 

surfactants, and scale inhibitors. The 1-5% of chemical additives translates to a minimum of 

5,000 gallons of chemicals for every 1.5 million gallons of water used to fracture a well. Water 

used in the HF process is generally initially acquired from surface water or groundwater in the 

local area. 
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Potential Sources of Water for Hydraulic Fracturing 

Freshwater-quality water is required to drill the surface-casing section of the wellbore per federal 

regulations; other sections of the wellbore (intermediate and/or production strings) would be 

drilled with appropriate quality makeup water as necessary. This is done to protect usable water 

zones from contamination, to prevent mixing of zones containing different water quality/use 

classifications, and to minimize total freshwater volumes. With detailed geologic well logging 

during drilling operations, the bottoms of these usable water zones are identified by the 

geologists/mud loggers on location, which aids in the proper setting of casing depths.  

 

Below is a discussion of the sources of water that could potentially be used for hydraulic 

fracturing. The decision to use any specific source is dependent on BLM authorization at the 

APD stage and the ability to satisfy the water appropriation doctrine. From the operators’ 

standpoint, their decision will be primarily driven by the economics associated with procuring a 

specific water source.  In some cases water acquisition, use, and re-use may require permits from 

proper authorities.  The operator will be responsible for all necessary permits and authorizations 

that are required by other federal, state and local authorities. 

 

(1)  Irrigation water leased or purchased from a landowner.  

The landowner may have rights to surface water, delivered by a ditch or canal that is used 

to irrigate land.  The operator may choose to enter into an agreement with the landowner 

to purchase or lease a portion of that water. This is allowable, however, in nearly every 

case, the use of an irrigation water right is likely limited to irrigation uses and cannot be 

used for well drilling and HF operations. To allow its use for drilling and HF, the owner 

of the water right and the operator must apply to change the water right through a formal 

process.  

 

(2) Treated water or raw water leased or purchased from a water provider.  

The operator may choose to enter into an agreement with a water provider to purchase or 

lease water from the water provider’s system. Municipalities and other water providers 

may have a surplus of water in their system before it is treated (raw water) or after 

treatment that can be used for drilling and HF operations. Such an arrangement would be 

allowed only if the operator’s use were compliant with the water provider’s water rights. 

 

(3) Water treated at a waste water treatment plant leased or purchased from a water provider. 

The operator may choose to enter into an agreement with a water provider to purchase or 

lease water that has been used by the public, and then treated as wastewater. 

Municipalities and other water providers discharge their treated waste water into the 

streams where it becomes part of the public resource, ready to be appropriated once again 

in the priority system. But for many municipalities a portion of the water that is 

discharged has the character of being “reusable.” As a result, it is possible that after 

having been discharged to the stream, it could be diverted by the operator to be used for 

drilling and HF operations.  

 

(4) New diversion of surface water flowing in streams and rivers.  

New diversion of surface waters are rare because the surface streams are already “over 
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appropriated,” that is, the flows do not reliably occur in such a magnitude that all of the 

vested water rights on those streams can be satisfied. Therefore, the only time that an 

operator may be able to divert water directly from a river is during periods of high flow 

and less demand. These periods do occur but not reliably or predictably. 
 

(5) Reused or Recycled Drilling Water.  

Water that is used for drilling of one well may be recovered and reused in the 

construction of subsequent wells. The BLM encourages reuse and recycling of both the 

water used in well drilling and the water produced in conjunction with oil or gas 

production.  However, the operator must obtain the right to use the water for this purpose. 

 

(6) On-Location Water Supply Wells.  

Operators may apply for, and receive, permission from the state to drill and use a new 

water supply well. These wells are usually drilled on location to provide an on-demand 

supply. These industrial-type water supply wells are typically drilled deeper than nearby 

domestic and/or stock wells to minimize drawdown interference, and have large capacity 

pumps.  

 

Potential Impacts to Usable Water Zones 

 

Potential risks to surface and underground sources of usable waters may occur at various points 

in the oil and gas development process.  

 

Impacts to or contamination of groundwater can come from point sources, such as chemical 

spills, damaged or leaking chemical storage tanks (aboveground and underground), industrial 

sites, landfills, household septic tanks, oil and gas well sites, and associated fluid pits, and 

mining activities. Groundwater contamination may occur through a variety of operational 

sources which may include, but are not limited to, pipeline and well casing failure, well (gas and 

water) drilling and construction of related facilities, and spills.  Similarly, improper construction 

and management of open fluids pits and production facilities could degrade ground water quality 

through leakage and leaching. 

 

Hydrocarbons or associated chemicals for oil and gas development, including HF fluids in excess 

of standards for minimum concentration levels, migrating into culinary water supply wells, 

springs, or usable water systems, could result in these water sources becoming non-potable.  

Water wells developed for oil and gas drilling could also result in a draw down in the quantity of 

water in nearby residential areas depending upon the geology; however it is not possible to 

predict whether or not any such water wells would be developed at this point in time.   

 

Usable groundwater aquifers are most susceptible to pollution where the aquifers are shallow 

(within 100 feet of the surface depending on surface geology) or perched, are very permeable, or 

connected directly to a surface water system, such as through floodplains and/or alluvial valleys 

or where operations occur in geologies which are highly fractured and/or lack a sealing 

formation between the production zone and the usable water zones. If an impact were to occur, a 

greater number of people could be affected in densely populated areas.  

 

Potential impacts on usable groundwater resources from fluid mineral extraction activities can 
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result from the three following scenarios:  

(1) Contamination of aquifers through the introduction of drilling and/or completion fluids 

through spills or drilling problems such as lost circulation zones. 

(2) Communication of the induced hydraulic fractures with existing fractures potentially 

allowing fluid migration into usable water zones/supplies. The potential for this impact is 

likely dependent on the existence and extent of natural fractures, the depth separating the 

target zone and the aquifer, rock type(s), and the local hydraulic gradients where those 

fluids are dissolved in the water column. 

(3) Cross-contamination of aquifers/formations that results when fluids from a deeper 

aquifer/formation migrate into a shallower aquifer/formation due to improperly cemented 

well casings. 

 

The above impacts could occur as a result of the following processes: 

 

Improper casing and cementing.  

A well casing design that is not set at the proper depths or a cementing program that does not 

properly isolate necessary formations could allow oil, gas, or HF fluids to contaminate other 

aquifers/formations.  

 

Natural fractures, faults, and abandoned wells. 

If HF of oil and gas wells result in new fractures connecting with established natural fractures, 

faults, or improperly plugged dry or abandoned wells, a pathway for gas or contaminants to 

migrate underground could be created posing a risk to water quality.  

 

Fracture growth. 

A number of studies and publications report that the risk of induced fractures extending out of 

the target formation into an aquifer—allowing hydrocarbons or other fluids to contaminate the 

aquifer —may depend, in part, on the depth separating the targeted fractured formation and the 

aquifer.  For example, according to a 2012 Bipartisan Policy Center report, the fracturing process 

itself is unlikely to directly affect freshwater aquifers because fracturing typically takes place at a 

depth of 6,000 to 7,000 feet, while drinking water aquifers are typically less than 1,000 feet deep. 

 Fractures created during the HF process have not been shown to span the distance between 

the targeted formation and freshwater bearing zones.   

 

Fracture growth and the potential for upward fluid migration, through coal and other geologic 

formations depend on site-specific factors such as the following: 

 

(1) Physical properties, types, thicknesses, and depths of the targeted formation as well as 

those of the surrounding geologic formations. 

(2) Presence of existing natural fracture systems and their orientation in the target 

formation and surrounding formations. 

(3) Amount and distribution of stress (i.e., in-situ stress), and the stress contrasts between 

the targeted formation and the surrounding formations. 

(4) Hydraulic fracture stimulation design including volume of fracturing fluid injected into 

the formation as well as the fluid injection rate and fluid viscosity.  
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Fluid leak off and recovery (flowback) of HF fluids. 

Not all fracturing fluids injected into the formation during the HF process are recovered. It is 

theorized that fluid movement into smaller fractures or other geologic substructures can be 

sufficient that flowback efforts will not recover all the fluid.  Also, the pressure reduction caused 

by pumping during subsequent production operations may not be sufficient to recover all the 

fluid that has entered the formation. It is noted that the loss of fluids due to movement into small 

fractures and pores is minimized by the use of cross-linked gels.  

 

Willberg et al. (1998) conducted an analysis of HF flowback and described the effect of pumping 

rates on cleanup efficiency in initially dry, very low permeability (0.001 md) shale. Some wells 

in this study were pumped at low flowback rates (less than 3 barrels per minute (bbl/min). Other 

wells were pumped more aggressively at greater than 3 bbl/min. Thirty-one percent of the 

injected HF fluids were recovered when low flowback rates were applied over a 5-day period. 

Forty-six percent of the fluids were recovered when aggressive flowback rates were applied in 

other wells over a 2-day period. In both cases, additional fluid recovery (10 percent to 13 

percent) was achieved during the subsequent gas production phase, resulting in a total recovery 

rate of 41 percent to 59 percent of the initial volume of injected HF fluid. Ultimate recovery rate, 

however, is dependent on the permeability of the rocks, fracture configuration, and the surface 

area of the fracture(s). 

 

The ability of HF chemicals to migrate in an undissolved or dissolved phase into a usable water 

zone is dependent upon the location of the sealing formation (if any), the geology of the sealing 

formation, hydraulic gradients and production pressures.  

 

HF Fluids can remain in the subsurface unrecovered, due to “leak off” into connected fractures 

and the pores of rocks. Fracturing fluids injected into the primary hydraulically induced fracture 

can intersect and flow (leak off) into preexisting smaller natural fractures. Some of the fluids lost 

in this way may initially remain very close to the well bore after traveling minimal distances in 

the hydraulically induced fracture, before being diverted into other fractures and pores. Once 

“mixed” with the native water, local and regional vertical and horizontal gradients will dictate 

where and if these fluids will come in contact with usable water zones. Localized flow patterns 

may be altered slightly by the presence of faults, folds, joints, etc. as discussed below.   

 

The following processes can influence effective recovery of the fracture fluids: 

 

(1) Check-Valve Effect:  

A check-valve effect occurs when natural and/ or newly created fractures open and HF 

fluid is forced into the fractures when fracturing pressures are high, but the fluids are 

subsequently prevented from flowing back towards the wellbore as the fractures close 

when the fracturing pressure is decreased (Warpinski et al., 1988; Palmer et al., 1991a).  

Also, a long fracture can be pinched-off at some distance from the wellbore. This 

reduces the effective fracture length.   HF fluids trapped beyond the “pinch point” are 

unlikely to be recovered during flowback and oil/gas is unlikely to be recovered during 

the production phase. 
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In most cases, when the fracturing pressure is reduced, the fracture closes in response to 

natural subsurface compressive stresses. Because the primary purpose of hydraulic fracturing 

is to increase the effective permeability of the target formation and connect new or widened 

fractures to the wellbore, a closed fracture is of little use. Therefore, a component of the HF 

process is to “prop” the fracture open, so that the enhanced permeability from the pressure-

induced fracturing persists even after fracturing pressure is terminated. To this end, operators 

use a system of fluids and “proppants” to create and preserve a high-permeability fracture-

channel from the wellbore deep into the formation. 

 

The check-valve effect takes place in locations beyond the zone where proppants have been 

emplaced (or in smaller secondary fractures that have not received any proppant). It is 

possible that some volume of stimulation fluid cannot be recovered due to its movement into 

zones that were not completely “propped” open. 

 

(2) Adsorption and Chemical Reactions   

Adsorption and chemical reactions can also prevent HF fluids from being recovered. 

Adsorption is the process by which fluid constituents adhere to a solid surface and are 

thereby unavailable to flow with groundwater. Adsorption to coal is likely; however, 

adsorption to other geologic material (e.g., shale, sandstone) is likely to be minimal. 

Another possible reaction affecting the recovery of fracturing fluid constituents is the 

neutralization of acids (in the fracturing fluids) by carbonates in the subsurface. 

 

(3) Movement of Fluids Outside the Capture Zone   

Fracturing fluids injected into the target zone flow into fractures under very high pressure. 

The hydraulic gradients driving fluid flow away from the wellbore during injection are 

much greater than the hydraulic gradients pulling fluid towards the wellbore during 

flowback and production (pumping) of the well. Some portion of the fracturing fluids could 

be forced along the hydraulically induced fracture to a point beyond the capture zone of the 

production well. The size of the capture zone will be affected by the regional groundwater 

gradients, as well as by the drawdown caused by producing the well. If fracturing fluids 

have been injected to a point outside of the wells capture zone, they will not be recovered 

during flowback or during production of the well. Site-specific geologic, hydrogeological, 

injection pressure and production pumping details should provide the information needed 

to estimate the dimension of the production well capture zone and the extent to which the 

fracturing fluids might disperse, and dilute. 

 

(4) Incomplete Mixing of Fracturing Fluids with Water  

Steidl (1993) documented the occurrence of a gelling agent that did not dissolve completely 

and actually formed clumps at 15 times the injected concentration in an induced fracture. 

Steidl also directly observed, in his mined-through studies, gel hanging in stringy clumps in 

many other induced fractures. As Willberg et al. (1997) noted, laboratory studies indicate 

that fingered flow of water past residual gel may impede fluid recovery. Therefore, some 

fracturing fluid gels appear not to flow with groundwater during production pumping and 

remain in the subsurface unrecovered. Such gels are unlikely to flow with groundwater 

during production, but may present a source of gel constituents to flowing groundwater 

during and after production.  
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Protective Measures: 

 

The following measures are often taken to prevent impacts to surface and useable groundwater 

including drinking water: 

 

Wells to be hydraulically fractured are typically set back away from all surface water and 

drinking water wells by some prescribed distance.  This gives an added assurance that the 

fracking process will not impact surface water and drinking water wells. 

 

Surface water and drinking water well water may be tested for indicator parameters both before 

and after the hydraulic fracturing procedure to determine initial water quality and water quality at 

some appropriate time after the fracking procedure.  This provides a baseline water quality and 

may clearly indicate if these waters were impacted. 

 

Monitoring wells may be required in some circumstances to determine water quality.  These 

wells would be tested for indicator parameters both before and after the fracking procedure. 

 

Old wells near hydraulic fracturing sites (within 1,500 feet in Colorado) must be identified and 

monitored.  In many cases they must be evaluated for integrity and repaired or properly 

abandoned prior to the hydraulic fracturing activity.  This prevents the high pressures of 

hydraulic fracturing from entering the old wells and potentially bridging the isolating formations 

between the target formation and shallower useable groundwater zones or flowing to the surface.  

It is possible that some of these old wells may be located on Federal No Surface Occupancy 

leases.  The permitting process for the HF procedure will address the impacts of re-entering these 

old wells and prescribe suitable COAs to protect all resources.  Typically re-entering old wells 

does not require the same level of surface disturbance as does drilling new wells.  The equipment 

required to re-enter old wells is smaller than that required for drilling wells, access requirements 

are minimal (i.e. roads) and the time on location is much shorter than that for drilling. 

 

All new oil and gas wells are cased below the deepest useable water zone and the casing is 

isolated from the useable water zones with cement.  The wells are drilled to some prescribed 

depth below the useable water zone, steel casing is installed and centered from the surface to the 

bottom of the well, and cement is forced by pumping through a special “shoe” at the bottom of 

the casing until it returns to the surface in the annular space between the casing and the borehole 

wall.  A cement bond log may be required to confirm that cement surrounds the casing 

throughout its length.  Additional “strings” of casing may be run as needed to further protect the 

well and shallower formations.  This procedure isolates all zones below the casing from the 

useable water zones behind the casing. 

 

3.11.2   Fluid Minerals Environmental Consequences 
 

Alternative 1-No Leasing 

With regard to federal minerals, only existing leases can be developed under the existing lease 

terms in this alternative.  The amount of federal unleased lands will climb if existing 

undeveloped leases expire and no new leases are issued.  The federal oil and gas resource that is 
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not leased will be lost from production as these minerals are bypassed.  This can already be seen 

as recently drilled horizontal wells or laterals terminate about 600 feet from the unleased federal 

mineral boundary.  The federal mineral estate is typically fragmented and individual federal 

tracts are probably too small to justify future drilling by themselves.  These small parcels do not 

contain sufficient hydrocarbon resources to justify stand-alone development costs.  If they are 

bypassed, the oil and gas contained therein will in all likelihood be lost from production.  Those 

laterals that terminate near boundaries abutting unleased lands cannot be extended into the 

unleased lands at some later date if those lands become leased.  Some private oil and gas will 

also be lost from production because wells and the associated laterals are restricted from 

approaching closer than 600 feet to lease boundaries.  Given the generally positive reception of 

oil and gas development in the local community the decision not to lease may not be supported 

by that population. 

 

About 30% of the PNG is leased at this time (spring 2014).  Therefore, only 30% of the oil 

contained within the PNG lands can be developed under the no leasing alternative. 

Approximately 178 million barrels of oil and 356 MCF of gas will be produced from federal 

minerals under the no leasing alternative.  However, approximately 5 and a half billion barrels of 

oil in unleased federal minerals and 2 billion barrels of juxtaposed private and state oil will be 

bypassed assuming that 50% of the Greater PNG contains recoverable oil.  

 

More land in the Greater PNG will be disturbed with the No Leasing Alternative than if all 

federal lands were leased.  The federal lands are scattered in relatively small tracts across the 

Greater PNG.  Unleased federal lands will not stop development of adjacent state and private 

lands because the state and private lands contain enough hydrocarbons to be economically 

viable, even if the intervening federal tracts are avoided.  However, avoiding the federal tracts 

creates inefficiencies in the ideal drilling plan.  The ideal drilling plan contains the fewest 

number of wells, pads, and associated roads and pipelines capable of developing all of the 

hydrocarbon resources.  It assumes that all lands are available and that there are no obstructions 

to be avoided, such as unleased lands.  Avoiding an obstruction and still developing 

hydrocarbons on both sides of the obstruction requires drilling wells on both sides of the 

obstruction rather than drilling horizontal wells though the obstruction from a single surface 

location.  That means that more pads and more associated infrastructure will be needed to 

develop resources on all sides of unleased federal lands.   In a typical case, significantly more, 

possibly even doubling of, pads and other infrastructure will be required to bypass unleased 

federal minerals than to fully develop all federal, state and private minerals (see Figure 36).  It 

should also be noted that energy companies tend to avoid locating surface facilities particularly 

drilling pads on federal surface.  While the ideal drilling plan assumes that all lands are available, 

drilling horizontal wells from multi-well pads allows energy companies to avoid locating 

facilities especially drilling pads on federal surface  
 

Even with the No Leasing Alternative we anticipate that the 40,000 acres currently under lease 

will be developed.  They will not expire given the anticipated high success rate for drilling the 

Greater Wattenberg AQNAA, they will be drilled, and with a very high chance of success will be 

held by production.  Leases that are held by production do not expire until they are no longer 

capable of production.  . 
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Figure 63  Example of Parcel Development with and without Federal Minerals 
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Alternative 2-No Action 

 All unleased federal minerals that are available for leasing in the 1997 Forest Plan ROD 

(approximately 146,367 acres) may be leased and the oil and gas developed.  Lease stipulations 

in the 1997 plan would be applied.  They include no surface occupancy and timing restrictions.  

Assuming that the leases are issued in a timely manner when the industry is actively drilling in a 

particular area, no federal minerals will be bypassed and there will be no impact on the amount 

of petroleum products that will be produced.  If, however, the leases are not timely issued, as is 

presently the case in some situations, some federal minerals may be bypassed and some 

additional surface disturbance may be encountered even on leased federal surface.  Bypassing 

unleased minerals typically causes inefficiencies in ideal drilling development plans.  Additional 

drilling locations are necessary to access minerals on both sides of unleased blocks that could 

have been accessed with fewer drilling locations.    It is possible that some of the increased 

surface locations may fall on leased federal lands depending on the configuration of the leased 

versus unleased blocks.  In that case more drilling locations on federal lands may result from 

unleased minerals.  It is also assumed that some leased lands may be encumbered with no surface 

occupancy (NSO) and timing restrictions that will not restrict horizontal drilling from off-site 

locations under those NSO and timing restricted blocks.   

 

Assuming that all unleased federal minerals will be leased and that all the federal minerals can be 

accessed by drilling locations either on the leased lands or from off-site locations with horizontal 

wells 100% of the federal minerals will be developed.  In that case 590 million barrels of oil and 

1180 MCF of gas will be produced from the federal leases.  No federal minerals or juxtaposed 

state and private minerals will be lost from production. 

 

 

Alternative 3-Leasing with No Surface Occupancy (NSO) 

 

Few impacts are anticipated for development of the Niobrara Formation by horizontal wells with 

this alternative.  Drilling of long laterals with multiple wells collocated on a common drilling pad 

greatly reduces the number of surface locations necessary for complete or nearly complete 

development of the subsurface resources.  The industry has a long history of efficiently planning 

development and avoiding surface locations on federal lands.  Given the scattered tracts of 

relatively small size of federal estate in the Greater PNG very few drilling pads would likely be 

planned for federal surface.  In fact, the PNG administers only about 10% of the total mineral 

estate in the Greater PNG.  A “straight-line” assumption would place 10% of the pads and wells 

on federal administered lands.  However, it is very likely that federal locations will not be 

proposed at a rate at or above the straight-line assumption of 10%.  Most surface locations will 

probably be proposed on non-federal surface.  No leasing, not NSO, causes the most critical 

impact to hydrocarbon exploration, production, and surface disturbance.   

 

NSO will impact wells that are drilled vertically to traditional targets.  Traditional targets are 

limited in lateral extent and must be accessed by wells that are generally located vertically above 

the target.  The current interest is in the non-traditional target of the Niobrara Formation.  

However, deeper targets have been productive in the Denver Basin and are ideally produced by 

vertical wells.  In fact, these deeper targets would probably not be developed if they were 

thought to be small in size under the NSO alternative. 
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Production of oil and gas under this alternative is similar to the No Action Alternative.  

Assuming that all the federal minerals can be accessed by drilling from off-site locations with 

horizontal wells, 100% of the federal minerals will be developed.  In that case, 590 million 

barrels of oil and 1180 MCF of gas will be produced from the federal leases.  No federal 

minerals or juxtaposed state and private minerals will be lost from production. 

 

3.12 Recreation  

Introduction 
 

No oil and gas development is being proposed in this analysis, only leasing options are being 

considered.  This means that there will be no direct impacts to recreation since direct impacts 

refer to effects caused by an action which occurs at the same time and place.  Since there is no 

immediate development being proposed in this study, the effects of well development will be 

indirect and cumulative since they will happen at a later date in the foreseeable future.  Further 

environmental analysis at the site-specific level will need to be conducted when the locations of 

the wells are identified to determine direct effects from well development and construction.   

 

For the reason that there is no oil and gas development proposed, the alternatives will use a 

Reasonable Foreseeable Development (RFD) scenario for analysis.  The RFD was developed by 

the Bureau of Land Management and contains information on existing and projected wells.   

 

3.12.1   Affected Environment Recreation 
 

There are seven key components for recreation that will be analyzed per alternative.  These are: 

 

(1) Research Natural Areas (RNA):  There are three proposed RNAs within the analysis 

area.  These are the Indian Caves Proposed RNA (approx. 385 acres), the little Owl 

Creek Proposed RNA (approx. 1,105 acres), and the Keota Proposed RNA (approx. 825 

acres).  (Approximately 2,315 total acres of RNAs) 

 

(2) Special Interest areas (SIA):  There are two on the Pawnee National Grasslands.  The 

Prairie Ecosystem Demonstrations areas SIA and the Pawnee Buttes SIA.  .  

(Approximately 11,460  total acres of SIAs) 

 

(3) The Recreation Opportunity Spectrum (ROS):  Two classifications are found in the 

project area.  These are Roaded Natural (approx. 13,335 acres) and Rural (approx. 

179,440 acres) 

 

(4) Developed Recreation:  Two developed sites exist within the analysis area:  Crow 

Valley Recreation Area (approx. 16 acres) and the Pawnee Buttes Trailhead 

(approximately .3 acres)   
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(5) Dispersed Recreation: Several dispersed activities occur on the Pawnee National 

Grassland.  For the purpose of this study, the dispersed activities will include: 

motorized recreation (Main Draw OHV Area and Trailhead approx. 175 acres), bird 

watching, hiking (approx. 1.5 designated miles), and recreational target shooting (Baker 

Draw Designated Shooting Area approx. 130 acres)   

 

(6) Recreation Special Uses: The Pawnee National Grasslands administers seven special 

use permits to outfitter and guides for bird tours and a recreation event. 

 

(7) Scenic Byways: The Pawnee Pioneer Trails Scenic Byway is the only scenic byway 

that transverses the Pawnee National Grassland.  (Approx. 128 miles)
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Figure 64  Recreation Components on the PNG 
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3.12.2   Recreation Environmental Consequences 
 

Research Natural Areas (RNA) and Special Interest areas (SIA) 

 

No Action Alternative Indirect Effects for Both Short and Long Term: 

 

While the RNAs within the Pawnee Nation Grassland are proposed RNAs, they still fall 

under the 2.2 Research Natural Areas management area direction in the 1997 Forest Plan 

revision.  This means that they are to be managed as RNAs.  Under the Forest Plan 

direction, RNAs and SIAs, with the exception of the Pawnee Buttes SIA, are managed 

under the No Surface Occupancy (NSO) stipulation.  The purpose of this stipulation is to 

protect the values for which the areas were designated.  There would be no negative 

indirect effects, either short or long term, of the No Action alternative because these areas 

would remain under the NSO stipulation. As such, there will be no construction activities 

or well pads established within these specially designated areas.  The values for which 

these areas were designated will continue to be protected and there would be no change 

to the resource caused by this alternative.   

 

The Pawnee Buttes SIA is identified as No Lease in the 1997 Forest Plan decision.  

Similar to the NSO stipulation, there would be no surface disruption within the Pawnee 

Buttes SIA.  Consequently, there would be no negative indirect impacts either short or 

long term as a result of this alternative on the Pawnee Buttes SIA .   

 

It is a positive that this alternative continues to protect the recreation component.  The 

intensity scale would rate as negligible however because there would be no change to 

these recreation components from the No Action alternative.   

 

No Action Alternative Cumulative Effects: 

 

Although there would no negative indirect effects from this alternative, there would be 

cumulative impacts. These impacts would result from the development of lands already 

leased within the vicinity, or from the future leasing and development of surrounding 

non-forest lands.  If these lands were to be developed, the sense of place the RNAs and 

SIAs offer would be permanently altered.  The open natural spaces these areas possess 

would appear encroached upon as the boundaries of the RNAs and SIAs are not readily 

apparent on the ground. The scenic values of these areas would be compromised as well 

pads pepper the landscape and break up view sheds around these areas, and the feeling of 

being out in nature would be compromised by the presence of engineered oil and gas 

development within in the vicinity of these undeveloped lands.   

 

In terms of recreation values, the Pawnee Buttes is the most popular of these areas on the 

Grasslands.  This is a destination place with unique characteristics that cannot be found 

elsewhere with the main attraction being the Pawnee Buttes.  Some popular activities in 

this area include hiking, equestrian use, and wildlife watching.  This alternative will 

actually serve to intensify the described cumulative impacts to this particular SIA because 

the impacts are affecting a finite destination resource that is irreplaceable considering the 
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opportunities sought there and the fact that it is the only place the Buttes exist within the 

Grasslands.    

 

Under the Impact Intensity scale, the cumulative impacts would rate as Moderate 

Adverse as the resources would be negatively impacted, but it would not be detrimental 

to the RNAs and SIAs as some protections from the NSO stipulation would remain in 

place.    This rating would remain in effect until the well pads were removed and 

reclaimed.  

 

 

The Recreation Opportunity Spectrum (ROS):   

 

No Action Alternative Roaded Natural Indirect Effects both Short and Long Term: 

 

The Roaded Natural designation provides for an environment that is naturally appealing 

with moderate evidence of the sights and sounds of people.  This designation also states 

that such evidence usually harmonizes with the natural environment.   

 

Under the No Action alternative, the setting for which this designation provides for 

would be negatively impacted both in the short and long term.  Short term construction 

activities would exceed a moderate level of sights and sounds of human activities and 

constructed well pads would negatively impact a naturally appealing environment.   

 

In the short term, the sights of construction traffic, construction noise, and other 

construction activities will negate the purpose of the Roaded Natural designation which is 

to provide a natural setting with only moderate evidence of human activity.  Human 

activity associated with well pad development will escalate beyond the intended levels 

and recreational visitors will be negatively impacted by high levels of noise and 

disruption not associated with the Roaded Natural experience.  In addition, this level of 

disruption will not be harmonious with the natural setting as called for under this 

designation.  

 

In the long term, constructed well pads will detract from the natural environment by 

introducing highly industrial equipment and paraphernalia in an otherwise natural setting 

as described under this designation.   Visitor experience will be intruded upon by such 

development when seeking the opportunities and settings the Roaded Natural designation 

provides.   

 

On the Impact Intensity rating, the indirect negative impacts caused by the No Action 

alternative on the Roaded Natural designation would fall under Major Adverse for as 

long as the wells are in place.  The recreational opportunity spectrum will be altered by 

this alternative and the Roaded Natural definition will no longer apply to the natural 

setting it requires.   

 

No Action Alternative Roaded Natural Cumulative Effects 
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Given that Roaded Natural makes up only 7% of the Pawnee National Grassland, it is a 

scarce resource on the Grasslands.  Over time and in the foreseeable future, as more well 

pads are developed within the Roaded Natural area, the more this scarce resource will be 

diminished.   

 

The Roaded Natural classification defines a user's experience to be one that is naturally 

appealing with only moderate evidence of people.  It also restricts development levels so 

that the user's experience is retained at that level.  Oil and gas development is not 

compatible with this definition as it introduces development that is not naturally 

appealing given its industrialized purpose.  If oil and gas development encroaches on this 

ROS portion of the Grassland, the restriction on development will be annulled and the 

experience level it provides will be lost.  Since this ROS level is not defined on any other 

portion of the Grasslands, the loss would be significant. 

 

On a broader scale, aside from the loss of Roaded Natural acres on the Pawnee National 

Grassland, it would also be a loss of Roaded Natural acres for the entire Arapaho and 

Roosevelt National Forests.  The Forest and Grasslands have predetermined areas and 

acres assigned to each ROS class.  The loss of Roaded Natural acres would decrease the 

total acres of Roaded Natural across the entire Forest in addition to the Grasslands.   

 

The Impact Intensity would fit into the Major Adverse category.  This alternative would 

have a detrimental effect on the Roaded Natural ROS class by reducing a limited resource 

even further while the well pads are in place. 

 

 

No Action Alternative Rural Indirect Effects both Short and Long Term: 

 

To be designated as Rural in the ROS, the natural environment is culturally modified yet 

attractive (i.e. pastoral farmlands) and allows for backdrops that may range from 

alterations not obvious to dominant.   

 

Under the No Action alternative, oil and gas development will have moderate effect on 

the Rural designation since this designation allows for alterations to the landscape that 

can be dominant.  While this ROS class allows alterations that can be dominant however, 

it also defines the environment as culturally modified yet attractive.  The No Action 

alternative would negatively impact this criteria by introducing an environment that is 

industrially modified versus culturally modified.   

 

In the short term, well pad construction activities will have a negative impact on the 

Rural ROS by introducing activities not congruent to a natural environment even if 

culturally modified.  Noise, dust, traffic congestion, and the progressive assembly of 

industrial infrastructure will infringe on the natural character of the Rural classification 

by detracting from the sense of place this ROS classification provides.   

 

For the long term, established well pads will alter the landscape more than intended by 

this classification which emphasizes a rural setting.    Cultural development is within the 
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scope of this classification, but industrialized development is not.   Cultural denotes 

development that is agricultural in nature versus development that is industrial in nature 

such as oil and gas development.  This will ultimately alter the landscape from a rural 

sense of place to one that is more engineered in nature.  The Rural classification is meant 

to offer recreational visitors a natural environment devoid of such development.  As such, 

oil and gas pads will diminish the user's recreational experience overall.    

 

On the Impact Intensity rating, the impacts to the Rural classification by the No Action 

alternative would fall into the Moderate/Major Adverse categories.  This classification 

does allow for alternations in the backdrop that may be dominate, however such 

alternations are meant to be more cultural in nature than developed. This rating would 

remain applicable while the wells are on the ground.  

 

No Action Alternative Rural Cumulative Effects: 

 

Oil and gas development may dissuade visitors who are seeking a rural sense of place 

from visiting areas on the Grassland that have commercial development.  As more 

development takes place, the more the sense of place characterized by this ROS 

classification is diminished.  This may result in visitors traveling to other parts of the 

Grassland to find this experience as 93% of the Pawnee falls under this classification.  

This could increase user impacts in other areas of the Grasslands.     

Given that 93% of the Pawnee falls under the Rural ROS class, the vast majority of all of 

the current oil and gas development has already taken place within this ROS designation.  

This puts additional pressure on the remaining acres to provide the level of user 

experience prescribed under this ROS class.  As oil and gas development continues to 

take place within this ROS classification (which is all of the Pawnee except for the 

13,335 acres of Roaded Natural), the more the level of development will exceed the 

experience level intended by this designation.  This makes the Rural ROS designation 

obsolete depending on where oil and gas development takes place.  

 

For the Impact Intensity scale, the cumulative impacts under the No Action alternative 

would be moderately adverse as some natural setting would still be provided under this 

alternative.  This rating would be in effect for as long as the well pads are on the ground 

and before reclamation. 

 

 

Developed Recreation:   

 

The Crow Valley Recreation Area and the Pawnee Buttes SIA, in which the Pawnee 

Buttes Trailhead is located, are not available for leasing as directed by the 1997 Forest 

Plan decision.   

 

No Action Alternative Developed Recreation Indirect Effects both Short and Long Term: 

 

In the short term, there would be no construction activities associated with well pad 

development.  The recreation experience and camping opportunities at the Crow Valley 
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Recreation Area will remain undisturbed under this alternative and the opportunities 

provided at Pawnee Buttes Trailhead will also remain undisturbed.  Recreationists 

seeking these facilities will not be hindered by construction traffic nor other activities that 

accompany the development of oil and gas pads.   

 

In addition to the recreational setting, the developed facilities at these locations will also 

remain protected.  The Forest and Grasslands have spent considerable capital 

improvement funds to construct these facilities and spend funds every year to maintain 

them.  Should these facilities become damaged or impacted during construction efforts, 

the cost of repair and maintenance would increase, putting financial strain on the 

managing unit.  The No Action alternative prevents this from happening and continues to 

protect the capital improvements the Forest Service has invested in at these facilities.   

 

There will be no negative indirect effects in the short term by this alternative because 

there will be no construction activities taking place.       

 

In the long term, developed wells pads will not infringe on either developed site since 

development is prohibited within these areas.   

 

The no leasing designation would keep the values associated with the camping and 

trailhead experience intact while also protecting capital improvements and investments at 

these facilities.  There would be no negative indirect effects to these recreation resources 

under the No Action alternative.   

 

It is a positive that this alternative protects the recreation experience at both The Crow 

Valley Recreation Area and the Pawnee Buttes Trailhead by not allowing the impacts of 

oil and gas development.   The intensity scale would rate as negligible however because 

there would be no change to these recreation components from the No Action alternative.   

 

No Action Alternative Developed Recreation Cumulative Effects: 

 

Despite the fact that the developed recreation sites on the Pawnee are not available for 

leasing, there would still be cumulative effects resulting from this alternative.  These 

impacts would result from the development of lands already leased within the vicinity, or 

from the future leasing and development of surrounding non-forest lands. Consequently, 

there are lands near these sites that are available for leasing or are already leased.  If these 

adjacent lands were to be developed, the primitive outdoor experiences offered at both 

the campground and trailhead would be impacted by the introduction of mechanized 

equipment and industrialized machinery into the close by environment.   

 

The Crow Valley Recreation Area offers not only the single developed camping 

opportunity on the Grassland, but also a bird watching route within its boundaries that 

attracts various types of birders.  Well development within visibility on the adjoining land 

would serve to detract from the natural setting and sense of place normally associated 

with primitive camping experiences such as that found at Crow Valley.  This detraction 

could decrease visitation to the site for which it was intended and may displace 
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recreationists to other areas of the Forest with developed campsites.  Likewise, the 

opportunity cannot be replaced in kind because the Crow Valley Recreation Area has the 

only developed campground within the area or on the Forest that offers a grassland type 

setting and developed bird watching opportunities within its boundaries.      

 

The Pawnee Buttes Trailhead would also yield similar cumulative effects in that the sense 

of place would be negatively impacted and the feel of wide open spaces would be 

encroached upon by well placement within its vicinity.  Trail users may displace to other 

areas of the Forest as a result however, as is with Crow Valley Recreation Area, this 

developed trailhead is within (and accesses) a unique area with natural features and 

characteristics that cannot be found within the vicinity or elsewhere on the Forest.  

 

On the Intensity Scale, the cumulative impacts would rate as Major Adverse under this 

alternative for as long as the well pads are in place. The Forest Plan designated these 

areas as non-leasable in order to protect the activities and special settings these two areas 

provide.  The cumulative impacts would change the character of these sites for which 

they were granted that protection.   

 

 

Dispersed Recreation 

 

The No Action alternative does not provide stipulations for oil and gas activities for the 

dispersed recreational activities being analyzed under this study.    Dispersed recreation 

includes: 

 

 

No Action Alternative Motorized Recreation:   

The Pawnee National Grasslands offers one designated Off-Highway- Vehicle (OHV) 

area for motorized enthusiasts. The Main Draw OHV Area provides a two-mile long 

draw or gully which is popular for various types of off road vehicles.    Use numbers 

average between 30 to 50 riders a day per weekend with an open period of November 1 

to April 9 (use data is currently not available for weekdays).  Forest Plan direction for the 

Pawnee Nation Grasslands also provides direction to maintain this opportunity.   

  

No Action Alternative Motorized Recreation Indirect Effects for Both Short and Long 

Term: 

 

In the short term, motorized recreation may be negatively impacted by traffic congestion 

related to well pad construction.  These impacts will depend on where those pads are 

being constructed and if they impede access to the OHV area.  This negative impact will 

result from the obstruction of use for which the area was designated for.    

 

In the long term, if a well pad is constructed within the OHV area itself, the use will be 

negatively impacted by the loss of opportunity proportionate to the acreage occupied by 

the well pad or pads.    
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For both short and long term effects, the impact intensity rating would rate at Major 

Adverse depending on well pad placement in relation to the Main Draw OHV area.  If a 

well pad is placed within the OHV area, it will equate to the loss of land available to 

motorized use within restricted boundaries.  The rating would remain as Major Adverse 

for as long as the well(s) remained within the OHV area.   

 

No Action Alternative Motorized Recreation Cumulative Effects: 

 

If final well pads are located in a way that causes the loss of the motorized opportunity 

within the designated OHV area, motorized users may displace to other areas in search of 

similar opportunities.  Illegal off-road routes may be created and new impacts may be 

introduced into other areas of the Pawnee currently not experiencing such resource 

impacts.    Ultimately however, the topography of the Grasslands is not favorable for 

replacing the opportunity lost at the OHV area.  This equates to a once designated 

opportunity being completely lost.  In addition, this will also result in users disbursing to 

other areas of the Arapaho-Roosevelt National Forest.  Resource impacts, user conflicts, 

user congestion, and impacts to roads will increase in other areas of the Forest because of 

this displacement.   Current motorized issues will increase along known OHV 

opportunities and new issues will be created as new areas are discovered for this use 

throughout the Forest for as long as the well pads are in place on the ground.   

 

On the Impact Intensity scale, cumulative effects to motorized use will rate at Major 

Adverse for the reasons stated above. 

 

 

No Action Alternative Bird Watching:  

Bird watching is one of the two highest uses on the Grasslands, recreational shooting 

being the other.  Over 3,000 people visit the Grasslands for this activity in addition to the 

300 client days offered by special uses permittees offering bird tours throughout the year.  

The Pawnee is an internationally known destination for birding activities.  It offers 

several different species of birds, including those unique to the grassland, for birding 

enthusiasts to enjoy.  The Pawnee has been featured in various online publications 

specific to birding, including the Cornell Lab of Ornithology.  The Audubon Society has 

also designated the Pawnee National Grasslands as an important birding area in 2000 

making it an integral part of global bird conservation.  There is a 21 mile self-guided bird 

route, several concentrated bird watching areas, and outfitter guides that offer paying 

customers birding tours through special use permits from the Forest Service.   

 

The No Action alternative does not provide stipulations to cover bird watching and so 

offers the following effects to birding on the Grasslands: 

 

No Action Alternative Bird Watching Indirect Effects for Both Short and Long Term: 

 

In the short term, construction activities can negatively affect bird watching activities in 

various ways.   
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Increased traffic along roads used to access birding areas could lead to traffic congestion, 

possible traffic delays and impeded access to the viewing areas.  Dust from increased 

traffic on newly constructed or existing dirt roads may interfere with visibility of the 

birds.  Construction activities may also scare birds away from popular viewing areas as 

well.  Noise from the construction sites will also degrade the quality of the recreation 

experience by disrupting the natural environment in which birding occurs on the 

Grassland.     

 

Under the No Action alternative, if construction site access is established along the 

designated bird touring route, traffic will negatively interfere with bird watching by 

creating disturbance along the route in the same manner as mentioned above.   

 

In the long term, the bird watching experience will be altered for as long as the well pad 

is in place.  With no stipulations for the concentrated bird watch areas or along the bird 

route, viewing will be obstructed, specifically sought birds may avoid the area, and the 

bird watching experience will be degraded as the landscape is transitioned from a rustic 

sense of place to a more commercial one.  Along the self-guided bird route, there will 

also be the permanent loss of interpretive stops depending on where the wells are located 

along the route and if the birds being interpreted at that stop begin to avoid the area.         

 

For short term and long term effects, the No Action alternative will rate at Major Adverse 

on the intensity scale.  The effects would be highly detrimental to the recreational activity 

of bird watching on the Grasslands.  The effects would lead to loss of opportunity by 

obstructing views, potentially scaring away specific birds from viewing sites (including 

birds unique to the Grasslands), and by changing the character of the environmental 

setting in which the birds are observed.   

 

No Action Alternative Bird Watching Cumulative Effects: 

 

Both the concentrated birding areas and bird route have acreage in areas already leased 

for oil and gas in addition to leasable land.  Under the No Action alternative, there would 

be no stipulations safeguarding bird watching from oil and gas activities.  This means 

cumulative impacts to birding would result from two different scenarios.  The first being 

well pad development on new leases and the other from well pad development on lands 

already leased.  The cumulative impacts would affect birding in two different aspects.  

The birds may be affected which would change birding opportunities and the watching 

activities themselves would be impacted even if the birds were not.   

 

Depending on placement on adjacent lands, as newly constructed well pads affect birding 

either by altering views, obstructing access, changing the sense of character of the 

landscape, or by affecting the birds specifically sought,  the more the activity becomes 

degraded leading to a loss of visitation. Likewise, if bird species relocate to avoid well 

pads, they may become inaccessible depending on where they relocate to.  As such, the 

current opportunity becomes lost.  Birders may be able to go to other parts of the Forest 

to view some species, but other species can only be found on the Pawnee National 

Grassland.  Furthermore, aside from the birds in particular, the birding habitat and 



 

217 
 

environment of the open prairie grasslands and buttes in which the birders engage their 

activity giving a particular sense of place is also irreplaceable elsewhere on the Forest.      

The cumulative impacts also become significant because of the special designation the 

Pawnee holds as a distinctive birding place.  It is the Pawnee itself that draws birding 

enthusiasts for this activity.  No other place has this distinction in this part of Colorado.     

 

Aside from the loss of opportunities, the Pawnee also stands the potential of losing its 

status as an internationally recognized place for birding depending on where the wells 

pads are located and how many of them are placed within or adjacent to popular birding 

areas. 

 

For the Impact Intensity rating scale, the cumulative impacts of the No Action alternative 

rate as Major Adverse for as long as well pads impact this recreation component before 

being reclaimed (up to 50 years per the assumptions). 

 

 

Hiking: 

Hiking is a limited resource on the Grassland.  There are only two short trails in the Crow 

Valley Recreation Area known for their bird watching opportunities, and one longer 

hiking trail at a mile and a half long that transverses along the Pawnee Buttes Special 

Interest Area.   

 

No Action Alternative Hiking Indirect Effects for Both Short and Long Term: 

 

The aforementioned trails are located within the Crow Valley Recreation Area and the 

Pawnee Buttes SIA, which are not available for leasing per the 1997 Forest Plan decision.  

Because all of the designated hiking trails are completely contained within areas not 

available for leasing, there are no short or long term indirect effects from oil and gas 

activities on hiking. 

 

While it is a positive for these recreation components to be in areas not available for 

leasing, the intensity scale would rate as negligible because there would be no change to 

these resources from the No Action alternative.   

 

No Action Alternative Hiking Cumulative Effects: 

 

Despite the fact that the official hiking trails are on lands not available for leasing, there 

would still be cumulative effects resulting from this alternative.  These impacts would 

result from the development of lands already leased within the vicinity, or from the future 

leasing and development of surrounding non-forest lands. Consequently, all lands 

surrounding these sites are available for leasing or are already leased.  If these lands were 

to be developed, the hiking experience would remain however it would become 

characterized by the sights and sounds of developed oil and gas facilities depending on 

where the newly developed pads are located.  The trail within the Crow Valley 

Recreation Area and Campground would be more impacted since there is less distance 

from where a well can be located to the trail itself.  The Pawnee Buttes Trail on the other 
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hand stands a better chance of being buffered from oil and gas since it is within a larger 

area that is not available for leasing, again depending on well placement.   

 

People tend to hike on public lands for the feeling of being outdoors and being away in 

nature while traversing a natural landscape.  The presence of oil and gas machinery will 

detract from that experience by intruding on the surrounding natural and open landscape 

of the Pawnee.  In Crow Valley, this may also mean disrupting nature activities such as 

bird watching along the trail depending on where the well pads are constructed.  This 

may lead to some displacement of hiking to other trails on the Forest.  Additionally, since 

hiking on developed designated trails within the Pawnee is a scarce opportunity, the 

impact of oil and gas becomes more intensified as it affects a limited resource with no 

opportunity to replace it within the entire Grasslands given that these trails are access for 

popular destination points (i.e. the Buttes and bird watching in Crow Valley). 

 

On the Intensity Scale, the cumulative impacts would rate as Moderate Adverse under 

this alternative.   Some of the hiking experience may be buffered however the effects 

become more significant by affecting an opportunity which is scarce to begin with. 

 

 

Recreational Target Shooting:  

Recreational target shooting is the heaviest recreational use on the Pawnee National 

Grasslands.  Use numbers range from 150 to over 200 recreational shooters a day on 

weekends alone spread over the year (use data is currently not available for weekdays).  

The use is generally concentrated in specific areas on the Grassland, but evidence can be 

found widespread as well.  The Pawnee National Grassland has one designated range, the 

Baker Draw Designated Shooting Area, with limited amenities that serves recreational 

shooting enthusiasts from local communities and the urban population of Denver. 

 

No Action Alternative Recreational Target Shooting Indirect Effects for Both Short and 

Long Term: 

 

In the short term, construction activities could negatively impact the Baker Draw 

Shooting Area by impeding access to the shooting area if well pads are being constructed 

in close proximity.  Dust caused by construction traffic and activities would also create 

visibility issues with sighting targets.        

 

Depending on well pad construction locations, recreational shooters who prefer to target 

practice in more undeveloped areas may also be negatively impacted by the No Action 

alternative.  Again, access could be disrupted to popular areas where people like to shoot 

and dust could interfere with the visibility of targets.  In addition, newly constructed 

roads will reach into and open new areas to shooting.  This will introduce new impacts to 

areas not currently affected by recreational target shooting.  Some of these impacts will 

include newly introduced trash issues, safety issues in areas not appropriate for safe target 

shooting, and possible impacts to other resources such as wildlife.         
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In the long term, if a well pad is constructed within the boundaries of the designated 

shooting area itself, the recreational shooting opportunity will be negatively impacted by 

the obstruction and loss of use the area was intentionally designated for.  Another impact 

would not be to the shooting opportunity but to the well pads as some recreational target 

shooters may use them as targets, or to place targets on. 

 

Target shooting in other popular non-designated areas of the Grassland would also be 

impacted in a similar manner.  If well pads are located within the area people like to 

shoot, the shooting opportunity would be reduced by the factor of the well pad placement.  

Recreational shooters may also use the well pads as targets as described above.   

 

Similar to the short term impacts, newly established roads used to access the well pads 

will open access to new shooting areas.  This will introduce new impacts to areas not 

currently affected by recreational target shooting as described above.   

 

In both the short and long term, the recreational shooting impact intensity rating would 

measure moderately adverse to dispersed shooting.  While the non-designated areas 

popular for shooting would be adversely impacted as described, the opportunity would 

not be lost because the Pawnee is completely open to shooting and shooters can find 

other areas to recreate in unhindered by oil and gas activities.  On the other hand, this 

opens up new areas to the impacts associated with recreational target shooting (trash, 

safety, inappropriate shooting behavior, and infrastructure damage).   

 

In the long term however, well pad locations could permanently alter the Baker Draw 

designated shooting area if they are located within its boundaries.  This would have a 

rating of Major Adverse on the recreation site. 

    

No Action Alternative Recreational Target Shooting Cumulative Effects: 

 

Oil and Gas development will have cumulative impacts on recreational target shooting 

from the No Action alternative.  These impacts will generally be caused by displacement 

and increased issues resulting from shooting as more well pads are built over time. 

 

If any of the newly constructed well pad locations from new leases encroach on target 

shooting activities at the Baker Draw Designated Dispersed Shooting Area, recreational 

shooters will look to other areas on the Pawnee for places to target practice.  These areas 

may include those already popular for shooting, or newly discovered areas where there 

are less obstructed shooting opportunities from oil and gas activities and infrastructure.  If 

the undesignated areas popular for shooting are also impacted from well pad placement, 

those shooters, in addition to those from the designated shooting area, will both be 

looking for new opportunities on the Grasslands, resulting in further displacement of 

shooting activities over a wider area or to newly created concentrated shooting areas on 

the Grasslands.  Newly constructed roads to access well pads will also attract shooting by 

opening access that was not available before. 
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There is also the consideration that oil and gas development on adjacent lands already 

leased, in conjunction with newly leased lands, will put higher rates of additional 

pressure on areas not yet being used by shooters. This will further direct target shooting 

and its associated impacts into areas otherwise free of, or that experience little effects 

from shooting currently.       

 

Bearing in mind that the Pawnee Grasslands consists of only 192,800 acres, but serves a 

population of over three million people from local communities and the Denver 

metropolitan area, target shooting opportunities on the Pawnee will become further 

impacted as the demand grows from more people getting involved in this activity or by 

discovering the Pawnee for the first time.  Combine this trend with the impact of oil and 

gas production on concentrated non-designated shooting areas in addition to the 

designated shooting site and the availability of alternative places to shoot becomes more 

constrained since there is only a limited amount of land for this opportunity to expand on.  

Another consideration will be that new users to the Pawnee will also avoid areas of oil 

and gas production facilities which will focus additional users into new areas not 

previously exposed to shooting.  This will result in the expansion of shooting impacts 

across the Grasslands and the formation of newly concentrated shooting areas.  The use 

may also push into areas that may not be appropriate for the activity which will create 

further conflicts which are already high.  Even without the increased pressure of 

displacement and new discovery, the Pawnee experiences conflicts from recreational 

target shooting at an extremely high rate.  This is the highest use on the Grassland and 

issues such as safety, trash, and property damage continue to escalate as does the 

popularity of shooting on the Grasslands.  

 

As the population of shooters continues to grow in a highly populated portion of 

Colorado, shooting opportunities outside of the Grasslands are becoming increasingly 

scarce as well.  Private ranges are at capacity with long wait lists, newly built facilities 

fill fast and the vast amount of public land other than Forest Service prohibits recreational 

shooting (such as Boulder County).  Nearby Ranger Districts are also closing lands to 

shooting because of increasing safety issues and conflicts.  The rising scarcity of places 

to shoot further escalates shooting pressure on the Grasslands.  

 

Together with the displacement impacts of the No Action alternative, development on 

adjacent leased lands, the shooting demographic on the rise, and the growing scarcity of 

shooting opportunities in the surrounding areas, the Pawnee will see an increase in all 

areas of target shooting issues.  Some of these impacts will include increased trash, 

increased impacts to infrastructure, increased safety issues, increased illegal shooting 

from newly constructed roads, increased user congestion, and increased conflicts with 

other Grassland users such as ranchers.   

 

On the intensity scale, the No Action alternative will have a rating of Major Adverse per 

this discussion. 

 

 

Recreation Special Uses: 
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There are seven special use permits on the Pawnee National Grasslands.  Six of those 

permits are for commercial bird watching tours offering 300 client days throughout the 

year and one is for a recreation event launching rockets.   

 

No Action Alternative Recreation Special Uses Indirect Effects for Both Short and Long 

Term: 

 

In both the short and long terms, construction activities and the resulting well pads will 

have similar effects on permitted bird watching opportunities as discussed in the Bird 

Watching section of this alternative analysis (please refer to the Bid Watching section 

under the Dispersed Recreation heading for a more detailed discussion of the specific 

impacts).  In turn, this would lead to a decrease in the quality of experience permittee’s 

offer their clients which would negatively impact their business.  As special-use permit 

holders are impacted, this will also negatively affect the general public seeking a guided 

bird-watching experience on the Grasslands if such opportunities are reduced or lost.     

 

With respect to recreational events, the short term effects may include hindered access to 

the event site depending on where construction activities are taking place.  Effects in the 

long term will also depend on if a well pad is placed on the location where the event takes 

place.  If this were to occur, then the event location would be lost to the permitted 

activity.   

 

For short term and long term effects, the No Action alternative will rate at Moderate 

Adverse on the intensity scale for the reasons discussed above.   

 

No Action Alternative Recreation Special Uses Cumulative Effects: 

 

Since all but one of the special use permits on the Pawnee National Grasslands are for 

bird watching, the cumulative effects will be similar to those discussed in the Bird 

Watching section of this alternative.  As these effects take place and birding opportunities 

are either degraded or reduced, special use permittees could see a decrease in their 

businesses as well as in the opportunities that they can offer the public.  There would 

mean a decline in the demand for future permits if birding opportunities degrade or 

decline from oil and gas activities under this alternative.   

 

There would be no cumulative effects for current or future recreation event permits.  

Other permitted activities can find or move to locations where oil and gas infrastructure is 

not a concern, if it is at all to the event.   

 

Under the Intensity scale rating, the cumulative effects to special use permits would rate 

as Moderate Adverse as birding permits would be affected similar to the dispersed 

birding opportunities discussed previously, however other recreation permits would not 

be impacted by this alternative other than by possibly having to move locations.    
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Scenic Byways:  

 

Forest Plan management direction places Scenic Byways under the NSO stipulation.  The 

purpose of the stipulation is to protect the scenic values and settings for which the areas 

were designated.  The Forest Plan goes on to say that the scenic resource is an important 

part of the visitor's experience on these popular routes, and the detrimental effects caused 

by oil and gas development in the foreground are not compatible with the management 

area emphasis.    

 

No Action Alternative Scenic Byways Indirect Effects for Both Short and Long Term: 

 

As with RNAs and SIAs, Scenic Byways possess characteristics worthy of special 

designation.  The designation process to appoint these special routes is a national process 

in which certain criteria must be meet, including recreational values.  The NSO 

stipulation protects recreational values of these routes by prohibiting surface occupancy 

that would infringe on the characteristics for which the byway was nominated.  For 

recreation, these include exceptional opportunities for recreation activities such as scenic 

viewing, driving for pleasure, and outdoor recreation opportunities.  For the short and 

long term, the No Action alternative would protect scenic byways and the special values 

they offer.     

 

In the short term, construction activities required by well pad development would not 

occur under the NSO stipulation in this alternative. Recreational opportunities provided 

by the Pawnee Pioneer Trails Scenic Byway would remain intact without the intrusion of 

construction traffic on or along the Byway, dust obscuring scenic values, or the sights of 

industrial construction activities within the view shed.  

 

Activities associated with oil and gas construction efforts are not congruent with the 

management emphasis for this unique resource as currently directed by the Forest Plan.  

Without the NSO stipulation, Forest Plan direction would be violated and out of mandate.  

Forest Plan direction is vital in protecting the qualities of the Scenic Byway and 

providing management direction on what is acceptable and to be emphasized within these 

corridors.   

 

For the reasons stated above, the No Action alternative would have no negative indirect 

impacts.  

 

In the long term, there would be no well pads in place to diminish the character of the 

Scenic Byway.  All of the recreational opportunities provided for by the Scenic Byway 

would remain unchanged and their unique values protected from the introduction of 

industrial equipment into and along the scenic landscape.  As such, this alternative would 

have no negative indirect impacts on the recreational values provided by this specially 

designated Scenic Byway or on the Scenic Byway itself. 

 

In the long term, the presence of well pads would also not be congruent with the 

management emphasis for this resource as directed by the Forest Plan.  Without the NSO 
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stipulation, Forest Plan direction would be violated and out of mandate.  This will 

contradict the protections and management direction of the Forest Plan for this Scenic 

Byway. 

 

The NSO stipulation provided by the Forest Plan for the Scenic Byway is positive 

because it prevents indirect effects to the Byway. On the Impact Intensity Rating 

however, this alternative would rate as Negligible because there is no change to the 

resource under this alternative.   

 

No Action Alternative Scenic Byways Cumulative Effects: 

 

There are six wells within the Scenic Byway corridor which were approved before the 

NSO designation stipulated in the Forest Plan.  Three are currently plugged and one is 

due to be plugged in 2014.   

 

In the same regard to other lands falling under the NSO stipulation, there would be no 

negative indirect effects from this alternative, but there would be cumulative impacts. 

These impacts would result from the development of lands already leased within the 

vicinity, or from the development of future leasing activities on surrounding non-forest 

lands. As such, there are lands along the Scenic Byway that are available for leasing or 

are already leased.  

 

Cumulative impacts from oil and gas development would be significant to the Scenic 

Byway if wells pads are located within its view shed since this would degrade the scenic 

quality for which this Scenic Byway was originally designated. As a result, recreational 

activities such as driving for pleasure and scenic viewing would be degraded as the open 

prairie landscape is transformed into a more industrialized one (depending on well 

placement).  For as long as the well pads remain in place, the recreational opportunities 

originally offered by the Byway will continue to be impacted by the industrialized 

infrastructure erected on either side of the Byway as new development takes place 

outside of the NSO boundary. 

 

Because scenic byways are special designations with each having its own unique 

characteristics and special qualities, this opportunity cannot be substituted  elsewhere on 

the Front Range.  Once affected, there are no other alternatives meaning the impacts are 

irreplaceable and irretrievable until the well pads and associated infrastructure impacting 

the Scenic Byway are reclaimed.   

 

It is also important to note that this is a National designation which means the impacts 

also affect a nationwide program.  National Scenic Byways consist of approximately 

9,000 miles across the United States.  Each byway is selected based on its own set of 

archaeological, cultural, historic, natural, recreational, and scenic qualities.    While the 

128 miles of the Pioneer Trails Scenic Byway may seem insignificant to the system as a 

whole, it is the distinctive and unique qualities that this Byway brings to the system that 

gives it its significance.  This makes the Pioneer Trails Scenic Byway a one-of-a-kind 

and important resource on the whole National Scenic Byway program since it was 
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selected for its individual qualities thereby putting the cumulative effects on a national 

scale. 

 

On the Impact Intensity Rating Scale, the cumulative impacts would rate as Major 

Adverse.  

 

 

No Leasing and Leasing with No Surface Occupancy Alternatives 

 

The No Leasing alternative and Leasing with No Surface Occupancy alternatives (NSO 

alternative) will be analyzed together in this report.  When analyzing the effects of oil and 

gas activities on the recreation resource, it is the surface use that affects recreational 

activities in various degrees and means.   Since both these alternatives prohibit the 

occupancy and use of the surface for oil and gas activities on Forest Lands, the effects 

will be comparable across both alternatives.  Please also see the No Action alternative for 

more detailed information about each recreation component. 

 

Permits may be issued under both alternatives for some infrastructure, such as roads or 

pipelines to reach well pads, but this is only a possibility and is not certain.   

 

As with corresponding effects across both alternatives, the effects will be similar across 

all recreational uses as well. This is because there will be no new well pad development 

affecting any one recreation use.  As such, the effects disclosure for this alternative will 

be consolidated into one discussion for all recreation resource components.  

 

The Crow Valley Recreation Area and the Pawnee Buttes SIA remain unavailable for 

leasing under both alternatives per Forest Plan direction. 

 

No Leasing and Leasing with No Surface Occupancy Alternatives 

Indirect effects Short Term and Long Term Common for All Recreation Resource 

Components:      

 

In the short term, there would be no oil and gas construction activities from either 

alternative since well pad development is not permitted under either alternative.  

Likewise, in the long term, there would be no well pads or associated infrastructure 

established on the lands within the RFD.  Since there is no oil and gas surface 

development under these two alternatives, there will be no negative indirect impacts to 

any recreation component from either alternative.   

 

On the Impact Intensity Scale, both alternatives would rate as Negligible to the recreation 

resource on the Pawnee National Grassland.  Recreation resources would remain 

unchanged because no new impacts would be introduced.  The values associated with 

recreational experiences such as, but not limited to, driving for pleasure, scenic viewing, , 

internationally acclaimed bird watching, hiking, and recreational target shooting, will 

remain intact, and the sense of place many visit the Pawnee National Grasslands for will 

remain undisturbed under these alternatives.     
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No Leasing and Leasing with No Surface Occupancy Alternatives 

Cumulative Effects 

 

While the No Leasing and NSO alternatives do not produce negative effects on the 

components being analyzed, there are cumulative effects to consider from either 

alternative.   

 

Neither alternative allows surface disturbance from oil and gas activities.  This means 

that oil and gas companies will be forced onto surrounding non-restricted non-Forest 

lands for mineral extraction.  In addition, surrounding lands already leased may also 

experience future development.  Since all of these lands open for potential future 

development are adjacent to the lands identified as No Lease or NSO, there will be 

indirect and cumulative impacts to each component being analyzed under this study.  

Both alternatives will have comparable indirect and cumulative effects.  The only 

variable will be the number of wells, or the locations of wells per alternative.  This 

information however is not available for this analysis and is unknown.  The No Leasing 

alternative will cause a 10% increase in the number of wells and well pads compared to 

the No Surface Occupancy alternative.  

 

 

No Leasing and Leasing with No Surface Occupancy Alternatives 

Research Natural Areas (RNA) and Special Interest areas (SIA) 

 

As the adjoining lands are developed under either of these two alternatives, the sense of 

place the RNAs and SIAs offer would be permanently altered.  The open natural spaces 

these areas possess would appear encroached upon as the boundaries of the RNAs and 

SIAs are not readily apparent on the ground. The scenic values of these areas would be 

compromised as well pads pepper the landscape and break up view sheds around these 

areas, and the feeling of being out in nature would be compromised by the presence of 

engineered oil and gas development within in the vicinity of these undeveloped lands.   

 

In terms of recreation values, the Pawnee Buttes is the most popular of these areas on the 

Grasslands.  This is a destination place with unique characteristics that cannot be found 

elsewhere with the main attraction being the Buttes.  Some popular activities in this area 

include hiking, equestrian use, and wildlife watching.  This alternative will actually serve 

to intensify the described cumulative impacts to this particular SIA because the impacts 

are affecting a finite destination resource that is irreplaceable considering the 

opportunities sought there and it is the only place the Buttes exist within the Grasslands 

or on the Forest.    

 

Under the Impact Intensity scale, the cumulative impacts would rate as Moderate 

Adverse based on the discussion above.   

 

 

No Leasing and Leasing with No Surface Occupancy Alternatives 
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The Recreation Opportunity Spectrum (ROS):   

 

Both Roaded Natural and Rural designated areas are intended to provide a recreation 

environment that is natural appealing.  As development occurs on areas adjacent to these 

lands, the sense of a naturally appealing environment will be degraded by the 

introduction of specialized equipment as the boundaries between Roaded Natural/ Rural 

with non-forest lands are not evident on the ground.  This would only take place where 

the development can be observed from within the Roaded Natural or Rural designated 

areas.  

 

The Impact Intensity would rank in the Minor Adverse category.   

 

 

No Leasing and Leasing with No Surface Occupancy Alternatives 

Developed Recreation:   

 

Despite the fact that the developed recreation sites on the Pawnee are not available for 

leasing under any of these two alternatives, there would still be cumulative effects.  

 

The Crow Valley Campground offers not only the sole developed camping opportunity 

on the Grassland, but also a bird watching route within its boundaries that attracts various 

types of birders.  Well development on the adjoining land would serve to detract from the 

natural setting and sense of place normally associated with primitive camping 

experiences such as that found at Crow Valley.  This detraction could decrease visitation 

to the site for which it was built and intended and may displace recreationists to other 

areas of the Forest with developed campsites.  The opportunity cannot be replaced in kind 

however because Crow Valley Campground is the only developed campground within 

the area or on the Forest that offers a grassland type setting in addition to the specified 

bird watching opportunities within its boundaries.      

 

The Pawnee Buttes Trailhead would also yield similar cumulative effects in that the sense 

of place would be negatively impacted and the feel of wide open spaces would be 

encroached upon by well placement within its vicinity.  Trail users may displace to other 

areas of the Forest as a result however, as is with Crow Valley Campground, this 

developed trailhead is within and accesses a unique area with natural features and 

characteristics that cannot be found within the vicinity or elsewhere on the Forest.  

 

On the Intensity Scale, the cumulative impacts would rate as Major adverse for as long as 

the well pads remain in place.  The Forest Plan designated these areas as non-leasable in 

order to protect the activities, facilities, and special settings these two areas provide.  The 

cumulative impacts would change the character of these sites for which they are given 

that protection.   

 

 

No Leasing and Leasing with No Surface Occupancy Alternatives 

Dispersed Recreation 
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Motorized Recreation:   

As stated in the No Action alternative, The Main Draw OHV Area provides a two-mile 

long draw or gully which is popular for various types of off road vehicles.    Use numbers 

average between 30 to 50 riders a day per weekend with an open period of November 1 

to April 9 (use data is currently not available for weekdays).   

The placement of well pads in lands adjacent to the Main Draw OHV Area will have no 

cumulative effects to motorized recreation at the site.  There would be no change to this 

recreation component because the motorized activity does not require a scenic backdrop 

or similar sense of place with which the well pads would interfere.  The opportunity 

would remain unhindered and un-impacted by the development of adjacent land. 

 

On the Impact Intensity scale, cumulative effects to motorized use will rate at Negligible.   

 

 

Bird Watching:  

As stated in the No Action alternative, bird watching is one of the two highest uses on the 

Grasslands.   Over 3,000 people visit the Grasslands for this activity in addition to the 

300 client days offered by special uses permittees offering bird tours throughout the year.   

 

The cumulative impacts from these two alternatives are significant because of the special 

designation the Pawnee holds as a distinctive birding place.  It is the Pawnee itself that 

draws birding enthusiasts for this activity internationally.  No other place holds this 

distinction in this part of Colorado.     

 

Depending on placement, as newly constructed well pads on adjacent lands affect birding 

either by altering or obscuring viewing since they can be viewed across boundaries, 

changing the sense of character of the landscape, or by affecting the birds specifically 

sought (decreasing their number or forcing them to move), the more the activity becomes 

degraded leading to a loss of visitation. Additionally, if bird species relocate to avoid well 

pads, they may become inaccessible depending on where they relocate to.  In the event 

their numbers decline because of oil and gas activity, then they are no longer able to be 

viewed, even if across boundaries.  In either case, the current opportunity becomes lost 

since it cannot be found elsewhere.  Birders may be able to go to other parts of the Forest 

to view some species, but other species can only be found on the Pawnee National 

Grassland.  Furthermore, aside from the birds in particular, the birding habitat and 

environment of the open prairie grasslands and buttes where the birders engage their 

activity is also irreplaceable elsewhere on the Forest. This provides a specific sense of 

place that will be lost to birders who come for this internationally acclaimed opportunity.  

 

Aside from the loss of opportunities, the Pawnee also stands the potential of losing its 

status as an internationally recognized place for birding depending on where the wells 

pads are located and how many of them are placed adjacent to popular birding areas. 

 

For the Impact Intensity rating scale, the cumulative impacts of the No Action Alternative 

rate as Major Adverse. 
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Hiking: 

Despite the fact that the official hiking trails are on lands not available for leasing, there 

would still be cumulative effects resulting from this alternative.  If adjacent lands were to 

be developed, the hiking experience would remain however it would become 

characterized by the sights and sounds of developed oil and gas facilities depending on 

where the newly developed pads are located.  The trail within the Crow Valley 

Recreation Area and Campground would be more impacted since there is less distance 

from where a well can be located on adjacent land in relation to the trail itself.  The 

Pawnee Buttes Trail on the other hand stands a better chance of being buffered from oil 

and gas since it is within a larger area that is not available for leasing.   

 

People tend to hike on public lands for the feeling of being outdoors and being away in 

nature while traversing a natural landscape.  The presence of oil and gas machinery will 

detract from that experience by intruding on the surrounding natural and open landscape 

of the Pawnee.  In Crow Valley, this may also mean disrupting nature activities such as 

bird watching along the trail depending on where the well pads are constructed.  This 

may lead to some displacement of hiking to other trails on the Forest.  Additionally, since 

hiking on developed designated trails within the Pawnee is a scarce opportunity, the 

impact of oil and gas becomes more intensified as it affects a limited resource with no 

opportunity to replace it within the entire Grasslands given that these trails access popular 

destinations (i.e. the Buttes and bird watching in Crow Valley). 

 

On the Intensity Scale, the cumulative impacts would rate as Moderate Adverse.   Some 

of the hiking experience may be buffered however the effects become more significant by 

affecting an opportunity which is scarce to begin with. 

 

 

Recreational target shooting:   

As stated in the No Action alternative, recreational target shooting is the heaviest 

recreational use on the Pawnee National Grasslands.  Use numbers range from 150 to 

over 200 recreational shooters a day on weekends alone spread over the year (use data is 

currently not available for weekdays).   

 

If adjacent lands were developed for oil and gas, a cumulative effect that may occur to 

recreational shooting is if well placement displaces target shooters from non-forest lands 

onto the Pawnee National Grasslands.  This would serve to further increase target 

shooting issues currently experienced on the Grasslands.  This is the highest use on the 

Grassland and issues such as safety, trash, and property damage continue to escalate as 

does the popularity of shooting on the Grasslands.  

 

The number of displaced shooters would be expected to be low however because the 

majority of recreational shooting already takes place on the Pawnee National Grasslands. 
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Placing well pads on adjacent land will also encourage target shooting along the newly 

created roads constructed to access the new wells.  This may change the use dynamic on 

the Pawnee as others may disperse from forest land to use these newly accessible areas.  

The change is expected to be inconsequential however because of the traditional use 

already established on the Grasslands by recreational target shooters.  

 

On the Impact Intensity scale, cumulative effects to recreational target shooting will rate 

at Negligible. 

 

 

No Leasing and Leasing with No Surface Occupancy Alternatives 

Recreation Special Uses: 

 

Since all but one of the special use permits on the Pawnee National Grasslands are for 

bird watching (offering 300 client days per year), the cumulative effects related to oil and 

gas development on adjacent land will be similar to those discussed in the bird watching 

section for these two alternatives (please refer to this section under the Dispersed 

Recreation heading).  As the quality of birding degrades from the placement of well pads 

on adjacent land, special use permittees could see a decrease in their businesses as well as 

in the opportunities that they can offer the public.  The public would also lose an 

opportunity to have guided tours or the level of customer service if permittes are forced 

to reduce business.  There would also be a decline in the demand for future permits if 

birding opportunities degrade or decline from oil and gas activities under this alternative.   

 

There would be no cumulative effects for current or future recreation event permits.   

 

Under the Intensity scale rating, the cumulative effects to special use permits would rate 

as Moderate Adverse.  The birding permittees would be affected in the same manner as 

dispersed birding opportunities however the other recreation permits would not be 

impacted by these alternatives.      

 

 

No Leasing and Leasing with No Surface Occupancy Alternatives 

Scenic Byways:  

 

Cumulative impacts from oil and gas development would be significant to the Scenic 

Byway if wells pads are located within its view shed since this would degrade the scenic 

quality for which this Scenic Byway was originally designated. As a result, recreational 

activities such as driving for pleasure and scenic viewing would be degraded as the open 

prairie landscape is transformed into a more industrialized one (depending on well 

placement).  For as long as the well pads remain in place, the recreational opportunities 

originally offered by the Byway will continue to be impacted by the industrialized 

infrastructure erected on either side of the Byway as new development takes place 

outside of the NSO boundary. 
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Because scenic byways are special designations with each having its own unique 

characteristics and special qualities, this opportunity cannot be substituted elsewhere on 

the Front Range.  Once affected, there are no other alternatives meaning the impacts are 

irreplaceable and irretrievable until the well pads and associated infrastructure impacting 

the Scenic Byway are reclaimed.   

 

It is also important to note that this is a National designation which means the impacts 

also affect a nationwide program.  National Scenic Byways consist of approximately 

9,000 miles across the United States.  Each byway is selected based on its own set of 

archaeological, cultural, historic, natural, recreational, and scenic qualities.    While the 

128 miles of the Pioneer Trails Scenic Byway may seem insignificant to the system as a 

whole,  it is the distinctive and unique qualities that this Byway brings to the system that 

gives it its significance.  This makes the Pioneer Trails Scenic Byway a one-of-a-kind 

and important resource on the whole National Scenic Byway program since it was 

selected for its individual qualities thereby putting the cumulative effects on a national 

scale. 

 

On the Impact Intensity Rating Scale, the cumulative impacts would rate as Major 

Adverse.  

 

 

Alternative Comparisons and Rankings 

 

The No Action Alternative:  High Risk 

 

All of the three alternatives in this analysis provide stipulations on oil and gas 

development in relation to the RFD scenario.  The No Action however only provides 

stipulations already prescribed in the Forest Plan where the other two alternatives provide 

more comprehensive coverage. The existing stipulations found in the Forest Plan do not 

encompass all of the recreation components making them susceptible to the impacts from 

oil and gas activities.  When compared to the other alternatives, the No Action alternative 

has indirect impacts whereas the other two alternatives do not and it also creates more 

cumulative impacts when compared with the other two alternatives.   

 

The No Action alternative also ranks as high risk because of these reasons. 

 

No Leasing and NSO Alternative:  Low Risk 

 

There is very little comparison between the No Leasing and NSO alternatives explaining 

why they were analyzed together.  They both have no indirect effects because surface 

occupancy and the resulting surface disturbance will not occur under either alternative.   

The No Leasing alternative does not allow leasing of any kind resulting in no surface 

occupancy, and while the NSO alternative does allow leasing, it stipulates that there will 

be no surface occupancy allowed.  The difference between not allowing leasing and 

allowing leasing is the only discernible difference between these two alternatives.  This 

provides no variance when analyzing the effects to recreation however because the 
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resulting no surface occupancy outcome is the same for both alternatives.  The 

cumulative effects are also comparable between the two alternatives considering there is 

not enough information to differentiate them.  Without knowing the location of the well 

pads and the number of well pads that will result on adjacent lands between the two 

alternatives, there is no way to distinguish them.   

 

When compared to the No Action alternative, both alternatives provide for the greatest 

protection of the recreation resource by not allowing surface disturbance.  They also do 

not generate as many cumulative impacts as the No Action.   

 

Both alternatives would rank as low risk because they have no direct or indirect impacts 

to recreation.  They both also provide the greatest protection for recreation that can be 

given from oil and gas activities.   

 

3.13 Scenery 

 

Introduction   

The scenery resource analysis is used to identify and minimize the impacts of human 

caused development to scenery on National Forest lands.  This resource is explicitly 

recognized in law.  The National Environmental Policy Act of 1969 (NEPA) states that it 

is the “continuing responsibility of the Federal Government to use all practicable means 

to assure for all Americans, aesthetically and culturally pleasing surroundings.”  NEPA 

also requires “a systematic and interdisciplinary approach which will insure the integrated 

use of the natural and social sciences and the environmental design arts into planning and 

decision making which may have an impact on man’s environment.” 
 

Numerous other federal laws require all Federal land management agencies to consider 

scenery and aesthetic resources in land management planning, resource planning, project 

design, implementation, and monitoring.  Several USDA handbooks have been developed 

to establish a framework for management of scenic resources.  This report relies heavily 

upon Landscape Aesthetics: A Handbook for Scenery Management, USDA Forest 

Service, Agricultural Handbook No.701. 

 

Landscape Aesthetics handbook discusses the “Scenery Management System which 

presents a vocabulary for managing scenery and a systematic approach for determining 

the relative value and importance of scenery in a national forest.”  The system is to be 

used in the context of ecosystem management to inventory and analyze scenery in a 

national forest, to assist in establishment of overall resource goals and objectives, to 

monitor the scenic resource, and to ensure high-quality scenery for future generations.  

This handbook discusses many tools for which scenery resource specialists should 

employ, the best tools available are Scenic Integrity Objections (SIO). 

 

The acceptable limits of change are the documented SIO’s, which serve as a management 

goal for the scenery resource.  The Arapaho & Roosevelt National Forests and Pawnee 
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National Grassland (ARP) Land and Resource Management Plan (1997 Forest Plan) 

established acceptable limits of change for the scenery resource. 

 

Components of oil and gas development with the highest potential to adversely affect 

scenery resources include the short term and long term appearance of well sites and 

production facilities, road construction, pipeline construction, and heavy vehicle traffic. 

Issue Indicators   

Potential future development of oil and gas leases might result in impacts to scenery. 

Impacts to the scenery resource will be measured in acres of scenic integrity objectives 

potentially impacted. 

 

The frame of reference for measuring achievement of scenic integrity objectives is the 

valued attributes, such as vast open prairie and unique geological formations, of the 

existing landscape character being viewed.  The project area includes High, Moderate and 

Low SIOs.  High is defined as the valued landscape character “appears unaltered,” 

moderate is “slightly altered,” and low is “moderately altered.”  Complete definitions can 

be found on page four of chapter two in the scenery handbook. 

 

3.13.1  Affected Environment 

 

The Pawnee National Grassland has evolved from its wide open prairie origins to more of 

a rural agricultural and pastoral setting.  The Grassland is in the Great Plains Dry Steppe 

Province, more commonly referred to as the Central High Plains.  Predominant 

vegetation is short and mid-grass prairie with cactus and sage common.  Elevation ranges 

from 4,500 feet to 5,640 feet.  Precipitation averages 9 to 17 inches annually, with 80% 

occurring during the spring and summer months.  Temperatures tend to have a high 

degree of daily and seasonal fluctuation.  Summer temperatures can reach over 100 

degrees Fahrenheit with single digit humidity levels.  Winter temperatures will 

commonly dip below zero degrees Fahrenheit.  Persistent winds are very common year 

round and often gust over 30 miles per hour.  

 

When precipitation events occur they move very quickly and produce heavy rainfall.  The 

softer and more porous geology of this area has allowed erosion to work relatively 

quickly resulting in some steep sided mesas, bluffs, and creek bottoms.  The best example 

of such erosion is the Pawnee Buttes which tower over the Grassland.  The Buttes are the 

most recognizable symbol of the Pawnee National Grassland and one of the most visited 

locations.  These areas of topographical interest are a key component to the valued 

landscape character of the Grassland. 

 

With only minimal precipitation annually, most creeks are intermittent on the Grassland 

and can remain dry for years.  Large cottonwoods populate these intermittent creek beds 

creating noticeably cooler micro-climates.  For most of the year many bird species 

common to the Grassland are found in these creek bottoms which are few and far 

between.  A few more notable bird species thrive outside of the protected creek bottoms 
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such as the Mountain Plover and Burrowing Owl.  These birds are specifically adapted to 

the dry and windy landscape.  The plains are also home to coyote and Pronghorn 

Antelope which can be found roaming all corners of the Grassland. 

 

Agriculture and grazing have been present in this area since the late 1800s.  A few 

remnants of this early subsistence farming and grazing culture are still present.  Most of 

these remnants are farmhouses that were built over a hundred years ago and have not 

been inhabited for approximately the last sixty years.  Agriculture and grazing remain a 

fundamental part of the surrounding communities’ society and economy.  An old barn or 

homestead are views into the past, giving glimpses of how life used to be on the 

Grassland.  This feeling of time travel is a valued landscape character on the Grassland.  

Farming and ranching have been a part of this landscape since settlers came west on 

covered wagons in the latter part of the 19
th

 century.  Grazing cattle, remnant homesteads 

and barbed-wire fences are accepted components of the Grassland’s landscape character. 

The project area is a valuable recreation area.  The area is bisected by the Pawnee Pioneer 

Trails Scenic and Historic Byway which affords many pleasurable viewing opportunities.  

The Pawnee Buttes and associated trailhead are a popular destination along the Byway.  

The heaviest use occurs in late spring and early fall, but the area is accessible all year.  

Bird watching, dispersed camping, hiking and recreational shooting are the most popular 

recreational activities on the Grassland.  Major access to the project area is provided by 

Colorado State Highway (CSH) 14 that intersects many county roads which lead further 

into the project area and facilitates wide spread recreational activities.  This maze of 

roads degrades the valued landscape character. 

 

Many of these dispersed recreational activities allow Grassland visitors to escape the 

congested urban setting.  The vastness of the Grassland allows visitors to get away from 

it all, look in all directions and see only expansive prairie and imagine what it would have 

been like visiting here prior to human influences.  This sense of escape is a valued 

landscape characteristic of the Grassland. 

 

A relatively new sight on the Grassland is oil and gas surface activities.  Oil and gas 

development has been more concentrated on the east side of the Pawnee National 

Grassland, and more specifically the southern portion near New Raymer.  Oil and gas 

development has been less concentrated on the west side of the Grassland.  Well pads 

tend to be areas cleared of all vegetation and have vertical structures such as pump jacks, 

tank batteries and above and below ground piping.  Spill containment around the well 

heads tends to be highly reflective metal paneling.  Newly constructed roads are a part of 

oil and gas activities.  Semi-truck traffic has increased dramatically on Grassland roads 

which has had an adverse effect on scenic quality.  Wells that are producing effectively 

often require pipelines stretching across the landscape to larger storage or production 

facilities.  Pipeline trenches often require a path from the origin to its final destination 

which could be miles away.  The introduction of this linear vegetation free path degrades 

the valued visual vastness for a term of approximately forty years, the time it takes native 

vegetation to re-establish. 

 

Existing Scenic Integrity 
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As stated in Landscape Aesthetics (Agriculture Handbook Number 701) (pg. 2-1), 

“Scenic Integrity is a measure of the degree to which a landscape is visually perceived to 

be ‘complete.’  The highest scenic integrity ratings are given to those landscapes which 

have little or no deviation from the character valued by constituents for its aesthetic 

appeal.  Scenic Integrity is used to describe an existing situation, standard for 

management, or desired future condition.” 

 

In general, the Pawnee National Grassland would be rated as having a “Low to 

Moderate” degree of Existing Scenic Integrity.  In some areas of the Grassland the 

landscape appears to be moderately altered by the vast road network and by surface-

occupying oil and gas operations.  These highly visible elements contribute to visual 

degradation of the valued landscape character and sense of place.  The lack of vegetation 

and the presence of imported aggregate on the surface introduce colors, forms and 

textures not commonly found on the Grassland.  The vertical elements of well pads 

occasionally borrow color from the surrounding landscape but introduce architectural 

styles not naturally associated with the Grassland.   These non-natural deviations are even 

more prevalent on private land which increases the degradation of the overall valued 

landscape character. 

 

The Grassland is a checker-board of private, state and federal lands, each with their own 

set of circumstances.  Private lands tend to be developed first and with greater intensity.  

This increased level of surface activity adjacent to federal Grassland lands degrades the 

overall valued landscape character. 

 

Scenic Integrity Objectives 

 

The project area is described in the Forest Plan as having “High, Moderate and Low” 

Scenic Integrity Objective (SIO) areas.  The table below  shows the number of acres 

associated with each scenic integrity objective area within the project. 

 

Scenic Attractiveness 

 

“Scenic attractiveness is the primary indicator of the intrinsic beauty of a landscape and 

of the positive responses it evokes in people.  It helps determine landscapes that are 

important for scenic beauty, based on commonly held perceptions of the beauty of 

landform, vegetation patterns, composition, surface water characteristics, and land use 

patterns and cultural features.”  (Agriculture Handbook Number 701 pg. 1-14) 

The majority of the project area has an indistinctive classification (Class C) because it has 

a weak sense of variety, vividness, mystery, pattern and balance.  The Grassland lacks a 

wide spread natural variety across the landscape and tends to be more homogenous and 

subtle natural patterns.  Large expanses of rolling plains do not offer much natural 

contrast or examples of vividness to visitors.  The lack of natural contrast across great 

landscapes does not arouse much curiosity when visitors can see a majority of the area 

that lies ahead of them.  The existing land use patterns including oil and gas and 

Grassland roads have detracted from the existing scenic quality.  Surface-occupying oil 



 

235 
 

and gas activities reduce the visitor’s sense of unity and harmony by going against the 

presumed order or pleasant arrangement of natural elements.  Visitors expect to see the 

undulating hills, wind-blown fields of prairie grasses and grazing herds of Pronghorn.  

They do not expect to see straight roads leading to well pads with introduced vertical 

elements and mechanical operations. 

 

Certain portions of the project area do have distinctive elements (Class A) such as the 

Pawnee Buttes because of its unusual and unique scenic qualities.  This is the only 

location on the Grassland where there is such natural contrast and vividness.  This natural 

contrast and vividness is a key component to the valued landscape character. 

 

Existing Condition Conclusion 

 

The Pawnee National Grassland prior to westward development was characterized as 

being naturally vast, pastoral, homogenous, wind-swept, and secluded.  Given that the 

natural landscape lacks much natural contrast and vertical structure, any deviation from 

these elements is usually seen as domination over the valued landscape character and the 

memorable sense of place it once created.  This increased level of commercialized 

activity has degraded the valued landscape character on the Pawnee National Grassland. 

 

Grasslands Land Management Areas 

 

Management Areas (MAs) are a detailed description of each management area.  The table 

below lists, in descending order, the magnitude in relation to the acreage of land covered 

along with their Scenic Integrity Objective (SIO). 

 
Table 58  Management Areas on the PNG 

Management Area (MA) 

Acreage of    

Analysis Area 

Percentage of 

Analysis Area 

Scenic Integrity 

Objective (SIO)* 

6.6 - Mid-Composition - Low 

Structure; Grassland Resource 

Production 

122,511 63.6% Moderate & Low 

6.4 - Mid-Composition - High 

Structure; Native Shortgrass Prairie 
51,209 26.6% Moderate & Low 

3.1 - Special Interest Areas - 

Emphasizing Use or Interpretation 
9,526 4.9% High & Moderate 

4.2 - Scenery 4,920 2.6% Moderate & Low 

2.2 - Research Natural Areas  2,578 1.3% High 
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3.61 - Prairie Woodland 1,339 0.7% Moderate 

4.3 - Dispersed Recreation 345 0.2% Moderate 

8.21 - Developed Recreation 

Complexes 
121 0.1% Moderate & Low 

TOTAL Acres 192,549 100.0%   

 

3.13.2  Environmental Consequences 

Methodology  

Scenery resource impacts from oil and gas development result from the visibility of 

constructed elements of different form, line, color, and texture into the natural landscape 

combined with the distance at which proposed development is viewed and the concern of 

the viewer for scenic quality and integrity.  The extents of noticeable change on the 

landscape as a result of project development will be measured in levels of effects to the 

scenic integrity (Major, Moderate, Minor, or Negligible).  

 

Scenery Analysis Assumptions 
 

Leasing is a commitment of the resource for potential future exploration and 

development, but leasing does not compel or authorize any ground disturbing actions in 

support of the exploration or development of a lease. As a result of leasing, future 

exploration and development proposals could be brought forward that would be subject to 

additional site specific environmental study and permitting requirements. 
 

No alternative specifically proposes the physical exploration or development of oil and 

gas resources.  For this reason, the leasing analysis relies on the reasonable foreseeable 

development (RFD), which projects potential future surface disturbing activities, to 

provide a development scenario that has been determined to be reasonable on the all lands 

(federal, state and private).  However, this scenario is dependent on future industry 

interest, access, market values and many other factors.  For the purpose of analyzing 

impacts on the Analysis Area, there is an estimated 13,041 new wells drilled on 8,742 

well pads resulting in 44,440 acres of new disturbance in, near or around the PNG.  

Restricted to just the Project Area, the RFD projection is for 265 new wells drilled on 

80 well pads resulting in approximately 960 acres of new surface disturbance.  At this 

time there is no way of determining how many acres could be leased. 
 

Any future exploration or development of oil and gas resources, if and when it does 

occur, would result in impacts.  However, those impacts would not occur until some point 
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in the future and only following additional site specific environmental study and the 

federal leasing and development process. 

 

The effects of post-leasing activities on the PNG scenery resources are generally related 

to surface occupancy and associated ground disturbance, activity, and the presence of un-

natural elements such as drilling rigs, storage tanks, pump jacks, and roads previously not 

part of a landscape or view. 

 

Past, Present, and Foreseeable Activities Relevant to Cumulative Effects 

Analysis 

Past, present and foreseeable future actions in the Analysis Area influencing scenic 

conditions may include impacts from activities and/or actions associated with the 

following: 

 Oil and gas development on previously leased federal lands, public and private 

lands 

 Wind energy development on private lands 

 Vehicle Use of current and future Roads 

 Power-lines 

 

Oil and gas development has occurred and will continue to increase in and around the 

Analysis Area on private lands and other lands (State and Federal) that have 100% 

private mineral rights. Development is more likely to occur on the eastern portion of the 

Analysis Area, with emphasis on the southern half of the eastern portion.  Oil and gas 

development will likely have adverse effects on scenic quality directly related to 

constructed features (pipelines, power lines, well pads, drill rigs, associated roads, 

compressor stations, and production facilities) and activities. 

 

Wind energy development has been occurring and may continue to increase in and 

around the Analysis Area.  Development is likely to occur on private lands in the north 

half of the eastern portion of the Analysis Area.  Wind turbines and transmission lines 

would likely have an impact on scenic quality due to the height of these units and the 

ability for these to be seen from great distances. 

 

Vehicle use of current and future roads and associated dust will likely continue to 

increase in and around the Analysis Area.  The increased traffic and associated dust will 

likely occur on both private roads and public roads.  An increased level of dust present in 

the atmosphere will likely have adverse effects on scenic quality due to the reduced 

ability to view pleasurable landscapes. 

 
Power-line development may continue to increase in and around the Analysis Area.  
Development will likely occur on both private lands and Grassland lands.  Power-lines 
would likely have adverse effects on scenic quality due to the visibility of the structures 
in the middle-ground of some valued landscape views. 
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Alternative 1 – No New Lands Available for Lease 

 

Direct Effects 

The beneficial effects of Alternative 1 are the fact that there will be no modification of 

vegetation or soils associated with well pad construction, there will be no constructed 

features present on PNG lands, and there would be no drilling operations present on PNG 

lands. 

Indirect Effects  

A moderate adverse effect on scenery of this no leasing alternative would be the largest 

amount of surface development on private lands within the Analysis Area.  Research 

provided by BLM states that this alternative would likely require approximately 10% 

more surface disturbance off national forest system lands, as compared to the NSO 

alternative.  Another minor to moderate adverse effect of this increased private land 

development would be the increased heavy vehicle use of Analysis Area roads which will 

likely increase the amount of dust present in view-sheds. 

 

Another minor to moderate adverse effect would be the increased intrusions on the night 

time scenery from private land oil and gas development such as flare-offs from well sites 

and drill rig lighting. 

Cumulative Effects 

All of the effects associated with this alternative would be the result of those previously 

leased lands.  For this alternative all of the effects will result from previously leased lands 

that have or have not yet been developed, lands with 100% private minerals, or private 

lands.  In combination with past, present and foreseeable future projects in and around the 

Analysis Area there would be minor adverse cumulative effects on the scenic quality of 

the grassland.  However, the cumulative adverse effects of Alternative 1 would likely be 

less than Alternative 2 but more than Alternative 3.  

Alternative 2 – No Action 

Direct Effects 

 Extraction of subsurface resources requires the construction of a well pad.  Oil and gas 

well pads may be 12 acres in size during initial construction (short term) and may be 

reduced to 1.5 acres after reclamation has been completed.  Modification of vegetation 

and soils cannot be avoided and may have minor to moderate adverse effects to the 

naturally monochromatic landscape.   

 

Well pads will usually include vertical constructed features such as storage tank 

batteries, separators, and may include a pump jack and associated gas-powered 

generator.  These constructed features introduce lines, forms and textures that are not 

naturally occurring on the landscape.  These deviations do appear visually subordinate to 

the valued landscape character when being viewed from greater distances.  An active well 
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will remain in production on average 30 to 50 years resulting in long term minor to 

moderate adverse effects to scenery. 

 

Road and pipeline construction would likely result in a minor to moderate adverse effects 

to the valued landscape.  Effects would include minor color contrasts between the 

imported lighter colored road gravel and other areas of disturbance compared to the 

surrounding vegetation.  Long and linear features such as roads and pipelines can be seen 

and identified in some view-sheds across the Grassland. 

 

A temporary adverse effect is the presence of heavy construction equipment and 

increased large vehicle traffic on Analysis Area roads.  The increased heavy vehicle 

traffic will probably lead to more dust present in the atmosphere which would reduce 

the distance to which visitors can see and would likely reduce the level of detail they 

can see in these valued vistas.  The additional dust present in the view sheds would 

likely have a minor to moderate adverse effect on scenic quality. 
  

Indirect Effects 

Drilling rigs would likely introduce moderate to major line and form contrasts and may 

dominate the valued landscape character and may not borrow from valued landscape 

attributes, such as the vast low lying prairie and unique geological formations.  The 

relatively tall structures may be seen from miles away and are immediately identified as a 

part of oil and gas operations.  The adverse scenic impacts of drilling rig operations 

would be greater in areas visible from Concern Level 1 travel routes or viewpoints such 

as Hwy. 14, the Scenic Byway, and the Pawnee Buttes Trailhead and associated trails.  

Most of these moderate adverse effects would be temporary, lasting from approximately 

two to three months per well pad (BLM/USFS 2011).   

 

Oil and gas operations may have moderate adverse effects on night time scenic 

characteristics.  Flares from some well sites would have moderate adverse effects and be 

a major contrast and intrusion on the natural evening and nighttime horizon line.  Night 

time lighting on the drilling rigs may be controlled to reduce the night time visibility of 

the derrick from a distance.  Drilling rigs and compressor station’s lighting may have 

some adverse effects on the vast darkness of the Grassland by introducing non-natural 

light sources that could interrupt the night time scenic qualities.  Night time oil and gas 

lighting may be visible from long distances if not properly mitigated.  The Colorado Oil 

and Gas Conservation Commission (COGC), which regulates oil and natural gas 

activities in Colorado, has direction on lighting, Rule 803 states ”To the extent 

practicable, site lighting shall be directed downward and internally so as to avoid glare 

on public roads and building units within seven hundred feet.” 

Cumulative Effects  

Oil and gas development (constructed features) and wind energy development (wind 

turbines) on adjacent private lands with their associated increased vehicles on roads and 

power lines all add to the direct and indirect effects of Alternative 2.  This may result in 
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major adverse effects to High SIO areas, moderate adverse effects to Moderate SIO areas, 

and minor adverse effects to Low SIO areas. 

Summary of Effects 

High SIO has 6,728 acres of NSO in the Project Area for this alternative.  Oil and gas 

operations would likely adversely affect high quality scenic resources if surface 

development was to occur on NFS lands with 100% private mineral rights within High 

SIO acres.  The impacts to High SIO acres may be short-term to long-term with major 

adverse effects and may not meet the SIO as stated in the 1997 Forest Plan. 
 

The potential scenery impacts to Moderate SIO acres in areas without NSO are 137,475 

acres and may not meet the SIO as stated in the 1997 Forest Plan; this would be a minor 

to moderate adverse effect. 
 

Low SIO applies to 2,171 acres of the Project Area without NSO.  Oil and gas operations 

within Low SIO will likely have negligible to minor adverse effects to scenery resources. 
 

Alternative 2 would have the greatest adverse effects on the scenic resources in the 

Project Area.  It would be in compliance with 2,171 acres of Low SIO, and may or may 

not be in compliance with 144,203 acres of Moderate and High SIOs within the Project 

Area (See Table 57). 

 

Alternative 3 – No Surface Occupancy on all PNG Lands 

 

Direct Effects 

The beneficial effects of Alternative 3 are the fact that there will be no modification of 

vegetation or soils associated with well pad construction, there will be no constructed 

features present on PNG lands, and there would be no drilling operations present on PNG 

lands. 
 

Indirect Effects 

A moderate adverse effect on scenery of this NSO alternative would likely be the 

increased surface development on private lands within the Analysis Area.  Another minor 

to moderate adverse effect of this increased private land development would be the 

increased heavy vehicle use of Analysis Area roads which will likely increase the amount 

of dust present in viewsheds.   
 

Cumulative Effects 

Adverse cumulative effects of Alternative 3 would likely be less than Alternative 1 based 

on BLM research that states that this alternative would require approximately 10% less 

surface disturbance or development on private lands than Alternative 2. 
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Based on current research and findings, Alternative 3, no surface occupancy stipulation 

applied to all newly available PNG lands would be the preferred alternative in regards to 

maintaining or improving scenic integrity and quality.  

Summary of Effects  

Scenery Resources would be least impacted by Alternative 3 and second least impacted 

by Alternative 1, with Alternative 2 having the greatest risk for impacts to scenic 

resources.  The effects for SIOs are summarized in Table 57. 
 

Table 59  Scenic Integrity Objective Acreage Summary for Alternative 1 

SIO  With NSO Without NSO 
% of Leasable 

Acres 

Total Acres for 

Potential 

Disturbance 

High SIO 0 0 0% 0 

Moderate SIO 0 0 0% 0 

Low SIO 0 0 0% 0 

Total 0 0 0% 0 

Source:  PNG GIS data 

 

Table 60  Scenic Integrity Objective Acreage Summary for Alternative 2 

SIO  With NSO Without NSO 
% of Leasable 

Acres 

Total Acres for 

Potential 

Disturbance 

High SIO 6,728 0 4.59% 0 

Moderate SIO 0 137,475 93.92% 137,475 

Low SIO 0 2,171 1.48% 2,171 

Total 6,728 139,646 100% 139,646 

Source:  PNG GIS data 

 

Table 61  Scenic Integrity Objective Acreage Summary for Alternative 3 

SIO  With NSO Without NSO 
% of Leasable 

Acres 

Total Acres for 

Potential 

Disturbance 

High SIO 6,728 0 4.59% 0 

Moderate SIO 137,475 0 93.92% 0 

Low SIO 2,171 0 1.48% 0 

Total 146,374 0 100% 0 

Source:  PNG GIS data 
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Table 62  Scenic Integrity Objective Compliance by Alternative 

SIO Compliance by 

Alternative  

Alternative 1 

No New Lands 

Alternative 2 

No Action 

Alternative 3 

NSO 

High SIO Meets May Not Meet Meets 

Moderate SIO Meets May Meet Meets 

Low SIO Meets Would Likely Meet Meets 

 

 

 

3.14 Heritage  

Introduction   

The analysis of effects to cultural resources for the Oil and Gas leasing analysis focused 
primarily on determining the potential of the decision to adversely affect historic 
properties. Historic properties are defined in 36 CFR 800.16 (l)(1) as “any prehistoric or 
historic district, site, building, structure, or object included in, or eligible for inclusion in, 
the National Register of Historic Places (NRHP) maintained by the Secretary of the 
Interior”. The relevant issue to the cultural resources analysis was whether the project 
might alter the characteristics of historic properties that make them eligible for the NRHP 
by diminishing the property’s integrity of location, design, setting, materials, 
workmanship, feeling, or association. Another valuable indicator when assessing adverse 
effects to historic properties is the potential loss of information important to history or 
prehistory. The overall analysis indicator for the project should be the potential effects to 
historic properties.    

The spatial and temporal context for the effects analysis is defined in more detail in the 

environmental consequences section of the analysis and focuses on determining the area 

of potential effects (APE) of the proposed decision. The APE for the project was defined 

as all lands that were designated as administratively available for leasing under the 1997 

ROD that have not already been leased. Additional adjacent lands were also considered 

for impacts to cultural resources under the oil and gas projections under the Reasonably 

Foreseeable Development Scenario to determine the potential effects to the integrity of 

setting and feeling and or potential cumulative impacts.  

 

3.12.1   Heritage Affected Environment   
 

The current knowledge base regarding heritage resources in the study area derives from 

archaeological surveys totaling 56,800 acres (30% of the PNG). Within the project area, 

there are 1,847 known prehistoric and/or historic archeological sites ranging in age from 

ca. 11,000 B.C. until historic times.   

 

Prehistoric Sites 
Prehistoric sites make up 70% (n=1307), historic sites make up 24% (n=460), and the 

remaining 6% of the sites (n=80) contain both prehistoric and historic components. Sites 

that are listed, eligible for listing or have not been fully evaluated for listing on the 
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National Register of Historic Places make up 17% (n=322) of the recorded cultural 

resources on the Pawnee National Grassland. The following summaries of prehistoric and 

historic sites on the Pawnee National Grassland were derived from the Forest Service 

spatial and tabular databases and the Office of Archaeology and Historic Preservation 

spatial and tabular databases in January of 2013. 
 

 
Table 63. Prehistoric Cultural Resource Types on the PNG 

Prehistoric Site Types Count 

Open Lithic Sites  331 

Open Camp Sites  193 

Stone Quarry or Lithic Procurement Sites  53 

Stone Circle or Open Architectural Sites 34 

Table 64. Historic Cultural Resource Types on the PNG 

Historic Site Types Count 

Homesteads, Ranches or Historic Habitation Sites 125 

Historic Ditches, Canals, or Water Control or Development Sites  16 

Railroad Grades and Railroad Development Sites 14 

Rural Schoolhouse Sites 2 

1864 Battle of Cedar Creek Associated Sites 2 

Civilian Conservation Corp and WWII Civilian Public Service Camp 1 

Cold War Atlas E Missile Site 1 

Resettlement Administration Headquarters Site 1 

 

Prehistoric sites thus far recorded on the Pawnee National Grassland range from older 
than 11,000 years to approximately 150 years ago.  Prehistoric research themes generally 
include questions about local chronology, individual site function(s), settlement patterns 
and site location variables, lithic procurement and preferential raw material selection 
strategies, lithic technology, and resource exploitation patterns (Eighmy 1984).  

Site types within the Pawnee National Grassland primarily reflect hunting and gathering 
activities, stone tool manufacture, and habitation sites.  Architectural sites may occur 
within the more well-watered drainages.  These sites are represented by projectile points, 
grinding stones, butchering tools, other lithic (stone) debris, and pottery.  Features such as 
rock-lined pit houses, lithic procurement sites (quarries), stone circles, and rock overhang 
shelters have been found.  Prehistoric sites can be expected most commonly within ½ 
mile of water sources.  Other predicted site locations are areas of rock overhangs and 
ridge tops that contain silicified rock deposits.  Such deposits generally consist of cherty 
materials such as jasper which were utilized by Native Americans for stone tool 
manufacture.  These sites can be very long, exceeding a mile or more in length. 

Table 65. Cultural Components within the Prehistoric Chronology for the Platte River Basin 

Cultural Component  Temporal Range 

Identified 
Cultural 
Components 
on the PNG 

Paleoindian Stage 12,000-7690 B.P. 2 

     Clovis Period 12,000-11,000 B.P. 1 

     Folsom Period  13,290-10,670 B.P. 1 

     Plano Period  12,800-7690 B.P. 0 

Archaic Stage  7500-1800 B.P. 5 
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     Early Archaic Period  7500-5000 B.P. 0 

     Middle Archaic Period  5000-3000 B.P. 15 

     Late Archaic Period  3000-1800 B.P. (A.D.150) 23 

Late Prehistoric Stage 800-360 B.P. (A.D. 150-1540) 23 

    Early Ceramic Period  1800-800 B.P. (A.D. 150-1150) 19 

    Middle Ceramic Period  800-360 B.P. (A.D. 1150-1540) 6 

Protohistoric Period  360-90 B.P. (A.D. 1540-1860) 11 

Derived from (Gilmore et. al. 1999) 

 

Historic Overview 

The Open Range 

The first cattle drive from Texas to what would become Colorado occurred around 1859. 
In the 1860s Cattlemen or cattle “barons” would purchase Texas cattle at low prices and 
drive them north to Colorado and Nebraska where they could fetch higher prices. The 
cattlemen and the cowboys they hired grazed for free on public domain lands often 
fencing public domain lands and guarding the water sources with line camps. The need 
for cattle was fed by the large demand of the booming mining development in the 
Colorado Rockies. Cattle Barons like John Wesley Iliff and John Wesley Prowers turned 
the cattle drives and grazing on public lands into large, lucrative, and influential industry. 
The drives became less profitable in the 1890s when cattle prices dropped and 
homesteaders were beginning to populate the area. The homesteaders were aided by 
congressional actions and an increase in sheep grazing in Weld County (Mehls 1984; 
Mehls and Mehls 2006; Ubbelohde 2006). 

Homesteading  

The earliest homesteading on and around the Pawnee National Grasslands slowly 
followed the designation of Colorado Territory in 1861 and the Homestead Act of 1862. 
Initial settlement of the area was slow during the period of the Civil War (Mehls and 
Mehls, 2006).  

The Bureau of Land Management (BLM) Government Land Office Records indicate that 
the first settlers to the area purchased land parcels or used military scrip as authorized by 
the Scrip Warrant Act of 1855. The first homesteading occurred around 1891, but was 
slow to develop due to the arid condition of the lands that would later become the Pawnee 
National Grassland (BLM 2013). The arid condition of the lands was exasperated by the 
1890s Colorado drought.     

In the early 1900s beet farming was taking off west of the Pawnee National Grasslands 
alongside increasing water development projects. A beet boom was taking place by 1905 
in the irrigated areas along the railroad in communities like Greeley, Eaton, Ault and 
Pierce (Holleran 2005). A rush of homesteaders to the grasslands occurred in 1909 and 
1910 that coincided with unusually wet conditions, boosters that promoted development, 
and the enactment of the Enlarged Homestead Act of 1909, which allowed for patents of 
320 acres in size to allow for dryland farming rather than the 160 acre parcels allowed for 
in the 1862 Homestead Act (Mehls and Mehls 2006; Koenig 1979; BLM 2013).  

The early homesteads met the requirements to prove up their claim with sod homes or 
vernacular structures, small outbuildings and wells. The railroad expansion that 
connected the communities of Sligo, Stoneham, Buckingham, Keota, Grover and other 
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small towns to the resources in Cheyenne and larger Colorado Towns made it possible to 
obtain better building materials and build more larger and better built structures.  

Homesteading in northeastern Weld County continued in high numbers through the 
1920s. Congress spurred additional land patents by the enactment of the Stock Raising 
Homestead Act of 1916 which allowed for 640 acre parcels on arid lands for stock 
raising. Wartime needs during World War I also spurred development of marginal lands in 
northeastern Weld County. Existing Farms were not meeting demands and crop prices 
were rising.     

The Great Depression and the National Grasslands 

Although the land that became the Pawnee National Grassland was not part of the 
federally-designated Dust Bowl, the drought and economic depression of the 1930s had 
devastating effects on the marginal land farmers of Weld County, Colorado.  The early 
1930s saw several extremely dry seasons in northern Colorado.  The homesteaders of the 
Great Plains had largely settled on “sub-marginal” land that was poorly suited for farm 
crops and had been living in poverty long before the 1929 stock market crash.  Many 
newly unemployed factory workers had left cities during the early years of the 
Depression to attempt to make a living farming.  Not only did the drought cause crops to 
fail, but removal of the native prairie vegetation and tillage of the dry soil made this 
marginal agricultural land extremely dry and unstable.  In 1932 and 1933 the drought was 
accompanied by dry winds that churned up the loose dry soil and carried it away in dust 
storms.   

In response to the high number of farm foreclosures and tax delinquencies, the federal 
government launched a land utilization program to purchase and develop sub-marginal 
land.  This program eventually evolved into the Bankhead-Jones Farm Tenancy Act of 
1937.  A total of 11.3 million acres of land were acquired under these programs for an 
average of $4.40 per acre.  The acquired land was planted with grasses and trees, 
improved with flood and erosion control features, or used for roads, employing a great 
number of people at the same time that the land was improved.  These lands changed 
agencies many times before finally being designated as National Grasslands in 
1960(Olson 1997).   

Existing Condition 

The existing condition of cultural resources on the PNG is constantly changing. 

Continued archaeological inventories and discoveries increase the knowledge base for 

cultural resources. The broader knowledge base allows resources to be better evaluated 

for significance and put into a more refined historic and prehistoric context. At the same 

time that the resource knowledge base is augmented by continued research and 

documentation it is also being diminished by human and natural processes. Unauthorized 

collecting, theft, excavations, and vandalism occur now and will continue. Natural 

erosional and depositional processes will also degrade heritage resources. Land and 

resource management associated with recreation, oil and gas development, agriculture, 

and grazing are on-going. The projects associated with the land management activities 

have the potential to affect historic properties. Thirty percent of the PNG has been 

surveyed for cultural resources and approximately 2,000 cultural resources have been 

identified; approximately 300 of those are considered to be historic properties eligible for 
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the NRHP. The number of identified cultural resources is expected to increase, which will 

increase the number of resources that should be preserved, interpreted for the public, 

maintained, and documented.   
 

Oil and gas development has the potential to directly impact cultural resources by causing 
physical destruction, damage, or loss of critical information about prehistoric and historic 
life during construction of wells, access roads, pipelines and other activities associated 
with oil and gas development. Oil and gas development also has the potential to impact 
the setting and visual landscape of cultural resources.  Oil and gas development accessing 
federally owned mineral estates are subject to authorization and consideration of cultural 
resources through the NEPA and NHPA section 106 processes. Lease terms that are 
intended to minimize or remove potential impacts to cultural resources are applied when 
accessing federal oil and gas leases on Federal lands and private lands.  Additional lease 
terms may also be applied to development of federally owned mineral estates where 
development takes place on federal lands. The existing impacts from oil and gas leasing 
accessing federal estates are restricted mostly to visual impacts to the setting cultural 
resources. Direct impacts are avoided or mitigated.  

Privately owned mineral estates are not subject to federal authorization when 

development takes place on private lands. There are likely ongoing, direct, and 

irreversible impacts to cultural resources on private lands accessing private mineral 

estates. The loss of cultural resources and archaeological information diminishes the 

understanding of past human behavior. 

 

Case law and regulations have been inconsistent on the ability of federal agencies to carry 

out environmental and cultural resource reviews for privately owned mineral estates 

where development will take place on federal lands (Williams 2011; Minard Run Oil Co. 

v. U.S. Forest Service; Minard Run Oil Co. v. U.S. Forest Service; San Luis Valley 

Ecosystem Council v. U.S. Fish and Wildlife Service). For a reserved private mineral 

right underlying National Forest System (NFS) lands the Forest Service does issue an 

authorization that triggers cultural resource review and consideration. For outstanding 

mineral rights underlying NFS lands the Forest Service may only have 60 days to respond 

to requests to access the underlying minerals and may not be able to give full 

consideration to cultural resources. The Archaeological Resources Protection Act (ARPA) 

does provide penalties for damaging archaeological resources. There are incentives for 

mineral estate owners, lease holders, and oil and gas development companies to avoid 

damaging cultural resources on Federal lands. In most cases consideration of cultural 

resources will take place for development of both reserved and outstanding mineral 

rights, although the authority to carry out reviews that could delay the mineral estate 

owner from development is currently unclear.    

Desired Condition   

The desired conditions for cultural resources is that they remain stable, intact, and the 
characteristics which make them eligible for the NRHP remain unaltered by future 
projects, neglect, forest visitors, or natural processes. Cultural resources should continue 
to provide interpretation opportunities to increase public understanding, appreciation, and 
perspective of our diverse heritage and provide opportunities for scientific and cultural 
study to gain knowledge about past human behavior.    
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3.12.2   Heritage Environmental Consequences 
Methodology   

Incomplete and Unavailable Information   

 

The current knowledge base regarding heritage resources in the study area derives from 
archaeological surveys totaling 56,800 acres (30% of the PNG). A total of 35,002 acres 
(approximately 24%) of previous archaeological surveys have taken place on the lands 
currently being analyzed for a leasing decision (146,367 acres). In addition to a lack of 
knowledge of the resources in about three quarters of the analysis area, sites that were 
previously determined not eligible for the NRHP may need to be re-evaluated within the 
context of the current knowledge base. Periods and areas of historical and prehistoric 
significance can change over time. Recording and data recovery methods can also change 
over time. The value and significance of resources may have increased or decreased since 
previous recordings.  A number of lithic procurement or prehistoric stone quarry 
resources, larger than can be protected by the SLT stipulations, have been identified in the 
last decade on the west unit of the PNG. The FS and SHPO started addressing some 
landscape level approaches to recording these resources but may also need to address 
some landscape level management approaches to minimize or remove the potential for 
adverse effects to these resources.  Given that only around a quarter of the analysis area 
has been inventoried it is likely that additional larger lithic procurement resources will be 
identified within the analysis area. 

Spatial and Temporal Context for Effects Analysis  

 

Summary of Cultural Resources within the APE of the Current Oil and Gas Leasing 
Analysis 

Sites were considered to be within the APE of the current analysis if they fully 
encompassed or exceeded a forty acre Public Land Survey System (PLSS) legal land 
parcel within the area proposed for a leasing decision, or could potentially be adversely 
affected by changes to the integrity elements of setting or feeling of the resource. Sites, 
smaller than a forty acre PLSS land parcel, can be protected from potential ground 
disturbing activities using the SLT stipulations. Sites that can be protected using the SLT, 
have been determined to be not eligible for the National Register of Historic Places, or 
are outside of the areas currently being proposed for a leasing decision have been 
excluded from the following summary.  

Fifteen sites within the analysis area are greater than 40 acres in size and could 
potentially be physically impacted by the leasing decision. However an analysis of 
existing leases in and around the PNG administrative area indicates that all of the 
previous leases follow the PLSS legal land description boundaries (sections, quarter 
sections; quarter, quarter sections; etc.). BLM data indicates that only four leases were 
less than 40 acres and 49.5 % were right at 40 acres (the rest were also standard sizes: 80 
acres – 22%, 160 acres -15%, 320 acres – 10%, and 640 acres – 2%). The forty acre lease 
size seems to be the smallest and most predominant. Four cultural resources fully 



 

248 
 

encompassed or exceeded a forty acre parcel and could not be fully protected by SLT 
stipulations.   

For the purposes of the analysis the direct and indirect effects on the APE were 
determined by following the directives in 40 CFR 1508.8, 36 CFR 800.16 and the 
Council on Environmental Quality (CEQ), Executive Office of the President, and the 
Advisory Council on Historic Preservation (ACHP) Handbook for integrating NEPA and 
Section 106 of the National Historic Preservation Act (CEQ et. al., 2013:41).    

Cultural Resources in the Direct Effects APE 

Physical destruction or damage could impact these resources. Alterations to the integrity 
elements of materials, design, workmanship, or location could impact these resources. 

Site 5WL2180 is the West Stoneham Archaeological District and management area 3.1 
Special Interest Area. The site encompasses 440 acres and contains 44 documented sites 
representing 10,000 years of human occupation. The district includes rock shelters, stone 
ring camps, animal and plant processing locales, lithic quarries and lithic manufacturing 
sites and areas. The site is associated with Middle Paleo-Indian, Early Archaic, Middle 
Archaic, Late Archaic, Plains Woodland, Upper Republican, Dismal River and, Historic 
American Indian populations. This site is listed on the National Register of Historic 
Places. Due to the size of 5WL2180, the SLTs are not sufficient to protect it from 
potential adverse effects from oil and gas leasing. The 1997 Forest Plan determined that 
the West Stoneham SIA should be subject to the NSO supplemental stipulation for oil and 
gas leasing. 

Site 5WL1470 is a large prehistoric open lithic and open camp site. Across the entire site 
area (370 acres), it is estimated that there are over 2,500 flakes and nearly 400 early stage 
bifaces, cores or tested raw material (TRM) are present. Four concentrations of fire 
affected rock were recorded within the site. A buried basin hearth was recorded in an 
exposed cutbank at the site. Black-stained sediments, charcoal, bone, debitage, and FCR 
are visible within the feature buried hearth feature. The site has yielded and is likely to 
yield additional information important to prehistory. Site 5WL1470 is eligible for the 
NRHP. Due to the large size of 5WL1470 the SLTs are not sufficient to protect it from 
potential adverse effects from oil and gas leasing. The site is considered to be within the 
APE of the current oil and gas leasing analysis. 

Site 5WL5732 is a very large lithic procurement site and lithic scatter. The site occupies 
a 190 acre area. Samples of the artifacts observed at the site were recorded. The samples 
included 1,101 flakes and 403 cores and tested cobbles. Of the 1,101 flakes recorded, 839 
were cortical flakes. Eight expedient bifacial tools and three expedient unifacial tools 
were recorded. The material types represented consist primarily of quartzite, chert and a 
very small number of chalcedony flakes. The site has yielded and is likely to yield 
additional information important to prehistory. Site 5WL5732 is eligible for the NRHP.  
Due to the large size of 5WL5732 the SLT are not sufficient to protect it from potential 
adverse effects from oil and gas leasing. The site is considered to be within the APE of 
the current oil and gas leasing analysis. 

Site 5WL8 is a stone quarry. The site consists of an extensive scatter of lithics of varying 
density over the crest of a ridge overlooking the head of Howard Creek. Lithic materials 
are present in noticeable concentrations, are quite sparse in some areas, but are 
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continuous over at least 90 acres. Several thousand artifacts were noted at the site; these 
included cobble source material of chert and quartzite, cores, flakes, and utilized flakes. 
The last recorder of the site recommended that the site should monitored, protected, and 
that the potential for subsurface deposits be determined. The site is unevaluated for the 
NRHP.  

Cultural Resources in the Indirect Effects APE  

Alterations to the integrity elements of setting, character, or feeling could impact these 
resources.  

Site 5WL1591 is the Land Utilization Program Headquarters (LUP HQ). The site 

consists of a 1920s era homestead that was used as the headquarters for the Land 

Utilization Program from 1936 to 1941. The LUP HQ is the most intact surviving site tied 

to the work of the Resettlement Association (RA), Soil Conservation Service (SCS), and 

Farm Security Administration (FSA) in the region. The site contains several buildings 

and significant landscape architecture elements. The LUP HQ is associated President 

Franklin Roosevelt’s New Deal legislative agenda to rescue the United States from the 

Great Depression. The New Deal programs carried out from the LUP HQ are 

representative of major shifts in government policy relating to land use and agriculture. 

After decades of encouraging settlement of the plains and giving away land through the 

Homestead Acts, under the Resettlement Administration the government began to buy 

back land it determined unsuitable for farming. These New Deal agencies marked the 

beginning of much greater government involvement in agricultural practice and policy 

including loans, subsidies, educational programs, and controlled grazing on government 

lands. The site is eligible for its association with significant historical events in the areas 

of Conservation, Politics/ Government, and for unique landscape architecture elements. 

The site is listed on the NRHP. 

 

Site 5WL2413 is the Main Stone Circle Site. The site consists of twenty seven stone 

circles ranging from 3-6 meters in diameter spread along the western edge of a bluff on a 

northwest – southeast trending broad ridge. The site occupies a 450m (NW-SE) x 150m 

(NE-SW) area. Eleven flakes and three cores were observed scattered throughout the site, 

material types include chalcedony, quartz and chert. Eight of the stone circle features 

contained fire affected rock or other evidence of a hearth being present. Two hearths 

unassociated with any stone circle features were observed. The site is eligible for the 

NRHP. 

 

Site 5WL3169 is the Vim Stone Circle Site. The site consist of 45 complete stone circles, 

8 additional partial stone circle features, and a several hearth features. The site is eligible 

for the NRHP. Visual impacts from a wind farm adjacent to the lands managed by the 

PNG have already partially diminished the integrity elements of setting, character and 

feeling of this resource.  

 

Site 5WL2658 is a prehistoric site that contains 27 stone circles and a lithic scatter. The 

site is eligible for the NRHP.   
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Site 5WL2859 is the possible location of the May 2, 1864 Battle of Cedar Creek, the first 

military engagement between organized American forces and Native Americans in 

Colorado (Noisat 1999). The site is eligible for the NRHP.  (This site has significant 

value to the Northern Arapaho and Northern Cheyenne) 

 

Site 5WL27 is the Biggs Site an open architectural site recorded in 1964. This site has 

also been associated with the May 2, 1864 Battle of Cedar Creek. The site includes one 

stone circle, 33 pottery fragments, 11 grinding stones, 17 projectile points, 2 blades, one 

drill, and lithic flakes. The site dates from B.P. 1400 ± 90 (Late Prehistoric) to 1864 

(Wood, 1967, Noisat 1999).   
 

Past, Present, and Foreseeable Activities Relevant to Cumulative Effects Analysis 

 

There are ongoing impacts to cultural resources within and adjacent to the analysis area.  

Human impacts and natural processes are constantly affecting cultural resources.  

Activities such as hunting, dispersed recreation, agriculture, oil and gas development on 

adjacent lands, and grazing are on-going and may impact cultural resources by causing 

physical damage, increasing illegal collection and vandalism, or affecting the setting and 

character of cultural resources.  

 

Cultural resources are non-renewable.  The loss of archaeological resources has occurred 

in the past and will continue to occur in the future through both natural and human 

causes.  The accumulated loss of individual cultural resources has the potential to limit 

our ability to understand broad patterns of human history as well as local historical 

events.  Over time, fewer cultural resources would be available for study and 

interpretation.   

 
Oil and gas development has the potential to directly impact cultural resources by causing 
physical destruction, damage, or loss of critical information about prehistoric and historic 
life during construction of wells, access roads, pipelines and other activities associated 
with oil and gas development. Oil and gas development also has the potential to impact 
the setting and visual landscape of cultural resources.  Oil and gas development accessing 
federally owned mineral estates are subject to authorization and consideration of cultural 
resources through the NEPA and NHPA section 106 processes. Lease terms that are 
intended to minimize or remove potential impacts to cultural resources are applied when 
accessing federal oil and gas leases on Federal lands and private lands.  Additional lease 
terms may also be applied to development of federally owned mineral estates where 
development takes place on federal lands. The existing impacts from oil and gas leasing 
accessing federal estates are restricted mostly to visual impacts to the setting cultural 
resources. Direct impacts are avoided or mitigated.  

Privately owned mineral estates are not subject to federal authorization when 

development takes place on private lands. There are likely ongoing, direct, and  

irreversible impacts to cultural resources on private lands accessing private mineral 

estates. The loss of cultural resources and archaeological information diminishes the 

understanding of past human behavior. 
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Alternative 1 – No Leasing 

This alternative proposes that all lands in the project area will not be available for leasing 

whatsoever.  Stated simply, the projection is zero with no new leases issued on these 

lands.  Lands already leased would continue under their terms—approximately 43,398 

acres. 

Direct Effects 

Under the No Leasing Alternative there would be no direct effects to cultural resources 

within the analysis area.   

Indirect Effects 

Under the No Leasing Alternative there is potential that oil and gas development would 

increase on lands adjacent to the current analysis area (Federal lands previously leased, 

State lands, and Private lands). The potential for the increased development to be is not 

expected to be measurably different than the current RFD scenario. Development in the 

area is not expected to decrease and the logistics of avoiding federal mineral estate, no 

leasing is likely to increase the disturbance on adjacent lands. Since much of this 

development would be taking place on private surface to access private mineral estates 

where cultural resources will not be considered prior to development there could be 

significant impacts under the no leasing alternative.  

Cumulative Effects  

The No Leasing alternative has indirect impacts and the impacts of other projects, 
looting, vandalism, erosion and other factor would combine to create significant and 
adverse impacts to cultural resources. 

Summary of Effects  

The No Leasing Alternative would have no direct impacts to cultural resources on Forest 

Service System lands, but could have significant and adverse indirect and cumulative 

impacts to cultural resources. 

Alternative 2 – No Action 

The No Action Alternative proposes that all lands in the project available for leasing in 

the 1997 Forest Plan ROD would remain available for leasing—approximately 146,367 

acres.  Lease stipulations determined in the 1997 Forest Plan ROD would be required on 

any new leases. The stipulations in the 1997 Forest Plan include several areas of No 

Surface Operations (NSO), Timing Limitations (TL), and Standard Lease Terms. 

Appendix D of the 1997 Forest Plan contains a description and location of the leasing 

stipulations.     

Design Features and Mitigation Measures 

Alternative 2 includes one NSO area specifically designed to protect cultural resources 

from the impacts of oil and gas leasing activities.  
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Alternative 2 includes a number of other stipulations (Timing Limitations, Controlled 

Surface Use, No Surface Occupancy Areas, No Leasing Areas and Standard Leasing 

Terms) designed specifically for other resources that will also protect cultural resources.  

 

Direct Effects  

Under the No Action alternative there could be potential direct effects to resources that 
were not identified prior to the 1997 Forest Plan decision or any resource that is too large 
to be protected by SLTs. There are four cultural resources (SWL2180, 5WL8, 5WL1470, 
and 5WL5732) where the SLTs are not sufficient to reduce or remove potential 
significant impacts from oil and gas leasing and mineral development. These sites are 
larger than the standard lease size (40 acres) and moving mineral development activities 
200 meters would not remove the potential for significant impacts. Oil and gas drilling, 
road building, installation of pipelines, and other oil and gas development activities could 
cause physical destruction or damage to all or part of the resources. Oil and gas 
development and related activities could also cause alterations to the integrity elements of 
materials, design, workmanship, or location.  

Three of the sites (5WL1470, 5WL5732, and 5WL8) are large lithic procurement sites. 
These resources have large spatial extents but only small portions of the site support their 
eligibility. The current lease stipulations could be applied to remove potential adverse 
effects to these sites in consultation with SHPO.  

Under Alternative 2 there is the potential for significant impacts to cultural resources.  

Indirect Effects  

Under the No Action alternative there is the potential for indirect effects to cultural 
resources. Oil and gas development activities could alter to the integrity elements of 
setting, character, or feeling could impact these resources. Oil and gas development could 
change the visual or audible setting and cause significant impacts to cultural resources. 

For the purposes of this analysis cultural resources with architectural elements and areas 
and resources that could be important to tribes were considered for potential impacts 
from visual and audible alterations from oil and gas development. There is one historical 
cultural resource on the PNG with intact standing architecture, 5WL1591, the LUP 
project headquarters, this site and the area around it are used as an administrative site and 
were made No Leasing by decision in the 1997 Forest Plan. Since this site is protected be 
the No Leasing stipulation significant impacts would not occur due oil and gas leasing 
activities.  

Three prehistoric sites that contain large concentrations of stone circles (5WL2413, 
5WL3169, and 5WL2658) were identified that could be impacted by the indirect effects 
of oil and gas leasing activities within the analysis area. 

A viewshed analysis was run in ArcGIS on all three of these resources. For 5WL2413 and 
5WL2658 the SLT stipulations that allow moving leasing activities 200 meters would be 
able to remove the potential for indirect effects to the site. The viewshed analysis run for 
site 5WL3169 indicated that there could be areas where SLTs would not be sufficient to 
remove potential indirect visual effects; however the setting at 5WL3169 has already 
been heavily impacted by the a wind farm on adjacent private lands and the site does not 
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retain integrity of setting or feeling. 5WL3169 also would retain numerous other charter 
defining features (information potential, integrity of design, location, materials, and 
workmanship) that would still support the eligibility of the resource.  

Two sites (5WL2859 and 5WL27) in the Indian Caves area have been associated with the 
May 2, 1864 Battle of Cedar Creek, the first military engagement between organized 
American forces and Native Americans in Colorado. Sites 5WL2859 and 5WL27 are 
within areas identified as NSO due to recreation and scenery objective concerns. These 
two resources would not be indirectly affected by potential indirect effects of oil and gas 
leasing.  

Cumulative Effects 

Under the No Action Alternative there is potential for cumulative effects to cultural 
resources. Under the No Action alternative the current analysis identified the potential for 
direct effects to sites 5WL8, 5WL1470, and 5WL5732 and the potential for indirect 
effects at 5WL3169. The potential direct effects to 5WL8, 5WL1470, and 5WL5732 
combined with other ongoing human and natural impacts could create a significant and 
irretrievable loss of archaeological information, and damage the character defining 
features and integrity of cultural resources. The accumulated loss of individual cultural 
resources has the potential to limit our ability to understand broad patterns of human 
history as well as local historical events. 

Under alternative 2 there is the potential for significant cumulative effects to cultural 
resources. 

Alternative 3 – Leasing under No Surface Occupancy (NSO) 

Leasing under NSO proposes that all lands in the project area determined as 

administratively available for leasing under the 1997 ROD would continue to be available 

for leasing—approximately 146,367 acres.  On these lands the Forest Service would 

require a No Surface Occupancy stipulation.  The NSO stipulation would prohibit 

occupancy and use of the surface for oil and gas operations.  The projection for these 

lands would be zero because no wells or well pads would be allowed. Although the NSO 

stipulations would be applied to these lands, the NSO stipulation does not prohibit oil and 

gas from being leased in these areas.  If these lands were leased with an NSO stipulation, 

oil and gas could be extracted by locating facilities on non-NFS lands and horizontally 

drilling underneath the surface. 

Design Features and Mitigation Measures 

A supplemental NSO stipulation would be added to Alternative 3 for protection of 

resources on the entire analysis area. 

Direct Effects  

Under Alternative 3 the design features of the alternative could remove any significant 
direct effects to historic properties within the analysis area. The entire analysis area 
would be protected from ground disturbing activities. The potential for destruction or 
damage to all or part of the historic properties within the Analysis area would be removed 
by removing oil and gas development activities from the analysis area.  
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The design features of Alternative 3 would protect cultural resources from direct effects. 
There would not be any significant direct impacts to cultural resources under Alternative 
3. 

Indirect Effects  

The RFD scenario would still apply and development would be expected to occur on the 
private lands adjacent to the project area. There could be increased development on lands 
adjacent to the PNG to access the oil and gas leased under the federal surface through 
horizontal drilling. However the Bureau of Land Management (BLM) is also required to 
take cultural resources into consideration through the NEPA and Section 106 process 
when oil and gas development proposals are considered on private lands to access federal 
mineral resources (BLM 2008).  

Since the BLM would be required by NEPA and the NHPA section 106 process to 
consider the effects to cultural resources there would not be any significant indirect 
impacts to cultural resources under alternative 3. 

Cumulative Effects 

Alternative 3 would have no direct or indirect effects and that could combine with past, 
present, or reasonably foreseeable future actions to create cumulative effects.   

Summary of Effects  

Through the consideration of effects to cultural resources in the current analysis the 
Forest Service feels the following findings of effect are appropriate: 

 

Alternative 1: The Forest Service feels a finding of significant impacts to cultural 
resources is appropriate for Alternative 1. The analysis of the no leasing 
alternative identified potential significant indirect and cumulative impacts 
to cultural resources. 

Alternative 2: The Forest Service feels a finding of significant impacts to cultural 
resources is appropriate for alternative 2. Potential direct effects were 
identified for 5WL1470, 5WL5732, and 5WL8 and potential indirect effects 
were identified for 5WL3169.  

Alternative 3: The Forest Service feels a finding of no significant impacts to cultural 
resources is appropriate for alternative 3. No direct, indirect, or cumulative 
effects were identified in the Analysis for the NSO alternative. All of the 
resources considered in this analysis would be protected from ground 
disturbing activities under the NSO stipulation. The BLM is also required to 
take cultural resources into consideration through the NEPA and Section 
106 process when oil and gas development proposals are considered on 
private lands to access federal mineral resources (BLM 2008). 

Table 66: Summary of Potential Impacts to Previously Recorded Cultural Resources by Alternative 
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Resource 

Component 

Alternative 1: 

No Leasing  

Alternative 2: 

No Action 

Alternative 3: 

NSO 

5WL2180 No Impacts No Impacts No Impacts 

5WL1470 No Impacts Direct Impacts No Impacts 

5WL5732 No Impacts Direct Impacts No Impacts 

5WL8 No Impacts Direct Impacts No Impacts 

5WL1591 No Impacts No Impacts No Impacts 

5WL2413 No Impacts No Impacts No Impacts 

5WL3169 No Impacts Indirect Impacts No Impacts 

5WL2859 No Impacts No Impacts No Impacts 

5WL27 No Impacts No Impacts No Impacts 

 

3.15 Transportation 

3.15.1 Affected Environment 

Potential future leasing and development could result in changes to the Pawnee National 

Grasslands transportation system by increasing the miles of new road constructed and by 

increasing the volume of traffic traveling on existing and/or proposed routes. 

Existing Roads 

The following tables are the mileages of existing National Forest System Roads 

(NFSR’s) and of Non-Forest Service Jurisdiction Roads within the Pawnee Ranger 

District (as of February 28, 2014, taken from Infra). Infra information within this report 

was based on the information contained in this system at the time of the analysis. 

Although the best information at the time of this study, it is approximate and may change. 

Mileages in Tables 1 and 2 include roads within the entire Pawnee National Grasslands 

(not just the project area, or acres available for leasing). 

 
Table 67  Miles of Forest Service Roads on the Pawnee National Grasslands 

 Miles Forest Service Jurisdiction and/or FS System 

Operational 
Maintenance Level 

Open only to Admin. 
Open to 
Public 

Total 
Existing 

1* N/A N/A 11.0 

2 427.9 123.0 550.9 

3 16.0 52.9 68.9 

4 0.1 3.1 3.2 

5 0 0 0 

Total PRD FS Miles 444.0 179.0 634.0 
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Table 68  Miles of road that are non-Forest Service jurisdiction or non-NFSR roads on the Pawnee National 
Grasslands** 

Non- Forest Service 
Jurisdiction 

Miles of Road 

County 786.4 

Other Federal 0.6 

Private 57.9 

State 143.1 

Total PRD Non-FS Miles 988.0 

  
Total PRD Unauthorized Miles 100.1 

*  ML 1 roads are closed roads that are not open to any travel. 

** The Forest Service only captures miles of roads that serve to connect the 

public to Forest Service property and roads. Therefore, miles of "Non-FS 

Jurisdiction" and "Unauthorized" are only those miles that are either 

intermingled with FS miles or that link the public to FS miles and are 

captured/recorded in IWeb/Infra. These numbers are not an accurate count 

of all miles within the Forest boundary. 

 

As seen in the table above, most NFSR’s on the Pawnee National Grassland are roads 

open for use by high clearance vehicles (Maintenance Level 2). Most passenger vehicle 

roads are Weld County jurisdiction.  

 

A Motor Vehicle Use Map (MVUM) was published for the Pawnee National Grasslands 

and is revised as necessary.  This map contains the existing direction for motor vehicle 

use open to the public on the district.  Motor vehicle use (excluding snowmobiles 

operating on snow) is allowed on designated roads and trails shown on the MVUM.  The 

MVUM’s for the ARP, are available on the web (under “Maps and Publications”) at:  

http://www.fs.usda.gov/main/arp/home   

Existing Traffic 

As mentioned in the table above, most NFSR’s on the Pawnee National Grassland are 

roads open for use by high clearance vehicles. Most passenger vehicle roads are Weld 

County jurisdiction. Information on County roads and traffic studies can be found on the 

Weld County website and include the following links: 

http://www.co.weld.co.us/Departments/PublicWorks/TrafficandSigning.html 

http://www.co.weld.co.us/assets/064C3b1c7b7bB7bDb67D.pdf 

http://www.co.weld.co.us/assets/1DCAc997314Dd41dD1c5.pdf 

The Arapaho and Roosevelt National Forests and Pawnee National Grasslands does not 

have existing traffic data. 

http://www.fs.usda.gov/main/arp/home
http://www.co.weld.co.us/Departments/PublicWorks/TrafficandSigning.html
http://www.co.weld.co.us/assets/064C3b1c7b7bB7bDb67D.pdf
http://www.co.weld.co.us/assets/1DCAc997314Dd41dD1c5.pdf
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Management Direction 

General Forest Plan Direction 

The Forest Plan provides guidance to minimize the impacts of roads and trails on natural 

resources such as soil, water, and wildlife.  The following are some of the guidance found 

in the Forest Plan (and which chapter it is located) related to roads: 

 Based on site-specific environmental decisions, all “ways” will either be 

reclassified as FDRs or FDTs (Forest Development Roads and Forest 

Development Trails) or will be scheduled for obliteration (Introduction – 

Travel Management). 

 Provide an integrated travel system that considers various modes of 

motorized and nonmotorized use consistent with the resource capacity of 

the area (Chapter 1 – Human Uses). 

 Limit roads and other disturbed sites to the minimum feasible number, 

width, and total length consistent with the purpose of specific operations, 

local topography, and climate (Chapter 1 – Erosion and Sediment). 

 Construct roads and other disturbed sites to minimize sediment discharge 

into streams, lakes, and wetlands (Chapter 1 – Erosion and Sediment). 

 Stabilize and maintain roads, trails, and disturbed sites during and after 

construction to control erosion (Chapter 1 – Erosion and Sediment). 

 Reclaim roads and other disturbed sites when use ends, as needed, to 

prevent resource damage (Chapter 1 – Erosion and Sediment). 

 System travelways determined to be no longer needed to achieve proposed 

management activities or located where resource damage cannot be 

mitigated shall be obliterated, revegetated, and sloped to drain (Chapter 1 

– Infrastructure). 

 Maintain all roads at the minimum maintenance level to meet the 

management objectives for the area (Chapter 1 – Infrastructure). 

 Manage road use by season restriction if its use causes unacceptable 

damage to soil and water resources due to weather or seasonal conditions 

(Chapter 1 – Infrastructure). 

 Decisions about which roads and trails to keep open or to close will be 

implemented under formalized travel management plans (Chapter 2 – 

Travel Management Strategy). 

Management Area Direction 

The 1997 Revision of the Land and Resource Management Plan for the Arapaho and 

Roosevelt National Forests and Pawnee National Grassland establishes programmatic 

direction for the management of National Forest System lands.   
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The Arapaho and Roosevelt National Forests are broken into discrete Management Areas.  

Management Areas provide management direction by emphasizing a particular resource 

and identifying associated guidelines (prescriptions) for management activities.  The 

following management areas are located in the analysis area: 2.2, 3.1 (Owl, W. 

Stoneham, Keota, and Buttes), 3.61, 4.2, 4.3 (Main and Coal), 6.4, 6.6, and 8.21. 

Excerpts regarding roads and/or travel management are summarized below.  



 

259 
 

 
Table 69  Management Area Summary 

Management Area 2.2  

(Research Natural Areas) 

Research Natural Areas (RNAs) form a long-term network of ecological 

reserves designated for nonmanipulative research, education, and the 

maintenance of biodiversity.   

 Prohibit motorized use, except when necessary to provide research, 

administrative, or educational access.   

 Prohibit the construction of new roads. 

 Prohibit motorized and mechanized use, except when they provide 

necessary access for scientific, administrative, or educational purposes. 

 Close or obliterate existing roads, except where they provide necessary 

access for scientific, administrative, or educational purposes. 

Management Area 3.1 

(Special Interest Areas) 

– Owl, W. Stoneham, 

Keota, Buttes 

Management emphasis is on public education, interpretation, recreation or 

development while protecting or enhancing areas with unusual characteristics. 

Management Area 3.61 

(Prairie Woodlands) 
Management emphasis is to maintain or enhance woody vegetation. 

Management Area 4.2 

(Scenic Areas) 

Management emphasis is to protect or preserve scenic values and recreational 

uses of designated scenic byways and other heavily used scenic travel 

corridors. 

 Provide a variety of motorized and nonmotorized recreational 

opportunities.   

 Provide access to natural attractions, water features, or areas that provide 

desired recreational opportunities.   

 Improvements such as improved roads, primitive roads, trails, bridges, 

fences, shelters, overlooks, signs, or water diversions will bend into the 

landscape where feasible, be removed if no longer needed, or will be 

designed to be minimally intrusive into the landscape. 

Management Area 4.3 

(Dispersed Recreation) – 

Main, Coal 

Management emphasis is to provide recreational opportunities in natural or 

nearly natural-appearing landscapes.    

 Blend existing improvements such as improved roads, primitive roads, 

trails, bridges, fences, shelters, signs or water diversions into the landscape 

where feasible or remove them if no longer needed.   

 A wide spectrum of travelways exist, from primary highways to primitive 

roads and trails that serve as recreational features themselves.  Travelway 

densities may remain fairly constant.  Open roads provide motorized 

recreational opportunities and restricted roads  provide nonmotorized 

opportunities.  Provide access to natural attractions, water features, and 

other areas that provide desired recreational opportunities 

Management Area 6.4 

(Mid-Composition – 

High Structure: Native 

Shortgrass Prairie 

Ecosystem) 

Management emphasis is on providing representative native shortgrass prairie 

ecosystems as habitat for associated plant and animal species. 

 Roads are primitive two-track with occasional improved ditched and 

crowned roads.  

Management Area 6.6 

 (L-Composition –Low 

Structure: Grassland 

Resource Production) 

Lands classified for grassland resource production are managed to provide 

healthy and sustainable plant communities dominated by herbaceous and 

grass species 

 Roads are primitive two-track with occasional improved ditched and 

crowned roads.   .    

Management Area 8.21 

(Developed Recreation 

Complexes) 

Management emphasis is to provide a variety of recreational opportunities in 

highly developed, multiple-site recreational complexes. 

 Provide access to and parking for sites, natural attractions, water features, 

or areas that provide desired recreational opportunities such as camping, 
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hiking, bicycling, winter use, fishing, and scenic driving. 

 Roads and recreational sites may be paved.   

 

3.12.3   Environmental Consequences 

Transportation for this section of analysis is defined as the network of National Forest 

System (NFS) roads within the project area. The project area for the Pawnee National 

Grassland Oil and Gas EIS includes all lands identified in the 1997 Forest Plan as 

administratively available for leasing. However, for the transportation analysis, “project 

area” and “Pawnee National Grasslands” in its entirety are used interchangeably since the 

transportation effects analysis estimates road construction and traffic increases based on 

estimated well pad construction and not specific location.  

This section addresses potential impacts to the Forest Service transportation system that 

could occur under a new leasing decision. Potential impacts for this transportation 

analysis are derived from the Reasonably Foreseeable Development Scenario for Oil and 

Gas Royal Gorge Field Office, Colorado (March 22, 2012) Final Report. 

Making lands available for oil and gas leasing and the subsequent leasing of available 

lands does not involve any direct effects to the transportation system.  However, potential 

future leasing and development could result in changes to the Pawnee National 

Grasslands  transportation system by increasing the miles of new road constructed and by 

increasing the volume of traffic traveling on existing routes. For future development 

proposals, travel management and access would be discussed at the site-specific 

environmental analysis phase. The location of well pads and roads will not be determined 

as a result of the leasing revision, but will be fully discussed at the project level of 

analysis. The existing policy and regulatory framework within the Forest Service requires 

and ensures proper planning, design, approvals, construction, maintenance, 

decommissioning and monitoring of any new roads or changes to the existing 

transportation system. 

Estimated New Road Construction 

The estimate of miles of new road due to potential future development of oil and gas 

leases were calculated using the estimates listed in the Reasonably Foreseeable 

Development Scenario for Oil and Gas Royal Gorge Field Office, Colorado (March 22, 

2012) Final Report, referred herein as the RFDS. 

According to the RFDS, oil and gas well pads with one, two, three or four wells will have 

an initial disturbance of 0.91 acres associated with the road.  For coalbed natural gas well 

pads, the initial road disturbance is 1.35 acres. This does not include any roads associated 

with pipelines, if needed. 

Typically roads will be 20-30 feet wide with ditches, which for 0.91 acres would equate 

to road length of 0.25-0.38 miles.  The worst case assumption of 0.38 miles per well pad 

will be used. Assuming that a coalbed natural gas well pad would not need to be longer 
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than an oil and gas well pad, just wider, a 30’ foot wide road would equate to a length of 

0.37 miles. Since the estimated road lengths are similar for all well pad types (oil and gas 

and coalbed natural gas), it is assumed for this analysis that the average well pad road 

length is 0.38 miles for all types of well pads. 

Estimated Oil and Gas Traffic 

Several sources were referenced in determining the expected increase in traffic due to oil 

and gas development and production. The most recent and comprehensive was the Final 

Draft of the Boulder County Oil and Gas Roadway Impact Study dated January 14, 2013 

by Feldburg Holt & Ullevig.  With the heightened interest in future oil and gas activity in 

and around Boulder County (located southwest of Weld County), the County issued a 

moratorium on drilling in February 2012. Since then, the County has worked to research 

and characterize many facets of oil and gas land use. This study is part of the broader 

update of the proposed oil and gas land use regulations. The study sought to understand 

the potential impacts of oil and gas development to the county roadway system and to 

design fees as a prospective method to recover incremental costs associated with road 

deterioration and safety. The details in the increased traffic estimates can be found in the 

Boulder County Oil and Gas Roadway Impact Study which is located at the following 

Boulder County website address: 

https://www.bouldercounty.org/dept/landuse/pages/oilgas.aspx 

Estimates for Oil and Gas Traffic referenced from other studies and are summarized in 

the table below. There does not appear to be a uniform method of displaying traffic 

volumes by stage or phase. Some estimates appear to include exploratory estimates, some 

include abandonment estimates, and some appear include neither. 

https://www.bouldercounty.org/dept/landuse/pages/oilgas.aspx
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Table 70  Estimates of traffic from oil and gas development and production. 

Source 

Exploration and/or  
Construction, Drilling, Completion 

Production 

Trips Duration One-Way trip Duration 

Boulder County Oil and Gas Roadway 
Impact Study, 2013 

1well per well pad 

 

See Note 1 

2,206 total trips @ 36 total trips/ day 

Converted this is 4,412 one-way trips @ 72 one-
way trips /day 

2 months 

See Note 2 

730 trips annually, based on 2 
trips/day 

Converted this is 1 two-way trip/day 

Life of the 
well 

Boulder County Oil and Gas Roadway 
Impact Study,2013 

4 wells per well pad 

Ref:  Tables 8 and 9, pages 36 and 37  

See Note 1 

 

7,230 one-way trips over @  40.2 one-way truck 
trips/ day 

180 days 

See Note 2 

730 trips annually, based on 2 
trips/day 

Converted this is 1 two-way trip/day 

Life of the 
well 

Oil and Gas Leasing on Lands 
Administered by the Dixie National 
Forest Final Environmental  Impact 
Statement, August 2011 

Section 4.10, pages 4-172 and 4-173, 
Appendix E 

See Note 3  

1,924 one-way trips @ 16 one-way trips/ day per 
exploration well  (this would calculate as 1,824 
one-way trips without the well plugging and 
abandonment) 

See Note 5 

Development of a 20 well field 6,884 trips. 13 
one-way trips/day for 20 wells  

 

120 days  

 

 

 

520 
working 
days 

See Note 4 

15 trips/ day 

(note: this is per field, text reports 
one-way but Appendix E reports 
roundtrip) 

 

White River Oil and Gas Leasing 
DEIS, August 2012 

Sections 3.4.10, Pages 3-324 and 3-
325 

See Note 6 

For the development phase, up to 50 roundtrips per day, or 100 one-way trips per day 

Operations on a 7 well pad could take up to a full year before the well was fully productive. 

Note 1: Includes Pad and Road Construction, Drilling, and Completion 

Note 2: Includes Oil & Water Removal and Operation and Maintenance 
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Note 3: Includes Area Reconnaissance and Surveying, Mobilization of Construction Equipment, Road and Pad Construction, Drill Rig Mobilization, Exploration 

Drilling, and Well Plugging and Abandonment/Reclamation of Pad and Road (No Discovery)  

Note 4: Includes hauling oil to market /refinery, dispose of water/distillates/gas, workover rigs, maintenance/repairs, personnel/supplies 

Note 5: This number was taken from text on pate 4-173 and is unclear what production items it includes from the Fishlake EIS traffic estimate 

Note 6: Includes construction, drilling, completion, production, and reclamation 
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3.16 Economics 

 

Introduction 

The Pawnee National Grassland (PNG) is the United States’ last remaining short grass prairie. 

Located in the Eastern Plains of northern Colorado, these grasslands are situated in a 30-by-60 

area of the South Platte River which stretches 90 miles northeast of Denver all the way to 

southeastern Wyoming and southwestern Nebraska borders. Managed by the Arapahoe and 

Roosevelt National Forests, the PNG includes two parcels totaling 193,060 acres of land in Weld 

County. This area is characterized as having a checkered land ownership pattern, where private 

lands are intermixed with State of Colorado, Forest Service and Agricultural Research Service 

lands. 

 

Although developed facilities are limited on the grassland, recreation opportunities are not. 

Recreationists are attracted to the Pawnee’s horseback and hiking trails, the scenic byways used 

for wildlife viewing and stargazing, and its open spaces used for dispersed camping and 

picnicking. These grasslands also provide habitat for many high plains species including the 

mountain plover, burrowing owl, pronghorn, mule deer, coyote, swift fox, snakes, and prairie 

dogs; and is an important stop for migratory birds along the Central Flyway. Management of the 

PNG balances these recreational and wildlife uses with consumptive uses that include livestock 

grazing and oil and gas development.   

As of January 17, 2013 there were 199 plugged and abandoned wells and 62 wells producing oil 

and gas on the Pawnee. While current oil and gas development on the PNG is commensurate 

with the 1997 Forest Plan, sharp increases in Applications for Permits to Drill (APD’s) have 

indicated that Niobrara, which includes the PNG, is entering a development boom. Recent 

estimates have projected that up to 800 wells could be established in the Niobrara over the next 

10 to 15 years. In order to protect resources and mitigate adverse effects of future oil and gas 

development, forest management will reevaluate and update lease stipulations on lands identified 

as administratively available for leasing, but are not currently leased. This report provides social 

and economic analysis in support of the Supplemental Environmental Impact Statement (EIS) for 

the oil and gas development on the Pawnee National Grasslands. 

 

3.16.1  Affected Environment 
 

Located 35 miles east of the Forest Supervisors’ Office in Fort Collins and 25 miles northeast of 

the District office in Greeley, the PNG includes the communities of Keota and Purcell and the 

town of Grover is located directly between Pawnee’s two parcels near Crow Creek. While few 

people live within the boundaries of the Pawnee planning area, numerous nearby communities 

have longstanding social and economic ties to the natural and cultural resources of the Pawnee. 

Since neighboring communities may be affected by forest management decisions on the PNG, it 



 

265 
 

is important to examine existing socioeconomic conditions of a broader region in order to 

establish a baseline which these potential impacts can be measured against.  

 

To more effectively examine the linkages between Forest Service lands and the local 

communities they serve, the geographic scope of this analysis has been expanded beyond PNG 

boundaries to encompass a study area which includes all of Larimer, Logan, and Weld Counties. 

The following Affected Environment section will analyze trends and current conditions related to 

the social and economic environment of the planning area, including: population and 

demographic changes, potential environmental justice populations, and employment and income 

conditions. To address large scale impacts without masking changes in smaller regions, this 

analysis will use a multidimensional approach to analysis trends at the state, aggregated three-

county study area, and individual county levels. 

 

Population and Demographics 

 

This section highlights population and demographic trends in the study area. Population is an 

important consideration in managing natural resources. In particular, population structure (size, 

composition, density, etc.) and population dynamics (how the structure changes over time) are 

essential to describing the consequences of forest management on the social environment 

(Seesholtz et al. 2004). 

 

Population Growth 

This section highlights population and demographic trends in the study area. Population is an 

important consideration in managing natural resources. In particular, population structure (size, 

composition, density, etc.) and population dynamics (how the structure changes over time) are 

essential to describing the consequences of forest management on the social environment 

(Seesholtz et al. 2004). 

 

Population Growth 

Population growth can be an indicator of a region’s desirability to live and work. As displayed in 

Table 71, rapid population growth in Colorado over the last thirty years suggests the state is a 

highly desirable for current and prospective residents. While the total U.S. population grew by 

36 percent between 1980 and 2010, the state’s population increased by 74 percent. While 

Colorado is known for its mountainous terrain, two fifths of the state’s land is on the eastern 

slope where the Rocky Mountains meet the Great Plains. In 2010 82 percent of Colorado’s 

population lived along the eastern slope of the Rockies in a region known as the Front Range. 

The North Front Range, which includes Larimer and Weld Counties, housed 10 percent of the 

state’s population in 2010 and has supported a large share of growth in recent years (U.S. 

Census, 2010).  
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On annual average, Larimer and Weld Counties have grown by 3 percent over the last thirty 

years, causing populations to more than double in these two counties. Though growth in Larimer 

County has slowed, falling from a high of 35 percent in the 1990’s to 19 percent in the early 

2000’s; Weld County has continued to grow at an increasing rate. Weld’s population increased 

by 37 percent in the 1990’s and by another 40 percent between 2000 and 2010, making it 

Colorado’s second fastest growing county. Population centers within these counties include Fort 

Collins, the county seat of Larimer County, and Greely, the county seat of Weld County. In 2010 

these cities had a population of 143,986 and 92,889 respectively (U.S. Census, 2010).  

 

Growth in neighboring Logan County has occurred much slower than the other counties included 

in the study area, with 15 percent growth over the last three decades. In the late 1980’s Logan 

experienced an 11 percent population decline, quickly rebounding and growing by 15 percent in 

the 1990’s and by another 11 percent over the first decade of 2000. More than half Logan 

County’s population lived in the county seat of Sterling in 2010, with 14,777 city residents (U.S. 

Census, 2010).   

 
Table 71  Population Totals: Current and Historic 

 
1980 1990 2000 2010 

Percent Change 

(1980-2010) 

United States 226,545,805 248,709,873 281,421,906 308,745,538 36% 

Colorado 2,889,964 3,294,394 4,301,261 5,029,196 74% 

3 County Area 292,422 335,524 452,934 575,164 97% 

Larimer County 149,184 186,136 251,494 299,630 101% 

Logan County 19,800 17,567 20,504 22,709 15% 

Weld County 123,438 131,821 180,936 252,825 105% 
Source: U.S. Census Bureau, 1990, 2000, 2010 

 

As shown in Table 72, population growth in the United States is anticipated to continue over the 

coming years. Between 2010 and 2030 Colorado and the three-county study area are forecasted 

to grow at a much faster rate than the general U.S. population. Though Larimer and Logan 

counties are expected to experience considerable growth, the population of Weld County is 

anticipated to increase by 76 percent (Colorado State Demography Office, 2013) 

 
Table 72  Population Projections 2015-2030 

  

2015 2020 2025 2030 

Growth Between 

2010 and 2030 

United States    321,363,000    333,896,000    346,407,000    358,471,000  16% 

Colorado       5,438,077        5,915,922        6,413,554        6,888,181  37% 

3 County Area         633,736          713,655          805,778          898,120  56% 

Larimer County         328,236          360,813          394,236          424,833  42% 

Logan County           22,794            24,253            26,147            28,127  24% 

Weld County         282,706          328,588          385,394          445,160  76% 

Source: U.S. Census Bureau 2012, Colorado State Demography Office, 2013 
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Changes in a region’s population can be attributed in part to natural increase (births minus 

deaths) and in part to net migration, which may affect the availability of housing, services, and 

jobs. Over the thirty years between 1980 and 2010, growth in Colorado was equally attributed to 

migration and natural causes. Growth in the study area over this time period however was clearly 

driven by migration, accounting for more than half of total population in the Larimer, Weld, and 

the three-county study area. While natural causes accounted for the majority of population 

change in Logan County (87%) over the last thirty years (Colorado State Demography Office, 

2013).  

 

Amenities or the natural, cultural, and social characteristics of an area have played an increasing 

role in U.S. migration and growth along Colorado’s Front Range. Areas characterized as having 

high levels of natural amenities have been shown to experience greater population growth than 

areas with fewer natural amenities (Rudzitis and Johansen 1991, Johnson and Beale 1994, Beale 

and Johnson 1998, McGranahan1999, Hunter et. al 1999, Frentz et. al 2004), and that this growth 

was occurring increasingly at the boundaries of public lands (Hansen et. al 1998, Radeloff et. al 

2001). In recent years counties like Larimer and Weld  have become increasingly attractive to 

many Americans not only because they support a wide range of employment and education 

opportunities, but because their proximity to open spaces and natural settings provide residents 

with easy access to recreational opportunities year round. As a steward of Northern Colorado’s 

public lands, a portion of population growth in this region can be attributed to the scenic beauty 

and outdoor recreation supported by the PNG.   

 

Table 73  Components of Population Change between 1980 and 2010 

  

Births Deaths Net Migration 

Percent Change 

from Natural 

Causes 

Colorado 1,837,924 756,902 1,102,358 50% 

3 County Area 186,726 76,250 179,494 38% 

Larimer County 91,582 39,865 101,953 34% 

Logan County 8,190 5,548 401 87% 

Weld County 86,954 31,367 78,400 88% 

Source: Colorado State Demography Office, 2013 

 

Future population projections indicate that migration will play an increasing role in Colorado’s 

growing population, and is forecasted to account for nearly 58 percent of the state’s population 

change between 2010 and 2030. Over this time period net migration is expected to account for 

71 percent of total population change within PNG’s larger study area; and 76, 67, and 68 percent 

of the change in Larimer, Logan, and Weld counties respectively (Colorado State Demography 

Office, 2013). 

 

Population Density 
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Population density measures the number of people living per square mile within a given area. 

This measure can serve as a valuable indicator of the socioeconomic and living conditions of a 

region, including: urbanization, availability of open space, socioeconomic diversity, and civic 

infrastructure (Horne and Haynes 1999). In general, more densely populated areas tend to be 

more urban, diverse, and offer better access to infrastructure. In contrast, less densely populated 

areas provide more open space, which may offer natural amenity values to residents and visitors. 

Table 74 displays the number of people per square mile at the county, state, and national levels 

(U.S. Census Bureau 2010).  

 

Although Colorado has experienced substantial population growth over the last thirty years, the 

state continues to be much less densely populated than the nation as a whole. Logan was the 

most rural of the three counties in the study area with fewer people per square mile than the state 

and the nation. Although Weld had a higher population density than state of Colorado, it is less 

dense than the nation. Larimer County was the most densely populated county in the study area 

with a population density greater than the state and nation. Comparing population densities from 

2000 to those from 2010 show that all three counties in the study area became more densely 

populated, with the greatest increases in people per square mile occurring in Larimer ( + 18.5 

people) and Weld (+ 18 people) Counties ( U.S. Census Bureau 2000,2010). With forecasts 

showing continued growth along Colorado’s Front Range, it is certain that population densities at 

the state and county level will rise over the coming years. 

 

 
Table 74  People per Square Mile 

  2000 2010 

United States 79.7 87.4 

Colorado 41.5 48.5 

Larimer County 96.9 115.4 

Logan County 11.2 12.4 

Weld County 45.4 63.4 

   Source: U.S. Census Bureau, 2000, 2010 

Age and Gender 

A population’s age may affect community values and uses associated with Forest lands, making 

it relevant to Forest management decisions. In 2010 the median age in the United States was 

estimated to be 37.2 and 36.1 in Colorado. While Colorado’s population tends to be slightly 

younger than the general U.S. population, residents of Logan are slightly older with a median age 

of 38.4. Larimer and Weld counties are young relative to the state and the nation, with median 

ages of 35.5 and 33.1, respectively (U.S. Census Bureau 2010). The relatively young and diverse 

populations in these counties can be attributed to Colorado State University in Fort Collins and 

University of Northern Colorado in Greeley. Roughly half of the population in these counties is 

below the age of 35, with high concentrations of twenty-somethings living in the college town of 

Fort Collins (median age 30.4) and Greeley (median age 30.3) (U.S. Census Bureau 2010).  
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Gender distribution is another important indicator of socioeconomic conditions. Numerous 

factors may skew the distribution of males and females in region, including cultural gender 

preferences and natural birth and mortality rates. Other social and economic factors such as (1) 

the significant presence of an industry that is often dominated by one gender – e.g., forestry or 

oil and gas exploration and development; (2) a large number of single-parent households; and (3) 

a combination of the above and other unnamed factors may also cause populations to have 

uneven distributions of males and females. 

 

Table 75 breaks down national, state, and county populations into shares of males and females. 

Sex ratios in the U.S. and the PNG three-county study area were relatively equal in 2010, with a 

slightly disproportionate male population in Logan County. Although recent reports indicate 

there is a proportionate ratio of males to females in the study, further oil and gas development on 

the PNG may skew future sex distributions as the male dominated oil and gas industry expands. 

While the long term consequences of disproportionately male populations in the United States 

have not been documented, numerous studies have examined the effects on Asian populations 

where sex ratios have been skewed for generations. These studies have found that prolonged 

gender disparities have an adverse effect on birth rates (Miller 1981, Caldwell 2001),  lead to 

increases in violent and low skill crime (Smil 2005, Hesketh & Xing 2006, Edlund et al.2009), 

and puts individuals at greater risk for sexually-transmitted infections (Tucker et al. 2005). 

              
Table 75  Gender Distribution: Percent of Total Population 

  Male Female 

United States 49.2 50.8 

Colorado 50.1 49.9 

Larimer County 49.6 50.4 

Logan County 56.9 43.1 

Weld County 50.0 50.0 

             Source: U.S. Census Bureau 2010, Table DP-1 

 

Racial and Ethnic Composition 

Colorado’s predominately white population is less diverse than the general U.S. population, with 

nearly 81 percent of its residents identifying themselves as white alone. While the state was 

reported to have disproportionately small populations of African Americans, Asians, and Native 

Hawaiian/ Pacific Islanders relative to the general population, Colorado had larger shares of 

residents identifying themselves as American Indian, Two or more races, or some other race. 

2010 census data also indicated that the three-county region was less diverse than general state 

and national populations, with even larger shares of their populations identifying themselves as 

white alone. While Larimer (90.5%), Logan (89%), and Weld (82.9%) are all predominately 

white, Larimer was reported to be the least racially diverse of the three. Minority groups as a 

share of Larimer County’s total population was lower than their shares of the general population 
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at the state and national level, although Native Hawaiians and other Pacific Islanders were 

equally represented at the state and county level. Logan County also had a high concentration of 

residents identifying themselves as white alone, but its populations of African American and 

Native Hawaiian/ Pacific Islander were proportionate to those of Colorado’s general population 

and its American Indian population accounted for a slightly greater share of the population 

(Table 6) (U.S. Census Bureau, 2010).  

 

Many Americans identify with racial groups based on physical attributes but continue to be 

proud of the cultural heritage from which they descend. Although Americans may appear to look 

White, Black, Asian, or belonging to some other racial group, they often continue to speak the 

native language and follow cultural traditions from the regions where their families originated. 

This is especially common among Americans of Hispanic, Latin, or Spanish descent. In 2010 

roughly 17 percent of the U.S. population and 22 percent Colorado’s population described their 

family ancestry as being Hispanic, Latin, or Spanish. These cultures also have a noticeable 

presence in the PNG study area as well, with 11.5, 16.3 and 30 percent of three counties 

respectively reporting that they have a Hispanic origin (Table 76) (U.S. Census Bureau, 2010).    

 

 
Table 76 Racial and Ethnic Composition 

  
Whit

e  

African 

America

n 

America

n Indian Asian  

Hawaiia

n/ Pacific 

Islander 

≥ 2 

Races Other 

Hispani

c Origin 

United 

States 

72.4

% 12.6% 0.9% 4.8% 0.2% 2.9% 6.2% 17.4% 

Colorado 

81.3

% 4.0% 1.1% 2.8% 0.1% 3.5% 7.2% 22.2% 

Larimer 

County 

90.5

% 0.8% 0.7% 1.9% 0.1% 2.8% 3.2% 11.5% 

Logan 

County 

89.0

% 4.0% 1.2% 0.6% 0.1% 1.4% 3.7% 16.3% 

Weld 

County 

82.9

% 1.0% 1.1% 1.2% 0.1% 2.9% 10.8% 30.0% 

Source: U.S. Census Bureau, 2010: Table QT-P6 

 

Educational Attainment 

Educational attainment measures the number of people within a region who have earned a high 

school diploma or bachelor’s degree. Levels of education can be an important indicator of the 

social and economic opportunities and ability of an area to adapt to change. Table 77 lists the 

percentage of the adult population with at least a high school diploma and a bachelor’s degree. 
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Table 77  Educational Attainment, Percent of Persons Age 25+ 

  High School Diploma 

+ Bachelor's Degree + 

United States  85.4% 28.2% 

Colorado 89.7% 36.3% 

Larimer County 93.9% 43.1% 

Logan County 87.5% 16.4% 

Weld County 85.2% 25.6% 

          Source: U.S. Census Bureau, 2010 

 

Colorado in general has a fairly well educated population, with the vast majority of adult 

residents obtaining at least a high school level education. While roughly 85 percent of the U.S. 

population holds a high school diploma, nearly 90 percent of Colorado residents and 94 percent 

of Larimer County residents have completed high school. The study area also has a large share of 

residents who have pursued higher education and have obtained a bachelor’s degree or higher. 

Although Larimer and Weld counties are both centers for higher education, Larimer County 

appears to have more success attracting and retaining working-age adults with high levels of 

education. With roughly 43 percent of its residents possessing a bachelor’s degree or higher, it is 

likely that Larimer County offers a greater number of opportunities for highly educated workers 

than Weld County. The presence of so many highly educated adults may be self-reinforcing as a 

highly educated population tends to be a signal that an area provides economic and cultural 

opportunities, attracting additional college educated adults to the area. This process leads to 

further economic development and job creation. In contrast, areas with low levels of educational 

attainment tend to have lower levels of human capital, which reduce the area’s ability to 

capitalize on economic change (Florida 2002). 

 

Although the planning area contains several post-secondary institutions (including two four year 

universities and a community college) and a growing number of residents have access to distance 

learning programs, educational attainment within Logan County remains low relative to the 

nation, state, and other counties in the study area. Logan County likely suffers from what is 

known as “brain drain”- where the youth of a community migrates out to further their education 

and often take up residency in areas with greater employment opportunities upon completing 

their studies.  

 

Employment, Income, and Housing 

The previous section discussed demographics and population trends in counties surrounding the 

Pawnee National Grasslands relative to the state and national statistics. The following section 

will focus on economic conditions within the study area to further develop a baseline upon 

subsequent impact analyses can be compared. 
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Unemployment 

The unemployment rate provides insight into the correspondence between residents’ skills and 

employment opportunities. The “natural” rate of unemployment is said to be around 5 percent. 

This is the so-called “natural” rate because this is a level that allows for movement between jobs 

and industries, but does not signal broad economic distress. Recently, the national 

unemployment rate has hovered between 8 and 10 percent. Figure 38 provides the annual 

unemployment rates for the counties, state, and nation from 1990 to 2011. 

 

 
Figure 65  Unemployment 1990-2011 

 
Source: Bureau of Labor Statistics, 2013 

 

In the early nineties unemployment in Colorado and the PNG study area were low relative to 

national rates and remained below the natural rate until the early 2000’s. Unemployment trends 

in the study area counties have mirrored state and national rates, although county rates have 

become more volatile over the past few years. This suggests that employment conditions in the 

study area have been similar to broader state and national trends but regional changes in the late 

2000’s have caused unemployment in Larimer, Logan, and Weld counties to deviate from state 

and national trends. Between 2010 and 2011 all three counties experienced considerable job 

losses in the retail trade, administrative support, transportation and construction sectors which 

paved the way for a net loss of thousands of non-farm jobs and created a twenty year high in 

unemployment within the PNG three-county study area.  
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While many people identify a local economy as the one they directly participate in when they 

shop at small mom and pop stores within their own community. In reality, business patterns 

often cause people, goods, and services to flow between neighboring communities, counties, and 

even states. The constant flow of imports, exports, and commuting workers creates linkages 

between the communities within Larimer, Logan, and Weld counties which make up the local 

economy of the PNG study area. The local economy examined in the analysis of the PNG is 

diverse and supports employment in more than 300 industrial sectors. Figure 64 shows local 

employment in aggregated sectors as a share of total employment and compares shares within the 

study area to those at the state level (IMPLAN 2011). The largest industry within the three-

county study area is the Government and non NAICs sector, which accounts for 14 percent of 

total employment across these three counties. Employment specialization can be examined using 

the ratio of the percent employment in each industry in the region of interest (Larimer, Logan, 

and Weld counties) to the percent of employment in that industry for a larger reference region 

(the state of Colorado). For a given industry, when the percent employment in the analysis region 

is greater than in the reference region, local employment specialization exists in that industry 

(USDA Forest Service 1998). Applying this criterion to 2012 data for the region allows the PNG 

study area to be characterized as being slightly specialized with respect to the Manufacturing 

(+1.7%), followed by the Ag, Forestry, Fish & Hunting sector (+0.3%). 
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Figure 66  Industry Employment 

 
Source: IMPLAN 2012 

 

Between 1998 and 2010 total employment in the three-county area increased from 146,661 to 

171,959 jobs. Much of this growth can be attributed to growth in Services related sectors. 
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Scientific, & Tech., Mgmt. of Companies & Enterprises, Administrative & Support Services, 

Educational Services, Health Care & Social Assistance, Arts, Entertainment, & Recreation, 

Accommodation & Food Services, and Other Services, while Non-services related sectors 

consist of the following sectors: Mining, Construction, Manufacturing, and Agriculture, Forestry, 

Fishing, and Hunting. In 1998 71.3 percent of all employment in the three PNG study area 

counties was supported by Services related sectors. Between 1998 and 2010 employment in 

Services related sectors increased by 27 percent while employment in Non-Services related 

sectors declined by 8 percent, allowing employment in Services related sectors to grow to 77.4 

percent of total employment in the PNG study area by 2010 (EPS-HDT 2011).  

 

Personal Income 

Personal income is a key indicator of the economic well-being of a county and provides a 

measure of all sources of income within the PNG study area. High personal income may signal 

greater job opportunities, highly skilled residents, greater economic resiliency, and well-

developed infrastructure; while low personal income is often a reflection of poor economic 

conditions and the relatively few economic opportunities available within a county. Total 

personal income (TPI) in the study area exceeded $20 billion dollars in 2010, with personal 

income in Larimer County accounting for more than half of TPI in the three counties. In 2010 

TPI in Larimer County approached $12 billion, while personal income in Logan and Weld 

exceeded $799 million and $7.5 billion respectively (adjusted for inflation and reported in 2011 

dollars) (Bureau of Economic Analysis, 2012). 

 

Per capita personal income (PCPI) measures average income per person in a region. PCPI in 

Colorado tends to be higher than PCPI at the national level. In 2010 Colorado’s PCPI was 

slightly greater than $44,000 while PCPI was approximately $41,560 across the U.S and $35,164 

in PNG’s three-county study area (adjusted for inflation and reported in 2011 dollars) (Bureau of 

Economic Analysis, 2012). While per capita personal income was below state and national levels 

in all study area counties, PCPI varied considerably across the Larimer, Logan, and Weld 

counties. In 2010, Larimer County had the highest PCPI at $39,767, followed by Logan at 

$34,725, while Weld had the lowest PCPI at $29,345(Bureau of Economic Analysis, 2012).  

 

As shown by Figure 65, PCPI has been on the rise. Although per capita personal income in 

Colorado started off at relatively the same level as PCPI across the U.S. in 1990, average 

personal income across the state grew more rapidly than other states between 1990 and 2010. 

Over the last two decades PCPI in Colorado grew by 32 percent while PCPI across the nation 

rose by 25 percent (Bureau of Economic Analysis, 2012). While PCPI within the PNG study area 

remains below that of the state and the nation all three counties experienced considerable 

economic growth between 1990 and 2010. The average personal income of residents in Larimer 

County increased by 33 percent while PCI in Logan and Weld counties grew by 26 and 15 

percent respectively. Though PCPI in Weld County has grown there continues to be a large 
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disparity between PCPI in Weld County and other regions included in the analysis. This disparity 

may be an indicator of increased employment in low paying sectors which has created a growing 

low income population (Bureau of Economic Analysis, 2012).   

 

 
Figure 67  Per Capita Income 

 Source: Bureau of Economic Analysis, 2012 

 

There are two major sources of personal income: (1) labor earnings or income earned through 

employment and (2) non-labor income. Labor earnings are typically the largest source of income 

within a region. In 2010 labor income accounted for 66 percent of all income within the three-

county study area. Labor income in the three-county PNG study area has been supported by a 

wide range of industrial sectors. Using the same criterion utilized above to examine employment 

specialization, labor earning in Larimer, Logan, and Weld counties were shown to be most 

specialized in the Manufacturing (+5.6%), Construction (+3.4%), and Health & Social Services 

(+2.6) sectors (IMPLAN 2012). While the PNG supports employment and income in the three-

county economy, the contributions of the Pawnee represent only a small portion of the total 

economic activity reflected in these industrial sectors.  

Non-labor income includes investment income (dividends, interest, and rent payments) and 

transfer payments from the government to individuals (Retirement & disability insurance, 

medical payments, welfare assistance, unemployment, and veteran’s benefits). In 2010 Non-

Labor income within the PNG study area accounted for 34 percent of total personal income (TPI) 

in the three counties. As a share of TPI, investment income accounted for 20, 21, and 15 percent 
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in Larimer, Logan, and Weld counties while transfer payments accounted for 14, 19, and 18 

percent of TPI in these respective counties (Table 8) (Bureau of Economic Analysis, 2012). 

More than 80 percent of transfer payments in the PNG study area were attributable to age related 

(retirement, disability insurance, and Medicare) or income maintenance (welfare assistance and 

Medicaid) programs. More than half of all transfer payments in Larimer, Logan, and Weld 

counties were age related and stemmed from Medicare and retirement and disability insurance 

benefits. While income maintenance payments accounted for more than 20 percent of transfer 

payments in the study area, disbursements from social programs which assist low-income 

individuals and households accounted for less than 4 percent of TPI in these three counties. 

These patterns reflect a moderate level of affluence and the importance of older residents, who 

receive age related transfer payments and are more likely to have investment earnings than 

younger adults, within the PNG study area 

 
Table 78 Non-Labor Income as a Percent of Total Personal Income, 2010 

  

Total Personal 

Income 

($1000) 

Total Non-

Labor 

Income  

Percent of Total Personal Income 

Investment 

Income 

Age Related 

Transfer 

Payments 

Income 

Maintenance 

Related 

Transfer 

Payments 

United States 

 $ 

12,743,579,426  35% 17% 10% 5% 

Colorado 

 $      

220,234,215  31% 18% 7% 3% 

Larimer 

County 

 $        

11,950,831  34% 20% 8% 3% 

Logan 

County 

 $             

799,258  39% 21% 11% 5% 

Weld County 

 $          

7,557,717  33% 15% 9% 5% 

Source: Bureau of Economic Analysis Tables CA05N & CA35 

 

While the population surrounding the PNG is relatively young compared to the state and nation, 

older residents play a significant role in the region’s economy. As a greater number of the 

region’s baby boomers retire age related transfer payments as a share of income from non-labor 

sources is likely to rise as long as residents continue to stay in the area after retirement or new 

retirees move in.  Rural county population change, the development of rural recreation and 

retirement-destination areas are all related to natural amenities (Knapp and Graves 1989, Clark 

and Hunter 1992; Treyz et al. 1993, Mueser and Graves 1995, McGranahan 1999, Lewis et al. 

2002, Poudyal et. al 2008). Many of the natural amenities in the area are managed by the PNG 

and thus, indirectly contribute to area labor and non-labor income. Communities with more 
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retired residents are typically more resilient to downturns in economic conditions since they are 

not dependent on employment as a source of income (USDA-USFS 2010). Additionally, while 

land protection can directly reduce employment growth, it has been shown that natural amenities 

can offset job losses due to increases in net migration (Eichman et al. 2010). Thus, the 

maintenance of natural amenities on the WRNF may play a role fostering an economy more 

resilient to change.. 

 

Poverty 

Following the Office of Management and Budget's Directive 14, the Census Bureau uses a set of 

income thresholds that vary by family size and composition to detect who is poor. If the total 

income for a family or an unrelated individual falls below the relevant poverty threshold, then 

the family or an unrelated individual is classified as being “below the poverty level.” In 

2011Colorado had a slightly smaller share of residents and families living below the poverty 

level relative to nation. While poverty rates for families in Larimer County were bellows those at 

the state and national level, poverty rates for individuals and families in Logan and Weld 

counties were equal to or exceeded those of the general U.S. population (U.S. Census Bureau 

2012).  Since low income individuals tend to rely more heavily on natural resources, higher 

poverty rates in Logan and Weld counties may indicate that residents in these counties are more 

likely to be directly affected by PNG management actions. 

             
Table 79  Poverty Rates, 2011 

 

People Below 

Poverty 

Families Below 

Poverty 

United States 14% 10% 

Colorado 13% 9% 

Larimer 

County 13% 7% 

Logan County 15% 11% 

Weld County 14% 10% 

Source: U.S. Census Bureau 2012 

 

Housing Availability  

While income can be an important indicator of the social and economic conditions, 

characteristics of local housing which provide insight in to the cost of living provides additional 

context. The American Community Survey (ACS) collects annual data on a wide range of 

community characteristics, including housing availability and costs. The most recent housing 

data for 2011 (Table 80) indicated that occupancy rates in three counties surrounding the PNG 

were slightly higher than rates at the state and national levels with only 9 percent of all housing 

units in the study area remaining vacant. Between the counties included in the study area 

occupancy rates were highest in Weld County (92%) and lowest in Larimer County (90%) (U.S. 

Census Bureau 2012). The majority of occupied units at county, state, and national level are 
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occupied by their owners, with owner occupancy accounting for more than 70 percent of all 

occupancy in Logan and Weld counties and approximately 67 percent of occupancy in Larimer 

County.               

 
Table 80  Housing Availability, 2011 

 

Total Number of 

Housing Units Occupied Units 

Units Occupied 

by Owner 

Home Owner 

Vacancy Rate 

Rental 

Vacancy Rate 

United States 131,034,946  114,761,359  66% 2% 8% 

Colorado 2,197,823  1,941,193  67% 3% 7% 

Larimer 

County 
131,821  118,791  67% 2% 5% 

Logan County 8,965  8,126  70% 4% 6% 

Weld County 95,601  88,242  71% 3% 8% 

Source: U.S. Census Bureau, 2012, Table: DP04 

 

Occupancy rates are a direct reflection of how successful a community is at attracting and 

retaining residents. Areas considered desirable places to live tend to have lower vacancy home 

owner and rental vacancy rates relative to areas which offer fewer natural amenities and 

economic opportunities. In 2011 overall vacancy for the three county PNG study area (9%) was 

low relative to the state (12%) and nation (12%). Within the study area vacancies were lowest in 

Weld County (8%) and highest in Larimer County (10%) (U.S. Census Bureau, 2012).  

 

These vacancy rates include two types of units, unoccupied units for sale and unoccupied rental 

units (Table 80) (U.S. Census Bureau, 2012). While the share of vacant homes up for sale in 

Colorado was slightly higher than the national rate, home owner vacancy rates in Larimer and 

Weld counties hovered around those at the state and national level. The share of unoccupied 

homes for sale in Logan County was slightly higher than the other reference areas, indicating a 

lower demand for permanent residency and investment properties compared to the surrounding 

area. The vacancy rate for rental units across the three-county PNG study area was comparable to 

that across the state (7%) with relatively low rental vacancy in Larimer (5%) and Logan (6%) 

and slightly higher rental vacancy in Weld County (8%). 

 

Cost of Housing 

Significant variations in home values across counties and between neighborhoods which make 

up local communities often cause average selling within larger areas to be misleading. To 

provide a more accurate representation of housing markets surrounding the PNG median or mid-

point estimates of housing costs at the individual county levels are discussed in place of averages 

at larger scales. Table 11 provides median estimates of home values and monthly housing 

expenses for owners and renters at the county, state, and national level.  
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Table 81  Housing Costs, 2011 

  
Median Home Value 

Median Selected 

Monthly Owner Costs Median Gross Rent 

United States $186,200 $1,560 $871 

Colorado $236,700 $1,656 $ 883 

Larimer County $244,600 $1,614 $887 

Logan County $121,400 $1,027 $573 

Weld County $193,300 $1,558 $801 

 Source: U.S. Census Bureau, 2012, Table: DP04 

 

In general housing costs in Colorado exceed national medians and costs vary greatly between 

counties surrounding the grasslands (table 76). In 2011 Larimer County home values were 

highest in Larimer County where the selling price for the median home exceeded that of the state 

and nation. Homes in   

 

Study Area Well-Being 

Community well-being relates to the economic, social, cultural, and political components of 

community life which allows residents to fulfill their basic needs, while creating an enjoyable 

place for citizens to live. While many factors contribute to quality of life in a region; 

employment, personal income, poverty, and crime are the most commonly used social indicators 

of well-being.  

Employment 

As discussed above in the employment section, labor participation in Larimer, Logan, and Weld 

counties has been high historically, but unemployment rates within the PNG study area have 

become increasing volatile in recent years. Employment in Services related sectors has increased 

as a share of total employment while Non-services related sectors share of total employment has 

been declining. In general, jobs in Service related sectors pay lower wages than those in Non-

services sectors, thus increases in the percent of total employment attributable to these sectors 

could decrease area economic well-being.  Within the three-county area the Services and Non-

services related sectors paid average annual wages of $36,299 and $54,584, respectively in 2010 

(U.S. Department of Labor 2012). Thus, increases in employment in sectors associated with 

lower wages alongside decreases in sectors associated with higher wages could indicate a 

decrease in area economic well-being. However, we cannot say that decreases in economic well-

being have resulted from increases in Service related sector employment, since higher labor force 

participation in the Services related sectors, by groups such as women and minorities, could 

increase the overall importance of certain sectors over others.  

In addition, many people migrating to the area may have moved for the region’s unique natural 

and cultural amenities and the lower wages paid in Services related sectors may be offset by the 

personal enjoyment these residents gain from cultural and outdoor experiences. In this manner 

some residents may earn a “secondary income” from the natural amenities of their communities 
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which complements the income earned from their employer. Natural amenities, often provided 

by public lands, have been found to influence population and employment changes in amenity 

rich communities (Knapp and Graves 1989, Clark and Hunter 1992, Treyz et al. 1993, Mueser 

and Graves 1995, McGranahan 1999, Lewis et al. 2002).  As a steward of Northern Colorado’s 

unique natural and cultural amenities, the PNG increases the attractiveness of local communities 

and supports a portion of population and employment growth in the area.   

Personal Income  

Total personal income (TPI) and per capita personal income (PCPI) are useful measures of 

economic and social wellbeing. From 1970 to 2011, annual TPI in the three-county PNG study 

area increased from $4 billion to $20.3 billion, and annual PCPI increased from $20,005 to 

$35,164 (all measures adjusted for inflation to 2011 dollars).  This translates to a TPI increase of 

408 percent and a PCPI increase of 76 percent over this time period (US Bureau of Economic 

Analysis, 20012). While PCPI is a useful measure of economic wellbeing it should be examined 

alongside changes in real earnings per job. Since PCPI includes income from 401(k) plans as 

well as other non-labor income sources, such as transfer payments, dividends, and rent, it is 

possible for per capita income to rise, even if the average wage per job declines over time.  

Although labor earnings have historically been the largest source of income in the PNG study 

area, its share of TPI has slightly declined from 75 percent to 66 percent between 1970 and 2010. 

As the importance of labor income to regional income has declined, the share of non-labor 

income has risen from 25 percent to 34 percent. Increased shares of non-labor income resulted 

from investment income increasing from 16 to 19 percent and transfer payments increasing from 

9 to 16 percent of TPI. While transfer payments’ share of TPI rose during this period, data 

indicated this increase was only slightly due to increased age related payments related to 

Medicare and retirement and disability insurance benefits. Much of the PNG study area’s 

increased reliance on transfer payments is attributed to income maintenance payments related to 

welfare or unemployment which accounted for 17 percent of all transfer payments during 2010. 

The distribution of transfer payments varied across counties in the study area with Larimer 

County receiving the majority of unemployment benefits and Weld County received the majority 

of welfare payments. In 2010 Larimer County received more than $123 million in unemployment 

benefits and residents in Weld County received $137 million in welfare payments (US Bureau of 

Economic Analysis, 2012).  

 

Poverty 

Poverty is an import indicator of both economic and social well-being. Individuals with low 

incomes are significantly more likely to experience a wide range of problems and increase their 

risk for problems with health, cognitive development, socially unacceptable behavior, emotional 

well-being, and school achievement (Williams 1984, Patterson 1991, Haan et. al 1986, Battistich 

et. al 1995, Farrington 1995, Chung 2004, Hopson and Lee 2011).  

 

As discussed earlier, poverty rates in Colorado follow those of the nation relatively closely. 

While poverty rates for individuals and families within the PNG study area hover around those 
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of the state and the nation, Logan and Weld counties had a larger share of single mother families 

living in poverty. In 2011 more than 30 percent of all single mother households in Logan and 

Weld fell below the poverty line. Those with young children were shown to be at even greater 

risk of poverty. When compared to state and national statistics Logan (50%) and Weld (41%) 

counties both had a higher percentage of single mother households with children under 18 in 

poverty. 

 
Table 82  Detailed Poverty Rates, 2011 

  

United 

States Colorado 

Larimer 

County 

Logan 

County 

Weld 

County 

People 14% 13% 13% 15% 14% 

Under 18 years 20% 17% 13% 23% 18% 

65 years and older 9% 8% 6% 8% 9% 

Families 10% 9% 7% 11% 10% 

with related children < 18 years 16% 14% 11% 19% 15% 

Married couple families 5% 5% 4% 4% 6% 

with children < 18 years 7% 7% 5% 7% 8% 

Single Mother households 29% 27% 24% 39% 32% 

with children < 18 years 38% 35% 32% 50% 41% 

Source: EPS-HDT, 2013 

Crime 

Violent crime can be an indicator of the sense of community residents have within their 

neighborhoods and the susceptibility of these areas to social chaos. The sudden influx of workers 

associated with the boom and bust cycles of oil and gas development have been shown to 

introduce social instability into once quite communities. Social instability following rapid growth 

related to oil and gas development has been associated with reduced civic participation and 

social integration, diminishing the quality of community life, and with increases in domestic 

violence, crime, and drug use (Vohrs 1974, Brookshire and D'Arge 1980, Kelly 1980, Kittredge, 

1987, Brown et. al 1989, Freudenburg and Jones 1991, Karl 2004, Cohen et. al 2007, Berger and 

Beckman 2009, Brown 2011, Ruddell 2011). Violent crimes, which include murder, forcible 

rape, robbery, and aggravated assault, have the ability to leave lasting scars on a community. 

Similar to how increased availability and proximity to quality housing, schools, jobs, and human 

services have social and economic benefits which increase the quality of community life, there 

are economic and social costs associated with crime and the increased risk of being victimized.  

have an economic cost associated with mitigating these risks and a larger social cost which 

reduces the quality of life for long-term and existing residents. 

 

Relative to state and national statistics, considerably fewer violent crimes takes place in the PNG 

study area. In 2011 the three county study area had 71.7 arrests for violent offenses per 100,000 

inhabitants while the state reported 144 and the nation 386.3 (FBI 2012, ORS 2012). Crime rates 

often fluctuate with changing social and economic conditions; figure 41 shows violent crime in 
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the study area over the last twenty years. While crime in Logan County has remained fairly 

constant, there has been a slight upward trend in violent crime in Larimer and Weld counties. 

Over the last twenty years Larimer has averaged 3 murders, 25 forcible rapes, 18 robberies, and 

141 aggravated assaults a year while Weld County averaged 5 murders, 14 forcible rapes, 20 

robberies, and 161 aggravated assaults. While crime has been trending downward in Larimer 

since 2003, violent crimes were on the rise in Weld County during most of the 2000’s. Though 

the county experienced small increases in murder, rape, and robbery between 1999 and 2007 

much of this increase stemmed from aggravated assaults, which rose from 81 offenses in 1999 to 

359 in 2007.          

 
Figure 68 Violent Crime 1992-2011 

 
Source: Office of Research and Statistics, 2012 

 

Crime has been linked to many socioeconomic factors including population growth and density, 

income, education, and family disturbances. Children raised in households with frequent family 

disturbances often experience abuse and/ or neglect which later manifests into developmental 

and behavioral problems in young men and women (Messner and Sampson 1991, Zingraff et. Al, 

1993, Fagan 1995, Chapple et. al 2005, Widom 2006, Douglass et. al 2010).  Juvenile crime and 

delinquency is frequently traced back to family and marital avoidance, dysfunction, conflict, and 

instability. Since many of the needs and desires of children from broken homes go unmet, 

juveniles from broken homes tend to have a much weaker sense of connection to their 

neighborhoods, making them more likely to exploit members of their own community (Fagan 
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1995). While it is difficult to measure the stability of individual households in the PNG study 

area, statistics on juvenile crime may provide insight into the overall stability of family life 

within Larimer, Logan, and Weld counties. 

 

Figure 67 shows juvenile arrests per 100,000 people at the state and county level between 1992 

and 2011. Over the last twenty years Colorado crime rates have steadily declined. The number of 

adolescent offenses per 100,000 people within the PNG study area is much lower than the rate 

for all of Colorado. While juvenile crime rates remained relatively constant in Weld County over 

the last two decades, criminal activity by minors in Larimer and Logan counties had greater 

fluctuation. Both counties saw juvenile crime rise during the nineties, with adolescent crime 

peaking in Larimer in 1995 and in Logan in 1998. Since peaking in the mid-nineties Larimer 

County has seen a very strong downward trend in juvenile crime while Logan County 

experienced another spike in crime by minors between 2003 and 2004.  

 

While dysfunctional families certainly still exist within the PNG study area, juvenile crime rates 

as a proxy for family and marital avoidance, dysfunction, conflict, and instability indicate that 

adolescents in the study area are less affected by these problems than youth in other parts of 

Colorado. Trends over the last twenty years suggest that the general well-being of children at 

home has remained about the same in Weld County and has gradually improved in Larimer and 

Logan counties.   
Figure 69  Juvenile Crime 1992-2011 

Source: Office of Research and Statistics, 2012 
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Environmental Justice 

In 1994, President Clinton issued Executive Order 12898. This order directs federal agencies to 

focus attention on the human health and environmental conditions in minority and low-income 

communities. The purpose of EO 12898 is to identify and address, as appropriate, 

disproportionately high and adverse human health or environmental effects on minority and low-

income populations.  

 

Environmental justice (EJ) is the fair treatment and meaningful involvement of people of all 

races, cultures, and incomes, with respect to the development, implementation, and enforcement 

of environmental laws, regulations, and policies. The goal of environmental justice is for Federal 

agency decision-makers to identify impacts that are disproportionately high and adverse with 

respect to minority and low-income populations and identify alternatives that will avoid or 

mitigate those impacts. According to USDA DR5600-002 (USDA 1997), EJ, minority, minority 

population, low-income, and human health and environmental effects, are defined as follows: 

 

 

Environmental Justice means that, to the greatest extent practicable and permitted by law, all 

populations are provided the opportunity to comment before decisions are rendered on, are 

allowed to share in the benefits of, are not excluded from, and are not affected in a 

disproportionately high and adverse manner by, government programs and activities affecting 

human health or the environment.  

 

Minority means a person who is a member of the following population groups: American Indian 

or Alaskan Native; Asian or Pacific Islander; Black, not of Hispanic origin; or Hispanic.  

 

Minority Population means any readily identifiable group of minority persons who live in 

geographic proximity to, and, if circumstances warrant, migrant farm workers and other 

geographically dispersed/transient persons who will be similarly affected by USDA programs or 

activities.  

 

Low-Income Population means any readily identifiable group of low-income persons who live 

in geographic proximity to, and, if circumstances warrant, migrant farm workers and other 

geographically dispersed/transient persons who will be similarly affected by USDA programs or 

activities. Low-income populations may be identified using data collected, maintained and 

analyzed by an agency or from analytical tools such as the annual statistical poverty thresholds 

from the Bureau of the Census' Current Population Reports, Series P-60 on Income and Poverty.  

 

Human Health and/or Environmental Effects as used in this Departmental Regulation 

includes interrelated social and economic effects.  

 

The emphasis of environmental justice is on health effects and/or the benefits of a healthy 

environment. The CEQ has interpreted health effects with a broad definition: “Such effects may 

include ecological, cultural, human health, economic or social impacts on minority communities, 
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low-income communities or Indian Tribes …when those impacts are interrelated to impacts on 

the natural or physical environment” (CEQ, 1997).  

 

Based on the data presented in the previous Population and Demographics and Employment, 

Income, and Housing section, it appears unlikely that environmental populations within the PNG 

study area would be disproportionately affected by Forest Service management actions. Data 

indicated that Larimer, Logan, and Weld counties had low concentrations of racial, ethnic, and 

low income populations relative to the state and the nation, reducing the likelihood of these 

groups experiencing disproportionately high and adverse effects related to changes in 

management actions. Since smaller areas within the PNG study area may have higher 

concentrations of EJ populations, the impact analysis will continue to consider the potential for 

management actions to disproportionately negatively affect environmental justice populations 

within the study area.  

 

Forest Users and Contributions  

Communities Interested in the Management of Pawnee National Grasslands  

The uses, products, services, and visitor opportunities supported by the Pawnee National 

Grasslands provide communities with a steady flow of benefits. Communities dependent on 

Nation Forest System Lands can be identified by their geographical location and by their 

connections to the local landscape. This distinction is best characterized as the difference 

between communities of place (i.e., people who are bound together because of where they reside, 

work, visit or otherwise spend a continuous portion of their time) and communities of interest 

(i.e., people who share a common interest or passion, regardless of their location or degree of 

interaction) (Patterson et al., 2003).  Geographically defined communities are an important and 

relevant level for social assessment because the most critical impacts of federal land 

management are often felt by small, rural communities (USDA USFS 2000). However, the 

geographically based community refers to physical or political boundaries and not to the 

relationships among people who reside within these boundaries. While contributions to 

communities of place can be measured in terms of the economic activity forest resources support 

in the local economy, the social and cultural links between the forest and communities of interest 

often transcend the boundaries of a physical place. Brown and Duguid describe communities of 

interest as ―communities-of-communities (Brown and Duguid 1991); they provide unique 

opportunities to explore the linkages between people and public land that may transcend the 

geographically defined community. 

 

 natural landscapes and scenic beauty 

 outdoor recreation and public land access 

 wildlife 

 grazing 

 oil and gas exploration and development 
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Forest Contributions 

The Pawnee National Grasslands are managed in accordance with the Multiple-Use Sustained-

Yield Act of 1960 (16 U.S.C. 528–531) (MUSYA) to sustain the multiple uses of its renewable 

resources while maintaining the long-term health and productivity of the land. The PNG’s 

resources are managed for the long-term social and economic benefit of human communities. 

Economic benefits of managing forest resources can be measured in terms of the jobs and 

income which they support in forest related industries. In addition to the economic activity 

directly supported by Forest Service employment and management expenditures, the utilization 

of forest’s resources supports economic activity in a number of industrial sectors, including local 

Recreation & Tourism, Livestock production, and Oil and gas exploration and development.  

Economic activity in these forest related industries further stimulates economic activity in non-

forest related and supporting industrial sectors. The employment and labor income generated in 

these seemingly unrelated sectors are known as the secondary, or indirect and induced effects of 

economic activity supported by the forest.  

Outdoor Recreation and Tourism 

Outdoor recreation and access to public lands have been attributed with attracting and sustaining 

families and businesses, creating healthy communities and fostering a high quality of life. It is 

estimated that more than three out of every four Americans participate in active outdoor 

recreation each year and more than 140 million Americans make outdoor recreation a priority in 

their daily lives (Outdoor Industry Association , 2012). As one of the country’s leading hot spots 

for outdoor recreation, Colorado’s forests, parks, and rivers attract millions of visitors each year. 

These recreationists spend money on gear, vehicles, trips, and travel-related expenses which 

support jobs and income, and generate tax revenues in local communities. On annual average, 

the outdoor recreation and tourism industry is valued at more than $10 billion, supporting 

approximately 107,000 jobs and generating nearly $500 million in tax revenue across Colorado 

(Outdoor Industry Association, 2012).  

 

Undeveloped lands across the state provide local residents, out-of-state visitors, and international 

travelers with high quality outdoor experiences. While outdoor recreation by non-local 

recreationists is responsible for injecting millions of new revenue into the state’s economy each 

year, access to exceptional outdoor experiences close-to-home adds to the quality of life enjoyed 

by local residents and increases the attractiveness of Colorado communities as places to live and 

work. The PNG provides a wide array of recreational opportunities which are enjoyed by local 

and non-local residents.  The large expanse of undeveloped lands and unique opportunities on 

those lands attracts recreational visitors who participate in activities such as hiking, mountain 

biking, camping, ATV riding, four wheel driving, horseback riding, recreational shooting, and 

wildlife viewing. On their way to the PNG and once they arrive these visitors spend money on 

goods and services they would spend elsewhere if these opportunities did not exist. In this 
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manner the opportunities on the PNG contribute to the local economy by attracting and 

maintaining local outdoor recreation related spending in communities surrounding the PNG. 

 

Consequently, changes to PNG habitat and its landscape from oil and gas leasing and 

development could affect these contributions.  The removal of federal lands from resource use 

can have positive effects on local employment with increased population migration related to 

recreation and other natural amenity based uses (Eichman et al. 2010).  However, the degree to 

which these uses could offset losses cannot be anticipated.   

 

Grazing and Livestock Production 

Agriculture is deeply rooted in the heritage and culture of Colorado and continues to be an 

integral part of the state’s economy. Consistently ranked as one of top 20 producing states in the 

U.S., Colorado’s agricultural sector was valued at more than $7.7 billion in 2012. Although the 

state produces a wide array of agricultural goods, cattle are the backbone of Colorado agriculture 

and account for 56 percent of the state’s agriculture receipts (NASS, 20014). In 2012, Colorado’s 

cattle industry was valued at more than $4 billion with a statewide inventory of more than 2.6 

million cattle and calves (NASS, 20014). Cattle and calves are grazed on Colorado’s 

mountainsides and plains, while most of the state’s beef cattle are fattened on feedlots around 

Greeley, CO. 

 
Table 83  January 1st Cattle and Calve Inventories, 2003-2013 

  

Larimer 

County 

Logan 

County 

Weld 

County  

2003 52,000 212,000 546,000 

2004 42,000 179,000 520,000 

2005 40,000 185,000 505,000 

2006 36,500 183,000 550,000 

2007 35,000 186,000 549,000 

2008 51,000 195,000 565,000 

2009 49,000 185,000 535,000 

2010 48,500 185,000 535,000 

2011 49,000 190,000 545,000 

2012 51,000 195,000 565,000 

2013 48,000 185,000 535,000 

         Source: NASS. Quickstats 2.0 

 

A large portion of the land base in the study area is dedicated to agricultural use, of which 

livestock production is the most common activity. Many families depend on livestock grazing as 

a source of income; but it also supports a way of life and family traditions.  Table 12 reports the 

volume of cattle and calves by county. In the last 10 years the volume of cattle in the study area 

has remained relatively steady.  Although there have been some fluctuations caused by changes 
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in environmental and market conditions, there have not been any major increasing or decreasing 

trends in county inventories. In 2012, cattle ranching and farming supported approximately 0.2, 

4.8, and 2.3 percent of total employment and 0.1, 3.2, and 1.3 percent of total employee 

compensation and proprietor’s income, respectively, in Larimer, Logan, and Weld counties 

(IMPLAN, 2012). These statistics illustrate how Logan and Weld counties are much more 

economically dependent on cattle ranching and farming than neighboring Larimer County.  

 

While a number of large commercial feed lots operate within Logan and Weld counties, many 

smaller independent operations continue to raise cattle in grass filled pastures. These local 

ranchers rely on a mixture of private, state, and federal lands to provide the majority of their 

herds’ annual forage needs. Grazing is authorized on the Pawnee under the Taylor Grazing Act 

and FLPMA for the purpose of fostering economic development for private ranchers and 

ranching communities by providing ranchers access to additional forage (GAO, Sept. 2005). The 

Forest Service administers access to forage on the PNG through a combination of direct permits 

and agreements with the Crow Valley Livestock Cooperative, Inc. and the Pawnee Cooperative 

Grazing Association. Although the Pawnee’s grazing potential has been estimated to be more 

than 48,000 AUMs a year, grazing is often restricted below its full potential because of factors 

such as drought, rangeland conditions, changes in active permit holders, financial limitations on 

operators and market conditions. The last decade has been very dry and persistent drought 

conditions have reduced the quality and quantity of available forage. Although permits may 

entitle local ranchers to additional AUMs, many have taken voluntary reductions in recent years 

to maintain good range conditions. In 2013, the Forest Service only billed for three-fourths of 

permitted AUMS (36,656 AUMs). 

 

Local ranchers who graze livestock on allotments within the amendment area pay federal grazing 

fees. The annually determined grazing fee is computed by using a 1966 base value of $1.23 per 

AUM for livestock grazing on public lands in Western states.  The figure is then calculated 

according to three factors – current private grazing land lease rates, beef cattle prices, and the 

cost of livestock production.  In effect, the fee rises, falls, or stays the same based on market 

conditions, with livestock operators paying more when conditions are better and less when 

conditions have declined. The formula used for calculating the grazing fee, which was 

established by Congress in the 1978 Public Rangelands Improvement Act, has continued under a 

presidential Executive Order issued in 1986. Under that order, the grazing fee cannot fall below 

$1.35 per AUM, and any increase or decrease cannot exceed 25 percent of the previous year’s 

level. In 2013 livestock grazing on the PNG generated $49,486 in federal revenue. A portion of 

which is distributed back to these counties to fund schools, roads, and range improvement 

projects. 
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Federal grazing fees have remained constant at the minimum $1.35/AUM for the past eight 

years. Relative to the statewide average of $17.00 per AUM, Federal lands appear to be the least 

expensive grazing land available (NASS, 2013). Grazing fees are only a small portion of the total 

cost of grazing on federal public lands, however. In general, private rangelands conditions are of 

higher quality and provide ranchers with fences, roads, salt and water, and protection for 

livestock. On public lands, ranchers must provide these themselves. Once additional costs 

associated with grazing on public lands are factored in, the cost differential between public and 

private grazing fees disappears. In many cases, the total cost of a public land AUM exceeds the 

total cost of a private land AUM (Rimbey and Torrell, 2011). Even though ranchers incur 

additional costs to graze on federal lands, federal grazing permits are coveted by ranchers. In 

addition to granting permit holders access to forage during a critical period of the year when 

forage on private hay fields and meadows is being grown, federal grazing permits add to the 

resale value of local ranches.  

In addition, to the value of forage supplied by federal lands, livestock grazing on these 

grasslands lands supports local area employment and income. Since the distinction between farm 

and home is often not well-defined, the majority of the labor used in agricultural production is 

provided by unpaid family workers and is not reflected in general industry reporting. Traditional 

labor statistics only reflect hired employment, which are estimated to make up only one-third of 

the total workforce in the agricultural sector (Kandel, 2008).  When labor contributions of unpaid 

family workers are considered alongside those of hired agricultural workers, the farming and 

ranching is revealed to play a much larger role in the local economy. In terms of local area 

contributions from Forest Service supplied forage, permitted use levels of grazing on the Pawnee 

support 102 total jobs
51

  and approximately $1.8 million in local labor income (direct, indirect 

and induced wages and proprietor’s income) on an average annual basis.  

While grazing on the Pawnee can only be attributed with supporting a small share of economic 

opportunities in surrounding communities, this forage is essential to supporting traditional 

ranching lifestyles in Logan and Weld counties. Most ranching families view raising livestock as 

more of a tradition than a job and only obtain a small portion of their household income from 

livestock production. Many ranches are dependent upon one or more family members working 

off-ranch and continue to raise livestock because the tradition is often deeply rooted in their 

personal history and identity. Livestock ownership and ranch life are powerful forces that bind 

communities and families, and responsibility toward land and livestock are often enmeshed in 

family values. Continuing this way of life maintains traditional values and connects families to 

ancestral lands and heritage. Thus, the economic development for private ranchers and ranching 

                                                           
51

 This measure of employment is not in terms of full-time equivalents and includes all full-time, part-time, 
seasonal, and unpaid family labor positions associated with livestock grazing on pastures administered by the 
Pawnee National Grasslands. Thus, IMPLAN employment can be interpreted as1 job lasting 12 months = 2 jobs 
lasting 6 months each = 3 jobs lasting 4 months. 
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communities supported by Pawnee’s rangeland contributes to the sustainability of traditional 

ranching lifestyles.  

Oil and Gas Exploration and Development 

The diverse geography and geology of Colorado provides the state with an abundance of 

conventional and renewable energy resources. Colorado’s various energy resources include 

substantial oil, natural gas, coal, hydroelectric, and wind. In 2011, Colorado ranked 7th among 

the states in terms of total energy production, producing 2,747 trillion Btu’s (Department of 

Energy 2012). Fossil fuels account for a large share of the state’s energy resources. Colorado 

contains 10 of the Nation’s 100 largest natural gas fields and three of its 100 largest oil fields 

(Department of Energy 2010). Technological advances in hydraulic fracturing and horizontal 

drilling have increased the recoverability of Colorado’s minerals and enabled production in many 

parts of the state to grow rapidly. Between 2007 and 2012, crude oil production in Colorado rose 

89% while marketed natural gas production rose 38%. By 2012, Colorado ranked 6th in natural 

gas production (7 percent of U.S. total production) and 9th in crude oil production (2 percent of 

U.S. total production) (Department of Energy 2014). 

 

Colorado’s recent oil boom has largely been attributed to increased production in the 

Northeastern Denver-Julesburg (DJ) Basin, which extends from the Denver-Aurora Metropolitan 

Area into parts of Wyoming, Nebraska, and Kansas. Although Geologists have long known of 

the basin’s vast petroleum reserves, most of these minerals were believed to be too difficult and 

expensive to extract. Advances in horizontal drilling coupled with the development of multiple-

stage fracking have drastically increased producers’ ability to economically extract oil and 

natural gas from tight shale plays deep within the basin. Although Larimer, Logan, and Weld 

counties account for a relatively small part of the DJ Basin, approximately 41 percent of 

Colorado’s active wells were located in these counties in 2013 - Larimer (254 wells), Logan (230 

wells), and Weld (20,684 wells) (Department of Energy 2013).  

 

The oil and gas industry is an important part of the regional economy. Operations and support 

services associated with the exploration, drilling, and extracting petroleum products supports 

thousands of local jobs and millions of dollars in labor and proprietor’s income in the three-

county analysis area. In 2012 oil and gas development in Larimer, Logan, and Weld counties was 

estimated to support 1,824 jobs related to petroleum product extraction, 285 associated with 

drilling, and another 4,388 in support activities for operations (IMPLAN, 2012).  In addition to 

employment directly associated with oil and gas development, the industry’s capital investment 

in new structures and equipment further stimulates economic activity and employment 

opportunities in other sectors of the economy.  

 

Most of these economic opportunities are supported by oil and gas related activities in Weld 

County. Weld County has become the epicenter of recent oil and gas drilling in Colorado and is 
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anticipated to soon become the state’s top oil and gas producing county. In 2012, Colorado 

approved 3,773 permits to drill in Weld County, which accounted for 48 percent of all permits 

approved that year (Department of Energy 2013). Development associated with oil and gas 

occurs on both public and private lands in Weld County. Currently the Pawnee National 

Grasslands has 62 active oil and gas wells and 199 plugged or abandoned wells. Fifty-five 

percent of PNG’s active wells produce crude oil and natural gas, while the remaining 7 are used 

as injection wells to stimulate production of nearby producing wells and to store natural gas for 

later production.  According to the  Office of Natural Resource Revenue (ONRR), federal 

minerals within the Pawnee produced 19, 913 barrels of oil and 35,162 MCF of natural gas in 

2012 (ONRR, 2013). Based on average statewide wellhead prices reported by the Independent 

Petroleum Association of America (IPAA)
52

 , oil and gas production on the Pawnee was valued 

at more than $1.9 million 2012 (IPAA, 2013). Although only 2 jobs and $99,500 in labor income 

can be attributed to production of federal minerals on the PNG on an average annual basis, 

additional employment and income may be associated with approved drilling activities 

(IMPLAN 2012).     

 

The federal government receives revenue from bonuses, royalties and rentals from mineral leases 

issued under the authority of the Mineral Leasing Act for Acquired Lands (30 U.S.C. § 351). 

Parcels approved for leasing are offered by the BLM at lease sales for a minimum rate of $2.00 

per acre. These sales are competitive and parcels with high potential for oil and gas production 

command bonus bids in excess of the minimum bid. While federal minerals on the Pawnee have 

not been auctioned for leasing in several years, private and state trust lands have recently 

commanded large bonus bids. State administered minerals in Weld County sold at the May 2014 

lease sale earned an average bonus bid of $638 per acre and limited information from private 

parcels have ranged from $125 per acre up to a reported sale of over $10,000 per acre. In 

addition to bonus bids, lessees are required to pay rent annually until production begins on the 

leased parcel, or until the lease expires. These rent payments are equal to $1.50 an acre for the 

first five years and $2.00 an acre for the second five years of the lease. Currently there are 

43,444 acres of Federal minerals leased within PNG boundaries. Annual rental revenue to the 

Federal Government from leasing Federal minerals on the Pawnee is estimated to be $45,395
53

 . 

 

As mentioned above, Federal oil and gas production is subject to royalties. Federal oil and gas 

royalties, which are a form of excise tax, are equal 12.5 percent of the value of production (43 

CFR 3103.3.1). While annual royalties fluctuate based on wellhead prices and the volume of 

production, the Federal Government was estimated to have collected approximately $241,400 

from oil and gas production on PNG in 2012. Forty-nine percent of which, is distributed back to 

the State of Colorado in accordance with the Mineral Leasing Act for Acquired Lands. In 

                                                           
52

 Statewide average wellhead prices in 2010 were $88.26 per bbl. for crude oil and $4.94 per MCF for natural gas 
53

 This was estimated under the assumption that half of all currently leased acres not held by production are in the 
first 5 years of their lease and the remaining half are in the second 5 years of their lease 
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addition to Federal taxes on production, Colorado levies three direct taxes on production – the 

first by the county where the production occurs, the second by the state, and the third by the 

Colorado Oil and Gas Conservation Commission (COGCC).  

 

Ad valorem taxes are assessed on the actual value of oil and gas production and paid directly by 

producers to the county. Relative to other Colorado petroleum producing counties, Weld 

County’s property taxes are high with an effective tax rate of 8 percent (COGCC, 1997). Based 

on 2012 production from federal minerals on the PNG, Weld County collected nearly $154,500 

in county revenue from oil and gas production on the Pawnee. Although oil and gas production 

in Colorado is subject to a progressive state severance tax which ranges from 2 to 5 percent of 

gross income, Colorado Law allows state severance taxes to be reduced by a credit equal to 87.5 

percent of ad valorem taxes paid. Depending on the applicable severance and ad valorem tax 

rates, the severance tax liability of working or royalty interest owners can be reduced to $0. 

While severance tax dollars are collected based on the value of production (minus a number of 

credits, exemptions, and deductions) and property local property tax mills, these revenues are 

distributed based on production and the number of industry workers in a county. As a result, 

Colorado’s tax structure has created a loophole were production in counties with high property 

tax mills is virtually untaxed at the state level. Weld County is a prime example of this. Although 

Weld County is one of the top oil and gas producing counties, the state collected less than 20 

percent of 2013 energy severance taxes from production in this county (COGCC, 2014).  

 

Oil and gas companies are also required to pay a conservation levy every quarter. As of July 

2007, the charge is 0.07% of oil, natural gas, and CO2 production sales, less exemptions. This 

levy rate is designed to meet the expenses of the Colorado Oil and Gas Conservation 

Commission, the state agency responsible for regulating oil and gas development. 

 

Federal Payments to Local Government  

The US Forest Service makes payments to states and counties that contain NFS lands. These 

payments fall into two categories: Payments in Lieu of Taxes (PILT) and Secure Rural Schools 

and Community Self-Determination Act payments (SRSCS). Federal agencies do not pay 

property taxes; therefore, PILT is distributed to counties to compensate for the local services that 

support activities on federal lands.  These services include law enforcement, road maintenance, 

and fire departments.   

 

SRSCS payments redistribute a share of revenue generated from activities on Forest Service 

Lands back to the counties. These payments are intended to improve public schools, maintain 

infrastructure, improve the health of watersheds and ecosystems, protect communities, and 

strengthen local economies.  

 



 

294 
 

While future oil and gas development on the Pawnee is unlikely to affect the number of Forest 

Service managed acres eligible for PILT payments, increased exploration and development of 

the PNG’s mineral resources could increase in SRSCS payments over the next twenty years. 

 

In addition to payments from US Forest Service, a portion of state and federal revenue generated 

from the leasing and production of federal minerals on the Pawnee are returned to Weld County. 

Figures 5 and 6 show how state and federal revenue derived from energy and mineral extraction 

are distributed in Colorado. Half of State Severance Tax receipts go to the state Department of 

Natural Resources, while the other half is distributed by the Department of Local Affairs 

(DOLA) to areas impacted by oil and gas development. Approximately 30 percent of State 

Severance Tax receipts are allocated into “county pools” based on each county’s proportion of 

industry employee residents, mining and well permits and mineral production compared to the 

totals statewide. The Department then distributes each county pool to the county government and 

each municipality therein based on the unincorporated or municipal proportions of employee 

residents, population, and road miles compared to the total in the county. 

 

 

 

 
Figure 70  Distribution of State Severance Tax Receipts 

 
*Annual $1.5 million from total gross receipts to Innovative Energy Fund through July 2016. 

** Up to $10 million after $50 million to Perpetual Fund (CRS 39-29-109(2)(a)(III)). 

Source: Colorado Department of Local Affairs, 2014 
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Under the Mineral Leasing Act for Acquired Lands, 49 percent of the federal revenue generated 

from oil and gas related activities on the PNG is returned to Colorado for planning, construction 

and maintenance of public facilities in areas socially and economically impacted by the mineral 

leasing development on federal lands (30 U.S.C. § 351). Figure 5 shows how Colorado 

distributes bonus and non-bonus revenues from the state’s Mineral Leasing Fund. Revenues 

associated with bonuses on federal mineral leases are not distributed directly back to producing 

counties. Under current law, bonus payments are split between the Higher Education 

Maintenance and Reserve Fund and Local Government Permanent Fund. Moneys in the 

permanent fund generally remain in the permanent fund, but may be appropriated by the general 

assembly when the March revenue estimate in any fiscal year indicates that the total amount of 

moneys that will be deposited into the mineral leasing fund during that fiscal year is anticipated 

to be at least 10 percent less than the amount deposited in the preceding fiscal year (SB14-106).  

 

A portion of federal non-bonus revenue from rents and royalties is returned to the state are used 

to fund public schools and water projects throughout Colorado, and to mitigate local impacts of 

oil and gas development in producing counties (Figure 69). Nearly forty-two percent of these 

revenues are allocated into “county pools” based on each county’s proportion of resident 

industry employees and federal mineral lease revenues generated compared to the totals 

statewide. The DOLA then distributes each county pool to the county government and each 

municipality therein based on the unincorporated or municipal proportion of employee residents, 

population and road miles compared to the total in the county. 
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Figure 71  Distribution of Federal Mineral Lease Revenue in Colorado 

 
Source: Colorado Department of Local Affairs, 2014 

 

While distributions of Colorado’s mineral leasing revenues fluctuates each year, these payments 

provide Weld County (and municipalities within the county) with millions of dollars of public 

revenue each year. Direct county, municipality, and federal mineral leasing district distributions 

to Weld County in fiscal year 2013 exceed $7.6 million. This included more than $5.2 million 

from state severance tax receipts, $191,000 for local school districts, and $2.2 million in direct 

county and municipal payments (DOLA, 2014). Annual oil and gas related payments from the 

DOLA are used to provide public services and invest in local infrastructure improvements which 

benefit local residents. Salary and non-salary expenditures associated with payments inject new 

money into the local economy and support employment and income in sectors which support 

construction, primary and secondary education, and the Government sectors. 

While direct distributions resulting from the leasing and development of federal minerals within 

the Pawnee account for only a small portion of total distributions currently received by local 

governments in Weld County, future development of these minerals is anticipated to 

significantly increase distributions to surrounding communities.  

 

 

 

Non-Market Values 



 

297 
 

The true value of the PNG is equal to the value of all goods and services it provides society. 

Generally goods and services are traded in markets where interactions between buyers and 

sellers determine the price, or value, of a good based on unit prices and the quantities sold. While 

the natural resources within these grasslands produce a wide range of environmental goods and 

services, markets in which these environmental products can be bought or sold do not always 

exist. Some goods, like forage for cattle, can easily be valued because livestock feed can be 

bought and sold in markets. Other resources on the PNG, like sites of cultural or historic 

significance, recreational opportunities, ecological processes, and scenic views cannot be bought 

and sold in traditional markets, which is why these resources are often characterized as non-

market goods. Although the public benefits from these goods, they lack value in the traditional 

sense of market prices often causes these resources to be undervalued.  

 

Non-market values can be broken down into two categories, use and non-use values. While the 

use of non-market goods often requires consumption of associated market goods, such as food, 

gas and lodging, the benefits people derive from non-market goods exceed any monetary cost 

associated with their use. Many non-market use-values exist for natural resources administered 

by the Pawnee National Grasslands. Some use-values are associated with recreational 

experiences, while others are associated with aesthetic enjoyment, artistic and spiritual 

inspiration, and emotional comfort derived from its picturesque landscapes. The wild and scenic 

landscape of the PNG provides a refuge from the modern world where people can escape and 

reconnect with the natural world. Opportunities to explore and enjoy the scenic beauty of the 

natural environment have been known to fill and inspire people with a feeling, an idea, or a 

creative impulse.  Nature has long served as inspiration for a wide range of artistic and cultural 

expressions, including: film, literature, photography, paintings, sculptures, music and dance, 

fashion, folklore, national symbols, and even architecture and advertisement (Rudolph de Groot 

et al. 2005). 

 

Non-use, or passive use, values of a non-market good reflect the value of an asset beyond its 

current use. These can be described as existence, option and bequest values. Existence values are 

the amount society is willing to pay to guarantee that an asset simply exists. An existence value 

for the PNG might be the value of knowing that American shortgrass prairies exist or the value 

associated with undeveloped scenic landscapes.  In addition to implicit existence values, 

society's willingness to pay to preserve resources for future use attaches additional passive use 

values. The potential benefits people would receive from future visits to the Pawnee are referred 

to as option values when future use is expected to occur within the same generation and bequest 

values when preservation allows future generations to benefit from the resource use. Within the 

PNG bequest and option values might exist for numerous plant and animal species, wild and 

scenic landscapes, and recreational trails.  
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While non-market values may exist for many of the PNG’s natural resources, it can be very 

difficult to quantify use and non-use values. Since the methodologies for measuring these values 

can be controversial and difficult to apply, non-market goods tend to be undervalued. While it is 

not feasible to estimate non-market values during the planning process, it is important for forest 

management to recognize that the true value of forest resources include both market and non-

market values so that they can make more informed decisions regarding their use. 

 

3.16.2  Environmental Consequences  

 
The previous sections assessed social and economic conditions and trends.  The following 

section will consider the potential consequences of alternative management scenarios on the 

social and economic environment. 

 

Methodology and Assumptions 

This section discusses how future federal oil and gas leasing and development may affect 

economic activity in the local economy. The results of this type of analysis are known as 

economic impacts and are reported in terms of the change in local employment, income, and 

public revenues. As an economic activity analysis, this analysis provides insight as to how future 

leasing and development of federal minerals may affect the flow of money to local households 

and businesses. Economic impact analyses do not quantify potential changes in social welfare, so 

their results cannot be interpreted as economic benefits or costs. 

 

 

Economic impacts associated with federal mineral leasing and development on the PNG were 

estimated using IMPLAN Professional Version 3.0 and the Forest Economic Analysis 

Spreadsheet Tool (FEAST), with 2012 data. IMPLAN is a customizable input-output model 

which provides a means of examining the flow of economic activity, both between businesses 

and between businesses and final consumers, within a regional economy. The IMPLAN model is 

one of the most widely used tools for regional economic analysis because it allows users to easily 

build custom models which measure net changes in economic activity as a result of a decision, 

event, or a policy. The resulting mathematical representation allows one to examine how changes 

in employment or final demand ripple through the local economy, creating indirect and induced 

effects in sectors which support the oil and gas industry and local household and government 

spending. 

 

In addition to economic impacts, future oil and gas development on the PNG may also have 

social consequences that are unlikely to be reflected in traditional economic statistics. 

Development could affect quality of life as it relates to changes in population, public 

infrastructure, government services, recreational trends, transportation system, scenic quality, 

and other social implications of oil and gas development. Potential social impacts are discussed 
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qualitatively and address how management actions under the alternatives may affect traditional 

and cultural ties to federal lands within the area of influence. 

 

Assumptions 

Potential future development of oil and gas leases might result in impacts to local economies.  

These impacts could result from changes in tourism, grazing, and other indirect effects from oil 

and gas development.  The following list presents the basic assumptions related to the social and 

economic analysis of potential impacts resulting from future mineral leasing and development on 

the Pawnee National Grasslands. 

 The analysis of impacts to other resources is based on effects described in the Recreation, 

and Range and Noxious Weeds sections of this EIS. 

 The analysis of revenues associated with livestock grazing on the Pawnee assumes the 

federal rate for forage will remain constant at $1.35 per AUM 

 The analysis of future oil and gas development on the PNG is based on reasonably 

foreseeable development on PNG as discussed in section 2. Alternatives Considered in 

Detail and 3.10.2 Environmental Consequences of Fluid Mineral. 

 Since the timing of future development is unknown, total anticipated wells and 

production reported in 3.10.2 were assumed to occur evening over the next 30 years (i.e. 

well or total production ÷ 30 years). 

 Proposed management actions under this EIS will only apply to federal surface and sub-

surface resources within PNG boundaries. In the case of split estate minerals, leases are 

subject to applicable Forest Service occupancy stipulations. 

 Existing mineral leases are subject to valid and existing rights. Lease terms and 

stipulations of existing federal leases would not be affected by changes in PNG’s 

management of fluid minerals. 

 Federal mineral leases expire after 10 years unless the parcel is incorporated into an 

existing field through a communitization agreement or one or more producing wells is 

drilled on the lease parcel. Leases that are held by production do not expire until they are 

no longer capable of production.   

 Because of the Niobrara’s large known reserves, and the high anticipated success rate of 

well pads, none of the existing leases are anticipated to expire over the next 20 plus years. 

 Revenues associated with future leasing on the PNG were analyzed based on distributions 

determined by federal and state statutes. 

 Bonus bids for parcels on the PNG are anticipated to be much higher than historical bids. 

For the analysis of bonus bid associated with new federal leases, an average bonus bid of 

$3,000 per acre was used. This estimate was based on expertise provided by fluid 

minerals specialists at the BLM’s Colorado State Office. 

 Estimates of the levels of employment and labor income that would be supported by the 

alternatives are based on projected wells drilled and consequent oil and gas production 
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(see geology and minerals section for production estimate details) and estimated 

payments to counties (see previous discussion of county payments). 

 

 

Effects Common to All Alternatives 

Since federal leases are subject to valid and existing rights, exploration and development of fluid 

minerals on the Pawnee will continue under all alternatives. Future development of the Niobrara 

shale play is anticipated to increase oil and gas related activities in the study area regardless of 

Forest Service’s management of the PNG. None of the alternatives are anticipated to reduce 

economic diversity (the number of economic sectors) or increase economic dependency, which 

occurs when the local economy is dominated by a limited number of industries. Although future 

mineral development under the alternatives have the potential to affect local businesses and 

residents, overall contributions of the PNG (i.e. jobs and labor income) to the local economy will 

remain relatively small and not have a measurable effect on overall economic diversity or 

dependency within the study area. Future shifts in the emphasis of the local economy will likely 

occur over the next 2 decades; however, these shifts would not be a consequence of actions 

proposed in this EIS.  

 

Although overall economic contributions of the Pawnee to local economy account for only a 

small portion of total employment and income within the three-county analysis area, these 

contributions may be more important at the local level. Since individual communities may be 

less economically diverse than the larger regional economy, some communities are likely to be 

more dependent on oil and gas related activities on the PNG. While effects to economic diversity 

and dependency at the local area could be greater, these effects are not assessed given a lack of 

county level information on anticipated oil and gas development.  The lack of this information 

also makes assessment of other effects to quality of life at the local level difficult to assess. 

 

 Recreation Related Effects 

Demand for recreational experiences on the Pawnee is anticipated to increase as populations 

along the Front Range continue to grow. All alternatives will continue to support recreation uses 

discussed above, however, future oil and gas development has the potential to affect the quality 

and quantity of some outdoor experiences provided by the PNG. While localized changes in 

recreation access and use could occur, these changes cannot be predicted without having good 

baseline visitation information and knowing exactly where development will occur and the 

extent to which substitute opportunities within the analysis area will be available. In addition, 

drawing conclusions about changes to access based on possible oil and gas development may not 

be appropriate since site specific information on recreation access and use of substitute 

recreation areas makes evaluation impractical. Future site specific planning should consider 

effects on quality of life from changes in access and effects on recreation. 
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Recreational experiences under all alternatives would continue to contribute to the overall quality 

of life enjoyed by local residents and stimulate economic activity throughout the local economy. 

Despite the lack of site specific information, certain dispersed recreation activities such as 

birding, motorized recreation, and recreational target shooting may be susceptible to change and 

are of concern given their importance within the analysis area. As discussed in the recreation 

section, the extent to which the PNG increased surface disturbances and commercial use of low-

density dispersed recreational sites may cause recreationists to become displaced. While future 

oil and gas development has the potential to adversely affect recreational experiences provided 

by the Pawnee, it is not clear whether this development will cause shifts in the types of activities 

recreationists travel to the PNG to participate in or have a net effect on overall recreational visits 

to the PNG. Net changes in visitation to the Pawnee will likely affect the amount of travel related 

dollars attracted and retained within the local economy. As discussed in the existing conditions, 

recreationists traveling to the PNG spend money on food, gas, lodging, and other travel related 

expenses in surrounding communities which stimulate employment and income in numerous 

industrial sectors that support the travel and tourism industry. Although the level of employment 

and income directly attributed to visitation to the amendment area could not be estimated, these 

economic contributions are an important role in providing employment and income opportunities 

to residents in rural communities surrounding the Pawnee.. 

 

 

Livestock Grazing Related Effects 

As discussed in the range section, future oil and gas development has the potential to affect 

permitted grazing levels on the Pawnee, the maximum acres of man-made surface disturbance 

would only account for approximately 0.5 % of all acres authorized for grazing. This level of 

disturbance is insignificant when applied across the whole PNG and would not affect the 

carrying capacity of the range unless those acres were concentrated within one grazing unit so 

that an excess of 20% of the allotment was removed from grazing when combined with other 

effects. Preference limits under the alternatives will continue to support recent billed use levels. 

Although the Pawnee’s grazing potential has been estimated to be more than 48,000 AUMs a 

year, grazing is often restricted below its full potential because of factors such as drought, 

rangeland conditions, changes in active permit holders, financial limitations on operators and 

market conditions. Future billed use on the PNG will fluctuate from year to year, but these 

fluctuations are more likely to result from changes in the natural and economic environment 

than from oil and gas related surface disturbances.  

 

In terms of local area contributions from Forest Service supplied forage, permitted use levels of 

grazing on the Pawnee would continue to support 102 total jobs and approximately $1.8 million 

in local labor income (including direct, indirect and induced wages and proprietor’s income) on 

an average annual basis. Public revenues associated with the redistribution of federal grazing 
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fees will support additional employment and income. Under the alternatives grazing 

associations and individual permit holders would continue to pay federal grazing fees. In 

accordance with federal and state statutes, 25 percent of federal revenue from livestock grazing 

on Forest Service lands is distributed back to Colorado to fund public schools and roads in the 

county when revenue was generated (16 U.S. Code § 500).  

 

Since annual permitted use levels will not change under the alternatives, livestock grazing on 

the Pawnee will continue to contribute to the preservation of ranching heritage and community 

values associated with livestock production. While drilling activities may have short-term 

disparate effects on individual permit holders, access to federal forage on PNG allotments will 

continue to support traditional uses and values associated with the ranching way of life. 

Continued access to federal forage will reinforce the longstanding bonds between local 

ranching families and these rangelands.  

Social Impacts Associated Oil and Gas Development 

The combination of horizontal drilling and multi-stage hydraulic fracturing (or “fracking”) has 

drastically increased the recoverability of sub-surface minerals surrounding the Pawnee. Oil and gas 

development on the PNG is anticipated to increase under all alternatives over the next 2 decades. While 

the environmental effects to soils, water, and air quality have been discussed in previous sections of this 

EIS, Weld County’s unavoidable shale boom is likely to impose social costs which threaten human 

health and safety and undermine the quality of life in many of the area’s rural communities.  

Recent shale booms in other parts of the country have caused changes in rural traffic patterns and 

increased commercial use of roads by heavy trucks because of the need to deliver equipment, supplies 

and workers to drilling sites. Previous studies have found that the truck traffic needed to deliver water to 

a single fracking well causes as much damage to local roads as nearly 3.5 million car trips (Randall, 

2010). Road damage caused by increased commercial use in other shale regions of the U.S. has cost 

states millions. Repairs associated with increased truck traffic in the Barnett Shale region of Texas was 

estimated to cost Texas $40 million, while an Executive Summary in Pennsylvania estimated that 

damaged roads in the Marcellus Shale region needed $265 million in repairs in 2010 (Dutzik et. al 

2012). Increased road usage in areas experiencing energy booms strains the capacity of rural roadways 

and contributes to rising truck and automobile accidents (Petkova et. al 2009). While increased truck 

volume may not cause traffic congestion by itself, increased road use often occurs in rural areas where 

traffic data are not available and additional truck traffic, noise, and dust may be easily noticed. Oil and 

gas related congestion and traffic accidents have been recognized as a growing socio-economic 

challenge which pose significant hazards to local residents (Dutzik et. al 2012). 

The oil and gas industry is characterized as having a highly transitory workforce. Since most the labor is 

involved in the early stages of development while wells are being drilled and equipped, small 

communities often experience large influxes of temporary residents during energy booms. The relatively 

overnight flood of non-local workers places additional strain on existing infrastructure and public 

services. Boomtowns regularly experience housing shortages which drive up the local housing costs, 
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while emergency and public health services are struggle to meet additional demand (Lawrie et. al 2011, 

Headwaters Economics 2012). Oil booms have also been noted to create more social unrest in 

previously tranquil towns. Comparisons of pre-boom statistics to those experienced during high periods 

of shale development indicate that there is a strong correlation between increased mineral development 

and increases in alcohol-related crimes, traffic accidents, emergency room visits and sexually 

transmitted infections (Dutzik et. al 2012).  

Extraction of oil and gas in Weld County is anticipated to increase regardless of management actions 

proposed in this EIS.  Since negative social effects have been strongly linked to increases in oil and gas 

related activities, communities surrounding the Pawnee will likely incur social costs under all 

alternatives. The extent to which these social costs will adversely affect the quality of life of residents 

who live and work in Larimer, Logan, and Weld counties will depend on the proximity to routes leading 

in and out of the Pawnee and the number of transient oil and gas workers which take up temporary 

residency in the surrounding area. At the local level, social costs will likely be highest in communities 

closest to the PNG. 

Alternative 1  

Alternative 1 is the no new leasing alternative. Under this alternative, Forest Service would 

prohibit any additional leasing of federal minerals on the Pawnee. Since existing leases are 

subject to valid and existing rights, oil and gas related activities associated with federal 

minerals on the PNG are not only anticipated to continue over the next 20 to 30 years, but will 

increase as current leases become more developed. Other than federal minerals accessible from 

existing leases, all future development of the Niobrara would be pushed onto parcels where 

sub-surface minerals are privately or state owned. The prohibition on future federal mineral 

leasing under this alternative will have direct and indirect effects on the social and economic 

environment within the three-county study area. Social and economic impacts associated with 

the no leasing alternative will result from changes in oil and gas development, and public 

revenues. As discussed above in the Effects Common to All Alternative sections, future oil and 

gas development on the Pawnee is not anticipated to have measurable social or economic 

impacts associated with livestock grazing activities on the PNG.  

Recreation 

The no new leasing alternative is anticipated to have a negligible effect on the Pawnee’s 

recreational resource. Since future oil and gas development on the PNG would be limited to 

existing federal leases, recreation management would continue under current guidance and 

policy and existing recreation opportunities in the study area would be maintained. People 

would continue to recreate on public lands as they have done in the past. Recreational 

experiences supported by Forest Service lands within the Pawnee would continue to contribute 

to the overall quality of life enjoyed by local residents and stimulate economic activity 

throughout the local economy. As discussed in the existing conditions, recreationists traveling 

to these areas spend money in the local economy and stimulate employment and income in 

numerous industrial sectors that support the travel and tourism industry. Although the level of 

employment and income directly attributed to visitation to the amendment area could not be 

estimated, the magnitude and importance of these economic contributions to rural communities 

surrounding the Pawnee are not anticipated to change under the no new leasing alternative.  
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Issuance of recreation special uses and lands authorizations would continue using Forest Plan 

direction, interim guidance, and existing policy and direction. Since this alternative is not 

anticipated to effect the quality or quantity of recreational experiences supported by the PNG, 

this alternative would not result in impacts to revenue of commercial outfitters or managing 

agencies attributable to Forest Service SUAs.  

Oil and Gas Development 

Alternative 1, the No New Leasing Alternative, is the most prohibitive of future oil and gas 

development on the Pawnee. Under this alternative, all unleased federal minerals that are 

available for leasing in the 1997 Forest Plan ROD (approximately 146,367 acres) would be 

withdrawn from leasing consideration. All federal oil and gas resources that are not leased at 

the time this EIS is completed will be bypassed and lost from production. Approximately 178 

million barrels of oil and 356 MCF of gas will be produced from federal minerals under the no 

new leasing alternative. Since federal minerals would by bypassed, approximately 5.5 billion 

barrels of oil in unleased federal minerals and 2 billion barrels of juxtaposed private and state 

oil would be lost from production. Over the life of this field, average annual production from 

federal minerals below the PNG is estimated to be about 5.9 million bbls of oil and nearly 11.9 

million MCF of natural gas. The extraction of these minerals is estimated to generate more than 

$72 million in federal royalties and support a total of nearly 500 direct, indirect, and induced 

jobs and $30.1 million in local income on annual average. While drilling activities on existing 

leases are anticipated to support an additional 229 jobs and $12.7 million in local income on 

annual average. 

Although no new federal leases would be offered under Alternative 1,it is very unlikely that 

federal mineral leasing would decline because of the high success rates of extracting the large 

continuous reserves of the Niobrara. Under this alternative, no federal revenue would be 

generated from new lease bonus bids and annual rent revenues. On annual average existing 

federal leases on the PNG are anticipated to generate approximately $45,000 in federal revenue 

from annual rents, but these revenues are anticipated to fall to zero as development of currently 

non-producing federal leases results in oil and gas production. Once held by production, leases 

are no longer subject to rental payments. 

Since approximately 5.5 billion barrels of oil in unleased federal minerals and 2 billion barrels 

of juxtaposed private and state oil will be bypassed and lost from production under the no new 

leasing alternative, the loss of this production potential will hamper future local job creation. 

On annual average, the prohibition on the development of federal mineral estates reduces total 

production (i.e. from federal, state, and private minerals) associated with the Niobrara by 

approximately 250 million bbls and 500 million MCF of gas. This annual loss of production 

potential reduces the number of economic opportunities supported by the oil and gas industry. 

Public Revenues 

Use of natural resources managed as part of Pawnee National Grasslands generates federal, 

state, and county revenues.  The two primary revenue generating resources on the PNG include 

range and fluid minerals (i.e. oil and gas). Under Alternative 1 livestock grazing and oil and gas 

development on the Pawnee are estimated to generate approximately $72.8 million in federal 
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revenue and $123 million in state revenue for Colorado (Table 84). The State of Colorado uses 

these revenues to fund public schools and infrastructure projects, and to mitigate local impacts 

of oil and gas development in producing counties (Figures 5 & 6). 

Based on current federal grazing fees and average annual forage permitted on the Pawnee, the 

PNG’s range program generates about $65,900 in federal revenue annually. In accordance with 

federal and state statutes, a portion of these monies are distributed back to the counties in which 

they were collected. As discussed in the Livestock Grazing Related Effects section of Effects 

Common to All Alternatives, 25 percent of federal revenue from livestock grazing on Forest 

Service lands is distributed back to Colorado to fund public schools and roads in the county 

when revenue was generated (16 U.S. Code § 500). Nearly $16,500 of that is distributed back 

to Weld County to help fund public schools and road repairs. 

 
Table 84  Anticipated Public Revenues Generated Under Alternative 1 

Federal Revenues 

Grazing Fees  $                   65,908  

Bonus Bids  $                            -    

Rents  $                   45,395  

Royalties  $            72,787,167  

Colorado State Revenues 

Colorado Severance Tax  $           87,344,600  

Distribution of Non-Bonus Bid Revenues  $      35,687,955.36  

Distribution of Bonus Bid Revenue  $                            -    

Weld County Revenues 

Distribution of Fed Grazing Fees  $                   16,477  

Distribution of State Severance Tax  $             1,310,169  

Distribution of Non-Bonus Bid Revenues  $             7,137,591  

Local Ad Valorem Taxes  $           46,583,787 

 

Colorado and Weld County collect a large amount of revenue from oil and gas development on 

the Pawnee. In addition to regular corporate taxes paid by oil and gas companies operating out 

Colorado, oil and gas producers are required to pay property and production taxes. As 

discussed in the affected environment, Weld County assesses an Ad Valorem tax on the actual 

value of oil and gas produced within the county. This Ad Valorem tax is a property tax imposed 

on local production and capital investments to ensure that revenues stay in the local 

communities that have mineral development operations. Based on estimates of average annual 

production, an effective tax rate of 8 percent, and 2012 Colorado wellhead prices for crude oil 

and natural gas, PNG production under Alternative 1 will generate approximately $46.5 million 

in Valorem County tax revenue on annual average. 

In addition to revenues from county taxes, Weld County receives a portion of federal revenues 

from the leasing and development of federal minerals within the PNG. As explained in the 

Federal Payments to Counties section of the Affected Environment, 49 percent of federal 
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revenues collected from the leasing and development of federal minerals is returned to the state 

are used to fund public schools, water projects, infrastructure improvements, and to mitigate 

local impacts of oil and gas development in producing counties (figure 6). Under Alternative 1, 

Weld County is expected to receive approximately $7 million in public revenues from the 

redistribution of federal non-bonus (i.e. rents and royalties) revenue. 

The State of Colorado also returns a portion of state severance taxes back to oil and gas 

producing counties (figure 5). Of the $8.7 million in state severance taxes estimated to be 

collected on annual average from PNG production under Alternative 1, 50 percent is allocated 

to the Department of Local Affairs to fund local grants (70 percent) and direct distributions 

back to producing counties (30 percent). Direct distributions back to Weld County from state 

Severance Taxes on PNG production are estimated to exceed $1.3 on annual average under 

Alternative 1.  

As the county revenues are used to salary and non-salary expenditures associated with funding 

public school, road construction and repairs, and to provide public services (including police 

and other emergency services). These revenues create a ripple effect which stimulates 

additional economic activities which provide these sectors with inputs and in sectors which 

support household spending. On annual average, county revenues from oil and gas 

development under Alternative 1 is anticipated to support approximately 750 total local jobs 

and $34.2 million in local wages and proprietor’s income. 

Alternatives 2  

Alternative 2 is considered the no action alternative since management of Pawnee’s sub-surface 

minerals would continue under current guidance and policy. Under this alternative, all unleased 

federal minerals would continue to be administratively available for leasing with stipulations 

outlined in the 1997 Forest Plan upon further NEPA analysis. Future federal mineral leasing 

under these alternatives will have direct and indirect effects on the social and economic 

environment within the three-county study area. Social and economic impacts associated with 

Alternatives 2 will result from changes in oil and gas development and public revenues. As 

discussed above in the Effects Common to All Alternative sections, future oil and gas 

development on the Pawnee is not anticipated to have measurable social or economic impacts 

associated with livestock grazing activities on the PNG. 

Recreation 

As discussed in the Recreation section of this EIS, anticipated oil and gas development under 

Alternative 2 will adversely affect the quality and quantity of some recreational experiences on 

the Pawnee. Although the 1997 Forest Plan includes provisions to protect RNA’s, SIA’s, and 

developed recreation sites from mineral development, future oil and gas activities under this 

alternative threatens motorized recreation, bird watching, recreational shooting on the PNG. 

Since future oil and gas development on the PNG under standard stipulations would increase 

surface disturbances and commercial traffic in areas where dispersed recreation occurs, leasing 

and development under Alternative 2 has the potential to displace a large number of 

recreationists. While localized changes in recreation access could result from the inability to 

use public lands as people had in the past, these changes cannot be predicted without knowing 
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exactly where development will occur and the extent to which substitute opportunities on the 

Pawnee will continue to be available. 

Recreational experiences supported by Forest Service lands within the Pawnee would continue 

to contribute to the overall quality of life enjoyed by local residents and stimulate economic 

activity throughout the local economy. As discussed in the existing conditions, recreationists 

traveling to these areas spend money in the local economy and stimulate employment and 

income in numerous industrial sectors that support the travel and tourism industry. While future 

oil and gas development may have adverse effects on outdoor recreation under Alternative 2, it 

is not clear whether this development will cause shifts in the types of activities recreationists 

travel to the PNG to participate in or have a net effect on overall recreational visits to the PNG. 

Although the level of employment and income directly attributed to visitation to the Pawnee 

could not be estimated, oil and gas development under Alternative 2 may reduce future 

recreation related economic activity in rural communities surrounding the PNG.  

Issuance of recreation special uses and lands authorizations would continue using Forest Plan 

direction, interim guidance, and existing policy and direction. Since six of the Special Use 

Permits are held by outfitters providing guided bird-watching tours, and development under the 

no action alternative may adversely affect the quality and quantity of birding experiences, oil 

and gas activities under this alternative will likely affect future SUP’s.  If oil and gas 

development does significantly alter bird watching experiences on the Pawnee, special-use 

permit holders for guided birding tours may experience a decline in the demand for their 

services, reducing local commercial revenues and recreation related expenses associated with 

birding  

Oil and Gas Development 

Under Alternative 2 all unleased federal minerals that are available for leasing in the 1997 

Forest Plan ROD (approximately 146,367 acres) would continue to available to leasing and 

development upon completion of subsequent NEPA analysis. Any new federal leases 

authorized on the Pawnee would be subject to lease stipulations in the 1997 Forest Plan and 

may include no surface occupancy and timing restrictions. Since valid and existing rights are 

grandfathered in, this alternative will have no effect on existing federal mineral leases on the 

Pawnee. Approximately 590 million barrels of oil and 1.1 billion MCF of gas will be produced 

from federal minerals under the no action alternative over the next 20 to 30 years. Over the life 

of this field, average annual production from federal minerals below the PNG is estimated to be 

about 19.6 million bbls of oil and nearly 39.3 million MCF of natural gas. The extraction of 

these minerals is estimated to generate more than $241 million in federal royalties and support 

more than 1,600 direct, indirect, and induced jobs and $99.7 million in local income on annual 

average. While drilling activities associated with new and existing leases are anticipated to 

support an additional 208 jobs and $11.6 million in local income on annual average. 

It is anticipated that all 100,329 acres of unleased federal minerals on the PNG will be leased 

over the next 10 to 20 years. Since all the federal minerals are believed to be accessible by 

drilling locations either on leased lands or from off-site locations with horizontal wells, and 

drilling successes rates using horizontal drilling and fracking practices in this area are expected 

to approach 100 percent, there is tremendously industry interest in leasing these federal 

minerals. Based on known geology, private sales, the limited number of parcels available, and 
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the critical location of the PNG, it is estimated that new leases will command bonus bids 

ranging between $50 and $9,000 per acre. It is estimated that future parcels on the Pawnee will 

earn $3,000 per acre on average, with bonus bids in the eastern portion of the PNG driving up 

per acre averages. Under this alternative, bonus bids for newly leased federal minerals are 

estimated to generate nearly $970,000 in revenue from leasing federal minerals on the Pawnee. 

In addition to one-time bonus bids, the federal government will earn annual rents on leases that 

have not started producing oil or gas, or been incorporated into communitization agreement. On 

annual average, the combination of new and existing federal leases on the PNG is anticipated to 

generate more than $220,000 in federal rent revenue annually  

Public Revenues 

Use of natural resources managed as part of Pawnee National Grasslands generates federal, 

state, and county revenues.  The two primary revenue generating resources on the PNG include 

range and fluid minerals (i.e. oil and gas). Under Alternative 2 livestock grazing and oil and gas 

development on the Pawnee are estimated to generate approximately $242 million in federal 

revenue and $408 million in state revenue for Colorado (Table 85). The State of Colorado uses 

these revenues to fund public schools and infrastructure projects, and to mitigate local impacts 

of oil and gas development in producing counties (Figures 68 & 69). 

Based on current federal grazing fees and average annual forage permitted on the Pawnee, the 

PNG’s range program generates about $65,900 in federal revenue annually. In accordance with 

federal and state statutes, a portion of these monies are distributed back to the counties in which 

they were collected. As discussed in the Livestock Grazing Related Effects section of Effects 

Common to All Alternatives, 25 percent of federal revenue from livestock grazing on Forest 

Service lands is distributed back to Colorado to fund public schools and roads in the county 

when revenue was generated (16 U.S. Code § 500). Nearly $16,500 of that is distributed back 

to Weld County to help fund public schools and road repairs. 

Table 85  Anticipated Public Revenues Generated Under Alternative 2 

Federal Revenues 

Grazing Fees  $                   65,908  

Bonus Bids  $                 969,579  

Rents  $                 220,971  

Royalties  $          241,260,833  

Colorado State Revenues 

Colorado Severance Tax  $          289,513,000  

Distribution of Non-Bonus Bid Revenues  $     118,326,084.15  

Distribution of Bonus Bid Revenue  $                 475,093  

Weld County Revenues 

Distribution of Fed Grazing Fees  $                   16,477  

Distribution of State Severance Tax  $             4,342,695  

Distribution of Non-Bonus Bid Revenues  $           23,665,217  

Local Ad Valorem Taxes  $         154,406,933  
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Colorado and Weld County collect a large amount of revenue from oil and gas development on 

the Pawnee. In addition to regular corporate taxes paid by oil and gas companies operating out 

Colorado, oil and gas producers are required to pay property and production taxes. As 

discussed in the affected environment, Weld County assesses an Ad Valorem tax on the actual 

value of oil and gas produced within the county. This Ad Valorem tax is a property tax imposed 

on local production and capital investments to ensure that revenues stay in the local 

communities that have mineral development operations. Based on estimates of average annual 

production, an effective tax rate of 8 percent, and 2012 Colorado wellhead prices for crude oil 

and natural gas, PNG production under Alternative 2 will generate approximately $154 million 

in Valorem County tax revenue on annual average. 

In addition to revenues from county taxes, Weld County receives a portion of federal revenues 

from the leasing and development of federal minerals within the PNG. As explained in the 

Federal Payments to Counties section of the Affected Environment, 49 percent of federal 

revenues collected from the leasing and development of federal minerals is returned to the state 

are used to fund public schools, water projects, infrastructure improvements, and to mitigate 

local impacts of oil and gas development in producing counties (figure 6). Under Alternative 2, 

Weld County is expected to receive approximately $23 million in public revenues from the 

redistribution of federal non-bonus (i.e. rents and royalties) revenue. 

The State of Colorado also returns a portion of state severance taxes back to oil and gas 

producing counties (figure 5). Of the $289 million in state severance taxes estimated to be 

collected on annual average from PNG production under Alternative 3, 50 percent is allocated 

to the Department of Local Affairs to fund local grants (70 percent) and direct distributions 

back to producing counties (30 percent). Direct distributions back to Weld County from state 

Severance Taxes on PNG production are estimated to exceed $4.3 on annual average under 

Alternative 2.  

As the county revenues are used to salary and non-salary expenditures associated with funding 

public school, road construction and repairs, and to provide public services (including police 

and other emergency services). These revenues create a ripple effect which stimulates 

additional economic activities which provide these sectors with inputs and in sectors which 

support household spending. On annual average, county revenues from oil and gas 

development under Alternative 2 is anticipated to support approximately 2,492 total local jobs 

and $113.5 million in local wages and proprietor’s income. 

 

Alternative 3 

Similar to Alternative 2, 100,329 acres of federal minerals would be administratively available 

for leasing on the Pawnee under Alternative 3. Under this alternative, all new federal mineral 

leases within the PNG would be subject to No Surface Occupancy lease stipulations. Future 
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federal mineral leasing under these alternatives will have direct and indirect effects on the 

social and economic environment within the three-county study area. Social and economic 

impacts associated with the NSO Alternative will result from changes in oil and gas 

development and public revenues. As discussed above in the Effects Common to All 

Alternative sections, future oil and gas development on the Pawnee is not anticipated to have 

measurable social or economic impacts associated with livestock grazing activities on the PNG. 

Recreation 

Leasing with NSO stipulations is anticipated to have a negligible effect on the Pawnee’s 

recreational resource. Since future oil and gas development on the PNG would not increase 

surface disturbances under this alternative, recreation management would continue under 

current guidance and policy and existing recreation opportunities in the study area would be 

maintained. People would continue to recreate on public lands as they have done in the past. 

Recreational experiences supported by Forest Service lands within the Pawnee would continue 

to contribute to the overall quality of life enjoyed by local residents and stimulate economic 

activity throughout the local economy. As discussed in the existing conditions, recreationists 

traveling to these areas spend money in the local economy and stimulate employment and 

income in numerous industrial sectors that support the travel and tourism industry. Although 

the level of employment and income directly attributed to visitation to the amendment area 

could not be estimated, the magnitude and importance of these economic contributions to rural 

communities surrounding the Pawnee are not anticipated to change under the no new leasing 

alternative.  

Issuance of recreation special uses and lands authorizations would continue using Forest Plan 

direction, interim guidance, and existing policy and direction. Since this alternative is not 

anticipated to effect the quality or quantity of recreational experiences supported by the PNG, 

this alternative would not result in impacts to revenue of commercial outfitters or managing 

agencies attributable to Forest Service SUAs.  

Oil and Gas Development 

Under Alternative 3, all unleased federal minerals that are available for leasing in the 1997 

Forest Plan ROD (approximately 146,367 acres) would continue to available to leasing and 

development upon completion of subsequent NEPA analysis. Any new federal leases 

authorized on the Pawnee would be subject to no surface occupancy restrictions, making 

federal minerals only accessible thru off-site locations with horizontal wells. This type of 

restricted access would impose additional costs on the oil and gas industry. Since producers 

would be forced to also lease private or state lands in order to develop federal mineral rights, 

industry costs associated with producing oil and gas from the PNG would be much higher 

under this alternative. Since valid and existing rights are grandfathered in, NSO stipulations 

would have no effect on existing federal mineral leases on the Pawnee. Similar to Alternative 2, 

approximately 590 million barrels of oil and 1.1 billion MCF of gas would be produced from 

federal minerals under Alternative 3 over the next 20 to 30 years. Over the life of this field, 

average annual production from federal minerals below the PNG is estimated to be about 19.6 

million bbls of oil and nearly 39.3 million MCF of natural gas. The extraction of these minerals 

is estimated to generate more than $241 million in federal royalties and support more than 

1,600 direct, indirect, and induced jobs and $99.7 million in local income on annual average. 
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While there would be no drilling activities associated with new federal leases under this 

alternative, new wells are still anticipated to be drilled on existing leases and on neighboring 

private and state lands in order to develop FS administered minerals. The number of new wells 

projected under the Alternative 3 would be similar to that anticipated under Alternative 2. 

Economic activity associated with oil and gas drilling would is estimated to support an 

additional 208 jobs and $11.6 million in local income on annual average. 

It is anticipated that all 100,329 acres of unleased federal minerals on the PNG will be leased 

over the next 10 to 20 years. Since all the federal minerals are believed to be accessible by 

drilling locations either on leased lands or from off-site locations with horizontal wells, and 

drilling successes rates using horizontal drilling and fracking practices in this area are expected 

to approach 100 percent, there is tremendously industry interest in leasing these federal 

minerals. While the same number of federal minerals are anticipated to be leased under 

Alternative 3 as under Alternative 2, federal bonus bids for parcels with NSO stipulations may 

be lower than those anticipated under Alternative 2 since mineral oil companies would have to 

pay additional leasing fees for adjacent private and state lands in order to develop federal 

minerals. Since there is a lot of uncertainty as to what extent NSO restrictions would have an 

effect on future bonus bids, the estimated that future per acre bonus bid of $3,000 may be a 

better reflection of an upper bound for bonus bids on NSO mineral leases. Under this 

assumption, bonus bids for newly leased federal minerals with NSO restrictions may generate 

up to $969,579 in revenue from leasing federal minerals on the Pawnee. In addition to one-time 

bonus bids, the federal government will earn annual rents on leases that have not started 

producing oil or gas, or been incorporated into communitization agreement. On annual average, 

the combination of new and existing federal leases on the PNG is anticipated to generate more 

than $220,000 in federal rent revenue annually.  

Public Revenues 

Use of natural resources managed as part of Pawnee National Grasslands generates federal, 

state, and county revenues.  The two primary revenue generating resources on the PNG include 

range and fluid minerals (i.e. oil and gas). Under Alternative 3 livestock grazing and oil and gas 

development on the Pawnee are estimated to generate approximately $242 million in federal 

revenue and $408 million in state revenue for Colorado (Table 86). The State of Colorado uses 

these revenues to fund public schools and infrastructure projects, and to mitigate local impacts 

of oil and gas development in producing counties (Figures 68 & 69). 

Based on current federal grazing fees and average annual forage permitted on the Pawnee, the 

PNG’s range program generates about $65,900 in federal revenue annually. In accordance with 

federal and state statutes, a portion of these monies are distributed back to the counties in which 

they were collected. As discussed in the Livestock Grazing Related Effects section of Effects 

Common to All Alternatives, 25 percent of federal revenue from livestock grazing on Forest 

Service lands is distributed back to Colorado to fund public schools and roads in the county 

when revenue was generated (16 U.S. Code § 500). Nearly $16,500 of that is distributed back 

to Weld County to help fund public schools and road repairs. 
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Table 86  Anticipated Public Revenues Generated Under Alternative 3 

Federal Revenues 

Grazing Fees  $                   65,908  

Bonus Bids  $                 969,579  

Rents  $                 220,971  

Royalties  $          241,260,833  

Colorado State Revenues 

Colorado Severance Tax  $          289,513,000  

Distribution of Non-Bonus Bid Revenues  $     118,326,084.15  

Distribution of Bonus Bid Revenue  $                 475,093  

Weld County Revenues 

Distribution of Fed Grazing Fees  $                   16,477  

Distribution of State Severance Tax  $             4,342,695  

Distribution of Non-Bonus Bid Revenues  $           23,665,217  

Local Ad Valorem Taxes  $         154,406,933  

 

Colorado and Weld County collect a large amount of revenue from oil and gas development on 

the Pawnee. In addition to regular corporate taxes paid by oil and gas companies operating out 

Colorado, oil and gas producers are required to pay property and production taxes. As 

discussed in the affected environment, Weld County assesses an Ad Valorem tax on the actual 

value of oil and gas produced within the county. This Ad Valorem tax is a property tax imposed 

on local production and capital investments to ensure that revenues stay in the local 

communities that have mineral development operations. Based on estimates of average annual 

production, an effective tax rate of 8 percent, and 2012 Colorado wellhead prices for crude oil 

and natural gas, PNG production under Alternative 3 will generate approximately $154 million 

in Valorem County tax revenue on annual average. Since producers would have to lease 

additional lands and may end up producing a combination of federal, state, and private 

minerals, leasees would likely be liable for additional Ad Valorem taxes on non-federal 

production under this alternative. 

In addition to revenues from county taxes, Weld County receives a portion of federal revenues 

from the leasing and development of federal minerals within the PNG. As explained in the 

Federal Payments to Counties section of the Affected Environment, 49 percent of federal 

revenues collected from the leasing and development of federal minerals is returned to the state 

are used to fund public schools, water projects, infrastructure improvements, and to mitigate 

local impacts of oil and gas development in producing counties (figure 6). Under Alternative 3, 

Weld County is expected to receive approximately $23 million in public revenues from the 

redistribution of federal non-bonus (i.e. rents and royalties) revenue. 

The State of Colorado also returns a portion of state severance taxes back to oil and gas 

producing counties (figure 5). Of the $289 million in state severance taxes estimated to be 

collected on annual average from PNG production under Alternative 3, 50 percent is allocated 

to the Department of Local Affairs to fund local grants (70 percent) and direct distributions 

back to producing counties (30 percent). Direct distributions back to Weld County from state 
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Severance Taxes on PNG production are estimated to exceed $4.3 on annual average under 

Alternative 3.  

As the county revenues are used to salary and non-salary expenditures associated with funding 

public school, road construction and repairs, and to provide public services (including police 

and other emergency services). These revenues create a ripple effect which stimulates 

additional economic activities which provide these sectors with inputs and in sectors which 

support household spending. On annual average, county revenues from oil and gas 

development under Alternative 3 is anticipated to support approximately 2,492 total local jobs 

and $113.5 million in local wages and proprietor’s income. 

 

 

Chapter 4-Response to Comments 

Approximately 2,500 letters were received and considered during the DEIS comment period.  

Comment statements were identified from the letters and the IDT provided responses to 

comments.  In general, comments focused on air analysis, leasing procedures, alternatives, and 

other analysis in the DEIS. 

Leasing Procedure Comments 

(1) Comment-Some commenters questioned why a NSO stipulation will not apply to Forest 

Service lands with private mineral estate. 

Response-Forest Service authority to determine stipulations is limited to federally owned 

minerals and federal leases on National Forest System lands.  Because leasing private 

mineral estate is not federally owned and does not require a federal lease, the stipulation 

determinations in this leasing analysis will not apply. 

On the PNG, there is approximately 46,000 acres of private mineral estate (Forest Service 

owned surface estate and private mineral estate).  The Forest Plan includes direction for 

surface management of private mineral estate.  It directs that surface management of private 

mineral estate will be negotiated with the owner and operator to be as close as possible to the 

standards used for federal minerals; however, prohibiting development is not an alternative.
 

54
 

While the Forest Plan directs negotiations take place with the owner and operator for surface 

use to be as close as possible to that on federal minerals, the outcome is not certain.  As a 

result, the FEIS discloses impacts based on the assumption that there is potential for oil and 

gas development (wells, well pads, roads, or pipelines) on private mineral estate lands and 

that it is not certain that any stipulations determined in a ROD will apply. 
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 See Forest Plan pg. 16. 
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(2) Comment-Some commenters requested clarification on what activities will be prohibited 

under the NSO Alternative. 

Response-The NSO Alternative will prohibit locating wells and well pads on the leasehold.  

Because wells and well pads will not be located on the leaseholds, there will be no surface 

disturbance related to development of the lease.  For this reason, the FEIS assumes that under 

the No Leasing Alternative and NSO Alternative zero acres of surface disturbance from 

developing federal leases on the PNG. 

However, a leasing stipulation is only applicable to the leaseholder.  The Forest Service may 

authorize surface occupancy under special use permits or conduct other ground disturbing 

activities unrelated to development of the federal lease.  For example, the NSO stipulation 

will not prohibit permits for recreation events, grazing permits, pipeline, utility, or road 

permits.  Decisions on special use permits are subject to NEPA procedures and proposals 

must undergo screening and evaluation pursuant to 36 CFR 251 Subpart B.  In addition, NSO 

stipulation does not prohibit the Forest Service from conducting ground disturbing activities; 

such as, building a shooting range or mounting interpretive signs. 

 

(3) Comment-Some commenters requested that the Forest Service identify specific exception, 

waiver, and modification criteria.  Commenters recommended wording similar to that used in 

the Northern San Juan Basin Coal Bed Methane Project Record of Decision. 

 

Response-36 CFR 228.104 describes the procedures the Forest Service follows to modify, 

waive, or grant exceptions to lease stipulations.  It requires that any request to modify, waive, 

or grant exceptions to lease stipulations comply with the NEPA.  It also includes specific 

determinations the Forest Service must make before any request is granted (see FEIS pp. 7-

8). 

 

The NSO stipulation includes the following language regarding request to modify, waive, or 

grant exceptions:   

Waivers, exceptions, or modifications will be considered in 

accordance with the direction provided in the Forest plan, 36 CFR 

228.104, and other applicable regulations and policies.  BLM may 

not grant any waiver, exception, or modification to this stipulation 

without Forest Service consent under 36 CFR 228.104. 

This language is substantially similar to that used in the Northern San Juan Basin Coal Bed 

Methane Project Record of Decision.  However, it clarifies that the BLM must receive Forest 

Service consent before they can grant any request. 



 

315 
 

(4) Comment-Some commenters requested the FEIS include a discussion regarding future 

NEPA obligations and decisions for oil and gas development. 

 

Response-The FEIS includes a discussion of the staged decision making process for federal 

oil and gas leasing and development (see FEIS pp. 2-7). 

 

(5) Comment-Some commenters requested the FEIS describe the RFD.  They felt it was 

important to disclose that the RFD is an “analytic tool” and does not represent a “cap” on 

development. 

 

Response-The FEIS uses the RFD as an analytic tool to forecast possible environmental 

impacts.  It does not hold out the projection in the RFD as a substantive limit on the number 

of wells. 

 

 

(6) Comment-Some commenters requested that the FEIS include a discussion of COGCC rules 

regarding casings. 

 

Response-The COGCC rules and regulations include multiple requirements for well 

casings
55

 (e.g. COGCC Rules and Regulation 317).  The intent of these regulations is to 

ensure that casings function as intended and protect groundwater resources.  While the FEIS 

does not catalog all of COGCC’s requirements for casing, it does note these requirements 

exist (see FEIS pg. 50). 

 

Alternatives Comments 

(7) Comment-Some commenters felt the range of alternatives was not adequate and submitted 

additional alternatives to be considered in detail.  These alternatives included: (1) an 

alternative allowing surface occupancy with “updated” stipulations; (2) an alternative that 

designates portions of the PNG as unavailable for leasing and portions subject to an NSO 

stipulation; (3) an alternative that adds additional resource based stipulations to the NSO 

alternative; (4) an alternative that prohibits hydraulic fracturing on the PNG and within 3 

miles of its borders; and (5) an alternative with two separate leasing decisions—one for the 

east side and one for the west side of the PNG. 

 

Response-The FEIS analyzes three alternatives in detail: Alternative 1-No Leasing; 

Alternative 2-No Action; and Alternative 3-Leasing with NSO (see FEIS Ch. 2).  The DEIS 

also considered two additional alternatives—Leasing under SLTs and Leasing with 
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 Colorado Oil and Gas Commission Rules and Regulations are available at:  http://cogcc.state.co.us/ 

http://cogcc.state.co.us/
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Additional Resource Stipulations—but dismissed these alternatives from detailed analysis 

(See DEIS pg. 31-32). 

 

The IDT also examined the five alternatives submitted during the comment period for the 

DEIS, but these alternatives were dismissed from detailed analysis.  A description of these 

alternatives and the reasons why they were dismissed is included in the FEIS on pp. 30-32. 

 

(8) Comment-Some commenters did not agree with the FEIS’s conclusion that No Leasing will 

cause more surface disturbance, wells, and well pads than leasing.  They felt that the No 

Leasing Alternative and NSO Alternative had similar environmental impacts and would 

prefer the Forest Service select the No Leasing Alternative. 

 

Response-A section was added to the FEIS to explain why the No Leasing Alternative is 

expected to result in more wells, well pads, and surface disturbance outside of the PNG than 

the NSO Alternative (see FEIS pp. 41-48).  In short, the analysis examined four townships on 

the PNG and compared surface disturbance, wells, and well pads under the No Leasing and 

NSO Alternatives.  While both alternatives will not have any surface disturbance on the 

PNG, the analysis shows between 10% and 50% more surface disturbance on adjacent lands 

under the No Leasing Alternative.  Therefore, while the direct environmental impacts to the 

PNG are similar under the No Leasing and NSO Alternatives; the No Leasing Alternative 

will have greater impacts on adjacent lands. 

 

(9) Comment-Some commenters felt that FEIS incorrectly states that the No Leasing 

Alternative and NSO Alternative will have zero acres of surface disturbance. 

 

Response-The FEIS concludes that there will be zero acres of surface disturbance on the 

unleased portion of the PNG under the No Leasing and NSO Alternatives because surface 

occupancy to develop the oil and gas lease will be prohibited (see FEIS pp. 20-21 and 26-27).  

The FEIS acknowledges that under these alternatives surface disturbance may occur on 

adjacent lands, private mineral estate, and existing leases (see FEIS pp. 19, 29, and 49). 

 

Air Analysis Comments 

 

(10) Comment-Some commenters felt that the FEIS should include an analysis of the social 

cost of carbon. 

 

Response-The social cost of carbon protocol (SCC) was developed by an Interagency 

Working Group (IWG), including the Environmental Protection Agency (EPA) and others, 

for use in cost-benefit analyses of proposed regulations that could impact cumulative global 
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emissions (Technical Support Document: Social Cost of Carbon for Regulatory Impact 

Analysis Under Executive Order 12866, available at: 

http://www.whitehouse.gov/sites/default/files/omb/inforeg/for-agencies/Social-Cost-of-Carbon-

for-RIA.pdf).  The SCC is used to estimate the monetized damages associated with an 

incremental increase in carbon emissions in a given year. It includes (but is not limited to) 

changes in net agricultural productivity, human health, property damages from increased 

flood risk, and the value of ecosystem services due to climate change.  The SCC was 

developed to assist agencies in meeting Executive Order (EO) 12866’s requirement to assess 

costs and benefits during the development of regulations. 

Uncertainty of production rates, volumes, and end uses from the proposed action and 

alternatives would seriously limit application of the SCC protocol. The Agency does not 

know how quickly those resources would be developed; whether the fuel would be used in 

vehicles, power plants, or other consumptive use with varying emission rates; or what 

changes in technology or climate affecting end-uses may occur. The speculative nature and 

high variability of such an analysis would be of little use in making a leasing availability 

decision and subsequent determination of whether specific parcels of NFS land should be 

leased for oil and gas development. 

EO 12866 requires cost-benefit analyses when developing regulations, and the IWG 

encourages the use of the SCC protocol in those cases.  The Pawnee Oil and Gas Leasing 

Analysis was not prepared to support the promulgation of a regulation.   Rather, the analysis 

was prepared to inform the Forest Service and BLM’s decisions as to whether or not to make 

specific land available for oil and gas leasing, and the terms and conditions under which 

those lands may be leased. 

Unlike EO 12866 (which is not applicable here), NEPA does not require a quantitative cost-

benefit analysis.  (40 CFR 1502.23).  As contemplated in the CEQ regulations, the analysis 

recognizes that there are environmental costs associated with the development and use of 

fossil fuels.  The analysis also identifies benefits of oil and gas development to the local 

economy and tax base, and to meeting the energy needs of the Country.  The analysis 

appropriately weighs the merits and the drawbacks of the proposed action and alternatives, 

without reduction to a monetary or quantitative cost-benefit analysis that would likely be so 

imprecise as to be misleading. 

The Pawnee Oil and Gas Leasing Analysis includes an economic impact analysis, to be 

distinguished from a cost-benefit analysis.   A cost-benefit analysis examines the economic 

efficiency of a proposed action—the net change in social welfare resulting from the costs and 

benefits of a proposal, including consideration of market and non-market values.   Presenting 

the SCC cost estimates quantitatively, without a complete monetary cost-benefit analysis 

which includes the social benefits of energy production, would be misleading.   

http://www.whitehouse.gov/sites/default/files/omb/inforeg/for-agencies/Social-Cost-of-Carbon-for-RIA.pdf
http://www.whitehouse.gov/sites/default/files/omb/inforeg/for-agencies/Social-Cost-of-Carbon-for-RIA.pdf
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Although an economic impact analysis was completed for this project, this is not the 

“benefit” side of a SCC cost-benefit analysis.  The economic impact analysis estimates the 

distributional effects of an action on sectors of a regional economy, primarily by measuring 

the changes in employment and income within the geographic area where workers or 

businesses are most affected by the action.  The economic impact analysis in the DEIS 

evaluated the economic impacts to the three-county area affected for different alternatives.  

However, this regional economic impact analysis in the DEIS was not a cost-benefit analysis, 

nor was it intended to quantify the social costs or benefits of fossil fuel development.  . 

The fact that the effects or costs of carbon emissions were not quantified does not mean that 

they were ignored.  The DEIS evaluated the climate change impacts of the proposed action in 

qualitative terms.  The Draft EIS quantified the estimated greenhouse gas emissions that 

would result from a high development scenario (p. 159-64).  The total potential greenhouse 

gas emissions reported in the DEIS is conservatively high because “it is highly unlikely that 

all 354 wells could be drilled in the first year and continue to operate at maximum production 

capacity for 25 years” (p. 162).   The DEIS puts these estimated emissions in context with 

state and national emissions levels.  It qualitatively describes the potential increases in GHG 

emissions on the environment using climate projections specific to Colorado.  This 

information is at a scale that is relevant and useful to the decision-maker and meets the 

requirements of NEPA. 

The commenter cites EPA’s comments on the proposed Keystone XL oil pipeline EIS as an 

indication that the EPA has recommended use of the SCC protocol for project-level 

decisions.  The EPA reviewed and commented on this draft EIS based on its authority under 

section 309 of the Clean Air Act.  EPA’s comments did not include a recommendation to use 

the SCC protocol or any other estimate of the social cost of carbon or to prepare a 

quantitative cost-benefit analysis. 

 

(11) Comment-Some commenters requested that the ROD commit to future near field air 

quality analysis.  Commenters requested this commitment be included as a Lease Notice as 

part of the Forest Service’s ROD. 

Response-The applicability of Forest Service oil and gas leasing regulations relate only 

“…to leases on National Forest System lands and to operations that are conducted on Federal 

oil and gas leases on National Forest System lands as of April 20, 1990.”
56

  A Lease Notice is 

a regulatory tool BLM possess
57

 “…to convey certain operational, procedural or 

administrative requirements relative to lease management within the terms and conditions of 
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 36 CFR 228.100(b). 
57

 A lease notice or informational notice is not mentioned in Forest Service oil and gas leasing regulations. 



 

319 
 

the standard lease form.”
58

  As such, the Forest Service does not feel it is the appropriate 

Agency to include a lease notice in their ROD.  This is especially true under the NSO 

Alternative because oil and gas development will not be allowed on the unleased portion of 

the PNG and the Forest Service does not review SUPOs on non-Forest Service lands. 

Regardless of whether the Forest Service includes a lease notice regarding future near field 

air quality analysis, it is expected that this analysis (or an analysis of similar rigor and 

accuracy) will be completed before any oil and gas development is permitted.  The Clean Air 

Act and NEPA require that federal permitting actions demonstrate compliance with federal, 

state, or local air quality standards in good faith and using generally accepted methods.  For 

federal oil and gas development in Colorado, this normally includes near field air analysis.  

BLM includes a lease notice regarding air quality in all leases they issue in Colorado.  This 

lease notice includes the following language regarding air quality analysis: 

Due to potential air quality concerns, supplementary air quality 

analysis may be required for any proposed development of this 

lease.  This may include preparing a comprehensive emissions 

inventory, performing air quality modeling, and initiating 

interagency consultation with affected land managers and air 

quality regulators to determine potential mitigation options for any 

predicted significant impacts from the proposed development.  

Potential mitigation may include limiting the time, place, and pace 

of any proposed development, as well as providing for the best air 

quality control technology and/or management practices necessary 

to achieve area-wide air resource protection objectives.   

Mitigation measures would be analyzed through the appropriate 

level of NEPA analysis to determine effectiveness, and will be 

required or implemented as a permit condition of approval (COA).  

At a minimum, all projects and permitted uses implemented under 

this lease will comply with all applicable National Ambient Air 

Quality Standards and ensure Air Quality Related Values are 

protected in nearby Class I or Sensitive Class II areas that are 

afforded additional air quality protection under the Clean Air Act 

(CAA). 

Because BLM already includes a lease notice regarding air quality analysis, it is not 

necessary for the Forest Service to include this notice in the ROD.   

(12) Comment-Some commenters requested the FEIS include an appendix describing the air 

analysis and modeling methodology. 

 

Response-The FEIS includes an appendix describing the air analysis and modeling 

methodology.  See Appendix C. 
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(13) Comment-Some commenters felt it was important that the EIS include an description of 

the modeling and analysis methodology to ensure that any changes to the BLM draft 

document do not impact or misrepresent the process used for the 'Pawnee air quality analysis. 

 

Response: The current CARMMS is included in the FEIS as Appendix C. 

 

(14) Comment-Some commenters noted that the FEIS contains missing air analysis.  This 

included National Ambient Air Quality Standards (NAAQS) for 1-hour and annual N02, 1-

hour S02, and 1-hour and 8-hour CO; Prevention of Significant Deterioration (PSD) 

increments for 1-hour N02 and 1-hour S02; and cumulative impacts to 1-hour and annual N02. 

Commenters noted that the DEIS indicates that 1-hour N02 and 1-hour S02 impacts were not 

included due to the results being unavailable from the CARMMS platform at this time and 

that cumulative impact analyses were not included for N02 or CO. Given that an analysis for 

annual N02 was included for PSD increment comparison and the Draft EIS states that annual 

N02 concentrations may be over-estimated because of the model configuration, it seems that 

a cumulative analysis for annual N02 would have been processed and available.  

 

Response-The CARMMS results for the requested pollutants and averaging periods were not 

available at the time the DEIS was prepared. As discussed in the DEIS on page 143, the 1-

hour NO2 and SO2 standards are unlikely to be exceeded except in the vicinity of a source or 

group of sources, meaning, in the near-field. Near-field analysis is most useful when we have 

proposed locations and development plans identifying the types of equipment to be used.  For 

any oil and gas development on the PNG, the BLM will conduct a near-field assessment of 

impacts to the 1-hour NO2 and 1-hour SO2 standards as discussed in the FEIS on page 139. 

 

Since the DEIS was written additional CARMMS results have become available. These were 

received by the FS on October 27, 2014, and are included in the FEIS. These additional 

results will not take the place of future near-field analyses. These results will not include 

impacts to 1-hour NO2 and 1-hour SO2 PSD increments as there are presently no PSD 

increments for these averaging periods for these pollutants. 

 

(15) Comment-Some commenters felt the statement on pg. 157 of the DEIS was confusing on 

whether a leasing decision requires a conformity determination under the CAA. 

 

Response-We agree with the commenter that the quoted sentence was poorly worded, as it 

implies that a conformity determination is required to accompany a leasing decision rather 

than as part of a subsequent federal action that would actually authorize development and 

associated emissions. This is corrected in the FEIS. 
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(16)  Comment-Some commenters felt that a leasing decision requires a conformity 

determination under the CAA. 

 

Response-Regarding the question about conducting conformity analysis for a programmatic 

decision where the Forest Service is determining which lands are potentially available for 

future leasing and under what conditions, we (FS, EPA, CO APCD, BLM, and other 

agencies) discussed extensively and repeatedly this question, as early as scoping and 

throughout the development of the EIS. As a result of these discussions the agencies 

concluded that conformity analysis is not needed at this time.  Conformity analysis will be 

conducted during project-level analysis when there is a proposed action that will create 

emissions.  The reason conformity analysis is not appropriate at this time can be summarized 

by two statements about this PNG decision: 1) This PNG decision authorizes no emission 

producing activities; 2) This PNG decision does not provide or confer lease rights, 

permission to drill, or approval for development.  Additionally, because there are no actual 

proposals occurring at this stage, there is no way to know what type of equipment or 

associated control technology to analyze, or where it would be on the landscape relative to 

the non-attainment boundaries.  It is our understanding that all agencies present during these 

discussions concurred with this approach to conformity determination and assessment. 

The FS has reviewed and considered the referenced court order of January 17, 2012. This 

court order required BLM to prepare an emissions inventory for oil and gas operations within 

the Royal Gorge Field Office Planning Area, which includes the PNG. BLM has completed 

this inventory and used it to generate future projections that were incorporated into the 

CARMMS analysis. The order also required BLM perform an applicability analysis, and if 

necessary, a conformity determination, prior to reinstating four specific leases within the 

nonattainment area that had been terminated. The order does not suggest that a conformity 

determination must be completed before any other leases can be issued. 

When the BLM leases parcels at auction for oil and gas development, this conveys a right to 

the lessee to develop the parcels but does not authorize any emissions. The BLM does not 

know in advance when offering parcels for lease who will be the successful bidders or even 

whether the parcels will be bid upon at all. Once a bid is accepted and a parcel is leased, the 

lessee has 10 years to begin development or the lease is automatically terminated. This area’s 

non-attainment status can, and likely will, change over a ten-year period.  Lessees typically 

do not present the BLM with a development plan at the time a lease is issued. Without such a 

plan, indicating how much development will occur and when and where it will occur, the 

BLM does not have specific information on emissions that it can use to conduct a conformity 

determination. Lessees are required to submit a detailed development plan when applying for 

a permit to drill. Lessees are not authorized to access federal minerals until the BLM 

approves the application for permit to drill (APD). The BLM has the authority to withhold 
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approval of the APD until the applicant can demonstrate that the project will comply with 

general conformity requirements. The BLM can also require mitigation measures, if needed, 

as part of the conditions of approval when issuing a permit. The BLM retains this authority 

over any development accessing federal minerals, regardless of whether the surface 

development occurs on federal or private surface. 

BLM minerals specialists developed the reasonably foreseeable development (RFD) 

presented in this document by combining their own judgment with historical patterns of 

development in the area and with input from industry. This RFD represents the agency’s best 

available estimate of the maximum amount of potential development that might occur within 

the period covered by this analysis. In order to use the RFD emissions estimates as inputs to 

the CARMMS modeling analysis, the BLM had to make its own assumptions as to how to 

distribute the emissions-producing activities across the landscape; it does not have any way 

to know how much of this estimated development might actually occur within the 

nonattainment area.  

While the agency does its best to provide a reasonable estimate of potential development, this 

is nonetheless just the agency’s best estimate and does not represent what will actually occur. 

The actual amount of development that will occur if leases are issued depends on many 

factors, including the extent and quality of the mineral resource, economic variables such as 

the future price and demand for those resources, and the future business decisions made by 

the lessees. The BLM cannot complete a conformity determination on the basis of its best 

estimate of maximum potential development, which is all that will be available at the time of 

leasing. This determination will occur during the project level NEPA analysis when APDs 

are considered. 

(17) Comment-Some commenters requested clarification related to the minor source 

permitting exemption. Specifically, the last sentence of the third full paragraph on p. 158 

notes that "equipment and operations that undergo state air permitting (minor or major) 

would already be analyzed for their potential impacts to ozone pollution and a conformity 

analysis is not required as it would be redundant."  

 

Response-The language in the referenced paragraph has been clarified in the FEIS. 

 

(18) Comment-Some Commenters advised that dispersion modeling is not an acceptable 

method for a general conformity determination for ozone since ozone is not a directly emitted 

criteria pollutant (see 40 CFR 93.258(a)(3)). They felt that emissions based conformity 

analysis for ozone precursor emissions of NOx and VOCs (both direct and indirect 

emissions) is acceptable. 
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Response-The FS is aware that dispersion and photochemical modeling results are not 

acceptable for use in an ozone conformity analysis. The discussion beginning in the last two 

paragraphs of page 158 and continuing on to page 159 was intended to inform the reader that 

the BLM, as part of its ongoing planning efforts, is continuing to do further cumulative 

analysis of emissions from potential oil and gas development, and that these cumulative 

analysis results will be considered when determining whether to require mitigation for future 

development projects. The review described is separate from any federal conformity analysis 

that may be required. The review described would apply to any potential development on the 

PNG, not only those located within the nonattainment area. Should oil and gas development 

be proposed within the nonattainment area, the BLM will complete a conformity 

determination, if applicable, in accordance with the requirements of 40 CFR 93. Any 

conformity analysis that is performed will be emissions based as required by the general 

conformity regulations. 

 

(19) Comment-We also recommend describing potential measures to reduce GHG emissions 

associated with PNG oil and gas leasing. For example, potential measures for reducing the 

PNG's contribution to GHG emissions may include practicable mitigation to reduce GHG 

emissions including co-benefits achieved through implementation of air pollution controls for 

other air pollutants. 

 

Response-This decision does not authorize any development activity or emissions. Should 

future development occur, the BLM will determine the level of mitigation, if any, needed to 

comply with ambient air quality standards. These mitigations may help to lower greenhouse 

gas emissions. BLM includes a lease notice regarding air quality that is included in all leases 

they issue in Colorado.  This lease notice includes the following language regarding air 

quality analysis: 

Due to potential air quality concerns, supplementary air quality 

analysis may be required for any proposed development of this 

lease. This may include preparing a comprehensive emissions 

inventory, performing air quality modeling, and initiating 

interagency consultation with affected land managers and air 

quality regulators to determine potential mitigation options for any 

predicted significant impacts from the proposed development. 

Potential mitigation may include limiting the time, place, and pace 

of any proposed development, as well as providing for the best air 

quality control technology and/or management practices necessary 

to achieve area-wide air resource protection objectives. Mitigation 

measures would be analyzed through the appropriate level of 

NEPA analysis to determine effectiveness, and will be required or 
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implemented as a permit condition of approval (COA).  At a 

minimum, all projects and permitted uses implemented under this 

lease will comply with all applicable National Ambient Air Quality 

Standards and ensure Air Quality Related Values are protected in 

nearby Class I or Sensitive Class II areas that are afforded 

additional air quality protection under the Clean Air Act (CAA). 

Potential emission reduction strategies that the BLM may identify for oil and gas 

development are listed in the Comprehensive Air Resource Protection Protocol (CARPP).  

The CARPP describes the process and strategies the BLM will use when authorizing 

activities that have the potential to adversely impact air quality within the state of Colorado. 

 

(20) Comment-Some commenters noted that the Draft EIS provides an explanation for why 

full lifecycle GHG emissions were not included in the emissions inventory and cites the 

difficulties at this planning stage in forecasting GHG emissions that would result from 

processing the extracted oil and gas into final products or from the end use of those products. 

However, they also noted that a representative analysis can be completed at the planning 

stage and has been done so in previous EISs (e.g .Dixie National Forest Oil and Gas Leasing 

Analysis EIS). 

 

Response- The FS has reviewed and considered the air quality analysis that was conducted 

for the Dixie National Forest Oil and Gas Leasing Analysis EIS.  As suggested, a similar 

analysis estimating end-use CO2 emissions, based on a generic percentage breakdown of 

potential products, could be conducted for the PNG EIS; however, it is arguable how useful 

that analysis was for the Dixie EIS and similarly how useful such an analysis would be for 

this PNG programmatic EIS.  It is unclear what value such an analysis adds to the EIS either 

for disclosure purposes or for the decision-maker’s ability to choose between alternative – all 

of which have essentially identical potential future emissions.  For this EIS, air quality is not 

one of the resource areas that changes by alternative.   

 

The fact of midstream and end-use emissions of CO2 from fossil fuel extraction, and 

subsequent conversion into fuels and other products, is not in doubt. Extracting fossil fuels, 

such as oil and gas, will lead to more CO2 emissions at various stages in the life-cycle.  Oil 

and gas extraction leads to CO2 emissions. CO2 is a greenhouse gas.  The FS included 

discussions of GHGs and their impacts both in a general sense and specific to this decision in 

the EIS.  

 

Relative emission factors per unit of some types of liquid fuel end-use products were 

reviewed and considered. However, quantifying the amount of CO2 through midstream 

processing or by end product for this programmatic decision is potentially misleading due to 
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uncertainties in both quantity and quality of products (oil and gas) produced by any future 

development resulting from future leasing based on this decision’s direction about which 

areas are available for leasing.  Approving extraction of minerals is several decision steps 

further down the decision chain.  Future demand for each potential end-use product is 

unknowable.  Timing of extraction of the minerals is unknowable at this stage.  Quantifying 

end-use CO2 emissions by multiplying total estimated quantities of extracted minerals by 

generic percentage breakdowns of potential end products of a barrel of oil (or ccf of gas) is 

possible, but is highly speculative and rests on layers of assumptions – all of which must hold 

in order for the calculated numbers to be meaningful.  Similar considerations apply to 

quantifying midstream emissions.  Showing numbers is not always better analysis than 

refraining from showing numbers, especially when there is substantial uncertainty and little 

ability to bound that uncertainty.  FS does not believe this to be a useful exercise for this 

PNG programmatic EIS, which is deciding what lands are available for potential leasing and 

under what stipulations.  For all of these reasons, this kind of quantification was considered 

and dismissed as too speculative and was therefore not conducted.   

 

The DEIS points out on page 162 that there is no accurate way to forecast the volume of oil 

and gas that may be extracted, and that the number of possible end products for these 

minerals is potentially very large. There is no way to forecast what those end products are 

likely to be, particularly over the length of time covered in this analysis (through 2021). 

 

(21) Comment-Some commenters felt it is important the FEIS note that the CARMMS and 

associated CARPP have not been fully vetted by the stakeholder agencies or the public. 

Response The CARMMS modeling study is being vetted through an interagency workgroup 

in accordance with the Memorandum of Understanding among the U.S. Department of 

Agriculture, U.S. Department of the Interior, and U.S. Environmental Protection Agency, 

Regarding Air Quality Analyses and Mitigation for Federal Oil and Gas Decisions Through 

the National Environmental Policy Act Process. The FS hosted such two workgroup 

meetings where the air quality analysis and CARMMS results specific to the Pawnee were 

discussed, and the BLM has hosted additional meetings to discuss the CARMMS modeling 

study and present the first set of results for the high development scenario. BLM will host 

additional meetings to present further results that will include low and medium development 

scenarios. When the CARMMS study is complete, the results will available to the public 

through the BLM’s web site. In addition, CARMMS results (especially for cumulative 

impacts) will be disclosed for other Colorado –based EIS’ in the near future (including the 

Grand Junction Field Office and Uncompahgre Field Office Resource Management Plan 

EIS’) for future public and stakeholder review. The CARMMS protocol, which describes 

how the study is being conducted, is included in the project record. The CARMMS was built 

upon the WESTJUMP study platform, which is a similar regional air quality study that 
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underwent a thorough interagency review process. The CARMMS analysis is the best 

available information on air quality impacts that might result from future oil and gas 

development on the PNG at this time. 

The CARPP describes the process and strategies the BLM will use when authorizing 

activities that have the potential to adversely impact air quality within Colorado. This 

document is a planning tool that describes options that BLM may employ when authorizing 

specific projects, but is not a NEPA document itself. The CARPP has nonetheless undergone 

an extensive interagency review process during which comments were received from many 

agencies, including the FS, National Park Service, and EPA. The CARPP is publicly 

available now as part of Grand Junction Resource Management Plan, among others.  

(22) Comment-Some commenters felt that the air modeling results for the PNG did not 

consider the impacts of existing federal wells in conjunction with anticipated new wells… 

The document should disclose future emissions associated with existing and new active wells 

in PNG planning area. 

 

Response-The DEIS presented results from the CARMMS study for new wells that could 

potentially be drilled during the study period within the boundaries of the Pawnee National 

Grassland. This is appropriate for this analysis, as existing wells will remain regardless of the 

decision that is made. The DEIS also included cumulative analysis results showing projected 

impacts to air quality that could result from all sources of air pollutants within the study area, 

including existing wells on the PNG.  

The DEIS does not include an analysis of impacts from all federal wells within the region as 

this would be beyond the scope of the decision under consideration. It is also beyond the 

scope of this analysis to explain how cumulative air quality impacts from oil and gas 

development will be addressed on a region-wide basis. The FS does not have authority to 

address air quality impacts from development that may occur beyond the PNG boundaries. 

However, CARMMS will include additional results for federal oil and gas development that 

may occur beyond the boundaries of the PNG, and these results will be made available by the 

BLM when completed. 

(23) Comment-Some commenters felt the DEIS does not adequately analyze and assess air 

quality impacts, including impacts to National Ambient Air Quality Standards (“NAAQS”) 

for ozone, nitrogen dioxide (“NO2”), and particulate matter, including both PM10 and 

PM2.5.  

 

Response-The decision under consideration will not authorize any development or emissions 

either on or off Pawnee NG surface. The statement that “…emissions estimates are based 

solely on air quality impacts that would occur on the Pawnee National Grassland…” is not 

correct. As discussed in the DEIS on page 136 (under the heading ‘Analysis Area’), the air 
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quality analysis considered potential impacts of up to 354 wells that might be drilled within 

the outer boundaries of the PNG. Under Alternatives 2 and 3, this includes up to 265 wells 

accessing federal minerals underneath PNG surface and an additional 89 wells accessing 

federal minerals under private surface. As stated in the DEIS, “For air quality, the potential 

effects of all wells that would access Federal minerals and associated development within the 

PNG boundary were considered.” The DEIS also clearly states that the air quality analysis 

considered the impacts of these potential 354 wells for both alternatives 2 and 3, which 

includes the alternative under which the FS would make lands available for leasing under no 

surface occupancy. In addition, because development would likely occur under Alternative 1 

(no leasing), the air analysis considered the impacts to air quality that would occur from 354 

potential wells for all alternatives. This analysis did not distinguish between alternatives that 

would permit surface occupancy and those that would not, as the emissions would still occur. 

This is clearly stated in the DEIS. 

Modeled impacts from potential future oil and gas development to ozone concentrations are 

disclosed in the DEIS on page 144. Modeled impacts to cumulative ozone concentrations are 

disclosed in the DEIS on pp. 148-149.  

 

 

(24) Comment-Some commenters felt the DEIS did not include an emissions inventory 

 

Response-BLM minerals specialists developed the reasonably foreseeable development 

(RFD) presented in this document by combining their own judgment with historical patterns 

of development in the area and input from industry. This RFD represents the agency’s best 

available estimate of the maximum amount of potential development that might occur within 

the period covered by this analysis. In order to use the RFD emissions estimates as inputs to 

the CARMMS modeling analysis, the BLM had to make its own assumptions as to how to 

distribute the emissions-producing activities across the landscape; it does not have any way 

to know how much of this estimated development might actually occur within the 

nonattainment area. The DEIS did not estimate the quantity of the estimated emissions that 

might occur within the nonattainment area. It is extremely unlikely, however, that all 

development would occur within the nonattainment area, as only part of the PNG lies within 

it. Therefore, as the emissions inventory presented is only an estimate with no information 

about spatial distribution, there is no “known” inventory to use for an ozone conformity 

analysis. Furthermore, no ozone conformity analysis is required for this decision as it will not 

authorize any emissions generating activities. 

 

 

(25) Comment-Some commenters felt that the DEIS does not analyze or assess the impacts of 

reasonably foreseeable development to NAAQS that limit NO2 concentrations on an hourly 

basis. The DEIS acknowledges that no such analysis has been done, but asserts with no 

supporting information or analysis that impacts cannot be determined due to a lack of site-

specific proposals. 
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Response-The CARMMS results for the requested pollutants and averaging periods were not 

available at the time the DEIS was prepared. As discussed in the DEIS on page 143, the 1-

hour NO2 and SO2 standards are unlikely to be exceeded except in the vicinity of a source or 

group of sources, meaning, in the near-field. Near-field analysis is most useful when we have 

proposed locations and development plans identifying the types of equipment to be used.  For 

any oil and gas development on the PNG, the BLM will conduct a near-field assessment of 

impacts to the 1-hour NO2 and 1-hour SO2 standards as discussed in the FEIS on page 154-

155. 

Since the DEIS was written additional CARMMS results have become available. These were 

received by the FS on October 27, 2014, and will be included in the FEIS. These additional 

results will not take the place of future near-field analyses. These results will not include 

impacts to 1-hour NO2 and 1-hour SO2 PSD increments as there are presently no PSD 

increments for these averaging periods for these pollutants. 

 

(26) Comment-Some commenters noted that the DEIS presents no analysis or assessment of 

impacts to NAAQS for both particulate matter less than 10 microns in diameter and 

particulate matter less than 2.5 microns in diameter. It does not appear that any reasonable 

analysis of particulate matter air quality impacts is included in the DEIS. 

 

Response:  Potential future development-related particulate matter emissions (PM10 and 

PM2.5) are disclosed in the DEIS in Table 43 on page 140. Modeled impacts from these 

emissions to particulate matter concentrations are disclosed in Table 44 on the bottom of 

page 142 and in the first paragraph on the top of page 143. Modeled cumulative impacts to 

particulate matter concentrations are disclosed in the DEIS on pages 152-155. 

 

(27) Comment-The LRMP for the Arapaho and Roosevelt National Forests and Pawnee 

National Grassland requires that all land management activities be conducted in such a 

manner “as to comply with all applicable federal, state, and local air-quality standards and 

regulations.” Standard 2, LRMP at 13. Here, given the DEIS’s failure to adequately analyze 

and assess impacts to NAAQS for ozone, NO2, and particulate matter, the USFS cannot 

demonstrate that this standard will be met pursuant to NFMA. 

 

Response-No emissions will be authorized as a result of this decision and therefore there will 

be no direct impacts to air quality standards. However, the DEIS assesses indirect impacts 

from potential future emissions that might result if parcels are leased and oil and gas 

development is authorized. Impacts to NAAQS standards for ozone and particulate matter are 

disclosed on pages 148-149 and 153-155. Additional information on impacts to NO2 

standards that was not available at the time the DEIS was written will be added to the FEIS.  

 

The air quality modeling results presented in the DEIS represent potential impacts that may 

occur if parcels are leased and oil and gas development occurs. Additional NEPA analysis 

will be conducted by the BLM at the project level that will include a near-field analysis. The 

decision being considered here will therefore be in compliance with the NFMA and the PNG 

LRMP. 
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(28)  Comment-Some commenters felt the DEIS does not analyze the greenhouse gases or 

other air pollutants that surely result from this reasonably foreseeable impact.  

 

Response-The FS decision not to include the analysis described by the commenter is not 

arbitrary and capricious; it is an intentional choice made after considering relevant 

information, and after thoroughly debating the merits of including such an analysis.   

 

The DEIS points out on page 162 that there is no accurate way to forecast the volume of oil 

and gas that may be extracted, and that the number of possible end products for these 

minerals is potentially very large. There is no way to forecast what those end products are 

likely to be, particularly over the length of time covered in this analysis (through 2021). Any 

attempt to determine greenhouse gas emissions or other pollutants resulting from the use of 

oil and gas from the PNG would require the FS to make many assumptions about how these 

minerals would be used and where they would go. There would be no way to have any 

confidence in those assumptions or to make any estimates of the error surrounding the 

resulting greenhouse gas emissions figures. Such an analysis would not be useful or provide 

the decision maker with any additional information that could be used to discriminate among 

alternatives.  

 

The EPA has suggested completing an analysis similar to one that was done by the Dixie 

National Forest. The FS has reviewed and considered the air quality analysis that was 

conducted for the Dixie National Forest Oil and Gas Leasing Analysis EIS.  As EPA 

suggests, a similar analysis estimating end-use CO2 emissions, based on a generic percentage 

breakdown of potential products, could be conducted for the PNG EIS; however, it is 

arguable how useful that analysis was for the Dixie EIS and similarly how useful such an 

analysis would be for this PNG programmatic EIS.  It is unclear what value such an analysis 

adds to the EIS either for disclosure purposes or for the decision-maker’s ability to choose 

between alternatives – all of which have essentially identical potential future emissions.  For 

this EIS, air quality is not one of the resource areas that changes by alternative.  The fact of 

midstream and end-use emissions of CO2 from fossil fuel extraction, and subsequent 

conversion into fuels and other products, is not in doubt. Extracting fossil fuels, such as oil 

and gas, will lead to more CO2 emissions at various stages in the life-cycle.  Oil and gas 

extraction leads to CO2 emissions. CO2 is a greenhouse gas.  The FS included discussions of 

GHGs and their impacts both in a general sense and specific to this decision in the EIS.  

 

Relative emission factors per unit of some types of liquid fuel end-use products were 

reviewed and considered. However, quantifying the amount of CO2 through midstream 

processing or by end product for this programmatic decision is potentially misleading due to 

uncertainties in both quantity and quality of products (oil and gas) produced by any future 

development resulting from future leasing based on this decision’s direction about which 

areas are available for leasing.  Approving extraction of minerals is several decision steps 

further down the decision chain.  Future  demand for each potential end-use product is 

unknowable.  Timing of extraction of the minerals is unknowable at this stage.  Quantifying 

end-use CO2 emissions by multiplying total estimated quantities of extracted minerals by 

generic percentage breakdowns of potential end products of a barrel of oil (or ccf of gas) is 

possible, but is highly speculative and rests on layers of assumptions – all of which must hold 
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in order for the calculated numbers to be meaningful.  Similar considerations apply to 

quantifying midstream emissions.  Showing numbers is not always better analysis than 

refraining from showing numbers, especially when there is substantial uncertainty and little 

ability to bound that uncertainty.  FS does not believe this to be a useful exercise for this 

PNG programmatic EIS, which is deciding what lands are available for potential leasing and 

under what conditions.  For all of these reasons, this kind of quantification was considered 

and dismissed as too speculative and was therefore not conducted.   

 

(29) Comment-Some commenters felt the FEIS should include an estimate of methane 

leakage from projected wells. 

 

Response-Methane leaks were accounted for in the estimated emissions presented in the 

DEIS. Table 52 on page 162 includes an estimate of the annual emissions of methane that 

might result from future oil and gas development on the PNG. To estimate this value, the 

BLM used EPA-approved emissions factors for the types of equipment included in the 

emissions inventory and determined the amount of methane emissions on a per-well basis 

(based on the amount of equipment typically associated with each well). This number was 

multiplied by 354 to give an estimate of maximum possible emissions that might occur under 

the assumption that all 354 wells might be producing in a single year. Of this total (6,068 

tons), approximately 75% results from wellhead and compressor equipment leaks (including 

pneumatic devices), and most of the remaining methane emissions come from blowdown 

venting. This method of calculating methane leaks varies with the numbers and types of 

equipment and is independent of production. The FS believes that using accepted EPA 

emissions factors is the appropriate method for estimating methane leaks and represents the 

best available information. The EPA protocol for estimating emission leaks can be found 

online at http://www.epa.gov/ttnchie1/efdocs/equiplks.pdf.  

 

The FS is aware of the research being done by NOAA and other agencies to better 

characterize methane leakage rates from oil and gas production fields. The FS consults with 

NOAA and other researchers on this matter. The FS has reviewed and considered the 

referenced Nature article from 2012. This article is a news summary article about methane 

leakages and provides an overview of NOAA’s preliminary findings. The article is not a 

peer-reviewed research paper written by the investigators themselves. It represents one 

method of estimating leakage rates by sampling atmospheric methane concentrations in the 

vicinity of oil and gas producing fields. The 4% leakage rate mentioned in the article is not 

settled science; the article itself mentions that there has been a range of values reported and 

that some studies suggest lower values. NOAA’s work in this area is ongoing. NOAA was a 

participant agency this past summer in the multi-agency Front Range Air Pollution and 

Photochemistry Experiment (FRAPPE) that was conducted along the Colorado Front Range 

(https://www2.acd.ucar.edu/frappe). Results from this study are forthcoming. 

 

It is not known what the volume of natural gas from a typical well would be if development 

occurs on the PNG. However, the BLM has examined historical production rate information 

for gas-producing wells in the area of the PNG and estimated that average per-well 

production has been approximately 31 million ft3 per year for the first few years after a well 

is drilled, when it is most productive (personal communication with Forrest Cook, BLM, 

http://www.epa.gov/ttnchie1/efdocs/equiplks.pdf
https://www2.acd.ucar.edu/frappe
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October 28, 2014). Using this figure and multiplying by 14,000 pounds of methane per 

million cubic feet of gas and 354 wells, the result is an estimated 76,818 tons of methane 

production per year if all 354 wells are operating. The DEIS disclosed estimated methane 

emissions of 6,068 tons per year. This yields a loss rate of methane to the atmosphere of 

6,068/76,818=0.079, or just under 8% of the estimated production. Therefore, even if the 

preliminary estimate of 4% quoted in the article is ultimately determined to be the best 

scientific estimate for methane loss rates for oil and gas production in the area of the PNG, 

the methane emissions presented in the DEIS represent a rate almost twice as high. It is thus 

a reasonable, conservative estimate of the rate of potential methane loss to the atmosphere 

and within the range of values reported in the Nature article. 

 

 

(30)  Comment-One commenter stated that: 

The DEIS reports that the global warming potential for methane is 21times greater 

than carbon dioxide over 100 years. DEIS at 135. This characterization is outdated, 

however. Although the EPA has identified that methane has a global warming 

potential that is 25 times greater than carbon dioxide over a 100 year period (i.e. is 25 

times more potent as a greenhouse gas) (see 78 Fed. Reg. 71904, 71909 (Nov. 29, 

2013)), the Intergovernmental Panel on Climate Change (“IPCC”) has assigned 

methane a global warming potential of 34 over a 100-year period and 86 over a 20-

year period. See IPCC, Climate Change 2013: the Science Basis. Working Group I 

Contribution to the Fifth Assessment Report of the Intergovernmental Panel on 

Climate Change. Cambridge University Press (2013) at 731, available at 

http://climatechange2013.org/.   To ignore the more recent values for methane global 

warming potential is arbitrary and capricious. To ignore the 20-year value is also 

arbitrary and capricious. Both of those values must be considered. 

 

Response-The quoted figure from the DEIS (a global warming potential of 21 times that of 

CO2 over 100 years) was taken from the Environmental Protection Agency’s (EPA) web site 

on greenhouse gases (http://epa.gov/climatechange/ghgemissions/gases/ch4.html). According 

to the website, it was last updated on July 2, 2014, and therefore appears to be current. The 

FS is aware that there are various ways to compare the global warming potential of different 

greenhouse gases on an equivalent basis. The FS chose to use the figure given by EPA 

because it is a federal government agency with considerable expertise on greenhouse gases.  

 

The FS has reviewed and considered the information on global warming potential (GWP) 

contained in the IPCC 2013 report. Table 8.A.1 on page 731 lists the 100-year GWP of 

methane as 28 and the 100-year GWP of fossil methane as 30. Estimating the GWP of a 

greenhouse gas is a complex process that  takes into account a number of different factors; 

the document itself points out that “…there is no universally accepted methodology for 

combining all the relevant factors into a single global warming potential for greenhouse gas 

emissions.” (p. 710). According to the report, the choice of time horizon is a value judgment 

that has a strong effect on the GWP values (p. 711). In addition, even for a particular time 

horizon there is considerable uncertainty surrounding the GWP. The IPCC 2013 report says 

that the uncertainty in GWPs for gases with lifetimes of a few decades is estimated to be of 

the order of ±25% and ±35% for 20 and 100 years; the uncertainties in GWPs will be larger 

http://climatechange2013.org/
http://epa.gov/climatechange/ghgemissions/gases/ch4.html
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for shorter-lived gases. The IPCC assesses the uncertainty to be of the order of ±75% for the 

100-year GWP of methane (p. 713).  The lifetime of methane is given as 12.4 years (p.731). 

 

Given the uncertainties surrounding the GWP estimates and the judgment involved in 

choosing an appropriate time horizon to use, the FS believes the use of the EPA’s widely 

used and accepted estimates of this metric to be a reasonable choice and sufficient for the 

decision that is being made. Additional GHG equivalent estimates for methane using the 

GWP value of 25 published by EPA in the Federal Register will be added to the FEIS. 

 

Other Resource and Analysis Comments 

 

(31) Comment-Some commenters felt that consultation under Section 7 of the Endangered 

Species Act (ESA) must be completed before a leasing decision is made. 

 

Response-There are no threatened or endangered species on the PNG.  However, the FEIS 

recognizes that there are threatened and endangered species that could be impacted by water 

depletions in the South Platte Basin (see FEIS pp. 111 and 122-123).  These species include; 

whooping crane, piping plover, least tern, and pallid sturgeon.  The U.S. Fish and Wildlife 

Service developed the Platte River Recovery Implementation Program to address these water 

depletion impacts.59  The purpose of this program is to provide ESA compliance for water 

users in the Platte River basin upstream of the Loup River confluence.  The program 

establishes consultation procedures for any water depletions in the South Platte Basin above 

de minimis thresholds.  Because a leasing analysis and decision does not result in any water 

depletion, consultation under the program is not timely. 

 

However, it is expected that consultation under this program may occur during review of any 

APD—when water sources and quantity are known.  If water depletions exceeding de 

minimis thresholds are proposed in the South Platte Basin, it is expected that consultation 

under the Platte River Recovery Implementation Program will be completed before any APD 

is approved. 

 

(32) Comment-Some commenters felt that the NSO Alternative does not meet Forest Plan 

standards for watershed protection, wildlife viability, or air quality.  

 

Response-The NSO Alternative will not result in any ground disturbance, wells, or well pads 

being located on the PNG.  Most of the watershed related standards in the Forest Plan relate 

to how surface disturbing activities should be conducted on National Forest System Lands.  

Because the NSO Alternative will prohibit surface disturbance, it meets these standards. 

 

                                                           
59

 An overview of the Platte River Recovery Implementation Program is available at: 
http://www.fws.gov/platteriver/ 

http://www.fws.gov/platteriver/
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The wildlife analysis concludes that the NSO Alternative will not imperil wildlife viability 

(see FEIS pp.113-114 and 130-131).  Similar to watersheds, this is primarily because surface 

disturbance will not be allowed on the unleased federal mineral estate.  Although oil and gas 

development may occur on non-National Forest Service lands, it is not without consideration 

of wildlife impacts.  For example, COGCC rules and regulations specifically identify wildlife 

considerations before approving oil and gas development and BLM routinely includes 

wildlife based conditions of approval for any APD. 

 

A leasing analysis and decision does not result in any emissions.  Therefore, it complies with 

all applicable federal, state, and local air quality standards.  However, the FEIS also 

recognizes that before an APD can be approved it must be demonstrated that the permit will 

not cause any exceedance of federal, state, or local air quality standards (see FEIS pp. 195-

196).  Because actual emissions or the location of those emissions are not known at the 

leasing analysis stage, this FEIS does not attempt to satisfy those determinations. 

 

(33) Comment-Some commenters noted that a statement regarding environmental justice on 

pg. 260 of the DEIS is incomplete. 

 

Response-This section on environmental justice has been revised.  See FEIS pp. 285-286. 

 

(34) Comment-One commenter noted that the economics section of the DEIS is confusing 

and appears to rely on an “outdated” RFD. 

 

Response-This sentence has been reworded to clarify that the economics analysis relies on 

the RFD prepared by BLM in March 2012 (see Appendix A). 

 

(35) Comment-Some commenters requested the FEIS identify incomplete or unavailable 

information. 

 

Response-The FEIS discloses that a leasing analysis relies on incomplete and unavailable 

information (see FEIS pg. 9-10 and 48-49, 97 and 247) to evaluate post leasing activities.  

Missing information includes (1) where oil and gas development will be proposed; (2) when 

it will occur; (3) what surface use will be proposed; and (4) what conditions of approval may 

be required in any approved APD.  In addition, the FEIS also acknowledges the lack of 

conclusive or definitive studies on the risks of oil and gas development (see FEIS pg. 49).   

Many of these studies span multiple years and involve extensive effort.
60

  Conducting these 

studies for this EIS is beyond the scope of this analysis effort. 

 

                                                           
60

 For example, EPA began a study in March 2010 to better understand any potential impacts of hydraulic 
fracturing for oil and gas on drinking water sources.  Results of this study will not be available until early 2015. 
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(36) Comment-Some commenters requested the Forest Service disclose possible 

environmental impacts to the Western Prairie Fringed Orchid and Colorado Butterfly Plant. 

 

Response-A pre-field review was conducted for all rare plant species potentially occurring 

in, or known to occur nearby, the proposed project area. The review effort focused on 

proposed, threatened, and endangered plant species known or believed to occur in or near the 

planning area; including the Western Prairie Fringed Orchid and Colorado Butterfly Plant.   

The United States Fish and Wildlife Service (USFWS) Information, Planning, and 

Conservation System (http://ecos.fws.gov/ipac/) reports that there are two federally listed 

plant species that are known or are believed to occur in the planning area.  Two threatened 

plant species are listed in the system for the ARP that may occur on the PNG: Ute ladies’-

tresses orchid (Spiranthes diluvialis) and Colorado butterfly plant (Gaura neomexicana ssp. 

coloradensis) are known to occur in Weld County, Colorado.  Furthermore, the Threatened 

plant Western prairie fringed orchid (Platanthera praeclara) is known to occur on the main 

stem of the Platte in Nebraska.   

 

Extensive field surveys have been conducted in numerous past years by Forest Service staff 

and others familiar with the plants and habitat requirements of these two species, and no 

plants have been found during these surveys, including repeated visits to the best-quality 

habitats over multiple years (Popovich pers. comm. with Randall Reichert, 2014).  

Consequently, confidence is high in leading to a determination of presumed absence.  

Habitats for these species depend primarily on wetland and/or sub-irrigated fields adjacent to 

perennial waters that remain moist through most of the growing season. Although the project 

area is interspersed with several intermittent stream-course potholes, there are very few 

perennial or near-perennial streams that have the underflow, recharge, and/or discharge 

properties necessary to maintain adequate moisture in the unsaturated zone of the soil to 

support these threatened species. In addition, recent and sustained drought periods have 

further altered stream hydrology processes needed to maintain suitable habitat, and over time 

may have reduced the likelihood of presence of surviving plants for both species.  At best, 

habitat in certain areas can be considered marginal. 

 

(37) Comment-Some commenters felt that the EIS incorrectly characterizes culverts as 

barriers to fish movement. 

 

Response-It has been well recognized by fisheries managers, roadway engineers, and 

environmental planners that road culverts fragment aquatic habitat (e.g., Gucinski et al. 2001, 

Clarkin et al. 2005).  Within small streams, the daily and seasonal movements of cyprinid 

(minnows) and fundulid (topminnows) fishes through road culverts are significantly impeded 

when compared to natural streambed conditions (Warren and Pardew 1998).   Further, 

culverts and other structures that fragment habitat on prairie streams are listed as 
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conservation threats for both plains topminnow (Rahel and Thel 2004a) and plains killifish 

(Rahel and Thel 2004b).    

 

Secondly, the fact that dispersal opportunities for PNG fish species only occur under certain 

environmental conditions and that PNG fish species must colonize newly available habitats 

when opportunities exist only exacerbates the environmental impact a road culvert may have 

on both upstream fish dispersal and species persistence in a fragmented stream habitat 

network. 

 

(38) Comment-Some commenters felt there is a contradiction regarding the relationship 

between the persistence of sedimentation and the likelihood of large precipitation events 

(DEIS pg. 75).  They felt that the characterization of sediments persisting in streams for up to 

10 years because of the lack of large precipitation events was inconsistent with the EIS’s 

statement that flood events are infrequent (e.g. once every year or two). 

 

Response-The description of “flood events” provided on page 75 describes the range 

precipitation events that supply the water that sustains the PNG aquatic habitats.  It was 

meant as an “although” statement…. “[Although]…flood events are…infrequent and…short 

duration [presumed low magnitude], [other] events can be very high in magnitude”.  The 

commenters characterization that “extreme flood events occur every year or two” represents 

an incorrect interpretation of the DEIS.  100-year and 500-year flood events occur on average 

every 100 or 500 years, respectively.    

 

If you apply these different types of “flood” events to sediment transport capacity within the 

prairie stream network, then it becomes more clear how sediment deposition is likely to 

persist in suitable habitats for long-periods of time (>10 yrs).  Low magnitude events (every 

1 to 2 years) are small wetting events that link aquatic habitats and do not have sufficient 

stream power to scour and redistribute sediments.  On the contrary, the high magnitude 

intense flood events (>100 yr streamflow) may have sufficient stream power to scour and 

redistribute sediments within the small spatial extents where they occur.  However, given the 

infrequency (>10 year returns at best) and small spatial extent of the extreme flood (>100-yr 

streamflow) events, it is indeed very unlikely that scouring of deposited sediments would 

occur broadly enough and with sufficient recurrence to actually remedy the deleterious 

effects of sediment deposition into the limited patches of suitable habitat on the PNG. 

 

(39) Comment-Some commenters felt that the DEIS should include a discussion of the 

Migratory Bird Treaty Act (MBTA) and Bald and Golden Eagle Protection Act (BGEPA). 

 

Response-Under the MBTA, it is illegal to pursue, hunt, take, capture, kill, possess, sell, 

barter, purchase, export, or import migratory birds, their parts, nests or eggs, except as 
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permitted by regulation. “Take” is defined under the MBTA as “pursue, hunt, shoot, wound, 

kill, trap, capture, possess, or collect”. The MBTA does not require intent to be proven, and 

unless permitted by the USFWS, the MBTA prohibits any intentional or unintentional 

activity that results in the take of migratory birds. 

 

The BGEPA prohibits the take, possession, sale, purchase, barter, offer to sell, purchase, or 

barter, transport, export or import, of any bald or golden eagle, alive or dead, including any 

part, nest, or egg, unless allowed by permit (16U.S.C 668(a); 50 CFR 22). “Take” is defined 

as “pursue, shoot, shoot at, poison, wound, kill, capture, trap, collect, molest or disturb” a 

bald or golden eagle. The term “disturb” under the BGEPA was recently defined via a final 

rule published in the Federal Register on June 5, 2007 (72 Fed. Reg. 31332). “Disturb” 

means to agitate or bother a bald or golden eagle to a degree that causes, or is likely to cause, 

based on the best scientific information available, 1) injury to an eagle, 2) a decrease in its 

productivity, by substantially interfering with normal breeding, feeding, or sheltering 

behavior, or 3) nest abandonment, by substantially interfering with normal breeding, feeding, 

or sheltering behavior. 

 

Because an oil and gas leasing decision does not authorize any oil and gas development, this 

decision is consistent with the MBTA and BGEPA.  If an APD is approved, it is the 

responsibility of the operator to ensure their actions do not cause violations of the MBTA or 

BGEPA 

 

(40) Comment-Some commenters felt that the economic analysis is flawed because it relies 

on a different success rate than the RFD. 

 

Response-The economic analysis is based on a 95% drilling success rate, with horizontal 

drilling forecasted to have a near 100% success rate. Although this success rate is higher than 

the 87% success rate reported in the RFD, the Niobrara is an extension of the Greater 

Wattenberg field and is known to have continuous reserves. The RFDS estimates the Royal 

Gorge has an average drilling success rate at 87% (pg 14). This average is based the success 

of existing vertical, horizontal, and rank exploratory wells typically called “wildcats.” The 

RFDS estimates that development wells will have a success rate of about 93% (pg 14) and 

that the Greater Wattenberg AQNAAs will have an average success rate of 90% (pg 31).  

The RFDS suggests that horizontal drilling in the Niobrara will extend to the north of the 

Greater Wattenberg AQNAA (pg 19) and master development plans indicate that the large 

majority of new wells will be horizontal development wells. Recent horizontal drilling on 

private minerals surrounding federal minerals has proven to be very successful, with rates 

much higher than those observed for vertical and wildcat wells in the Royal Gorge. The 

RFDS assumes that at least one well per pad will be productive and that no pads will be 

abandoned.  Therefore, relative to pad drilling there will be no abandoned pads because all 

pads can be expected to have at least one productive well. We anticipate that each pad will 

have multiple productive wells given recent history in Niobrara Formation drilling.  As a 
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consequence we believe that, as stated in the RFDS all pads will have productive wells, the 

success of pads will approach 100%.   

 

(41) Comment-Some commenters felt the 8% to 10% unemployment rate used in the 

economic analysis section was incorrect. 

 

Response-The Economic section of the Affected Environment discusses trends in the annual 

unemployment rates for the US, Colorado, and the three counties of interest as reported by 

the Bureau of Labor Statistics. These statistics are not seasonally adjusted and not 

comparable to Current Employment Statistics -CES (National) statistics.  

 

In series ID: LNU04000000, BLS reports that the national unemployment rate exceeded 8% 

between 2009 and 2012, and fell to 7.4% percent in 2013. Since 2014 has not ended, 

compared national statistics for 2014 are not yet available. 

 

(42) Comment-Some commenters felt the economic benefits of oil and gas development were 

overstated. 

 

Response-The discussion of anticipated development in Chapter 3.10.2 Environmental 

Consequences of Fluid Mineral is being revised to include a discussion of why federal 

mineral production is anticipated to increase under all alternatives. Since federal mineral 

leases are subject to valid and existing rights, the terms and stipulations of existing leases 

would not be affected by management actions discussed in the DEIS. While no new leases 

would be issued under the Alternative 1, existing leases (≈ 40,000 acres) are anticipated to 

experience greater development over the next 20 years. New wells are anticipated to be 

drilled on existing leases, and these wells are anticipated to have a very high success rate. 

Since federal leases do not expire once they are considered held by production, none of the 

existing leases are anticipated to expire over the next 20 years.  

 

As for the economic impacts of future development, three direct effects were modeled a) an 

increase in drilling activity, b) and increase in output by the oil and gas industry, and 

c)increase in local revenues collected through rents, royalties, bonus bids, and excise taxes. 

Direct economic impacts associated with drilling and local revenues were modeled as a 

change in industry activity and government spending. Direct impacts associated with 

increased oil and gas production were estimated based on an employment to industry output 

ratio and modeled as a change in employment in IMPLAN rather than a standard change in 

final demand in order to account for high price volatility. These impacts were modeled based 

on assumptions of production and development discussed in Environmental Consequences of 

Fluid Minerals section, recent bonus bids, current rental rates, and effective tax rates. 

 

The DEIS is intended to disclose potential impacts of reasonably foreseeable oil and gas 

development. It is important to highlight that impacts are not synonymous with benefits. 

Economic impacts reflect a net change in economic activity, while benefits reflect a net 

change in social welfare – see Watson et. al, 2007 for a detailed explanation of the 

differences between economic impacts and benefits. While the DEIS does not include an 

efficiency analysis to examine how social welfare may be affected by future leasing and 
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development on the Pawnee, it does include an economic activity analysis which examines 

how the flow of money to local households and businesses may be affected. The results of 

this type of analysis are generally reported in terms of the change in business sales, jobs, 

value added, income, or tax revenue. While jobs, income, and revenue are often mistaken for 

benefits, even though they are considered costs to production in benefit-cost analysis. 

 

(43) Comment-One commenter requested the FEIS include additional water analysis 

including: 
a. Identifying ground and surface water sources of public drinking water supplies and the 

associated source water assessments and source water protection zones 

b. Including a map of private water wells in the area.  

c. Including a discussion of the COGCC’s requirements for groundwater monitoring 

(including Rule 609, Statewide Groundwater Baseline Sampling and Monitoring, and 

Rule 318A, Greater Wattenberg Area Special Well Location, Spacing, and Unit 

Designation) and noting areas of the PNG that would be subject to these requirements. 

Response-These items have been added to the FEIS discussion of water resources on pp. 64-66. 

 

(44) Comment-One commenter felt that the DEIS underestimates water quantity impacts 

 

Response-The FEIS clarifies how water quantity was determined on pg. 77. 
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Chapter 5-List of Preparers and Persons, Agencies, and Organizations 

Who Received a Copy of the FEIS  

 

5.1 List of Preparers: 

Preparers include members of the Arapaho and Roosevelt National Forests and Pawnee National 

Grassland.  The following table lists interdisciplinary team (IDT) of resource specialists and their 

contribution: 

 

IDT Member Contribution 

Joshua Milligan Team Leader 

Jim Burd Fluid Minerals  

Kristen Philbrook Wildlife Resources 

Larry Fullenkamp Heritage Resources 

Amy Coe Geographical Information Systems 

Matt Fairchild Fisheries Resources 

Deb Miller/ Eric Schroeder Air Resources 

Deb Entwistle Water Resources 

Lizandra Nieves Soil Resources 

Jennifer Dobb Economics 

Chelsea Gunsalus Writer/Editor 

Randall Reichert Grazing/Noxious Weeds/Botany 

Jared Smith Scenic Resources 

Michelle White 

Bruce Schumacher 

Transportation 

Palentology 
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5.2 Distribution of FEIS 

The following agencies received a copy of the FEIS: 

Environmental Protection Agency 

National Agricultural Library 

Eighty-one other agencies, organizations and private individuals received notification that the 

FEIS was available on the Forest Service World-Wide Web. 
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Abstract:  This Final EIS identifies Fishlake National Forest lands that could be made available for 
oil and gas leasing, in accordance with the Mineral Leasing Act, under various leasing alternatives; 
describes the affected environment; and discusses reasonably foreseeable impacts of oil and gas 
activities on the human environment resulting from each leasing alternative. Issues and concerns 
expressed by the public and government agencies during the public comment period for this EIS 
have been addressed by the analysis. This analysis will be used by the Forest Supervisor of the 
Fishlake and Dixie National Forests and the Utah State Director of the Bureau of Land 
Management as the basis for making oil and gas leasing decisions under their authority. 
Alternative C is the preferred alternative. 

 

 
 

Project Website:  http://www.fs.usda.gov/goto/fishlake/projects 
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EXECUTIVE SUMMARY 
 

The following information is provided as a convenient synopsis for the public. However, this 
synopsis is not a substitute for review of the complete Environmental Impact Statement (EIS). If 
there are any inconsistencies between this summary and the EIS, the EIS should be considered 
the authoritative document. 

 
The Forest Service’s national policy on minerals states: “Exploration, development, and 
production of mineral and energy resources and reclamation of activities are part of the Forest 
Service ecosystem management responsibility. The Forest Service will administer its minerals 
program to provide commodities for current and future generations commensurate with the 
need to sustain the long-term health and biological diversity of ecosystems (USFS 2007).” 

 
In many parts of the United States, National Forest System (NFS) lands overlie geological 
formations that may contain oil and/or natural gas. The Forest Service’s national policy on 
minerals (USFS 2007a) states that the “Exploration, development, and production of mineral 
and energy resources and reclamation of activities are part of the Forest Service’s ecosystem 
management responsibility.” The Forest Service allows leases on many NFS lands for the 
purpose of drilling wells and extracting oil and/or gas (USFS 2007a). 

 
The Department of Interior, Bureau of Land Management (BLM), acts as the onshore leasing 
agent for the Federal Government. Forest Service and BLM regulations (36 CFR 228.102 and 43 
CFR 3100, respectively) developed in response to the Federal Onshore Oil and Gas Leasing 
Reform Act of 1987 (FOOGLRA) require a leasing analysis be completed prior to offering leases 
on National Forest System lands (the federal leasing process is described in further detail in 
Section 1.8.5.1). The leasing analysis allows the Forest Service to decide whether or not federal 
lands under its administration will be administratively available for leasing, and under what 
conditions (leasing options) the leases will be issued. The National Environmental Policy Act 
(NEPA) of 1969 also requires the Forest Service, along with its cooperating agencies, to identify 
and assess potentially significant environmental impacts and address issues associated with oil 
and gas leasing. 

 

 
 

Proposed Action and Decision 
 

The Fishlake National Forest (FNF), with the cooperation of the BLM, is conducting this 
environmental analysis to identify which lands administered by the FNF with federal oil and gas 
rights to make administratively available for oil and gas leasing. The Forest Supervisor of the FNF 
will decide which areas would be administratively available for leasing, subject to the terms and 
conditions of the standard oil and gas lease form 3100-11 (BLM 2006a), or subject to constraints 
that would require the use of lease stipulations such as those prohibiting surface occupancy. The 
Fishlake and Dixie Forest Supervisors will also decide whether to approve non-significant Forest 
Plan amendments to update direction for oil and gas leasing, and surface protection. Where the 
Forest Service has consented to leasing with required stipulations, and the Secretary of Interior 
decides to issue a lease, the authorized officer (BLM State Director) shall incorporate the 
stipulations into any lease which it may issue (43 CFR 3101.7-2(a)). The responsible officials of 
the Forest Service and BLM will release separate Records of Decision (ROD). The RODs will not  
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authorize specific, surface-disturbing activities. The RODs will only make a decision about which 
lands would be available for oil and gas leasing and what conditions and stipulations would apply to 
any oil and gas leases offered in the future. Environmental impacts of future oil and gas exploration 
and development activities would undergo future, project-specific environmental analyses. 

 
The proposed action is to make all lands administered by the FNF available for lease. The 
following areas would be leased with the No Surface Occupancy (NSO) stipulation: 

All Research Natural Areas; Quitchupah Canyon Cultural Area; Paradise Valley Cultural Resource 
Site; Old Spanish Trail corridor; Areas with slopes greater than 35 percent; North Horn sediment 
areas greater than 25 percent slope; Areas with geologic hazards or unstable soils; Areas within 
one mile of known federal threatened, endangered, or proposed (TEP) plants; Areas within one 
mile of Sensitive plant locations covered under a conservation agreement; Areas within 300 feet 
of riparian areas, wetlands, lakes, reservoirs, perennial streams, and springs; Drinking water 
source protection zones (Zones 1-3 and T2 and T4); Bald eagle winter concentration areas; 
Mexican spotted owl PACs; Goshawk core nesting areas; Within 4 miles of sage grouse leks; 
Known colonies of pygmy rabbits; Key habitats for boreal toad; Within ¼ mile of developed 
recreation sites and National Recreation Trails; Within ¼ mile of Forest Service administrative 
sites and facilities; Frequently viewed areas of High Scenic Integrity and Inventoried Roadless 
Areas. 

 
The following areas would be leased with a Timing Limitation (TL) stipulation: 

Sage grouse brood-rearing areas (May 1 to July 5); Sage grouse winter habitat (December 1 to 
March 15); Crucial elk and mule deer winter range (December 1 to April 15); Bighorn sheep 
lambing, crucial elk calving and mule deer fawning areas (May 1 to July 5); and Bighorn sheep 
winter range (Nov 1 to April 15). 

 
The following areas would be leased with the Controlled Surface Use (CSU) stipulation:  

Goshawk post-fledging areas; Active raptor nest areas as determined by the USFWS; and Class I 
airsheds. 

 
Lease notices (LN) would be included in leases to inform prospective bidders of restrictions required 
by current laws or regulations.  Such lease notices would include: 

Required protection of Threatened, Endangered, and Proposed species under the Endangered 
Species Act including Mexican Spotted Owl, California Condor, Western Yellow-billed Cuckoo, and 
Utah Prairie Dog; Required protection of Migratory Birds; Required protection of Sensitive and 

Management Indicator Species (Plants and Wildlife); Required protection of cultural and 

paleontological resources under the National Historic Preservation Act and other related laws; and 
Required protection of air resources; and Compliance with State of Utah surface, ground and 
transient water source protection  and other water resource requirements.  

 
Other Lease Notices would be included in new leases if new non-discretionary laws or 
regulations were passed with restrictions that would likely affect oil and gas operations. 

All other areas would be leased with standard lease terms and conditions.  

 

Purpose and Need 
 

The current FNF Land and Resource Management Plan (LRMP) was completed prior to the passage 
of the FOOGLRA, and does not determine the availability of NFS lands for oil and gas  
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leasing. The purpose of this leasing analysis is to identify which lands would be available and 
approved for oil and gas leasing, to determine what standard or special lease stipulations would 
apply to which pieces of land for resource protection, to project the type and amount of post- 
leasing activity that would be reasonably foreseeable, and to analyze the potential impacts of 
reasonably foreseeable post-leasing activity. 
 
Lands Involved in the Decision 
 
The analysis area (Figure 1.5-1) includes all NFS lands on the four FNF Ranger Districts. The 
analysis area is approximately 1,707,810 acres. This EIS considers only NFS lands with federal oil 
and gas rights legally open to oil and gas leasing. There are no lands within this analysis area 

 
 

that are closed to oil and gas leasing by statute, act of Congress, executive order, or by order of 
the Secretary of the Interior. 

 
The analysis area encompasses one existing oil and gas lease of approximately 302 acres.  New 
leasing decisions made as a result of this analysis would not affect the existing lease; however, 
leased lands are included in the analysis so that when the lease expires, the decision has been 
made whether or not to offer them for lease again and under what conditions. It is possible that 
currently leased lands would not be available for lease in the future or that they would be 
available with stipulations that are not in the current lease. 

 

Issues and Alternative Development 
 

Public and Agency Scoping 
 

The Notice of Intent (NOI) for this EIS was published on July 7, 2006 in the Federal Register, 
Volume 71, No. 130, pages 38602 – 38604. The publication of the NOI initiated the formal 45- 
day scoping period. The project has been listed in the quarterly Schedule of Proposed Actions 
(SOPA) since April 1, 2006. 

 
A public breakout session regarding the oil and gas leasing analysis and preparation of this EIS 
was conducted during the Dixie and Fishlake Forest Plan Forum on June 28, 2006.  A legal notice 
was published in the Richfield Reaper on July 5, 2006. 

 
News releases with project scoping information were published in several supplemental 
publications in June 2006, including the Garfield County Insider, Millard County Chronicle 
Progress, Richfield Reaper, and Wayne County Insider. Letters were sent to 250 individuals and 
organizations, and six public meetings were conducted in Beaver, Fillmore, Junction, Loa, 
Richfield, and Salina, Utah. Finally, due to the time lapse between initial scoping and release of 
a DEIS, a Corrected NOI was published January 18, 2011 in the Federal Register, Volume 76, No. 
11, pages 2881 – 2882. 

 
Key Issues 

 
Through public scoping, nine key resource issues were identified and alternatives were 
developed to address these issues. Measurement indicators were also developed to quantify the 
environmental impacts to each identified resource. The key resource issues include: 
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Issue #1: Wildlife Resources 

 
Activities associated with post-leasing oil and gas exploration and development could cause  
detrimental impacts to wildlife, including threatened, endangered, proposed, sensitive, migratory 
birds, and FNF management indicator species (MIS). These impacts could include decreased security 
due to increased access, displacement, disruption of breeding and rearing of young, death of 
individuals, direct habitat loss, decrease to population trends, habitat fragmentation, and conflict 
with existing conservation agreements. 

 
Issue #2: Unroaded/Undeveloped Areas 

 

Activities associated with post-leasing oil and gas exploration and development could change the 
wilderness quality of unroaded/undeveloped areas which are outside of but contiguous to an 
Inventoried Roadless Area (IRA). 

 
Issue #3: Visual and Scenic Integrity 

 
Activities associated with post-leasing oil and gas exploration and development could degrade the 
scenic integrity of the Forest and cause a decrease in visitation and forest use. 

 
Issue #4: Geologic Hazards and Steep Slopes 

 
Ground-disturbing activities associated with oil and gas exploration and the subsequent 
development of roads, pipelines and production fields may cause a decrease in slope stability 
within large areas of steep to very steep terrain. This could result in accelerated rates of soil 
erosion with rapid runoff events followed by sedimentation of local water bodies. 

 
Issue #5: Water Quality 

 
Activities associated with post-leasing oil and gas exploration and development could cause 
contamination to ground water and surface water. 

 
Issue #6: Fisheries 

 
Activities associated with post-leasing oil and gas exploration and development could cause an 
increase in sedimentation and otherwise degrade coldwater aquatic habitat and watershed 
conditions, resulting in declining recruitment of trout, and reduce the sustainability of native trout 
populations. 

 
Issue #7: Vegetation 

 
Activities associated with post-leasing oil and gas exploration and development could cause  loss of 
individual endangered, threatened, sensitive and/or MIS plants or plant populations. Noxious weed 
populations could increase as a result of ground disturbance associated with oil and gas exploration 
and development. 

 
Issue #8: Air Quality 

 
Activities associated with post-leasing oil and gas exploration and development could result in 
emitting atmospheric pollutants including fine particulates, NOx and volatile organic compounds, 
degrading air quality.  Air quality degradation would be especially sensitive in Class I airsheds, such 
as Capitol Reef and Bryce Canyon National Parks. 
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Issue #9: Social/Economic 

 
Lack of opportunities to lease federal land for oil and gas exploration and development could 
cause a shortage of domestic oil and gas supplies, and result in high prices for gas and oil. A 
shortage of domestic oil and gas supply results in dependence on foreign energy supplies. 

 

 

Leasing Options 
 

Alternatives were developed by assigning various leasing options to provide varying degrees of 
protection to the resources identified as key issues. The leasing options used in development of 
the alternatives include stipulations listed in the Uniform Format for Oil and Gas Lease 
Stipulations published by the Rocky Mountain Regional Coordinating Committee in March 1989 
(RMRCC 1989). Leasing options used include: 

 
NO LEASE (NL):  Federal minerals within the analysis area would not be administratively 
available for leasing.  Existing leases would remain in effect until they terminate or expire. 

 
NO SURFACE OCCUPANCY (NSO): Use or occupancy of the land surface for fluid mineral 
exploration or development is prohibited. With the exception of seismic exploration, NSO applies 
to all uses and facilities associated with oil and gas development. 

 
TIMING LIMITATIONS (TL): The TL stipulation (often called seasonal restrictions) prohibits surface 
use during specified time periods. A TL applies for restrictions longer than 60 days and shorter 
than one year. 

 
CONTROLLED SURFACE USE (CSU): The CSU stipulation is intended to be used when fluid mineral 
occupancy and use are generally allowed on all or portions of the lease area year-round, but 
because of special values, or resource concerns, lease activities must be strictly controlled. The 
CSU stipulation is used to identify constraints on surface use or operations that may otherwise 
exceed the mitigation provided by Section 6 of the standard lease terms and the regulations and 
operating orders. 

 
LEASE NOTICE (LN): A LN is not a stipulation, rather a notice attached to leases to transmit 
information at the time of lease issuance to assist the lessee in submitting acceptable plans of 
operation, or to assist in administration of leases. A LN is attached to leases in the same manner 
as stipulations; however, a LN does not involve new restrictions or requirements. Any 
requirements contained in a LN must be fully supported in a law, regulation, Standard Lease 
Term (SLT&C), or onshore oil and gas order. 

 
STANDARD LEASE TERMS AND CONDITIONS (SLT&C): Under the SLT&C, the lessee has the right 
to use as much of the leased lands as is necessary to explore or drill for, extract, remove, and 
dispose of oil and gas deposits that may be in the leased lands, together with the right to build 
and maintain necessary improvements thereon. SLT&C requires the operator to conduct 
operations in a manner that minimizes adverse impacts to the land, air, water, cultural, 
biological, visual, and other resources and land uses or users. Operations cannot violate any 
other federal environmental protection laws (e.g., Clean Air Act, Clean Water Act, Endangered 
Species Act, etc.). Measures to avoid impacts to specified resources include, but are not limited 
to, the modification to the siting or design of facilities, timing of operations, and specification of 
interim and final reclamation measures. Well sites may be moved up to 200 meters (656 feet) 
and operations delayed for up to 60 days without interfering with the lease rights. 
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Alternatives Considered in Detail 
 

Four alternatives were developed and were assigned a letter (A – D). Alternative A is the no 
action/no lease alternative and would not authorize new oil and gas leasing on the FNF. Alternatives 
B – D all allow new oil and gas leasing. The differences between Alternative B – D are in the lease 
stipulations applied that would restrict where and under what conditions oil and gas leasing could 
occur. In general, Alternative B applies the least restrictive leasing options and Alternate D the most 
restrictive. Alternatives C falls between B and D in terms of the leasing options applied. All action 
alternatives, B – D would require a Forest Plan amendment to include the leasing decision and 
stipulations in direction for minerals management. 

 
Alternative A: Section 1502.14(d) of the NEPA regulations requires the analysis of a No Action 
Alternative. Under Alternative A, present management activities as pertaining to oil and gas leasing 
would continue unchanged. The Forest Supervisor can also select a Forest-wide No Lease Alternative 
that would not allow leasing anywhere on the Forest. This would be different from not taking any 
action, as in the No Action Alternative, since a decision would be made that would prohibit leasing. 
Both options would result in no new oil and gas leasing and have been combined for analysis 
purposes. The Forest Supervisor under this alternative would not make any new leasing decisions and 
no new oil and gas leasing would be allowed on the FNF. The one existing lease would not be 
affected. However, when the lease expires no new lease would be authorized in this area. 

 
Alternative B: Under this alternative, all lands legally open to oil and gas leasing would be determined 
to be administratively available for leasing with standard lease terms and conditions (BLM Lease Form 
3100-11), and existing laws and their implementing regulations, and reasonable operating standards 
or mitigation measures required by the permitting agencies. Laws that require specific protection of 
resources for all activities which could affect operations regardless of lease stipulations include, but 
are not limited to, the Endangered Species Act, Migratory Bird Treaty Act, National Historic 
Preservation Act, Clean Water Act, and Clean Air Act. 

 
Alternative C: Alternative C is the Proposed Action as previously described. 

 
Alternative D: This alternative was developed in response to two comment letters received from 
Utah Environmental Congress (UEC) and organizations they partner with, during the two scoping 
periods in 2006 and 2011. Alternative D was developed specifically to include the components and 
elements requested by UEC, and the organizations they partner with (comment letters are available 
for review in the administrative record). The UEC refers to this as the “SMU” Alternative. This 
alternative would emphasize the protection of non-mineral resources and uses over oil and gas 
exploration and development activities and the associated economic benefits. Comments submitted 
by environmental groups, sportsmen, and other groups and individuals who expressed that natural 
resource protection should be emphasized over oil and gas activities, are also addressed by this 
alternative. 

 

Affected Environment 
 

The scenic beauty of the FNF is one of its major attractions. Scenic resources are a composite of 
basic terrain, geologic features, water features, vegetative patterns, and land use effects that typify 
an area and influence the visual appeal that area may have to people. 
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The FNF covers parts of Beaver, Garfield, Iron, Juab, Millard, Piute, Sanpete, Sevier, and Wayne 
counties in central Utah. Rural communities, farms, ranches, and residences which could be 
affected are generally located in the valleys between the individual mountainous units of the 
Forest. The FNF consists mainly of north-south trending mountains and plateaus bounded by 
adjacent valleys and basins. 

 
Air quality on the Fishlake N.F. is considered good to excellent and is currently meeting all 
National Ambient Air Quality Standards. Climatic conditions and an absence of major air 
pollution sources contribute to this condition.  Visibility (regional haze) is good to excellent and 
improving.  Greenhouse gasses are mostly anthropogenic with carbon dioxide comprising the 
largest percentage of the gasses. There are five Class I areas and eleven sensitive Class II areas 
that could be impacted by the Proposed Action located within 100 kilometers of the Forest. 

 
The FNF ranges from 5,000 feet in elevation to 12,169 at Delano Peak and provides habitat for a 
broad diversity of endemic plant species. There are diverse vegetative communities ranging 
from sagebrush-steppe to alpine-krumholtz tundra. The 1,707,810 acres administered by the 
FNF is broken down into four management districts: Fillmore Ranger District, Fremont River 
Ranger District, Beaver Ranger District, and the Richfield Ranger District. 

 
Previous cultural resource inventories conducted on the Forest have resulted in the 
identification and recordation of about 2,400 sites including prehistoric camps, wikiups, hearths, 
rock shelters, lithic and ceramic scatters, rock art, historic cabins, corrals, fences, battle sites, 
mines and mills, and some paleontological locations. The data suggests that the identified sites 
known to occur on the Forest were occupied from thousands of years BCE, to just a few hundred 
years ago. 

 
The FNF has a large diversity of habitats, ranging from low elevation shrub-steppe around 6,000 
feet, extensive aspen habitats from the mid to upper elevations, and high alpine krumholtz on 
the Tushar Mountains over 12,000 feet. Because of this variety, there is a great diversity of fish 
and wildlife species on the FNF (over 300 species of wildlife). The habitat areas on the FNF are 
important for the conservation of federally listed species, regionally listed (USDA FS) sensitive 
species, and game and non-game species. 

 
The variety of vegetation on the FNF is reflective of the Forests’ soils, climatic patterns, 
disturbance histories, and elevations. The lower and drier slopes are dominated by pinion and 
juniper mixed with sagebrush and interspersed with an occasional meadow or riparian zone. On 
the Fishlake, Douglas-fir and white fir appear at mid elevations. Higher elevation areas are 
dominated by aspen mixed with Engelmann spruce and subalpine fir. Other vegetation types 
occur at different elevations and moisture regimes including mixed conifer and mountain 
shrubs. Mixed conifer eco-systems offer a variety of green textures and colors based on their 
species composition. Bristlecone pine is only known to exist on Thousand Lake Mountain. 

 
The FNF supports a variety of terrestrial and aquatic wildlife species that contribute to 
ecosystem function in a wide array of habitats and settings. The many lakes, reservoirs, and 
streams support an active sport fishery. The FNF is known for the deep cold waters of Fish Lake. 
The plateaus and high elevation lakes of the Forest characterize the Forest’s unique geologic 
features. Many of the rivers and creeks throughout the FNF provide habitat for endemic trout 
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populations, including Bonneville and Colorado River cutthroat trout. These waterways also 
provide excellent, diverse sport-fishing opportunities. In addition to supporting wildlife 
biodiversity, these water resources provide culinary water to adjacent communities. 

 
Aquatic ecosystems are defined as “environments characterized by the presence of standing or 
flowing water” (Forest Service Manual 2605). Within the FNF, aquatic ecosystems are 
associated with lakes, streams, springs, seeps, and ponds.  Wetlands are those areas that are 
inundated or saturated by surface water or ground water at a frequency and duration sufficient 
to support, and that under normal circumstances do support, a prevalence of vegetation 
typically adapted for life in saturated soil conditions. Wetlands generally include swamps, 
marshes, bogs, and similar areas.  Riparian areas are defined as a vegetated ecosystem along a 
water body through which energy, materials, and water pass. 

 
Riparian areas characteristically have a high water table and are subject to periodic flooding and 
influence from the adjacent water body. These systems encompass wetlands, uplands, or some 
combination of these two landforms. They will not in all cases have all the characteristics 
necessary for them to be also classified as wetlands. Multiple uses within these watersheds 
have been compatible with desired water quality. 

 
Groundwater contributes to maintaining base flow for streams and springs and to maintaining 
riparian ecosystems.  Humans derive benefit from groundwater uses, such as drinking water, 
irrigation, industry, and recreation. 

 

Environmental Consequences 
 

General effects to resource areas that were deemed key issues are summarized here. More 
detailed effects by alternative are contained in Chapter 3, Environmental Consequences. 

 
The authorization of a lease does not cause environmental impacts; however, authorizing a lease 
grants the lessee the right to conduct oil and gas exploration and development activities in the 
future. The environmental consequences of oil and gas activities are analyzed in this EIS as 
connected actions to oil and gas leasing. Oil and gas activities that are expected to occur on leases 
include seismic exploration, exploratory drilling, and development and production. During seismic 
exploration, some surface disturbance would occur from overland travel by buggies, and seismic 
blasts would cause temporary noise disturbances. 

 
The main impacts to fish and wildlife that are possible from land clearing include mortality, 
injury, and habitat modification, fragmentation, and loss. For wildlife, the destruction of 
occupied burrows or nests, displacement, and the direct disturbance of habitat during land 
clearing would result in direct impacts. The loss of forested habitats, as well as sagebrush, would 
generally be long term, while the loss of grassland or forbs could be short term if areas re-
vegetate with native species. 

 
Wildlife 

 
The main impacts to fish and wildlife that are possible from land clearing include mortality, 
injury, and habitat modification, habitat fragmentation, and loss. For wildlife, the destruction of 
occupied burrows or nests, displacement, and the direct disturbance of habitat during land 
clearing would result in direct impacts. The loss of forested habitats, as well as, sagebrush, 
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would generally be long-term, while the loss of grassland or forbs could be short-term if areas 
re-vegetate with native species.  For fish, land clearing in the vicinity of an occupied stream can 
increase the potential for delivery of organic molecules, sediments, nutrients, salts, and heavy 
metals (Trombulak and Frissel 2000) or surface water runoff because vegetation is no longer 
present to block or dilute such introductions.  Roads are often located closer to streams than 
well pads and are more likely to cause erosion or provide a channel for delivery of hazardous 
substances. These occurrences can degrade habitat and ecosystem functioning, which may 
affect fish habitat (e.g., water temperature, stream bank vegetation, large woody debris). The 
Fishlake National Forest has developed Oil and Gas Operating Standards (Appendix F) which are 
designed to avoid these impacts. 

 
For most wildlife species, the area of affected wildlife habitat would be far larger than the area 
directly occupied by oil and gas activities.  Indirect effects such as avoidance and stress 
responses by wildlife to increased human activity extend the influence of each well pad, road, 
and facility. The extent of human influence varies by habitat type and species, but may extend 
up to two miles or more for species such as mule deer (Sawyer et al. 2006).  In some cases the 
result is partial, or even total, loss of habitat effectiveness for the species within the area of 
influence.  Loss of habitat due to human disturbance (displacement) may cause individuals to 
experience lower reproductive success, decreased body condition or mortality.  The increase in 
density of individuals in the remaining area may lead to greater competition for limited 
resources and further stress.  Displacement is more likely to have negative impacts when it 
occurs in key habitat types or during sensitive periods such as breeding or rearing of young. 
Small, isolated disturbances within non-limiting habitats may be of minor consequence within 
most ecosystems. However, larger-scale developments within key habitat may have significant 
impacts on wildlife populations because the undisturbed habitat surrounding the disturbance is 
less likely to be as suitable (WFGD 2004). 

 
Fragmentation of wildlife habitats is a concern with oil and gas activities due to the linear extent 
of many activities, including seismic exploration and roads connecting well pads. For larger 
mammals, fragmentation may hinder migration and dispersal. Smaller species such as small 
mammals and reptiles are affected by single roads that may split a population in half and 
prevent migration in and out.  Road crossings in streams can create barriers to fish movement 
(Trombulak and Frissel 2000), which can isolate fish populations. Fragmentation of fish and 
wildlife populations leads to reduced genetic diversity and increased susceptibility to population 
decline.  Under certain circumstances fragmentation may enhance habitat effectiveness by 
creating barriers to disease transmission or blocking the spread of invasive or exotic species (i.e. 
fish barriers and Bonneville cutthroat trout recovery), but these cases tend to be the exception 
and habitat fragmentation is usually detrimental to wildlife populations. 

 
Impacts to wildlife and fisheries resources from the different phases of oil and gas development 
depend on the duration, amount, and type of disturbance involved. The following phases as 
described in the RFDS are discussed in terms of possible impacts to all wildlife species: seismic 
activity, exploratory drilling and road construction, and production. 

 
Seismic Activity - Seismic exploration involving both buggies and helicopters would temporarily 
disturb wildlife, due to noise and human presence, in the vicinity of operations. Noise would be 
produced mainly by the explosives used to generate vibrations. Mobile wildlife will probably 
move away from the disturbance and return to the area once the activity is completed. Seismic 
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activities would have a negligible impact on fisheries because surface disturbance is minimal and 
vibrations would be temporary. In terms of habitat impacts, seismic activities would involve 
temporary impacts because vegetation crushed by overland travel would soon recover; likely the 
following year for herbaceous vegetation. Shrubs and small trees would take longer to recover, 
and such vegetation crushed during seismic activity may not be suitable as cover or nesting 
structure in the short-term (up to 10 years). 

 
Exploratory Drilling and Road Construction - Exploratory drilling involves the construction of dill 
pads and access roads, which alters wildlife habitat (land clearing), impacts stream channels, 
and increases the potential for the introduction of sediment and hazardous materials to the 
aquatic system. Disturbance to wildlife caused by intermittent human presence on an 
exploration well would be short-term, lasting for the duration of operations. Direct mortality 
may occur to smaller species, such as rodents, reptiles, and (nesting) birds, during construction 
of the pad and roads. Noise disturbances from the actual drilling would be temporary. Human 
presence and noise could cause mobile individuals in the vicinity to be displaced; individuals 
may or may not return to the area after reclamation. Fish could be affected by streams 
crossings (culverts), and by the potential for habitat degradation, caused by increases in 
sediment yield, short-term pulses of turbidity, and chemical contamination that are the result of 
construction and use of developments near streams. 

 
Production - A production field would involve the largest amount of disturbance and the most 
adverse impacts to wildlife. After production wells are constructed, human presence and noise 
may continue at a moderate level for the first year; in subsequent years these disturbances 
would drop to about one person per day. Because of direct habitat loss to roads and structures 
and indirect loss due to displacement the area surrounding each production well could 
potentially be unsuitable for many wildlife species for the life of the project. Direct mortality 
could occur during construction to any small, less mobile species within disturbance footprints. 
Fishes could be impacted during this time by noise and any additional road building in proximity 
to or across occupied streams. 

 
Undeveloped/Unroaded Areas 

 
Possible effects to Undeveloped/Unroaded areas are the loss of acres to development of oil and 
gas activities, along with associated roads, further dissecting and segregating areas into smaller 
parcels.  Undeveloped Area Evaluation (UAE) parcels may not be suitable for wilderness potential 
by becoming smaller than 5000 acres. However, smaller parcels may be linked to IRA and still 
have value for potential wilderness areas.  It is not possible to calculate how and where this may 
occur as the Reasonably Foreseeable Development Scenario (RFDS) is not site-specific. NEPA 
analysis at the time of the Application to Permit Drilling on a leased parcel will be necessary to 
determine actual effects to a given Undeveloped and Unroaded Area in the Draft UAE. 

 
Visual and Scenic Integrity 

 
In the short term, oil and gas leasing activity or exploration could immediately increase contrasts 
of form, line, color, or texture.  Visual evidence of any new access roads, including existing roads 
that are reconstructed or improved could become particularly apparent. Due to the attributes of 
line, relative scale and color these contrasting linear elements often remain very noticeable or 
dominant until subsequent and successful re-establishment of vegetation. 
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Structures typically have adverse visual impact; particularly from unnatural silhouette effect 
when located at the skyline or set against a background of snow. Vertical structures are very 
apparent from great distances, particularly if in silhouette or relatively horizontal landscapes. 

 
Views from major travel corridors or viewpoints of areas not having surface development would 
not be affected to any level of dominance in the long term, particularly given adequate 
mitigation.  Generally, views involving structures, utilities, etc. possess sufficient variety in color, 
form and texture so as to preclude any long term dominant visual impact if sensitively designed. 
Direct or indirect benefit (shadow effect) resulting from the irregular or uneven topography of 
most areas would also assist in camouflaging lease related effects. 

 
A majority of the scenically sensitive areas with potential for lease would not be seen while 
traveling in both directions on important routes or from the National Park or major 
communities.    They are either not available for lease or are effectively screened by topography 
so as not to be readily apparent in linear view for an extended duration as seen by travelers. 

 
Geologic Hazards and Steep Slopes 

 
All five potential issues associated with geologic hazards and soil resources would be managed 
under SLT&C under Alternative B, and the conditions to produce oil and gas resources would be 
listed as terms on the USDI – BLM / Offer to Lease and Lease for Oil and Gas Form 3100 – 11. 

 
While the USDI-Form 3100-11 mentions the need to protect various resources and discusses 
land use responsibilities, it is not specific enough to protect soils with displacement issues, 
puddling, and compaction, accelerated rates of erosion and ensure an adequate amount of new 
vegetation and protective ground cover to stabilize valuable topsoil deposits. 

 
Under Alternative C, potential land issues associated with geologic hazards and very steep 
slopes were labeled NSO due to risky terrain.  Specifically, the SLT&C of Alternative B were 
deemed insufficient to adequately protect the soil resource according to the public interest. 

 
According to the Geologic Hazards and Soil Resources Map for Alternative C there are 
approximately 52,487 acres of fragile soils derived from unstable, clayey sediments of the North 
Horn Geologic Formation occurring on upland, mountain and high mountain landscapes located 
in areas measuring > 25 % slope, and about 492,327 acres of NFS lands located on very steep 
(>35%) terrain. These are steep sites which would be avoided. 

 
Puddling, compaction and wetlands will be addressed with a LN as a form of guidance for the 
Lessee to consider when submitting a Plan of Operation.  According to Alternative C, there are 
about 87,420 acres of clayey soils located on the Forest, sites which are susceptible to 
deformation in the form of puddling and compaction disturbances. To a lesser extent, there are 
about 5,029 acres of NFS lands that actually qualify for wetlands containing hydric soils. The 
Forest will make a full disclosure of these fragile locations to the Lessee under a LN. 

 
Alternative D adds even more restrictive stipulations to the proposed leasing activities. In order 
to achieve maximum resource protection, wetlands are grouped together with geologic hazards 
and very steep slopes under the NSO stipulation. In addition, all soils derived from North Horn 
sediments are placed under NSO protection. 
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Water Quality 
 

All action alternatives would have some potential or risk for adverse impacts on water quality. It 
is nearly impossible without specific exploratory and full field development plans to say how 
much the difference in magnitude of impacts would be between alternatives on hydrologic 
resources.  Site specific analysis will need to occur later, but will likely disclose that there will be 
negligible effects from any of the action alternatives, and only minimal differences between the 
different action alternatives. Negligible effects are expected because of the multitude of 
environmental protection measures (BMPs) available to the Forest during exploratory and 
development phases. Minimal differences between alternatives are expected because the RFD 
scenario is the same all action alternatives. 

 
Facility construction, maintenance, and use could increase the potential for surface erosion, 
which could contaminate surface water and adversely impact stream channels and aquatic 
habitats.  Water from exploration and production facilities could become contaminated with 
chemical pollutants used at the facilities and flow from the disturbed areas to adjacent surface 
waters. Springs, streams, lakes and reservoirs, and wetlands are particularly vulnerable to 
pollution and increased sediment loads. Culinary water sources are of special concern. 

 
Both the quantity of the eroded material and the percentage of the material that makes its way 
to a stream are wholly dependent upon very site-specific factors including: soil characteristics, 
ground slope, distance between the disturbance and the stream, buffers to the stream, and 
vegetation characteristics of the area between the disturbance and the stream, among others. 
Once sediment has reached a stream, the distance and timing of its downstream progression is 
highly dependent upon factors such as particle size, flow patterns, stream velocity, bed 
substrate, and channel morphology, among others. 

 
Localized runoff that can cause adverse sediment-related water quality impacts is similarly site- 
specific. Construction activities in areas with steep slopes and less permeable soils often result 
in increased runoff from uplands.   On a local level, and/or where the impacted acreage 
represents a higher percentage of the watershed area, the increased runoff volumes could 
trigger gully development and/or accelerated stream bank erosion in receiving streams. It could 
also exacerbate instability in previously existing deteriorated or vulnerable streams.  Both would 
have adverse water quality impacts due to sediments. 

 
Minimal impact to groundwater systems may occur with the introduction of drilling fluids 
(filtrate) into the subsurface geologic horizons. This is normal and unavoidable during rotary 
drilling operations, and would only influence the immediate vicinity of the wellbore. The 
potential for communication, contamination, and commingling of formations via the wellbore 
would be possible if standard drilling procedures are not followed. The BLM requires that the 
proposed drilling program be designed to prevent this; therefore no impacts would be expected. 
Lining of the reserve pit would minimize potential impacts and effects to shallow groundwater 
(if any) in the vicinity of the proposed well. Any water produced with oil and/or gas would 
require disposal in accordance with the requirements of Onshore Oil and Gas Order No.7, 
Disposal of Produced Water, and appropriate State of Utah water disposal regulations. 
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Fisheries 
 

Potential direct and indirect impacts to resident trout species from oil and gas activity on the 
FNF are likely to occur from increased sedimentation inputs into the water, toxic inputs to the 
streams or reservoirs, adverse impacts to habitat and aquatic environment due to impacts to 
riparian habitat, spread of aquatic nuisance species, and from dewatering. 

 
Increased sediment inputs are likely to occur from newly constructed roads near waters, stream 
crossings and pads where sediment can be washed into waterways. Such sediment inputs 
decreases water quality, negatively impacts aquatic insect populations, that are critical food for 
resident trout, and silts over gravel spawning beds negatively impacting reproduction. The site- 
specific placement of these facilities in relation to streams and reservoirs, as well as 
mitigation/best management practices used will directly affect the amount of sediment entering 
the fisheries on the forest. 

 
The activities associated with oil and gas development have a relatively low risk for spreading 
aquatic nuisance species, provided BMP’s are followed for movement of water and proper 
cleaning of equipment used for pumping water.  Following these measures would provide 
further protection against spreading these problematic species.  If these protection measure 
recommendations are not followed and any of these aquatic nuisance species, such as whirling 
disease, zebra mussel, quagga mussel, etc., were spread on the forest, they could have 
moderate to major adverse impacts to resident trout within that drainage. 

 
At the level of activity that will be authorized by this programmatic leasing EIS, the potential 
downstream impacts, which are predicted to be minor to negligible at the sub-watershed and 
forest scale, would be immeasurable against the background of variation due to downstream 
impacts, weather patterns, etc. This project would thus have no effect or no impact to 
downstream warm water Colorado River native fish species of concern. 

 
Vegetation 

 
Impacts to three of the Sensitive plant species that occur on the FNF are likely. The habitats for 
Eriogonum batemanii var. ostlundii (Elsinore buckwheat), Penstemon wardii (Ward beardtongue) 
and Tonsendia jonesii var. lutea (Sevier Townsendia) all fall within areas that have high potential 
for oil and gas development. The known populations of the remaining sensitive plant species as 
well as the Forest MIS plant species primarily fall within the low and moderate potential areas. 

 
Alternative B “may impact individuals or habitat, but will not likely contribute to a trend towards 
federal listing or cause a loss of viability to the population or species” for all of the Sensitive and 
MIS plant species known to occur on lands administered by the Fishlake National Forest. 

 
In Alternative C the potential impacts to TES plant species would be minimal. The NSO areas 
developed for the threatened and endangered plants would prohibit any impacts to known 
locations. This action alternative would have “No Effect” on any population or individual 
federally listed plant species, and “no impact” on any individual or known habitat of the following 
Sensitive species: Aster kingii var. barnebyana, Cymopterus beckii, Epilobium nevadense, Gilia 
caespitosa, Najas caespitosa, Salix arizonica, Senecio castoreus, Thelesperma subnudum var. 
alpinum. 
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Alternative C “may impact individuals or habitat, but will not likely contribute to a trend towards 
federal listing or cause a loss of viability to the population or species” for the following species: 
Astragalus consobrinus, Astragalus henrimontanensis, Astragalus perianus, Botrychium 
paradoxum, Castilleja aquariensis, Castilleja parvula var. parvula, Draba sobolifera, Eriogonum 
batemanii var. ostlundii, Penstemon parvus, Penstemon wardii, Potentilla angelliae, Tonsendia 
jonesii var. lutea. 

 
Alternative D would have “No Effect” on any population or individual federally listed plant 
species. In addition this action alternative will have “no impact” on any individual or known 
habitat of the Sensitive and MIS plants known to occur on lands administered by the Fishlake 
National Forest. 

 
Air Quality 

 
Under any alternative, impacts to air resources would only result if oil field exploration and 
construction activities, oil field development, operating and maintenance activities, and 
sustainable production occur.  The amount of dust generated by these activities would depend 
on the soil type, moisture conditions, dust control efforts, and the amount of traffic on dirt or 
gravel roads.  Vehicle exhaust emissions would primarily depend on the amount of traffic. 
Impacts to air resources would be dependent on the distance from the potential activities to 
their receptors and their elevations. Effects of oil and gas exploration and development were 
predicted using the reasonably foreseeable development scenario and air quality modeling. 
Generally, results predicted that air quality standards would continue to be met if the receptor 
was in a Class I airshed and was at an elevation above or below and at a distance of 55 
kilometers or greater away from a production well or 5 kilometers or greater away from an 
exploratory well.  Further modeling and analysis is recommended if the source is less than 55 or 
5 kilometers respectively. Results predicted no potential compliance problems if the receptor 
was in a Class II airshed.  Similar results and recommendations are made related visibility 
standards.  Oil and gas development is predicted to have little effect on greenhouse gasses 
regionally and negligible effects nationally and globally.  Oil and gas development may also 
release criteria pollutants that can contribute to acid rain and its impacts on lakes and 
vegetation.  Further discussions of impacts on air quality, visibility, greenhouse gasses and acid 
rain are covered in the Air Quality Section and Appendices D and E of this FEIS. 

 
There is the potential for oil and gas exploration and development activities to encounter 
hydrogen sulfide gas in the subsurface.  Hydrogen sulfide exhibits a range of toxic effects to 
human health depending on its concentration in the atmosphere. Releases of significant 
amounts of hydrogen sulfide are minimized through precautions normally taken by industry 
personnel, but serious accidents can potentially cause significant impacts to human health. 
Safety precautions are implemented when hydrogen sulfide is expected or known to be present 
protecting human health and welfare. 

 
Social/Economic 

 
Energy development can bring with it economic prosperity in the form of increased 
employment, higher incomes, and an increased tax base. Development can also cause adverse 
effects if local communities cannot accommodate population increases associated with the 
development. The influx of workers and their families could cause changes in social structures 
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and life styles and impose economic hardships if the need for public facilities and services arises 
before adequate local revenue sources are generated within the region. 

 
Under the various leasing options for development of the FNF oil and gas resources, a variety of 
changes in the human environment of the study area could occur. Direct effects would include 
changes in employment and income that result from new jobs in the community, increased 
revenue to local governments, and a possible increase in domestic oil and gas supply.  Indirect 
changes could take the form of increased business for local merchants and professionals (which 
would also increase the demand for labor), and possibly increase the population if development 
activities induce people to relocate permanently to the area. 
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1.0 PURPOSE OF AND NEED FOR ACTION 
 

1.1 DOCUMENT STRUCTURE 
 

The Forest Service has prepared this EIS in compliance with the NEPA and other relevant Federal 
and State laws and regulations. This EIS discloses the direct, indirect, and cumulative 
environmental impacts that could result from the proposed action and alternatives. The 
document is organized into four chapters: 

 
Chapter 1 – Purpose and Need for Action: The chapter includes information on the history of 
the project proposal, the purpose of and need for the project, and the agency’s proposal for 
achieving that purpose and need. This section also details how the Forest Service informed the 
public of the proposal and how the public responded. 

 
Chapter 2 – Alternatives, including the Proposed Action: This chapter provides a more detailed 
description of the agency’s proposed action as well as alternative methods for achieving the 
stated purpose. These alternatives were developed based on key issues raised by the public and 
other agencies. This discussion also includes mitigation measures. Finally, this section provides a 
summary table of the environmental consequences associated with each alternative. 

 
Chapter 3 – Affected Environment and Environmental Consequences: This chapter describes the 
environmental effects of implementing the proposed action and other alternatives. This analysis 
is organized by key issues. 

 
Chapter 4 – Consultation and Coordination: This chapter provides a list of preparers and 
agencies consulted during the development of the environmental impact statement. 

 
Appendices – The appendices provide more detailed information to support the 
analyses presented in the environmental impact statement. 

 

 
 

1.2 BACKGROUND 
 

In many parts of the United States, NFS lands overlie geological formations that may contain oil 
and/or natural gas. The Forest Service national policy on minerals (USFS 2007a) states that the 
“Exploration, development, and production of mineral and energy resources and reclamation of 
activities are part of the Forest Service’s ecosystem management responsibility.” In addition, the 
policy (USFS 2007a) indicates that the need to provide commodities for current and future 
generations should be balanced with the need to sustain the long-term health and biological 
diversity of ecosystems. Further direction comes from the Mining and Mineral Policy Act of 
1970, which states that the federal government is to “foster and encourage private enterprise in 
the development of economically sound and stable industries, and in the orderly and economic 
development of domestic resources to help assure satisfaction of industrial, security, and 
environmental needs.” In accordance with these directives, the Forest Service works with the 
BLM to make many NFS lands available for leasing for the purpose of drilling exploratory wells 
and extracting oil and/or gas (USFS 2007a). 
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The BLM acts as the onshore leasing agent for the federal government. However, the FOOGLRA 
increased the role of the Forest Service in the oil and gas leasing process. Consequently, the 
Forest Service developed new regulations (36 CFR Part 228 Subpart E and Part 261) to be 
consistent with the FOOGLRA, and to provide guidance for oil and gas leasing and surface-use 
management on NFS lands. This established a staged decision process, which is designed to 
accommodate the speculative nature of oil and gas exploration and development. The first step 
in the process is a Forest Service leasing analysis. The Forest Service decides whether or not 
lands will be available for leasing, and under what conditions (leasing options) the leases will be 
issued. 

 
The NEPA also requires the Forest Service, along with its cooperating agencies, to identify and 
assess potentially significant environmental impacts and address issues associated with oil and 
gas leasing. In accordance with the NEPA, the Forest Supervisor of the FNF has decided to 
prepare an EIS to document the Forest Service leasing analysis process, and disclose the 
potential effects of oil and gas leasing on the human environment. As the agency responsible for 
lease issuance and administration, the BLM has participated as a cooperating agency. The State 
of Utah also participated as a cooperating agency due to existing state jurisdiction by law and 
special expertise related to many resources including air quality, mining regulation, water 
quality, wildlife, and socioeconomics. 

 
This EIS is not a decision document to grant the right to explore for and develop oil and gas. 
Rather, it is a document disclosing the environmental consequences of implementing various 
alternatives on the potential oil and gas leasing of lands that could be offered for lease in the 
future. Actual surface disturbing activities for oil and gas exploration and development would 
undergo future, project-specific environmental analyses. 

 

1.3 PURPOSE AND NEED FOR ACTION 
 

Agency regulations at 36 CFR 228.102 require the Forest Service to analyze lands under their 
jurisdiction that have not already been analyzed for oil and gas leasing. Minimal analysis of the 
effects of oil and gas leasing on landadministered by the FNF has previously been completed. The 
FOOGLRA established consent authority to the Forest Service for leasing, prior to the BLM 
offering NFS lands for lease. The BLM Utah State Office has received several Expressions of 
Interest (EOI) for leasing portions of the FNF. In order to facilitate the BLM processing and 
responding to those EOIs, the FNF must first complete a leasing analysis to determine which 
lands to consent to lease, and what stipulations will apply to those lands. Finally, the FNF LRMP 
has not been revised; therefore, an amendment is needed to update direction for protecting 
surface resources relative to minerals management, specifically oil and gas exploration and 
development. 

 
The purpose of this leasing analysis is to identify which lands will be available and approved for 
oil and gas leasing, to determine what lease stipulations will apply to which pieces of land for 
resource protection, to project the type and amount of post-leasing activity that is reasonably 
foreseeable, and to analyze the potential impacts of reasonably foreseeable post-leasing 
activity. 
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1.4 PROPOSED ACTION 
 

The proposed action is to make all lands administered by the FNF available for lease, with the 
following stipulations. 

 
The following areas would be leased with the No Surface Occupancy (NSO) stipulation: 

 
 All Research Natural Areas 
 Inventoried Roadless Areas 
 Quitchupah Canyon Cultural Area 
 Paradise Valley Cultural Resource Site 
 Old Spanish Trail corridor 
 Areas with slopes greater than 35 percent 
 North Horn sediment areas greater than 25 percent slope 
 Areas with geologic hazards or unstable soils 
 Habitat within one mile of known federal threatened, endangered, or proposed (TEP) 
plants 
 Areas within one mile of Sensitive plant locations covered under a conservation 
agreement 
 Areas within 300 feet of riparian areas, wetlands, lakes, reservoirs, perennial streams, and 
springs 
 Drinking Water Source Protection Zones (Zones 1-3 and T2 and T4) 
 Mexican spotted owl PACs 
 Goshawk core nesting areas 
 Bald eagle winter concentration areas 
 Within four miles of sage grouse leks and nesting habitat 
 Known colonies of pygmy rabbits 
 Key habitats for boreal toad 
 Within ¼ mile of developed recreation sites and National Recreation Trails 
 Within ¼ mile of Forest Service administrative sites and facilities 
 Frequently viewed areas of high scenic integrity 

 

 
The following areas would be leased with a Timing Limitation (TL) stipulation: 

 
 Sage grouse brood-rearing areas (May 1 to July 5) 
 Sage grouse wintering habitat (December 1 to March 15) 
 Bighorn sheep winter range (November 1 to April 15) 
 Crucial elk and mule deer winter range (December 1 to April 15) 
 Bighorn sheep lambing, crucial elk calving and mule deer fawning  (May 1 to July 5) 

 
The following areas would be leased with the Controlled Surface Use (CSU) stipulation: 

 
 Goshawk post-fledging areas 
 Active raptor nest areas as determined by the USFWS 
 Class I airsheds 

 
All other areas would be leased with standard lease terms and conditions. Lease notices would 
be included in leases to inform prospective bidders of restrictions required by law or regulation. 
See Appendix A for specific lease notices. 
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1.5 DECISION FRAMEWORK 
 

The Forest Supervisor will decide which federal lands administered by the FNF with federal oil 
and gas ownership, will be administratively available for oil and gas leasing, and will identify 
required lease stipulations for specific areas (36 CFR 228.102(d)). The Forest Supervisor has the 
authority to authorize the BLM to offer available lands for lease, subject to the Forest Service 
identified stipulations (36 CFR 228.102(e)). This analysis will be used to amend the LRMPs of the 
FNF and Dixie National Forest, as necessary, to incorporate the leasing decisions and other 
changes as indicated in the analysis. The Teasdale portion of the Fremont River Ranger District 
was formerly managed by the Dixie N.F., with management direction included in the Dixie LRMP. 
This section of land is now managed by the FNF, and is included in this leasing analysis. 

 
The BLM Deputy State Director for Minerals and Lands will decide whether to offer for lease 
those NFS lands authorized for leasing by the FS, and make the leasing decisions for non-federal 
lands with federal oil and gas ownership within the Forest boundaries (43 CFR 3100). 

 
The responsible officials of the Forest Service and BLM will release separate RODs. The RODs will 
not authorize specific surface-disturbing activities. Post-lease proposals to conduct operations 
will be evaluated on a site-specific basis and the respective decisions will be documented in 
accordance with applicable laws and regulations. 

 

1.6 COOPERATING AGENCIES 
 

The BLM is responsible for issuing oil and gas leases on federal lands and on private or State 
lands for which the federal government retains mineral rights. The BLM cannot issue leases for 
lands administered by the Forest Service without consent from the Secretary of Agriculture. As 
the agency responsible for federal lease issuance and administration, the BLM participated in 
this EIS as a cooperating agency. The State of Utah is participating as a cooperating agency due 
to existing state jurisdiction by law and/or special expertise related to many resources including 
air quality, mining regulation, water quality, wildlife, and socioeconomics. 

 

1.7 POLICY AND LEGISLATION 
 

1.7.1 Land and Resource Management Plan 
 

Management of each administrative unit of the NFS (one or more National Forest(s) or National 
Grassland(s)) is governed by a LRMP. The existing Fishlake LRMP was approved in 1986, and 
includes general decisions, as part of management prescriptions to provide for oil and gas 
leasing, but does not include decisions for leasing specific lands. Prior to the passage of the 
FOOGLRA, and except for acquired lands, the Forest Service had no authority to make decisions 
related to issuing or not issuing oil and gas leases on NFS lands. As a result, the current LRMP, 
which predates the FOOGLRA, does not fully meet the intent of the current regulations to make 
site-specific leasing decisions. This EIS and decisions the Forest Supervisor will make, including 
availability of lands for oil and gas leasing, will be used to develop an amendment to the LRMP. 
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1.7.2 Roadless Area Conservation Rule and Legal Activity 
 

Litigation History and Status 
The Roadless Area Conservation Rule (RACR) prohibits, with some exceptions, road construction 
and timber harvesting across 58.5 million acres of the National Forest System.  The rule was 
published in the Federal Register on Jan. 12, 2001 (66 FR 3244). Ten lawsuits were filed 
challenging the rule.  In May 2001, a preliminary injunction barring implementation of the rule 
was issued by a federal district court in Idaho.  The Ninth Circuit Court of Appeals reversed that 
ruling, and the RACR became effective in April 2003. In June 2003, the State of Alaska settled its 
claims regarding the RACR and after further rulemaking the Tongass National Forest was 
exempted from the RACR (68 FR 75136).  Two cases in North Dakota that involved the RACR 
were eventually settled in March 2007 and three others were dismissed. 

 
However, in July 2003, a federal district court in Wyoming upheld the State of Wyoming’s 
challenge to the RACR holding that promulgation of the RACR was procedurally flawed under 
NEPA and substantively illegal under the Wilderness Act.  The court set aside and permanently 
enjoined the rule.  The decision was appealed to the Tenth Circuit Court of Appeals, but the 
court declared the case moot and vacated the Wyoming order after the 2005 State Petitions 
Rule was promulgated. 

 
The 2005 State Petitions Rule triggered two lawsuits in a district court of California. One 
lawsuit was filed by the States of California, New Mexico, and Oregon; and the other was filed 
by a coalition of environmental groups.  On Sept. 20, 2006, the California court set aside the 
2005 State Petitions Rule, and reinstated the RACR (including the Tongass amendment). The 
decision was appealed.  On Aug. 5, 2009, the appellate court affirmed the district court’s 
ruling. 

 
In response to the reinstatement of the RACR, the State of Wyoming filed a second lawsuit 
(Wyoming II) challenging the RACR. On August 12, 2008, the Wyoming court again set aside and 
enjoined the RACR.  The government filed an appeal on August 13, 2009 to the Tenth Circuit 
Court.  Briefs were filed and oral hearing was held on March 10, 2010. 

 
The Wyoming decision placed the Forest Service in a conundrum of trying to comply with the 
California court’s order to follow the RACR and the Wyoming court’s order to not follow the 
RACR.  The Department of Justice submitted motions on August 20, 2008 to both courts 
requesting a stay or limiting the scope of both injunctions.  On December 2, 2008, the California 
court changed its injunction to affect only the Ninth Circuit and the plaintiff State of New 
Mexico. On June 16, 2009, the Wyoming court denied the government’s motion for 
reconsideration and suspension of its injunction. 

 
On December 22, 2009, a coalition of Alaska Natives, recreation groups and environmentalists 
filed a lawsuit seeking to set aside the Tongass exemption of 2003 and all projects not fully 
consistent with the RACR. 

 
On October 21, 2011, the United States Court of Appeals for the Tenth Circuit decided Wyoming 
v. USDA and found the Forest Service’s adoption of the RACR does not violate federal law. The 
Tenth Circuit ordered the District of Wyoming Court to vacate its earlier ruling and lift its 
nationwide injunction of the RACR.  The Tenth Circuit’s decision is a positive step for the Forest 
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Service in its 10-year history of litigation involving the Roadless Rule. 

 
In March 2012 Wyoming District Court lifted the Nationwide Injunction of the 2001 Roadless 
Area Conservation Rule in Wyoming v. U.S. Department of Agriculture. On March 1, 2012, in 
accordance with the recent Tenth Circuit opinion reversing the District Court’s issuance of a 
permanent national injunction on the RACR and remanding the case back to the District Court 
with instructions to vacate the injunction, the District Court on March 1 issued an Order vacating 
the national injunction on the RACR. (07-00017, D. WY). 
 
State Petitions Status 
The States of California, Idaho, New Mexico, North Carolina, South Carolina, and Virginia filed 
petitions under the State Petitions Rule. Other States announcing they intended to file a petition 
under the State Petitions Rule included Arizona, Colorado, Illinois, Oregon, Washington, and 
Wisconsin. 

 
After the California district court ruling, Idaho Governor James Risch re-submitted Idaho’s 
petition under the Administrative Procedure Act (APA) for the management of 9.3 million 
inventoried roadless acres within that state.  A final Idaho Roadless Rule was published in 
October 2008 (73 FR 61456).  The final Idaho Roadless Rule supersedes the RACR in Idaho. 
Several environmental groups filed a lawsuit challenging the Idaho rule on January 16, 2009 
claiming violations of the Endangered Species Act, and the National Environmental Policy Act. 
On January 9, 2011 the District Court issued a memorandum decision that the Endangered 
Species Act and the National Environmental Policy Act were not violated. 

 
In November 2006, then Colorado Governor Bill Owen submitted a petition for the management 
of 4 million roadless acres of IRAs within that state. Governor Bill Ritter amended the petition in 
April 2007 and submitted it under the APA. With the State as a cooperating agency, a proposed 
rule was published on July 25, 2008 (73 FR 43544) and notice of availability of the supporting 
DEIS on August 1. On August 3, 2009, the State released a revised version of the rule with a 60- 
day comment period.  Gov. Ritter submitted a revised petition to the Sec. of Agriculture on April 
6, 2010.  A final Colorado Roadless Rule was published in July 2012 (77 FR 39576). 

 
Action by the Secretary of Agriculture 
On May 28, 2009, Secretary of Agriculture Tom Vilsack issued Memorandum 1042-154 which 
reserves “to the Secretary the authority to approve or disapprove road construction or 
reconstruction and the cutting, sale, or removal of timber in those areas identified in the set of 
inventoried roadless area maps contained in Forest Service Roadless Area Conservation, Final 
Environmental Impact Statement, Volume 2, dated November 2000.”  The Memorandum did 
not affect lands covered by the Idaho rule (9.3 million acres), but includes the Tongass National 
Forest (9.3 million acres) in Alaska.  Approximately, 49.2 million acres are affected.  The 
Secretary has since re-delegated some authorities back to the Forest Service. Memorandum 
1042-154 expired in one year. 
 
On May 29, 2010, the Secretary issued a new Memorandum 1042-155. It is essentially the same 
as the previous memorandum with the re-delegations, but includes the re-delegation to the  
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Under Secretary Natural Resources and Environment for decisions covered by the 1872 Mining 
Laws. Memorandum 1042-155 expired in one year. 

 
On May 30, 2011 the Secretary issued a third Memorandum 1042-156, again reserving to the 
Secretary the decision making authority over the construction and reconstruction of roads and 
the cutting, sale, or removal of timber in inventoried roadless areas, and re-delegating to the 
Under Secretary decisions associated with operations of locatable mining activities, and re- 
delegating to the Chief of the Forest Service certain approval decisions relating to emergency 
situations, and a few other situations. Memorandum 1042-156 expired on May 30, 2012. 

 
On March 2, 2012, Judge Brimmer (Wyoming) lifted his injunction on the 2001 Roadless Area 
Conservation Rule. Lifting of the injunction paves the way for implementation of the RACR 
nationwide and provides much needed consistency regarding the management of Inventoried 
Roadless Areas. 
 
Action by the Chief of the Forest Service – In a letter dated 5/31/2012, the Chief of the FS said 
that he is “continuing to review certain activities planned in roadless areas… to ensure a 
consistent approach to implementation of the 2001 Roadless Rule and that we are doing all we 
can to protect roadless area characteristics.”  An attachment to the letter outlined the types or 
projects requiring that review.  Refer to “Chief’s Review Process for Activities in Roadless Areas” 
in the project record. 

 
Pending Legislation 
Since 2001 four House and four Senate bills to legislate the RACR have been submitted but none 
were enacted.  On October 1, 2009 Representative Jay Inslee (WA) and 154 cosponsors 
introduced HR 3692 and Senator Maria Cantwell (WA) and 24 cosponsors introduced S 1738 for 
the protection of roadless areas based on the 2001 rule.  A related bill reintroduced on February 
11, 2009, by Representative Carolyn Maloney and 95 cosponsors is the Northern Rockies 
Ecosystem Protection Act to designate certain National Forest System lands and public lands 
under the jurisdiction of the Secretary of the Interior in the States of Idaho, Montana, Oregon, 
Washington, and Wyoming as wilderness, wild and scenic rivers, wildland recovery areas, and 
biological connecting corridors, and for other purposes.  Copies of these bills can be found at 
http://thomas.loc.gov/. 

 
Additional information 
The Forest Service maintains a roadless website at http://roadless.fs.fed.us/. Copies of the 
Secretary’s Memorandum, RACR and state-specific rules, supporting documents, and other 
information are available. 

 

1.7.3 Wild and Scenic River Suitability Study for National Forest 
System Lands in Utah 

 
In November 2008, the Forest Service issued a ROD for the Wild and Scenic River Suitability 
Study for National Forest System Lands in Utah.  Out of 86 eligible river segments on National 
Forests in Utah that were found eligible for consideration for Wild and Scenic Rivers designation 
during forest planning efforts, ten rivers were found suitable for designation.  On the FNF, a 15 
mile section of Fish Creek is suitable and recommended for inclusion into the National Wild and 
Scenic River System. 
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1.7.4 The Mineral Leasing Act of 1920 (as amended) 
 

The Mineral Leasing Act of 1920, as amended, authorizes and governs oil and gas leasing on lands 
with federal oil and gas rights. The primary authority and responsibility for determinations 
regarding leasing remained with the Secretary of the Interior and the BLM. The Act makes 
deposits of oil and gas on federal lands available for oil and gas leasing, unless a specific land 
order has been issued to close an area. The Act also mandates that oil and gas surface disturbing 
activities be regulated and reclamation procedures developed for the conservation of surface 
resources. Further, with the exception of National Park System lands and Indian Trust lands, it 
authorizes rights-of-ways through federal lands for oil and gas pipelines. The development of 
regulations and stipulations for the protection of the environment, and individuals relying on 
the environment for subsistence purposes, are required for all rights-of way. 

 

1.7.5 The Mineral Leasing Act for Acquired Lands of 1947 
 

The Mineral Leasing Act for Acquired Lands of 1947 states that all deposits of coal, phosphate, 
oil, oil shale, gas, sodium, potassium, and sulfur that are owned or may be acquired by the US 
and that are within lands acquired by the US may be leased by the Secretary of the Interior 
under the same conditions as contained in the leasing provisions of the mineral leasing laws. No 
mineral deposits shall be leased without the consent of the head of the executive department 
having jurisdiction over the lands containing the deposit and subject to such conditions as that 
official may prescribe. 

 

1.7.6 Multiple Mineral Development Act of 1954 
 

The Multiple Mineral Development Act of 1954 was enacted to amend the mineral leasing laws 
and the mining laws to provide for multiple mineral developments of the same tracts of public 
lands. Prior to passage of the act, locatable minerals could not be patented on tracts of ground 
with existing mineral leases, and mineral leases could not be offered on lands with mineral 
patents. The Multiple Mineral Development Act was included as Chapter 12 in the Mining and 
Minerals Policy Act of 1970 (30 U.S.C 521 et seq.) 

 

1.7.7 The Mining and Minerals Policy Act of 1970 
 

The Mining and Minerals Policy Act of 1970 indicates that the continuing policy of the federal 
government is to foster and encourage private enterprise in the development of economically 
sound and stable domestic mining and minerals industries and the orderly and economic 
development of domestic mineral resources. 

 

1.7.8 The Energy Security Act of 1980 
 

The Energy Security Act of 1980 directs the Secretary of Agriculture to process applications for 
leases and permits to explore, drill, and develop resources on National Forest System lands, 
notwithstanding the current status of any management plan being prepared. 

 
 
 
 
 

 
8 



Final Environmental Impact Statement Fishlake National Forest Oil and Gas Leasing Analysis 
 

 
 

1.7.9 The Federal Onshore Oil and Gas Leasing Reform Act 
 

The FOOGLRA amended the Mineral Leasing Act of 1920. It provided the Forest Service with 
more input on oil and gas leasing on NFS lands. Under the FOOGLRA, the authority to issue all 
leases for federally owned oil and gas remained with the BLM. However, Forest Service 
decisions for leasing with certain stipulations are binding on the BLM for NFS lands, if the BLM 
decision is to offer the leases for sale. Prior to the Leasing Reform Act of 1987, the Forest 
Service's authority regarding oil and gas leases issued on NFS lands was varied, and in most 
cases the Forest Service only made nonbinding recommendations to the BLM. The 36 CFR 228 
subpart E regulations, issued in April 1990 established the process for making oil and gas 
leasing decisions in accordance with the FOOGLRA. 

 

1.7.10 36 CFR 228E Regulations 
 

Title 36 CFR, Subpart E, provides direction to the Forest Service to administer and regulate 
surface uses and leases on NFS lands. These regulations prescribe methods by which the Forest 
Service will make decisions with regard to oil and gas leases and subsequent management of oil 
and gas operations. These regulations lay out the process for determining lands administratively 
available for leasing, including the designation of stipulations and the projection and analysis of 
post-leasing activity. The regulations describe the Forest Service process for authorizing the BLM 
to offer leases for sale. 

 

1.7.11 Title 43 CFR 3160: Federal Oil and Gas Regulations 
 

Title 43 CFR Part 3160 provides regulations for all onshore oil and gas operations. The 
regulations govern operations associated with the exploration, development, and production of 
oil and gas deposits from leases issued under the direction of the Director of the BLM. The 
objective of these regulations is to promote the orderly and efficient exploration, development, 
and production of oil and gas. 

 

1.7.12 Energy Policy Act of 2005 
 

The Energy Policy Act or 2005 directs the Secretaries of the Interior and Agriculture to improve 
administration of federal oil and gas leasing programs. This includes the improvement of 
inspection and enforcement of oil and gas activities. It also requires the development and 
implementation of BMPs. In addition, it requires the Secretaries of the Interior and Agriculture 
to enter into a MOU to improve coordination and consultation on oil and gas leasing activities. 
The Secretaries of Agriculture and Interior entered into a MOU in April 2006. The purpose of the 
MOU was to satisfy requirements of the Energy Policy Act of 2005 and to establish joint BLM 
and Forest Service policies and procedures for managing oil and gas leasing and subsequent 
actions. 

 

1.7.13 Onshore Oil and Gas Order Number 1 
 

In March 2007, Onshore Oil and Gas Order Number 1, Approval of Operations, was revised (72 
FR 10308). The order provides the requirements necessary for the approval of all proposed oil 
and gas exploratory, development, or service wells and their subsequent well operations, 
including abandonment, on all federal oil and gas leases. The order includes leases where the 
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surface is managed by the Forest Service. The revisions were necessary due to provisions in the 
FOOGLRA, the Energy Policy Act of 2005, legal opinions, court cases since the original order was 
issued, and other policy or procedural changes. The revised order assures that the processing of 
Applications for Permit to Drill (APD) is consistent with the FOOGLRA, and clarifies the 
regulations and procedures that are to be used when dealing with split estate lands. The revised 
rule also addresses using Master Development Plans, encourages the voluntary use of BMPs as 
part of APD processing, and requires additional bonding on certain off-lease facilities. 

 
The Forest Service is responsible only for approving surface disturbing activities on NFS lands 
and appeals related to Forest Service decisions or approvals. The BLM is solely responsible to 
provide expertise in the areas of petroleum engineering and petroleum geology in 
interdisciplinary teams performing environmental analyses for leasing on NFS lands and provide 
Reason Foreseeable Development Scenario (RFDS) for oil and gas leasing, if requested. 

 

1.7.14 Onshore Oil and Gas Order Number 2 
 

This Order details the BLM’s uniform national standards for the minimum levels of performance 
expected from lessees and operators when conducting drilling operations on Federal and Indian 
lands (except Osage Tribe) and for abandonment immediately following drilling. The proposed 
casing and cementing programs shall be conducted as approved to protect and/or isolate all 
usable groundwater zones (≤ 10,000 mg/L total dissolved solids). The surface casing shall be 
cemented back to the surface either during the primary cement job or by remedial cementing. 

 

1.8 PUBLIC INVOLVEMENT 
 

The NOI for this EIS was published on July 7, 2006 in the Federal Register, Volume 71, No. 130, 
pages 38602 – 38604. The publication of the NOI initiated the formal 45-day scoping period. The 
project has been listed in the quarterly SOPA since April 1, 2006. 

 
A public breakout session regarding the oil and gas leasing analysis and preparation of this EIS 
was conducted during the Dixie and Fishlake Forest Plan Forum on June 28, 2006.  A legal notice 
was published in the Richfield Reaper on July 5, 2006. 

 
News releases with project scoping information were published in several supplemental 
publications in June 2006, including the Garfield County Insider, Millard County Chronicle 
Progress, Richfield Reaper, and Wayne County Insider. Letters were sent to 250 individuals and 
organizations, and six public meetings were conducted in Beaver, Fillmore, Junction, Loa, 
Richfield, and Salina, Utah. Finally, due to the time lapse between initial scoping and release of 
a DEIS, a Corrected NOI was published January 18, 2011 in the Federal Register, Volume 76, No. 
11, pages 2881 – 2882. 

 
A Notice of Availability was published in the Federal Register on October 21, 2011 for the DEIS, 
commencing the 45 day formal comment period, which concluded on December 5, 2011. After 
receiving comments back about not having access to the air quality monitoring report which is 
referenced in the DEIS, the FNF made the document available, issued a Notice of Availability in 
the Federal Register on February 17, 2012 to extend the formal comment period for 45 days. 
1.9 Issues 
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Issues serve to highlight effects or unintended consequences that may occur from the proposed 
action and alternatives, giving opportunities during the analysis to reduce adverse effects and 
compare trade-offs for the decision maker and public to understand. The Forest Service 
separated the issues into two groups: key and non-key issues. Key issues are used in 
environmental analysis to formulate alternatives, prescribe mitigation measures, or analyze 
environmental effects. Issues are key because of the extent of their geographic distribution, the 
duration of their effects, or the intensity of interest or resource conflict. 

 

1.8.1 Key Issues 
 

Issue #1: Wildlife Resources 
Activities associated with post-leasing oil and gas exploration and development could cause 
detrimental impacts to wildlife, including threatened, endangered, proposed, sensitive, 
migratory birds, and MIS. These impacts could include decreased security due to increased 
access, displacement, disruption of breeding and rearing of young, death of individuals, direct 
habitat loss, decrease to population trends, habitat fragmentation, and conflict with existing 
conservation agreements. 

 
Measurement Indicators: 

 
 Acres and percentage of total suitable habitat and critical habitat areas open to 

development 
 Road density in wildlife habitat (sage-grouse, big game) 
 Narrative discussion on potential effects related to fragmentation of existing habitats 

and populations 
 Effects determinations as disclosed in biological assessment required by ESA 
 Sensitive species viability determinations as disclosed in required biological evaluation 
 Consideration of UDWR management plans and population objectives 

 
Issue #2: Unroaded/Undeveloped Areas (UUA) 
Potential change to wilderness quality (intrinsic wilderness attributes brought forth from the 
Wilderness Act of 1969) of unroaded/undeveloped areas which are generally outside of but 
contiguous to an Inventoried Roadless Area. 

 
Measurement Indicators: 

 
 Number of acres available for lease in UUA 

 
Issue #3: Visual and Scenic Integrity 
Activities associated with post-leasing oil and gas exploration and development could degrade the 
scenic integrity of the Forest and cause a decrease in visitation and forest use. 
 
Measurement Indicators: 

 Narrative of potential visual change 
 Duration of changes 
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Issue #4: Geologic Hazards and Steep Slopes 
Ground-disturbing activities associated with oil and gas exploration and the subsequent 
development of roads, pipelines and production fields may cause a decrease in slope stability 
within large areas of steep to very steep terrain. This could result in accelerated rates of soil 
erosion with rapid runoff events followed by a partial sedimentation of our local water bodies.  
 
Measurement Indicators: 

 
 Potential soil loss in tons/acre/year 
 Miles of road and acres of disturbance on steep slopes or unstable soils 

 
Issue #5: Water Quality 
Activities associated with post-leasing oil and gas exploration and development could cause 
adverse impacts to ground water and surface water. 

 
Measurement Indicators: 

 
 Level of adverse impact risk to source water protection zones 
 Acres of potential well development within 300 feet of surface water 

 
Issue #6: Fisheries 
Activities associated with post-leasing oil and gas exploration and development could cause an 
increase in sedimentation and otherwise degrade cold water aquatic habitat and watershed 
conditions, resulting in changes in habitat, food production, and declining recruitment of trout, 
and reduce the sustainability of native trout populations. 

 
Measurement Indicators: 

 
 Increase in sediment level above baseline 
 Changes to instream habitat structure 

 
Issue #7: Vegetation 
Activities associated with post-leasing oil and gas exploration and development could cause 
individual endangered, threatened, sensitive and/or MIS plants or plant populations to be 
negatively impacted. Noxious weed populations could increase as a result of ground disturbance 
associated with oil and gas exploration and development. 

 
Measurement Indicators: 

 
 Acres of potential ground disturbance 
 Development potential in habitat for species of concern 
 Effect determinations disclosed in required biological assessment (T&E species) 
 Impact determinations disclosed in required biological evaluation (FS Sensitive species) 

 
Issue #8: Air Quality 
Activities associated with post-leasing oil and gas exploration and development could result in 
emitting atmospheric pollutants including fine particulates, NOx and volatile organic 
compounds, degrading air quality. 
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Measurement Indicators: 

 
 Change in air quality above ambient conditions 
 NAAQS Exceedances 
 Change in visibility compared to natural background conditions 
 Increase in greenhouse gas emissions 

 
Issue #9: Social/Economic 
Lack of opportunities to lease federal land for oil and gas exploration and development could 
cause a shortage of domestic oil and gas supplies, and result in high prices for gas and oil. A 
shortage of domestic oil and gas supply results in dependence on foreign energy supplies. 

 
Measurement Indicators: 

 
 Percentage of available land approved for leasing availability 
 Revenue potential 

 

1.8.2 Non-key Issues 
 

Three issues were considered non-key and not warranting further analysis.  These issues are 
presented below along with the rationale for why they are not analyzed in this EIS: 

 
1.  Noxious Weed Spread 

 
The “Standard Lease Terms,” state that the “Lessee must conduct operations in a manner that 
minimizes adverse impacts to the land…” and the “…lessee must… reclaim the land as specified 
by the lessor…”  The FNF has specified operation and reclamation standards that mitigate 
noxious weed increase due to oil and gas exploration and development.  The Fishlake National 
Forest Oil and Gas Construction and Operating Standards and Well Site Design Requirements 
(Appendix F) contain the following provisions to mitigate noxious weed population increase: 

 
Prior to vegetation disturbance/removal all noxious weeds must be removed from the site and 
handled by approved methods needed to prevent spread of seeds. 

 
All vegetation materials, seeds, soil amendments, and sediment control materials must be 
certified that no noxious weed seed or noxious weeds are present. The operator is responsible 
for control and eradication of noxious weeds in project area, and the control and eradication of 
any invasive plant species not present at the site prior to operations, until such time as 
reclamation standards are met and the company is relieved of further reclamation 
responsibilities. 

 
Vehicles and equipment shall be free of mud, soil, plant materials, and other debris which could 
contain noxious weed seeds prior to coming onto the Forest. This is needed to avoid 
transporting noxious weeds, or invasive species to sites on the Forest. 
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With these mitigation measures in place along with the small number of acres of expected 
disturbance noxious weed increase as a result of ground disturbance associated with oil and gas 
exploration and development is mitigated to the point that it would not be a key issue. 

 
2.  Inventoried Roadless Areas 

 
Of particular importance to maintaining wilderness potential in IRAs, road construction and 
reconstruction is not allowed in an IRA.  Accordingly, no direct effects to the roadless character 
or wilderness potential of IRAs would occur under any of the alternatives analyzed in the EIS. 
Further, the IRAs are protected under a NSO stipulation under Alternatives C and D, and with a 
Lease Notice under Alternative B that would prohibit road construction or reconstruction in 
IRAs. The Forest Service has identified the key issue relative to IRAs as potential impacts to 
unroaded and undeveloped areas adjacent to IRAs. Roadless or wilderness character of 
unroaded and undeveloped areas which are generally outside of but contiguous to an IRA will be 
addressed in this EIS. 

 
3.  Cultural Resources 

 
The National Historic Preservation Act (NHPA) and Executive Order 11593 require the protection 
and enhancement of cultural and heritage resources by the Federal government. Title 36 Code 
of Federal Regulations, Part 800, Section 106 details the process by which agencies determine 
whether undertakings will adversely affect heritage resources and how the agencies consult to 
avoid, minimize or mitigate the effects of the undertakings. The Section 106 process of the 
NHPA requires consultation with the appropriate agencies to develop and evaluate alternatives 
or modifications to all of the proposed undertakings for oil and gas development in order to 
avoid, minimize or mitigate adverse effects to cultural resources. 

 
This leasing analysis and subsequent decision is programmatic in nature, and is conducted to 
determine which land is suitable to offer for oil and gas leasing, and which pieces of land have 
known characteristics that should be protected with a lease stipulation, when and if those 
pieces of land are considered for oil and gas exploration and development. There are known 
pieces of land that contain culturally important resources deemed appropriate for protection 
under a lease stipulation. These parcels of land are the Old Spanish Trail, the Paradise Valley 
area, and the Gooseberry area. These areas have all been placed under a NSO stipulation. 

 
On land that is not placed under a lease stipulation, either for cultural resource or other resource 
protection, prior to any ground disturbing activity associated with oil and gas development, the 
FNF will identify and evaluate within the active lease areas, those cultural resources that need to 
have mitigation undertaken.  In addition to having the NHPA to guide the Forest Service in 
protecting cultural resources, the Forest Service has a standard Lease Notice that is attached to 
all oil and gas leases requiring cultural resource surveys to be completed, and appropriate 
mitigation developed to protect any found sites (Appendix A). Under SLT&C oil and gas facilities 
or activities may be moved by up to 200 meters (656 feet) to avoid impacts to those cultural 
resources that warrant this.  As a result, impacts to general cultural resources on the 
FNF would be avoided or mitigated at or prior to the construction phase. 
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Consultation with Native American tribes has been on-going throughout the NEPA process and 
has been conducted under the approach that areas of known concentrations of sites, and not 
just individual sites, are an important component of Native American concerns. 

 

1.9 FEDERAL LEASING PROCESS 
 

Passage of the FOOGLRA resulted in the establishment of a staged decision making process for 
consideration of oil and gas leasing activities on NFS lands.  The process is designed to 
accommodate the tentative nature of oil and gas exploration and development. In general, the 
various steps that are undertaken are: 

 
(1)  Forest Service leasing analysis 
(2)  Forest Service notification to BLM of lands administratively available for leasing 
(3) BLM receives expression of interest (EOI) from industry or the public, and forwards to the 
Forest Service for a letter of consent to lease 
(4) Forest Service attaches the appropriate stipulations and lease notices to the lease before 
returning their recommendation to the BLM. 
(5) BLM assessment of Forest Service conditions of surface occupancy 
(6) BLM offers lease 
(7) BLM issues lease 
(8) Application for Permit to Drill (APD) is filed with BLM by a proponent, along with Surface Use 
Plan of Operation (SUPO) 
(9)  Forest Service review and approval of lessee’s SUPO (requires new NEPA analysis and 
decision). This is the first ground-disturbing action. 
(10) BLM review and approval of lessee’s APD, which includes the SUPO and Drilling Plan (DP) 
(11) Ensure final reclamation 

 
Based on the Forest Service leasing analysis (step 1 above), the Forest Service decides whether 
or not lands will be available for leasing and under what conditions (stipulations) the leases will 
be issued. This EIS will fulfill this step for the FNF.  If lands are determined to be available for 
leasing, the FOOGLRA requires that leases be offered first for competitive leasing at an oral 
auction.  Noncompetitive leases may be issued only after no competitive bids have been 
received.  After issuance, leases are held for a period of ten years. If oil and/or gas are 
discovered, the leases continue for the period that oil and/or gas are produced in paying 
quantities.  In the lower 48 states, the maximum competitive lease size is 2,560 acres and the 
maximum noncompetitive lease size is 10,240 acres. 

 
Industry or individuals submit EOIs to BLM, thereby proposing specific lands be offered for 
competitive bid.  The BLM prioritizes areas to be processed based on the EOIs. The Forest 
Service and BLM then delineate parcels in the requested areas and identify the required lease 
stipulations.  Finally, each parcel is packaged as a lease to be offered for bid. The BLM has 
received EOIs to lease certain lands on the FNF, displayed in Figure 1.10-1 below. 
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Figure 1.1-1: Lands nominated for lease by Expressions of Interest. 
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1.9.1 Standard Lease Terms and Conditions 
 

Standard terms and conditions are defined in 43 C.F.R. § 3101.1-2 (2004), which sets a standard 
under which certain surface-use restrictions are considered to be consistent with lease rights. 
Standard lease terms and conditions (SLT&C) allow the surface management agency to move 
new locations for well pads, roads, and pipelines up to 200 meters (656 feet) and can restrict 
initiation of operations up to 60 days. They require that proposed oil and gas operations be 
allowed to be sited on the leasehold. 

 
BLM Form 3100-11 describes the rights and restrictions for use and occupancy of the leased land 
as needed to explore for, drill, extract, remove, and dispose of oil and gas. The lessee or 
designated operator must conduct operations in a manner that minimizes adverse effects to the 
land, air, water, cultural, biological, visual, and other resources, as well as other land uses and 
the public.  The lease form and the USDA Lease Notice (required on all leases on NFS lands) 
discusses mandatory compliance with environmental laws such as the Clean Water Act, 
Endangered Species Act, and the National Historic Preservation Act. 

 
The guidelines and practices from the following sources would be applied as appropriate to 
operations on the FNF: 

 
 Gold Book – Surface Operating Standards and Guidelines for Oil and Gas Exploration and 

Development 
 BLM Best Management Practices (BMPs) for Fluid Minerals 
 Oil and Gas Roading Guidelines, Region 4 (R-4) 
 Fishlake National Forest Oil and Gas Construction and Operating Standards and Well Site 

Design Requirements 
 Onshore Oil and Gas Orders 

 
In addition, the Forest Service has authority to require reasonable mitigations or operating 
standards for post-lease exploration and development under the MLA and federal regulations 
(36 CFR 228.106-108; and 43 CFR 3162.3. The FNF has developed Oil and Gas Construction and 
Operating Standards and Well Site Design Requirements for development of oil and gas leases 
(USDA Forest Service 2009).  These standards and well site design requirements would be 
required to assure consistency with management objectives for the FNF.  Standards must be 
consistent with the rights and restrictions established in the applicable lease(s) and are 
applicable to all drilling and production operations, unless otherwise approved by the 
responsible officer based on site-specific conditions. Operators would be encouraged to obtain 
these standards from the Forest Service early in the planning and approval process and to 
incorporate them into their Surface Use Plans of Operations (SUPO) to help streamline the NEPA 
analysis and approval process. 

 
Additional post-leasing surface use restrictions would be applied as appropriate as Conditions of 
Approval (COA) to an APD and SUPO.  Site-specific COAs would be identified before approval of 
the SUPO, Drilling Plan (DP), and APD, provided that they do not require location of the 
proposed operations outside of the limits of the standard terms and conditions. An operational 
restriction in the form of a COA constitutes a reasonable measure required by the authorized 
officer to minimize adverse impacts to other resource values, land uses or users not addressed 
in the lease stipulations. "Reasonable measures" must be consistent with lease rights granted to 
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the lessee, and the impact that the restriction has on the viability of the lessee's proposed 
operations must be considered.  A restriction that renders the lessee's operations economically 
or technically not viable is not "reasonable" under § 3101.1-2. 

 
Other standards or mitigations may be required based on site-specific evaluations of proposed 
activities and they may be modified, if needed, to address site-specific conditions.  Operators 
are required to comply with all other applicable laws and regulations. 

 

1.9.2 Lease Stipulations, Lease Notices and Conditions of 

Approval 
 

A lease does not convey an unlimited right to explore or develop the encompassed lands.  Lease 
stipulations are designed to address specific resource concerns or potential impacts and allow 
the government to retain sufficient authority to require protection or mitigation beyond that 
provided by standard lease terms and conditions.  The stipulations modify the rights granted by 
the lease and standard lease terms and generally relate to occupancy of leases and timing of 
operations. They are incorporated into the lease as an official attachment to the standard form. 
Potential lessees are made aware of stipulations prior to any lease sale.  These stipulations 
include No Surface Occupancy, Timing Limitations, and Controlled Surface Use. Lease Notices 
would be utilized to notify potential lessees of specific conditions or restrictions already in place 
by law or regulation. 

 
The Rocky Mountain Regional Coordinating Committee published "Uniform Format for Oil and 
Gas Stipulations" in March 1989. A uniform format for stipulations was developed for No 
Surface Occupancy, Timing Limitations, and Controlled Surface Use.  This guidance also includes 
the use of Lease Notices.  These formats have been adopted for nationwide use. The BLM 
regulations also contain provisions for special administration or unique stipulations, such as 
those required by prior agreements between agencies or other instances when standardized 
forms are not appropriate. 

 
Exceptions, modifications, or waivers to the proposed lease stipulations may be granted if oil 
and gas operations could be conducted without causing unacceptable impacts. Exceptions, 
modifications, or waivers must be consistent with the approved Forest Plan and all applicable 
regulatory provisions.  If the Forest Supervisor determines that the waiver, exception, or 
modification involves an issue of major public concern, the waiver, exception, or modification 
would be subject to a 30 to 90 -day public review period (36 CFR § 219.8).  If an action is not 
consistent with the Forest Plan, a plan amendment would be developed after analysis under 
NEPA. 

 
No Surface Occupancy: The NSO stipulation is intended for use only when other stipulations are 
determined insufficient to adequately protect the public interest. Where an NSO stipulation is in 
effect, no ground disturbance is allowed. The suitability and acceptability of constructing a road, 
pipeline, or similar linear facility outside of the subject lease would be evaluated using Forest 
Plan standards and guidelines, the same as roads related to other resource uses. 

 
Timing Limitations: The TL stipulation prohibits oil and gas exploration and development 
activities for specified periods. This stipulation does not apply to the operation and maintenance 
of production facilities unless the analysis findings demonstrate the continued need for such 
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mitigation and conclude that less stringent, project-specific mitigation measures would be 
insufficient. 

 
For example, a Timing Limitation might be used to protect an elk calving area during the elk 
calving period, or to prevent excessive soil erosion and stream sedimentation resulting from 
construction activities during periods when soils are saturated. The Timing Limitation would not 
allow surface use during a prescribed period of time on all or a portion of the lease.  The Timing 
Limitation may also specify the restrictions apply when certain surface conditions exist, such as 
water-saturated soils or during spring thaws when roadbeds are too soft to allow traffic without 
unacceptable damage to the road. 

 
Controlled Surface Use: The CSU stipulation is intended for use when surface occupancy for oil 
and gas exploration or development is generally allowed, but lease activities need to be strictly 
designed or controlled due to special values or resource concerns. The CSU stipulation is used to 
identify constraints on surface use or operations that may otherwise exceed the mitigation 
provided by the standard lease terms and conditions and Onshore Oil and Gas Orders. 

 
The use of CSU stipulations should be limited to areas where restrictions and controls are 
necessary for specific types of activities within the specific affected environments, rather than 
all activity on the lease. The stipulation should clearly describe the activity to be controlled or 
what operational constraints are required and must identify the applicable area and the reason 
for the requirement.  For example, a CSU stipulation might be used to protect the Visual Quality 
Objective (VQO) of an area.  In this case, the CSU stipulation would require operations be 
located and designed to meet the specific VQO, normally within a specified time period (i.e., 
within one year). 

 
Lease Notice: A Lease Notice (LN) is attached to leases to transmit information at the time of 
lease issuance to assist the lessee in submitting acceptable plans of operation, or to assist in 
administration of leases. Lease Notices do not involve new restrictions or requirements, but 
simply identify specific requirements related to law, regulation, standard lease terms and 
conditions, or Onshore Oil and Gas Orders. 

 
Conditions of Approval: A COA is a site-specific requirement included in an approved APD or 
Sundry Notice that may limit or amend the specific actions proposed by the operator. COAs 
minimize, mitigate, or prevent impacts to public lands or other resources. BMPs may be 
incorporated as a COA. 

 

1.9.3 Post-Lease Permitting Process 
 

After obtaining a lease and prior to conducting any surface disturbing activities, 
lessee(s)/operator(s) must obtain approval from the responsible agencies through the federal 
permitting process. Even though permitting of post-lease surface disturbing operations is a 
separate connected process subsequent to leasing, it is described here to inform the reader of 
the progressive staged leasing and permitting process and the distinction between lease 
stipulations, BMPs, and operating standards or mitigations. This information is needed to better 
understand the leasing process and how the agencies use lease stipulations in their respective 
leasing decisions.  All operations are subject to applicable laws and regulations, operating 
standards, BMPs established by the agencies, and lease stipulations. 
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The permitting process on National Forest System lands must proceed as required in BLM 
regulations (43 CFR 3160); Onshore Oil and Gas Operations; and Forest Service regulations (36 
CFR 228.106 and 107).  Onshore Oil and Gas Order No. 1, issued by BLM under these 
regulations, details the requirements for submitting, reviewing, and issuing APDs and Sundry 
Notices (other operations and facilities). 

 
Two options for submitting applications are provided in Onshore Oil and Gas Order No. 1. One 
option allows for initial submittal of an APD.  Another option, which is strongly encouraged for 
exploration wells, allows for submittal of a preliminary, abbreviated application called a Notice 
of Staking (NOS), prior to submittal of an APD.  The NOS is submitted to BLM notifying the 
agencies that an operator has staked a proposed drilling location on leased lands and has 
flagged a proposed road alignment to access the location.  If determined to be complete, the 
BLM forwards the NOS to the Forest Service to initiate the review process.  The agencies and 
operator conduct an on-site review of the location within 15 days of receipt, depending on 
weather conditions and availability of qualified personnel.  The agencies review proposed 
operations with the operator for consistency with the surface occupancy and timing 
stipulations, if any, in the respective lease(s).  If not consistent with lease stipulations, and/or as 
negotiated with the operator, the proposed drilling and access locations are adjusted to a 
suitable location.  This process provides for adjustment of the locations prior to the operator 
expending significant funds for detailed surveys, project engineering, and resource surveys. 

 
The operator is also provided with design and operating standards required by the agencies to 
mitigate effects and informed of the agencies requirements for conducting resource inventories 
in the project area prior to conducting environmental analyses. Based on this information, the 
operator then prepares the APD. Since the operator is aware of these requirements prior to 
detailed planning of proposed operations, the APD review process can often be more efficient 
and timely. With this information, the operator can also propose to contract qualified third- 
party specialists to conduct resource inventories to speed up the review process. 

 
To obtain approval of drilling for both exploration and production wells, APDs are submitted to 
the BLM.  An APD contains two parts: the Drilling Plan and the SUPO. The BLM reviews the APD 
for completeness.  If not complete, BLM informs the operator and works cooperatively to obtain 
a complete application. Once determined to be complete, BLM forwards the APD to the Forest 
Service for review and approval of the SUPO. The determination of completeness starts the 
review and approval process by the agencies. The BLM manages the mineral estate and is 
responsible for review and approval of the sub-surface DP.  The Forest Service, as the surface 
management agency, is responsible for review and approval of the SUPO and to assure 
operations are conducted to minimize environmental effects. 

 
The BLM and Forest Service cooperatively conduct an analysis to determine and disclose the 
potential effects of proposed operations in accordance with NEPA. If an Environmental 
Assessment (EA) or EIS is needed, the agencies would prepare a single analysis that would 
satisfy the analysis and documentation needs of each agency.  Based in a single NEPA document, 
if needed, the agencies then prepare their respective decision documents with any COAs, 
consistent with established lease rights, needed to mitigate effects. If proposed operations 
qualify for Categorical Exclusion (CE) under agency rules or the Energy Policy Act of 2005, each 
agency would most likely prepare separate but coordinated analyses and decisions.  The BLM 
approves the APD with COAs, if required by either agency. Operations may not begin until all 
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permits required by federal, state, and county agencies are secured and required 
reclamation/performance bonds are posted with the responsible agency. 

 
Sundry Notices are submittals by an operator to BLM to inform them of actions completed to 
meet regulatory requirements or to propose operations other than drilling, covered in an APD. 
Examples would include ancillary production facilities such as compressor stations, pumping 
stations, pipelines, or powerlines.  Sundry Notices that propose new surface disturbing activities 
are reviewed and approved by a process similar to that for APDs. 

 
Compliance inspections are conducted by all permitting agencies under applicable regulations 
and interagency agreements.  The Forest Service is responsible for compliance with the SUPO, 
other surface disturbing operations, and Forest Service road-use and special-use permits. The 
BLM is responsible for compliance with drilling plans and production and downhole operations. 
The BLM and Forest Service also conduct joint inspections and inform each other of any non- 
compliance determinations and enforcement actions. 

 

1.9.4 Mitigation Measures/Conditions of Approval (Post-Lease 
Activities) 

 
Mitigation measures may include the operating standards discussed in the previous sections and 
other site-specific measures required by the agencies to mitigate potential effects.  Operating 
standards are usually in place prior to receipt of applications and are provided to operators at 
first contact regarding their proposals. Mitigation measures are determined during the process 
of reviewing post-lease applications for operations and are included in the appropriate permits. 
If operating standards provided to an operator are not included in their project plans, they can 
be included as COAs in permits. The terms “mitigation measures” or “Conditions of Approval” 
are used by the BLM to distinguish them from lease stipulations.  Under standard lease terms 
and conditions (43 CFR 3100 and 36 CFR 228E) basic mitigation measures can be required to 
minimize effects and protect non-mineral interests. These COAs must be consistent with the 
rights granted under the applicable lease(s). 

 

1.9.5 Bonding 
 

The operator must furnish a lease bond of at least $10,000 before beginning any surface- 
disturbing activities related to drilling.  In lieu of individual lease bonds, operators may furnish a 
bond in an amount of not less than $25,000 covering all leases and operations in any one state, 
or a bond in the amount not less than $150,000 covering all leases and operations nationwide. 

 
The bond is intended to ensure compliance with all lease terms, including protection of the 
environment.  The BLM may increase the bond amount any time conditions warrant such an 
increase, or the Forest Service can require additional bonding (36 CFR 228.109). 

 

1.9.6 Rentals and Royalties 
 

In the first five years of the lease, annual rental rates for competitive and noncompetitive leases 
are $1.50 per acre or fraction of the acre. After the first five years, annual rental rates increase 
to $2.00 per acre. The royalty rate on production is 12.5 percent for both competitive and 
noncompetitive leases. 
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1.9.7 Expiration or Termination of a Lease 
 

Oil and gas leases expire at the end of their primary term. The primary term is ten years for 
competitive and noncompetitive leases. Leases that produce paying quantities of oil or gas do 
not expire until production ends. Leases without producible wells automatically terminate if the 
lessee fails to make full and timely payment of the annual rental.  The rental must be received 
by the federal government on or before the anniversary date of the lease. 

 
The owner of a lease also may relinquish the lease in whole or in part by filing a written 
relinquishment with the BLM State Office having jurisdiction over the leased federal lands.  A 
relinquishment takes effect on the date it is filed. The lessee is responsible for plugging any 
abandoned wells and meeting standards of reclamation.  The lessee or operator also is 
responsible for other work required by the BLM to place the leasehold in proper condition for 
abandonment and bring the lease account into good standing.  If the lessee or operator fails to 
perform the required abandonment work, the bond will be used to pay for the costs of 
abandonment and reclamation, and the lessee will be prohibited from leasing any additional 
federal lands. 

 

 
 

1.10 OIL AND GAS POTENTIAL AND REASONABLY 
FORESEEABLE DEVELOPMENT 

 

1.10.1 Historic Oil and Gas Activities 
 

Historically there have been 21 exploration wells drilled within the FNF. Two of these were offset 
from original locations that could not reach planned depth.  The first recorded well was drilled in 
1953 and the last well was drilled in 1982.  None of the wells went into production, although 
some oil staining and natural gas were reported.  Carbon dioxide was reported but not put into 
production.  No leasing has occurred in the project area since 1982. 

 
Currently one oil and gas lease encompassing 301.7 acres exists on the FNF.  It is located on a 
parcel transferred to federal ownership from the State of Utah under the Utah Schools and 
Lands Exchange Act of 1998.  This State oil and gas lease (UTU-078183) was transferred to 
federal administration when the surface and mineral estates were transferred to federal 
ownership.  It is included within the federal unit associated with the Covenant Oil Field located 
just southeast of the town of Sigurd, Utah, on private and BLM lands in Sevier County. 

 
Recent discoveries on adjacent lands with similar geology indicate there is potential for 
discoveries in the future. The most notable is discovery and development of the Covenant Oil 
Field by Wolverine Gas and Oil in 2004, which renewed interest in the Sevier Fold-and-Thrust 
Belt. The associated oil and gas play is known as the Sevier Frontal Zone Play. This area is of 
special interest because it contains numerous geologic structures capable of trapping 
hydrocarbons, similar to the structure associated with the Covenant Field. The BLM has 
received numerous Expressions of Interest for leasing on the Fishlake National Forest since the 
2004 discovery. 
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1.10.2 Reasonably Foreseeable Development Scenario 
 

In order to analyze the effects of leasing, the analysis must be based on the type and amount of 
reasonably anticipated post-lease activity. The BLM and Forest Service cooperatively prepared 
the Reasonably Foreseeable Development Scenario (Appendix C).  These determinations were 
used as the basis for assessing the effects of leasing as presented in this EIS.  Table 1.12-1 
displays the development potential and number and type of wells predicted for each of the 
identified potential oil and gas plays. 

 
 

Table 1.12-1: Predicted Number and Type of Wells. 
PLAY DEVELOPMENT 

POTENTIAL 

EXPLORATION WELLS PRODUCTION FIELD 

WELLS 

TOTAL 

WELLS 

Sevier Frontal 
Zone Play 

High 43 Exploration 
 
 

Two additional exploration 
wells would make 
discoveries leading to field 
development (included in 
column to right) 

1 field 
10 wells 

(Includes one 
discovery well) 

10+ wells 

Other Plays Low - High 1 field 

20 wells 
(Includes one 
discovery well) 

20+ wells 

Total fields/wells  43 wells 2 fields 
30 wells 

73 wells 

 
Table 1.12-.2 displays the predicted surface disturbance for exploration activities, and for two 
reasonably foreseeable new oil production fields. The total or gross surface disturbance for all 
operations as well as the net surface disturbance is presented. The net surface disturbance 
excludes those portions of the roads and pads most likely to be reclaimed during the analysis 
period for exploration wells that are not converted to production or water disposal wells. 

 
 

Table 1.12-2: Predicted Surface Disturbance. 
ACTIVITY/FACILITY NUMBER/LENGTH OF 

FACILITIES 

GROSS AREA OF 

DISTURBANCE (ACRES) 
NET AREA OF 

DISTURBANCE (ACRES) 

SEISMIC SURVEYS 

Articulated Buggies 325 line miles 392 0 

Helicopter 325 line miles 2 0 

Disturbance Subtotal 650 line miles 394 0 

EXPLORATION DRILLING 

Drill Pads 43 pads* 254 0 

New Project Roads 32.2 miles 198 0 

Reconstruction of Existing 
Roads 

111.4 miles 189 0 

Disturbance Subtotal N/A 641 0 

SEVIER FRONTAL PLAY FIELD 

Central Production Facilities 
Pad 

1 pad 12 12 

Production Pads 3 pads 18 18 

Water Injection Well Pad 1 pad 6 6 

New Project Roads 4.2 miles 26 26 

Reconstruction of Existing 
Roads 

2.6 miles 4 4 

Powerlines 5 miles 25 25 

Pipelines and Truck 5 miles 31 31 
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ACTIVITY/FACILITY NUMBER/LENGTH OF 

FACILITIES 

GROSS AREA OF 

DISTURBANCE (ACRES) 
NET AREA OF 

DISTURBANCE (ACRES) 

Pullout/Loading Areas 1 pullout   
Disturbance Subtotal NA 122 122 

CONVENTIONAL FIELD (Not in Sevier Frontal Play) 

Central Production Facilities 
Pad 

1 pad 12 12 

Production Pads 19 pads** 112 76 

Water Injection Well Pad 1 pad (included above) included above included above 

New Project Roads 12.6 miles 78 78 

Reconstruction of Existing 
Roads 

2.6 miles 5 5 

Powerlines 5 miles 25 25 

Pipelines and Truck 
Pullout/Loading Areas 

5 miles 
1 pullout 

31 31 

Disturbance Subtotal NA 263 227 

TOTAL 650 line miles seismic 
68 pads 

49 miles new road 
117 miles reconstruction 
10 miles powerline 
10 miles pipeline 

 
 

1,421 

 
 

350 

* All new exploration pads and roads not resulting in a discovery would be reclaimed within 5 years. 
** The 19 production pads for the conventional oil field would be reduced to 4 acres from the original drill pad size of 5.9 acres. The 
unneeded portion of the pad would be returned to approximate original contour and revegetated. 
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2.0 ALTERNATIVES INCLUDING THE 
PROPOSED ACTION 

 

2.1 INTRODUCTION 
 

This chapter describes and compares the alternatives considered for the Fishlake National Forest 
Oil and Gas Leasing Analysis. It includes a description and map of each alternative considered. 
This section also presents the alternatives in comparative form, sharply defining the differences 
between each alternative and providing a clear basis for choice among options by the decision 
maker and the public.  Some of the information used to compare the alternatives is based upon 
the design of the alternative and some of the information is based upon the environmental, 
social and economic effects of implementing each alternative. 

 

2.2 ALTERNATIVES CONSIDERED IN DETAIL 
 

Alternatives were developed based on the results of scoping and the determination of issues to 
be analyzed in detail. The alternatives were then refined through internal discussion with FNF 
resource specialists and through involvement with cooperating agencies and interested parties. 
The Forest Service developed four alternatives, including the No Action and Proposed Action 
alternatives, in response to issues raised by the public and industry.  Alternative D was 
developed specifically to include the components and elements requested by UEC, and the 
organizations they partner with (comment letters are available for review in the administrative 
record). 

 

2.2.1 Alternative A: No Action/No Lease 
 

Under Alternative A, present management activities pertaining to oil and gas leasing would 
continue unchanged. As the current LRMP does not make specific decisions about which lands 
are available for leasing, the Forest Supervisor under this alternative would not make any new 
leasing decisions and no new oil and gas leasing would be allowed on the FNF.  The Forest 
Supervisor can also select a forest-wide No Lease Alternative that would not allow leasing 
anywhere on the Forest. This would be different from not taking any action, as in the No Action 
Alternative, since a decision would be made that would prohibit leasing. Both options would 
result in no new oil and gas leasing and have been combined for analysis purposes. 
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FFFigure 2.2-1:  Alternative A:  No Action/No Lease 
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2.2.2 Alternative B 
 

Under this alternative, all lands administered by the FNF would be administratively available for 
leasing with SLT&C, with the exception of Mexican spotted owl (MSO) Protected Activity Centers 
(PAC), and Class I airshed areas. Spotted owl PACs would be under a NSO stipulation, and Class I 
airshed areas would be under a CSU stipulation (See Appendix A). Existing laws and their 
implementing regulations, and reasonable operating standards or mitigation measures required 
by the permitting agencies would also apply. Laws that require specific protection of resources 
for all activities which could affect operations regardless of lease stipulations include, but are 
not limited to, the Endangered Species Act, Migratory Bird Treaty Act, National Historic 
Preservation Act, Clean Water Act, and Clean Air Act. 

 
BMPs developed by BLM and Forest Service, required under the Energy Policy Act of 2005 would 
be required by the agencies, as applicable considering site-specific conditions.  Agency 
requirements for road designs and other operating standards developed by the Forest, 
consistent with the rights granted by a lease, would be required (43 CFR 3101.1-2).  These 
standards would be given to operators during the first meeting regarding any proposed post- 
lease operations with the intent they would be used by the operator when planning the project 
and developing APDs or Sundry Notices for submittal to the BLM and Forest Service.  If 
applications are not consistent with these standards, the agencies would evaluate their 
applicability based on site-specific conditions and work with the operator to appropriately 
address them in the applications or otherwise require them as COAs. 

 
Lease Notices 

 
Lease Notices would be included in leases to inform prospective bidders of restrictions required 
by law or regulation regardless of lease stipulations. These restricted areas are as follows: 

 
 Required protection of threatened, endangered, and proposed species under the 

Endangered Species Act 
 Required protection of cultural and paleontological resources under the 

National Historic Preservation Act and other related laws 
 Restrictions on road construction or reconstruction (none allowed) in Inventoried 

Roadless Areas 
 Municipal and Transient Water Source Protection Zones 
 Other Lease Notices would be included in new leases if new non-discretionary laws or 

regulations were passed with restrictions that would likely affect oil and gas operations. 
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Figure 2.2-2: Alternative B 
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2.2.3 Alternative C: Preferred Alternative 
 

The proposed action is to make all lands managed by the Fishlake N.F. administratively available 

for leasing, subject to the terms and conditions of the standard oil and gas lease form 3100-11 

(BLM 2006a), or subject to constraints that would require the use of lease stipulations.  In 

addition, the Fishlake and Dixie Forest Supervisors would approve non-significant Forest Plan 

amendments to update direction for oil and gas leasing, and surface protection. Where the FS 

consents to leasing and the Secretary of Interior decides to issue a lease, the authorized officer 

(BLM State Director) would incorporate the following stipulations where appropriate into any 

lease which it may issue.    

No Surface Occupancy 

 
The following areas would be leased with the NSO stipulation. In some cases a waiver, 
exception, or modification may be granted: 

 
 All Research Natural Areas 
 Inventoried Roadless Areas 
 Quitchupah Canyon Cultural Area 
 Paradise Valley Cultural Resource Site 
 Old Spanish Trail Corridor 
 Areas with steep slopes (greater than 35% or North Horn sediment areas with slopes 

greater than 25% slope) 
 Areas of Geologic Hazards or Unstable Soils 
 Areas  within one mile of known federal TEP plant locations 
 Areas within one mile of Sensitive plant locations covered under a conservation 

agreement  
 Areas within 300 feet of riparian areas, wetlands, lakes, reservoirs, perennial streams,  

and springs 
 Drinking Water Source Protection Zones – Zones 1 – 3, and T2 and T4 
 Mexican spotted owl PACs 
 Bald eagle winter concentration areas 
 Goshawk Core Nesting Areas 
 Within four miles of sage-grouse leks 
 Known colonies of pygmy rabbits 
 Key habitats for boreal toad 
 Within ¼ mile of developed recreation sites and National Recreation Trails 
 Within ¼ mile of Forest Service administrative sites and facilities 
 Frequently viewed areas of high scenic integrity 

 
Timing Limitation 

 
The following areas would be leased with a Timing Limitation (TL) stipulation: 

 
 Sage grouse brood-rearing areas (May 1 to July 5) 
 Sage grouse wintering habitat (December 1 – March 15) 
 Crucial elk and mule deer winter range (December 1 to April 15) 
 Bighorn sheep lambing, crucial elk calving and mule deer fawning areas (May 1 to July 5) 
 Bighorn sheep winter range (November 1 to April 15) 
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Controlled Surface Use 
 
The following areas would be leased with the Controlled Surface Use (CSU) stipulation: 

 Goshawk post-fledging areas 
 Active raptor nest areas as determined by USFWS 
 Class I Airsheds 

 
Lease stipulations for all categories are fully described in Appendix A.  Lease stipulation maps are 
contained in Appendix B. 

 
Lease Notices 

 
Lease Notices would be included in leases to inform prospective bidders of restrictions required 
by law or regulation regardless of lease stipulations. These restricted areas are as follows: 

 
 Required protection of Threatened, Endangered, and Proposed species under the 

Endangered Species Act including Mexican Spotted Owl, California Condor, Western 
Yellow-billed Cuckoo, and Utah Prairie Dog. 

 Required protection of Migratory Birds 
 Required protection of Sensitive and Management Indicator Species (Plants and Wildlife) 
 Required protection of cultural and paleontological resources under the National  

Historic Preservation Act and other related laws 
   Required protection of air resources. 
 Compliance with State of Utah surface, ground and transient water source protection  

and other water resource requirements.  

 
Other Lease Notices would be included in new leases if new non-discretionary laws or 
regulations were passed with restrictions that would likely affect oil and gas operations. 

 

 
The proposed action would not authorize specific, surface-disturbing activities. It only prescribes 

which lands would be available for oil and gas leasing and what conditions and stipulations would 

apply to any future oil and gas leases offered. Environmental impacts of future oil and gas 

exploration and development activities would undergo future, project-specific environmental 

analyses. 
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Figure 2.2-3: Alternative C: Proposed Action 
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2.2.4 Alternative D 
 

This alternative would emphasize the protection of non-mineral resources and uses over oil and 
gas exploration and development activities and the associated economic benefits. The 
alternative was developed in response to scoping comments submitted by environmental 
groups, sportsmen, and other groups and individuals who expressed that natural resource 
protection should be emphasized over oil and gas activities. Alternative D was developed 
specifically to include the components and elements requested by the Utah Environmental 
Congress (UEC), and the organizations they partner with. They refer to it as their “SMU” 
alternative. 

 
No Lease 

 
The following areas would not be available for lease (NL): 

 
 Municipal watersheds 
 Campground water systems 
 Threatened, Endangered, or Candidate species habitat 
 Key habitat areas for the Boreal Toad 
 Research Natural Areas 
 Inventoried Roadless Areas 
 Suitable Wild and Scenic River corridors 
 National Recreation Trails 
 Quitchipah Canyon Cultural Area 

 
No Surface Occupancy 

 
The following areas would be leased with the No Surface Occupancy Stipulation (NSO) with no 
waivers, exceptions or modifications: 

 
 Areas with slopes greater than 35 percent 
 North Horn sediment areas greater than 25 percent slope 
 Sensitive plant habitat within 1 mile of known sites 
 Unstable areas 
 Known occupied habitat for threatened or endangered species covered under a 

conservation agreement or recovery plan 
 Within 500 feet of perennial streams, wetlands, springs, lakes, reservoirs, and riparian 

areas 
 Bald Eagle winter concentration areas 
 Goshawk nesting, nest replacement areas, and post-fledgling areas 
 Known colonies and potential habitat for pygmy rabbits 
 Within 500 feet of cold water fisheries habitat 
 Critical deer and elk range, and calving and fawning areas 
 Developed recreation sites 
 High Scenic Integrity Areas 
 Areas with a primitive Recreation Opportunity Spectrum 
 Areas with a Semi-Primitive Non-motorized Recreation Opportunity Spectrum 
 Administrative sites and special use facilities 
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Controlled Surface Use 

 
The following areas would be leased with the Controlled Surface Use Stipulation (CSU): 

 
 Class I Airsheds 

 
Lease stipulations for all categories are fully described in Appendix A. Lease stipulation maps are 
contained in Appendix B. 

 
Lease Notices 

 
Lease Notices would be included in leases to inform prospective bidders of restrictions required 
by law or regulation regardless of lease stipulations. 
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Figure 2.2-4:  Alternative D 
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2.2.4 Mitigation Common to All Alternatives 
 

Specific mitigation measures were not developed for each alternative. Rather, the development 
of a lease would be expected to adhere to the standards and guidelines contained in Surface 
Operating Standards and Guidelines for Oil and Gas Exploration and Development – The Gold 
Book (BLM and USFS 2007), Forest Service Region 4 Oil and Gas Roading Guidelines, Onshore Oil 
and Gas Orders, and any Fishlake National Forest BMPs in place at the time of lease approval. 
Further, the FNF has developed additional operating standards and well site design 
requirements that supplement those already contained in the documents mentioned above. 
These supplemental guidelines are contained in the Fishlake National Forest Oil and Gas 
Construction and Operating Standards and Well Site Design Requirements (Appendix F). Copies 
of this document will be made available to potential lessees at the time lands are offered for 
lease. Further, as each project would undergo additional NEPA analysis, site-specific BMPs, 
environmental protection measures, and potential mitigation would be developed at that time. 

 

2.3 ALTERNATIVES CONSIDERED BUT ELIMINATED 
FROM DETAILED STUDY 

 
Federal agencies are required by NEPA to rigorously explore and objectively evaluate all 
reasonable alternatives and to briefly discuss the reasons for eliminating any alternatives that 
were not developed in detail (40 CFR 1502.14). Public comments received in response to the 
Proposed Action provided suggestions for alternative methods for achieving the purpose and 
need. 

 
An alternative that would make all legally open lands available for leasing with the NSO 
stipulation was considered but dismissed.  This alternative would essentially be the same as the 
No Action alternative because no surface occupancy or development would be allowed on NFS 
lands.  Consideration of the NSO stipulation for specific areas was included in some of the action 
alternatives.  A Forest-wide NSO alternative would not be reasonable or justified for all areas of 
the FNF, nor would it be consistent with national and Forest Service policy on minerals 
exploration and development. 

 

2.4 COMPARISON OF ALTERNATIVES 
 

This section provides a comparison of the elements of each alternative, and of the effects of 
implementing each alternative. Information in Table 2.4-1 provides a summarized comparison of 
each alternative relative to the amount of land available for lease under each stipulation. Tables 
2.4-2 to 2.4-4 provide a summarized comparison of the effects of each alternative by issue. 
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Table 2.4 - 1: Area Available for Leasing Under Each Alternative by Stipulation 
AVAILABILITY/LEASING 

STIPULATION 

ALTERNATIVE A ALTERNATIVE B ALTERNATIVE C ALTERNATIVE D 

ABBREVIATIONS 
NA – Not applicable or not applied to alternative.  NL – No Lease.   SLT&C – Standard Lease Terms and 
Conditions.   NSO – No Surface Occupancy.   TL – Timing Limitation.   CSU – Controlled Surface Use.  LN – 
Lease Notice. 

NFS Lands/Federal Oil and 
Gas 

1,707,810 1,707,810 1,707,810 1,707,810 

Non-Federal Lands/Federal Oil 
and Gas 

N/A N/A N/A N/A 

Legally Open to Leasing All All All All 

No Lease 100% 0% 0% 72.6% 

SLT&C 0% 51.4% 3.7% 1.9% 

TL 0% 0% 4.8% 0% 

NSO 0% 0.1% 79.3% 23.9% 

CSU 0% 48.5% 12.2% 1.6% 

Total 100% 100% 100% 100% 
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Table 2.4 – 2: Comparison of Effects by Issue 

 

RESOURCE AT ISSUE  ALTERNATIVE A  ALTERNATIVE B  ALTERNATIVE C  ALTERNATIVE D 

Wildlife habitats open to development 
(acres/%) 

- California condor 0/0% 7,364/100% 293/4%  0/%  

- Mexican spotted owl 0/0% 17776/100% 17776/100% 1648/9% 

- Utah prairie dog 0/0% 395/4%  395/4%  0/0%  

- Yellow-billed cuckoo 0/0% 2667/0.4% 2667/0.4% 0/0%  

Forest Service sensitive species 0/0% Range from about 38,000 to 
516,000 acres depending on 
species. For all species 100% of 
suitable habitat would be open to 
exploration and development 

Range from about 36,000 to 
277,000 acres depending on 
species. Range from 22% to 
87% depending on species. 

Range from 0 acres to about 
18,000 acres depending on 
species. Range from 0% to 
13.5% depending on species. 

Road density in sage grouse and big 
game habitat 

No change In big game winter range, 
increase from 1.34 mi/mi2 to 1.40 
mi/mi2. Increase of 4%. In big 
game calving and fawning habitat 
road density increase from 1.14 
mi/mi2 to 1.83 mi/mi2, an 
increase of 61%. 

In big game winter range, 
increase from 1.34 mi/mi2 to 
1.40 mi/mi2. Increase of 4%. In 
big game calving and fawning 
habitat road density increase 
from 1.14 mi/mi2 to 1.83 mi/mi2, 
an increase of 61%. 

No Change 

Fragmentation No change Some fragmentation No fragmentation impacts No fragmentation impacts 

ESA effects determination See table 2.4-3 See table 2.4-3 See table 2.4-3 See table 2.4-3 

Sensitive species viability See table 2.4-4 See table 2.4-4 See table 2.4-4 See table 2.4-4 

Compliance with UDWR plans and 
objectives 

 

Yes  
 

Yes  
 

Yes  
 

Yes  

Unroaded/ Undeveloped Areas 

Number of acres in UUA available for 
lease 

 
0 

  
295,925 

  
110,061 

 18,296  
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RESOURCE AT ISSUE ALTERNATIVE A ALTERNATIVE B ALTERNATIVE C ALTERNATIVE D 

Visual and Scenic Integrity  
Potential visual change Present viewsheds 

and their determined 
Scenic Integrity 
Objectives would not 
be altered. 

Due to the relatively large 
number of potentially affected 
acres classified under these High 
and Moderate SIOs, there is a 
good chance that oil and gas 
leasing activity would impact high 
quality scenic resources 

Similar to alternative B, at a 
reduced scale. Moderate 
chance that leasing activity 
would impact highly scenic 
resources until mitigation is 
complete. This is especially the 
case given the large amount of 

visually sensitive acres under 
NSO stipulation in this 
alternative. 

Alternative D has the least 
potential for negative effect to 
scenic resources of all of the 
action alternatives.  It is 
determined that only a 
negligible 4% total acres 
could potentially be directly 
impacted visually -- all of 
Moderate SIO. 

Duration of changes NA Disturbance would be short-term 
and last until mitigation is 
completed 

Disturbance would be short- 
term and last until mitigation is 
completed 

Disturbance would be short- 
term and last until mitigation 
is completed 

Geologic Hazards and Steep Slopes  
Potential soil loss (tons/acre/year)  

0 
5.17 Year 1 
3.20 Year 2 
2.77 Year 3 

5.17 Year 1 
3.20 Year 2 
2.77 Year 3 

5.17 Year 1 
3.20 Year 2 
2.77 Year 3 

Miles of road/acres of disturbance on 
steep slopes or unstable soils 

 
0 

Potentially 20.6 miles of roads 
and 1421 acres of disturbance 

Potentially 20.6 miles of roads 
and 1421 acres of disturbance 

Potentially 20.6 miles of 
roads and 1421 acres of 
disturbance 

Water Resources  
Level of contamination risk to 
DWSPZs 

No risk Contamination to ground water 
supplies is mitigated 

Additional mitigation in 
Alternative C protects culinary 
water in SWPZ through NSO 

Additional mitigation in 
Alternative D protects culinary 
water in SWPZ through a No 
Lease stip 

Acres of potential well development 
within 300 feet of surface water 

None Some risk of disturbance within 

300 feet of water sources 

None None 

Fisheries  
Increase in sediment level None May increase Likely none None 

Changes to instream habitat structure None Could alter riparian habitat 
affecting instream habitat 
conditions 

None None 

Vegetation  
Acres of potential ground disturbance  

0 
 

1421 
 

1421 
 

0 

Development potential in habitat for None Moderate to High Low None 



39  

Final Environmental Impact Statement Fishlake National Forest Oil and Gas Leasing Analysis 
 

RESOURCE AT ISSUE ALTERNATIVE A ALTERNATIVE B ALTERNATIVE C ALTERNATIVE D 

species of concern     
ESA effects determination No effect May affect, not likely to adversely 

affect 
No effect No effect 

Sensitive species impact determination No impact May impact, not likely to trend 
towards federal listing 

No impact - Aster kingii var. 
barnebyana, Cymopterus 
beckii, Epilobium nevadense, 
Gilia caespitosa, Najas 
caespitosa, Salix arizonica, 
Senecio castoreus, 
Thelesperma subnudum var. 
alpinum 
May impact - Astragalus 
consobrinus, Astragalus 
henrimontanensis, Astragalus 
perianus, Botrychium 
paradoxum, Castilleja 
aquariensis, Castilleja parvula 
var. parvula, Draba sobolifera, 
Eriogonum batemanii var. 
ostlundii, Penstemon parvus, 
Penstemon wardii, Potentilla 
angelliae, Tonsendia jonesii 
var. lutea, Erigeron Maguirei 

No impact 

Air Quality  
Change in air quality above ambient 
conditions 

 

None 
 

Slight short-term decrease 
 

Slight short-term decrease 
 

Slight short-term decrease 

 
 
 

NAAQS exceedances 

 
 
 

None 

Compliance with all increments 

for Class I areas within a distance 
of about 6 to 9 miles and all 
Class II areas within about 1.6 to 
3.1 miles when the receptors are 
lower than the source 

Compliance with all increments 
for Class I areas within a 
distance of about 6 to 9 miles 
and all Class II areas within 
about 1.6 to 3.1 miles when the 

receptors are lower than the 
source 

Compliance with all 
increments for Class I areas 
within about 6 to 9 miles and 
all Class II areas within about 

1.6 to 3.1 miles when the 
receptors are lower than the 
source 

Change in visibility compared to 
natural background 

 

None 
 

Below State guidelines 
 

Below State guidelines 
 

Below State guidelines 

Increase in greenhouse gas emissions 
- Carbon Dioxide Equivalent (CO2e) 

 

0 
 

365,336 
 

365,336 
 

365,336 
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RESOURCE AT ISSUE ALTERNATIVE A ALTERNATIVE B ALTERNATIVE C ALTERNATIVE D 

Social/Economic  
Acres and percent of land available for 
leasing 

 

0/0% 
 

1,707,810/100% 
 

1,707,810/100% 
 

474,726/27.8% 

Potential production royalties None $8,760,000 annually $8,760,000 annually $4,355,000 annually 

Potential federal receipts paid to State None $4,380,000 annually $4,380,000 annually $2,190,000 annually 

Potential receipts paid to  counties None $1,752,000 annually $1,752,000 annually $876,000 annually 
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Table 2.4-3 Summary of effects for federally listed threatened, endangered, and proposed wildlife 
SPECIES ALTERNATIVE 

 A B C D 

California condor (endangered) NE MA-LAA MA-LAA NE 

California condor (nonessential 
experimental) 

NE MA-NLAA MA-NLAA NE 

Mexican spotted owl NE MA-LAA MA-LAA NE 

Utah prairie dog NE MA-LAA MA-LAA NE 

NE = No Effect MA-NLAA = May Affect - Not Likely to Adversely Affect MA-LAA = May Affect - Likely to Adversely Affect 
 
 

Table 2.4-4 Determination of impact on the affected Sensitive wildlife species 
WILDLIFE SPECIES ALTERNATIVE 

 A B C D 

Bald Eagle NI MI-NL MI-NL MI-NL 

Peregrine Falcon NI MI-NL MI-NL MI-NL 

Spotted Bat NI NI NI NI 

Townsends Big-eared Bat NI NI NI NI 

Northern Goshawk NI MI-NL MI-NL MI-NL 

Flammulated Owl NI MI-NL MI-NL MI-NL 

Three-toed Woodpecker NI MI-NL MI-NL MI-NL 

Greater Sage-grouse NI LTFL MI-NL NI 

Yellow-billed Cuckoo NI MI-NL MI-NL NI 

Pygmy Rabbit NI MI-NL MI-NL NI 

Bighorn Sheep NI MI-NL MI-NL NI 

Boreal Toad NI MI-NL MI-NL NI 

Bonneville Cutthroat Trout NI MI-NL MI-NL NI 

Colorado River Cutthroat Trout NI MI-NL MI-NL NI 

Southern Leatherside Chub NI MI-NL MI-NL NI 

NI = No impacts 

MI-NL = May impact individuals but is not likely to cause a trend to federal listing or loss of viability 

LTFL = Likely to result in a trend to federal listing or loss of viability 

 

 

2.5 AGENCY PREFERRED ALTERNATIVE 
 

The Forest Supervisors for the Fishlake and Dixie National Forests have identified Alternative C 
as the agency preferred alternative. The impacts of the connected actions under Alternative C 
are summarized and compared to the impacts of the other alternatives in the previous section 
(Section 2.4). A complete discussion of the impacts under Alternative C is in Chapter 3. 
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3.0 AFFECTED ENVIRONMENT AND 
ENVIRONMENTAL CONSEQUENCES 

 

3.1 INTRODUCTION 
 

This Chapter summarizes the physical, biological, social, and economic environments of the 
project area, and the effects of implementing each alternative on that environment. It also 
presents the scientific and analytical basis for the comparison of alternatives presented in the 
alternatives chapter. 

 
The environmental consequences are identified for each issue under specific resource headings. 
In addition to addressing the affected environment related directly to issues, this section 
discusses the types of disturbance that are reasonably foreseeable if leasing occurs and the 
associated area of potential surface disturbance.  This presents a basic understanding of the 
physical changes that could occur to the environment for each alternative.  The environmental 
consequences section forms the scientific and analytic basis for the comparison of alternatives 
presented in Chapter 2.  NEPA regulations recognize three categories of effects. 

 
Direct effects are caused by an action and occur at the same time and place. 
Indirect effects are caused by an action, but occur at a later time or different place 
Cumulative effects result from the incremental impact of an action when added to other past, 
present, and reasonably foreseeable actions, regardless of what agency or person undertakes 
the other actions (40 CFR 1508.7 and 8). 

 
The direct and indirect effects are based on the Reasonably Foreseeable Development Scenario. 
The cumulative effects include the effects of oil and gas activities in combination with the 
effects of other past, present, and reasonably foreseeable activities. 
NEPA regulations also state that the Forest Service must show any irreversible or irretrievable 
commitments or resources that may result from the alternatives. 
Irreversible commitment is a permanent resource loss including the loss of future options.  It 
usually applies to nonrenewable resources, such as minerals, or to factors that are renewable 
only over long periods, such as soil productivity. 

 
Irretrievable commitment is the loss of use or production of a natural resource for some time. 
One example is suited timberland being used for a road.  Timber growth on the land is 
irretrievably lost while the land is a road, but the timber resource is not irreversibly lost because 
the land could grow trees again in the future. 

 

3.2 GEOLOGY AND GEOPHYSICAL SETTING 
 

The FNF covers parts of Beaver, Garfield, Iron, Juab, Millard, Piute, Sanpete, Sevier, and Wayne 
Counties in central Utah. The Forest consists mainly of north-south trending mountains and 
plateaus bounded by adjacent valleys and basins.  The valleys and basins host rural population 
centers and agricultural lands. Sedimentary rocks, Pre-Cambrian-aged and younger, are exposed 
on lands managed by the Fishlake National Forest. Thick accumulations of volcanic rocks 
(igneous rock deposited from volcanic eruptions) of the Marysvale Volcanic Field (Hintze 1988) 

42 



 

Final Environmental Impact Statement Fishlake National Forest Oil and Gas Leasing Analysis 
 

 
 

cover most of the mountain highlands including the Tushar Mountains, Sevier Plateau, southern 
portion of the Fishlake Plateau, and the top of Boulder Mountain on the Aquarius Plateau. 
Volcanic formations of the Marysvale Volcanic Field include intermediate to rhyolitic in 
composition lava flows, debris flows, and ash flow tuffs. 

 
The FNF spans three of Utah’s five physiographic provinces.  They are, from west to east, the 
Basin and Range, the Transition Zone (Basin and Range / Colorado Plateau Transition Zone), and 
the Colorado Plateau. The Basin and Range is underlain by rocks deposited in a trench at the 
former edge of the continent.  These rocks are mainly limestone, dolomite and sandstone.  Since 
these rocks were deposited beneath the ocean, their colors are grays, tans, and blacks. Periods 
of east-west extensional tectonics produced north-south trending faults, resulting in large 
down-dropped fault blocks that are the locations of the valleys or basins, while other blocks 
remained higher forming the mountain ranges. The Basin and Range Province encompasses an 
area from the Wasatch Range of central Utah to the Sierra Nevada of eastern California. 

 
The Colorado Plateau is a tectonically stable geologic area characterized by rocks deposited in a 
shallow marine environment or on a coastal plain. These formations are predominantly 
sandstones, shales, and salts.  Tectonic forces have folded these into structures such as the San 
Rafael Swell and Water Pocket Fold. Most of the Colorado Plateau is drained by the Colorado 
River System. 

 
The Transition Zone exhibits characteristics of both the Basin and Range Province to the west 
and the Colorado Plateau to the east.  This area is underlain by sedimentary formations typical 
of the Colorado Plateau; however, they are broken into fault blocks typical of the Basin and 
Range.  The Fillmore Ranger District straddles the border between the Basin and Range 
Physiographic Province and the Transition Zone, while the Beaver and Richfield Ranger Districts 
are located totally within the Transition Zone. The Fremont River Ranger District straddles the 
Transition Zone and Colorado Plateau Physiographic Province. More detailed information for 
each Fishlake ranger district follows. 

 

3.2.1 Fillmore Ranger District 
 

The Fillmore Ranger District covers the Canyon Mountains and the Pahvant Range.  The Pahvant 
Range runs from Clear Creek Canyon at the south to Scipio Pass on the north. From there, the 
Canyon Mountains extend northward to the Sevier River at Leamington Canyon, the lowest 
point in the FNF.  The Pahvant Range has a thrust fault that brings older rock from the west over 
younger rock on the east side of the range. The eastern front of an ancient mountain range runs 
down the center of the Pahvant Range of today. West of this front, the rocks are limestones, 
quartzites, sandstones, and shales that were deposited below sea level in a gradually deepening 
ocean basin called a geosyncline.  Compressive forces of continental collision thrust huge sheets 
of this sedimentary sequence up and over other sheets to form high mountain ranges.  East of 
this front, the rocks are conglomerates, sandstones, and shales shed off these ancient 
mountains and deposited at their base.  Because this debris was deposited on land, much of it is 
colored red and yellow, in contrast to the drab grays and tans of the marine deposits on the 
west side of the Pahvant Range. 

 
The rocks on the west side of the range are contorted and stand vertically in many places due to 
over-thrusting.  On the east side, the rocks are flat or dip slightly to the east, due to subsequent 
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uplift.  The Paleozoic rocks, on the west side form numerous high cliffs and steep slopes while 
the Tertiary rocks to the east are generally more rounded.  Shortly after the deposition of these 
Tertiary rocks, the Pahvants were uplifted along block faults to form the existing range and to 
start the present period of erosion. 
The Canyon Mountains were formed from the same material and in the same manner as the 
Pahvant Range. The main difference is the bulk of these mountains are composed of the 
overthrust Paleozoic sequence. 

 

3.2.2 Beaver Ranger District 
 

The Beaver Ranger District includes the Tushar Mountains, the remnants of Tertiary-age 
volcanoes that deposited a thick section of volcanic rock.  Intermediate in composition, the 
Bullion Canyon Volcanic Formation was deposited from erupting strato-volcanoes 22 to 35 
million years ago. Local thicknesses of the Bullion Canyon Volcanics range from 100 to 200 
meters at the eroded edges of the stratigraphic section to more than 1 kilometer thick near the 
center of the volcanic area. 

 
About 21 million years ago, the chemical composition of the volcanic rocks changed from 
intermediate to rhyolitic in an assemblage known as the Mount Belknap Volcanics.  About 19 
million years ago, eruptions of rhyolitic ash flow tuffs led to the deposition of the Joe Lott Tuff 
Member and the collapse of the Mount Belknap caldera.  Much of this eruption was deposited 
north from the volcanic center.  The eroded remnants of this tuff extend as far north as Richfield 
across the southeast corner of the Pahvant Range. 

 
Erosion by water, wind, and glaciers over the past 15 million years has removed the distinctive 
volcanic shape from this mountain range. The distinctive yellow color of Big Rock Candy 
Mountain is the result of late stage hydrothermal alteration related to the waning volcanic 
activity.  Acidic sulfur-laden circulating ground waters altered the volcanic bedrock producing 
clays and various iron oxide mineral suites.  Similar deposits are found at Cove Fort and 
Sulphurdale at the northeast corner of the Tushar Mountains. The active Cove-Fort-Sulphurdale 
Geothermal Area is a remnant of the area’s volcanic activity. 

 

3.2.3 Richfield Ranger District 
 

The Richfield Ranger District includes the northern end of the Sevier Plateau, southern end of 
the Wasatch Plateau (north of I-70) and the contiguous northern portion of the Fishlake Plateau 
(south of I-70). 

 
The geologic formations comprising Monroe Mountain, on the northern end of the Sevier 
Plateau, are different from the formations of the Colorado Plateau area to the east.  This 
mountain has been racked by violent volcanic eruptions, earthquakes, and giant landslides. 
There are two main volcanic centers; one is located at Signal Peak and the other at Langdon 
Mountain. As volcanic eruptions proceeded, the overlying rocks collapsed into the emptied 
magma chamber creating a deep depression or caldera.  One such caldera, the Monroe Peak 
Caldera measures about 14 miles east to west and 11 miles north to south. 

 
Erosion has reduced the topography to an area of low relief depositing sediments of the Sevier 
River Formation. Monroe Mountain was then subsequently uplifted and broken into faulted 
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blocks. On the east side of Monroe Mountain, the rocks dip to the east, broken by several faults 
that drop the east side downward.  The west side, however, is bounded by a larger and more 
fully developed fault system.  Stretching from about the town of Gunnison to the Grand Canyon 
in Arizona, this fault system has significantly dropped the west side relative to the east side.  In 
places there is about two miles of displacement between the two sides. The resulting steep 
mountain slopes are unstable forming some of the larger known landslides in the state of Utah. 

 
Also in the Richfield Ranger District, Salina Canyon separates the Wasatch Plateau to the north 
and the Fishlake Plateau to the south.  Here Cretaceous aged sediments were deposited in an 
ancient sea and later covered by coastal plain deposits.  In the Cretaceous Period, the Salina 
Canyon area was swampy with islands of vegetation. Sand and mud bars accumulated alongside 
a mighty river that emptied into the sea. Dense jungles grew and deposited organic material so 
rapidly there was not time for decomposition of the vegetation.  These materials turned into 
peat and then into the thick coal seams that today give evidence to the tremendous volumes of 
organic material that were buried.  As the Cretaceous sea level fluctuated, beaches advanced or 
retreated over the future coal beds burying them.  Sediment forming these beaches was 
delivered by the mighty rivers coming from the mountains to the east. More recently, tectonic 
uplifts and stream erosion resulted in formation of this canyon. 

 
The Fishlake Basin is located on the southern end of the Fishlake Plateau.  The area is capped by 
volcanic formations erupted from the volcanoes that once existed in this area. The basin 
formed in a graben when an elongate geologic block dropped between two normal faults.  This 
basin is bounded by Mytoge Mountain on the southeast and Fish Lake Hightop Plateau on the 
northwest side.  This graben extends from near Johnson Valley Reservoir to Windy Ridge, a 
length of about 10 miles. 

 

3.2.4 Fremont River Ranger District 
 

The Fremont River Ranger District includes the southern portion of the Fishlake Plateau, 
contiguous with the Richfield Ranger District. The northern portion of the Aquarius Plateau, 
known as Boulder Mountain, on the Dixie National Forest is now managed by the Fremont River 
Ranger District. 

 
Thousand Lake Mountain rises on the east side.  Here horizontal sedimentary rocks are capped 
by volcanic formations that erupted out onto the existing rock surface. Because the lavas were 
not very viscous, they formed a predominately flat surface. Mesozoic age sedimentary 
formations, range from the Moenkopi Formation found on the south side of this mountain to 
the Mancos Shale found to the north, lie beneath a cap of basalt and other volcanic rocks.  In 
general however, these sedimentary rocks are buried beneath recent landslide deposits that 
have slid down the mountain. 

 
As with Monroe Mountain, the high relief of Thousand Lake Mountain is caused by tectonic uplift 
along a prominent, north-south trending fault that runs along the west side of the mountain. 
Movement along this fault has made Thousand Lake Mountain stand higher than the valley to 
the west. Bending of the rocks on the east side of the mountain has made it higher than the 
valleys to the east.  The block faulting of sedimentary strata, capped by volcanic flows are 
characteristic of the Transition Zone Province, Basin and Range tectonics acting upon Colorado 
Plateau strata. 
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South of Thousand Lake Mountain is Boulder Mountain, separated by the Fremont River.  It 
forms the northeast end of the Aquarius Plateau which is the highest of Utah’s high plateaus. 
Like other dominant topographic features, this area was uplifted and subsequently shaped by, 
volcanic activity, glaciation and erosion.  Similar to Monroe Mountain to the northwest and 
Thousand Lake Mountain to the north, Tertiary volcanic rock were deposited upon Mesozoic age 
strata capping the top of Boulder Mountain with a resistant unit and forming a nearly level 
tableland. 

 
As on Thousand Lake Mountain, landslides and landslide deposits are common along the slopes 
below the rim. Unstable conditions have been caused by water infiltration through the 
fractured volcanic rocks and emerging along the lower slopes in sedimentary rock.  Saturation of 
the slopes has caused lubrication, increased weight, and has contributed to the rapid 
weathering of shales to slippery clays. Lubrication and loading of unconsolidated Quaternary 
colluvium consisting of glacial deposits, clays, and talus has caused numerous landslides.  Rock 
glaciers are common as lobes on all sides of Boulder top near the base of the summit cliff, at 
altitudes of about 10,500 to 10,700 feet (Flint 1958). Rock glaciers consist of thick masses of 
angular volcanic boulders that move slowly down the steep slopes similar to the movement of 
snow glaciers. 

 
Numerous small lakes occur along the intermediate slopes or bench between the steep summit 
cliff and the down canyon slopes. Glacial valleys cut into this bench in a radial pattern around 
Boulder top draining the mountain to the adjacent lowlands. 

 

3.3 EFFECTS OF THE ALTERNATIVES ON THE 
REASONABLY FORESEEABLE DEVELOPMENT 
SCENARIO 

 
The predicted areas and types of surface disturbance related to post-lease oil and gas activities 
are estimates based on the RFDS. Table 3.1-1 displays the scenarios by alternative. 

 
The table displays the total, or gross surface disturbance for all facilities, and the net disturbance 
for long-term production facilities, after road cut and fill slopes, production pads and pipelines 
are revegetated. For example, a wildcat well would disturb a total area of approximately 275 
feet by 400 feet for a total surface disturbance of approximately 2.5 acres. If the well does not 
result in a discovery and does not become productive, it would be reclaimed immediately after 
testing and plugging or by the following field season. The entire pad and project access road 
would be returned to approximate original contour, topsoil would be replaced, and the area 
would be seeded and fenced to prevent use until vegetation standards are met. 

 
If a wildcat well results in a discovery and is converted to a production well, the pad would be 
reduced to the minimum area needed to accommodate production facilities, usually about two- 
thirds of the original size. The well pad and access road would be retained during oil and gas 
production and then reclaimed as discussed above. The net surface disturbance would include 
the disturbed area for the road and that portion of the pad needed long-term for production. If 
additional disturbance is needed for production facilities other than the pad and road, that 
disturbance would be included as part of the net disturbance.  Overall the net disturbance 
considering all wildcat wells not put into production and project roads would be less than the 
gross disturbance.  The following table displays the anticipated totals. 
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Land that would be designated as NL or NSO under Alternative D was compared to the Oil and 
Gas Occurrence Potential, and Oil and Gas Development Potential maps contained in the RFDS 
report. It was determined that the land that would be available for lease under Alternative D 
falls largely under moderate and high occurrence and development potential. Therefore, 
analysis assumes full development as predicted in the RFDS for all alternatives. The difference 
would be that exploration and development could be more concentrated under Alternative D, 
and more spread out under Alternatives B and C. 

 
 

Table 3.3-1: Surface Disturbance for Oil and Gas Exploration/Development by Alternative 
OIL AND GAS 

ACTIVITY 

ALTERNATIVE A ALTERNATIVE B ALTERNATIVE C ALTERNATIVE D 

SEISMIC/GEOPHYSICAL SURVEYS 

Seismic 
Surveys 

0 miles 
0 acres 

650 miles 
395 acres 

650 Miles 
395 acres 

650 miles 
395 acres 

OIL AND GAS EXPLORATION 

Pads None 43 pads 
254 acres 

43 pads 
254 acres 

43 pads 
254 acres 

Project Road 
Construction 

None 32.2 miles 
198 acres 

32.2. miles 
198 acres 

32.2 miles 
198 acres 

Reconstruction 
of National 
Forest System 
Roads 

 
None 

 
111.4 miles 
189 acres 

 
111.4 miles 
189 acres 

 
111.4 miles 
189 acres 

OIL FIELD DISCOVERY AND DEVELOPMENT 

Pads None 30 wells 
25 pads 
160 acres 

30 wells 
25 pads 
160 acres 

30 wells 
25 pads 
160 acres 

Project Road 

Construction 
 

None 

16.8 miles 

104 acres 

16.8 miles 

104 acres 

16.8 miles 

104 acres 

Pipelines and 
Powerlines 

 
None 

 
10 miles 
112 acres 

 
10 miles 
112 acres 

 
10 miles 
112 acres 

TOTAL SURFACE DISTURBANCE 

Gross 
Disturbance 

 
None 

1,412 acres 
52.8 miles new road 

1,412 acres 
52.8 miles new road 

1,412 acres 
52.8 miles new road 

Net Disturbance 
 
 

After 
reclamation 

None 350 acres 

 
20.6 miles of new 
road remaining 
long-term for 
production 

350 acres 

 
20.6 miles of new 
road remaining 
long-term for 
production 

350 acres 

 
20.6 miles of new 
road remaining 
long-term for 
production 

Note: Land that would be designated as NL or NSO under Alternative D was compared to the Oil and Gas Occurrence Potential, and 
Oil and Gas Development Potential maps contained in the RFDS report. It was determined that the land that would be available for 
lease under Alternative D falls largely under moderate and high occurrence and development potential. Therefore, analysis assumes 
full development as predicted in the RFDS for all alternatives. 
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Table 3.3-2: Estimated Traffic Types and Volumes for Activities* 
ACTIVITY LIGHT TRUCKS 

(ROUND TRIPS) 
HEAVY TRUCKS 

(ROUND TRIPS) 

EXPLORATION WELLS (TOTAL TRAFFIC VOLUMES/WELL) 

Area Reconnaissance and Survey - Planning Pad/wells 15 - 

Mobilize Construction Equipment 2 5 

Road and Pad Construction 
Equipment Mobilization 

Personnel/Supplies 
Gravel Hauling 

 
- 
25 
- 

 
8 

 
288 

Drill Rig Mobilization 

Rig Components (Move-in) 
(Move out) 

Personnel/Supplies 

 
- 
- 
25 

 
30 
30 
- 

Exploration Drilling 
Water Trucks 
Waste Disposal 
Drill Mud/Materials 
Well Casing 
Cement/Fly Ash 
Misc. Equipment 
Personnel/Supplies 

 
- 
- 
- 

- 
- 
- 
100 

 
300 
50 
10 – 20 

10 
4 - 9 
10 
- 

Well Plugging and Abandonment/Reclamation of Pad and 

Road (No Discovery) 
Cement and Water 
Construction Equipment 
Remove/Haul Reserve Pit Fluids for Disposal 
Personnel/Supplies 

 
 

- 
- 
- 
20 

 
 

15 
5 
10 
- 

DISCOVERY/PRODUCTION WELLS (TOTAL TRAFFIC VOLUMES/WELL) 

Well Completion/Completion Rig 

Rig Mobilization (Move-in) 
(Move-out) 

Casing/Perforation/Cementing, Fracturing 
Water Trucks 
Personnel/Supplies 

 
- 
- 
- 
- 
15 

 
4 
4 
30 
50 
- 

PRODUCTION WELL PADS (TOTAL TRAFFIC VOLUMES/PAD) 

Production Construction/Development 

Haul in Facilities (Wellhead/pumps, tanks, pipeline 
manifolds, etc.) 

Personnel/Supplies 

 
- 
- 
25 

 
10 
- 

CENTRAL PRODUCTION FACILITIES/ANCILLARY FACILITIES 
(TOTAL TRAFFIC VOLUMES/FIELD) 2 FIELDS PREDICTED 

Construction 
Construction Equipment Mobilization 

Gravel Hauling to Pad 
Personnel/Supplies 

 
- 
- 
50 

 
8-20 
300 
- 

Buildings/Facilities (Compressors, Generators, Pipeline 

Manifolds, Heater-Treaters, etc.) 
Hauling to pad 
Personnel/Supplies 

None or very minimal 
effects from these 
projects remain after 
one year 

 
 

10-100 
- 

Pipeline, Powerlines, Oil Loading Pad 
Haul in Equipment (excavators, pipe, welders, etc.) 
Personnel/Supplies 

 
- 
100 

 
50 
- 

FIELD OPERATIONS/PRODUCTION (AVERAGE TRAFFIC VOLUMES/DAY) 

Operations 
Haul oil to market/refinery 

Dispose of water/distillates/gas 
Workover rigs 
Maintenance/Repairs 
Personnel/Supplies 
Other 

 
- 
- 
0.1 
0.2 
3 
0.1 

 
10 
0-1 
0.1 
0-0.1 
- 
0-0.1 
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ACTIVITY LIGHT TRUCKS 

(ROUND TRIPS) 
HEAVY TRUCKS 

(ROUND TRIPS) 

FIELD/WELL ABANDONMENT/REMOVAL (TOTAL TRAFFIC VOLUME/FIELD) 

Plug and Abandon Production Wells 

Remove downhole pumps, monitors, etc. 
 

Mobilize Plugging Rig (Move-in) 
(Move-out) 

Plug/Cement (haul cement, plugging mud, water, etc.) 

 
20 

 
 

- 
- 
- 

 
Combined with rig 
mobilization 

 
40 
40 
50-100 

Mobilize Construction Equipment - 8 

Remove Buildings, Facilities, and Contaminated Gravel 
and Soils 

- 25-50 

Personnel/Supplies 100 - 

RECLAIM SURFACE DISTURBANCE (TOTAL TRAFFIC VOLUME/FIELD) 

Mobilize Construction Equipment - 25 

Contour Disturbed Area (approximate original contour, 
replace topsoil, and seed/mulch) 

- 15 

Fence Reclaimed Pads - 3 

Personnel/Supplies 30-50 - 

*Based mostly on UDOT U.S. 40 Corridor Predicted Traffic Volumes and personnel communications with Wolverine Gas and Oil Co. 
Gravel hauling estimated by Forest Service based on required average aggregate depth requirements, pad sizes, and road distances. 

 

 
 

3.4 PAST, PRESENT AND REASONABLY 
FORESEEABLE FUTURE ACTIONS 

 
Table 3.4-1 presents the current and reasonably foreseeable future actions that could cause 
effects considered cumulative to the potential effects of oil and gas leasing.  Specialists 
preparing their technical reports considered these actions within the alternatives and provided 
their resulting analyses based upon these actions. 
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Table 3.4-1 Past, Present and Reasonably Foreseeable Future Actions 
PROJECT NAME UNIT ACRES DECISION DATE DATE COMPLETED BRIEF PROJECT DESCRIPTION CURRENT RESIDUAL 

EFFECTS AND 

DURATION 

Special Use Permit - ATV 
Jamboree 

Fishlake NF 
N/A 2000 Yearly Two annual Jamborees None 

Forest Plan Amendment for 
Management Indicator Species 

 
 
Fishlake NF 

N/A 2/6/2006 N/A Amend the Forest Plan in 
order to designate specific 

member species of the cavity 
nester, sage nester and 
riparian guilds as MIS 

No current or 
residual effects 

Sigurd to Red Butte Powerline   Fishlake NF 557 12/7/2012 2014 Authorization & Installation 
of 345 kV powerline 

No long term, 
significant effects 

Beaver District Slash Disposal    Beaver 
 
 
 
 
    

180 N/A Ongoing These are various slash pile 
locations throughout the 
district 

Burn piles to 
reduce fuels in 
small 
concentrated 
plots.  Seeding on 
selected sites, but 
natural regen will 
be apparent and 
return to a natural 
condition in 2-3 
years 

Circleville Timber Sales    Beaver 
 
 
 
 
 

120 2005 Completed Timber sales implemented 
for spruce beetle 
suppression. 
Planting will occur in 2009, 
and burning of slash piles 
will occur in 2008, seeding 
will 
occur on those sites. 

Sale activity 
concluded in 
summer of 2007. 
KV projects will be 
implemented in 
the 
next 5 years. 
Spruce beetle 
suppression may 
occur in the next 5 
years if found 

Deer Trail Wildlife  
   Beaver 

800 2001 Completed Cutting of PJ in chained 
areas, burning, and seeding 
for wildlife 

Increased wildlife 
and forage habitat 

Twitchell Salvage    Beaver 1240 7/29/2013 2018 Removal of timber burned in 
a wildfire 

No long term, 
significant effects 
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PROJECT NAME UNIT ACRES DECISION DATE DATE COMPLETED BRIEF PROJECT DESCRIPTION CURRENT RESIDUAL 

EFFECTS AND 

DURATION 

I-70 Wireless Communication Sites  

 
 
 
 
Beaver 

2 2006 Completed Construction of 2 
communication sites for 
wireless communications 
along I-70 (near Fremont 
Indian State Park and Cove 
Fort) 

Communication 
sites for the long 
term to facilitate 
cellular telephone 
communications. 
Fuels reduction 
along the power 
lines and 
communication 
sites 

Kent's Lake Non-native Shiner 

Control (DN-FONSI) 

 

 
 
Beaver 

Kents 

Lake 

9/22/04 10/04 Allow Utah DWR to conduct 
treatment of Middle and Lower 
Kent's Lakes to eliminate non- 
native golden shiners 

Shiners were 
eliminated from the 
lake.  Desirable 

species were 
restored. No lasting 
effects 

Shingle, Fish, and Pole  Creeks  
 
 
 
Beaver and 
Fillmore 

Streams State Actions, no 
NEPA 

Shingle 2010 
treatment deferred. 

Treatments 
beginning in 2011. 

Renovation  treatment to 
remove l non-native fish and 
restore native Bonneville 
Cutthroat Trout 

No lasting effects 
from chemical. 

Requires temporary 
or permanent fish 
barriers on streams 

(Shingle 
constructed 2009, 
Pole Creek 
proposed 2011). 

Shingle, Pole and Clear 
Creek Fish Barriers 

 

 
Beaver and 
Fillmore 

Streams 2009 Shingle constructed 

2009. Pole Creek 
planned for 2011 

Rock fish barriers Short term effects 
during construction. 
Improvement of 

fish habitat for 
native species. 

North Creek  
 
Beaver 

Streams State Actions, no 

NEPA 

Likely deferred until 
some habitat 
recovery from 
Twitchell Canyon 
fire 

Renovation treatment to 
remove non-native fish and 
restore native Bonneville 
cutthroat trout 

No lasting effects 
from chemical 
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PROJECT NAME UNIT ACRES DECISION DATE DATE COMPLETED BRIEF PROJECT DESCRIPTION CURRENT RESIDUAL 

EFFECTS AND 

DURATION 

Little Reservoir Fuel Reduction  

 
 
 
Beaver 

144 12/7/04 Completed Mechanically treat fuels within 
400' wide buffer on portions of 
west, north, and east 
boundary of private land 

subdivisions adjacent to Little 
Reservoir 

Fuels reduction 
along private lands 
for defensible 
space if wildfire 

occurs. Will need to 
be maintained over 
long periods in the 
out-decades 

Shingle , Pole ak Fuels Reduction  
 
 
 
Beaver 

1,900 2005 Completed Mechanically treated and 
burned Pinyon and Juniper to 
restore shrub-steppe 

conditions and reduce fuel 
loading 

Grazed in summer 
of 2007. Effects of 
fire are reduced 

and native and past 
seeded grasses 
are showing 
increases due to 

the crown closure 
being opened up 

Small Sales  

 
 
Beaver 

50 2/1/2005 

8/29/2003 

Ongoing Post, pole, firewood and 

Christmas Tree sales 

Ongoing and will 
continue over the 
foreseeable future. 

Fuel reduction is 
the main benefit 
and effect 

South Fork Vegetation Treatment  
 
 
 
Beaver 

1959 7/7/06 Ongoing Five timber sales to suppress 
spruce beetle outbreaks and 
fuels reduction adjacent to 
private lands 

Activity will be 
ongoing for next 5 
years, slash 
disposal, KV, 
tree planting. 
Follow up beetle 

suppression may 
occur up to 5 years 
past the sale dates 
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PROJECT NAME UNIT ACRES DECISION DATE DATE COMPLETED BRIEF PROJECT DESCRIPTION CURRENT RESIDUAL 

EFFECTS AND 

DURATION 

Tushar Grazing  
 
 
 
Beaver 

185,000 1/16/07 Ongoing 8 grazing allotments Livestock grazing 
will continue in 
these allotments, 
coupled with 
annual operating 
instructions that will 
provide 
rest/rotation on the 
various pastures 

Water System Upgrade for 
Mahogany Cove, Little Reservoir 
and Little Cottonwood 
Campgrounds 

 
 
Beaver 

3 camp- 
grounds 

5/23/03 Completed Upgrade water system to 3 
campgrounds 

Water systems are 
in place providing 

clean drinking 
water for the next 
10-20 years 

Wolverine Oil and Gas Seismic 
Exploration 

 

 
 
 
 
 
Beaver 

 
 
Richfield 

9.7 miles 
 
 
107 miles 

7/6/2005 
 
 
2010 

11/1/06 
 
 
Completed 2010 

Seismic survey using buggy 
&heliportable drills and shot- 
hole detonation. There were 
short-term impacts associated 

with the activity, noise and 
some surface disturbance. 
Based on follow-up 
inspections, companies did a 

good job of "leaving no trace." 
The activities did not 
permanently change the 
primary issue indicators 
assigned to track cumulative 
resource impacts for the route 
designation project. 

None or very 
minimal effects 
from these projects 
remain after one 
year 

Pine Creek  
 
Beaver 

1500 2002 Ongoing 750 acres prescribed fire, 750 
acres mechanical treatment 

Other project acres 
in this area are 
scheduled for 
further cutting and 
burning 

Willow Springs  

 
Beaver 

1000 2002 Completed 500 acres prescribed fire, 500 
acres mechanical treatment 

Other project acres 
in this area are 

scheduled for 
further cutting and 
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EFFECTS AND 

DURATION 

      burning 

Cove Fort-Sulphurdale Geothermal 
Leasing 

 
 
 
 
 
 
 
 
 
 
 
 
Beaver 
and Fillmore 

6,097 3/14/06 Ongoing Three geothermal lease 
parcels are on NF lands for 
geothermal energy 
development 

Lease sale 
completed in June, 
2007. A Magneto- 
telluric geophysical 

survey is ongoing 
and expected to 
conclude in 2008 
with no effects. 
Long term 
expectations are 
for additional 
geothermal wells to 

be developed 
within the 
leasehold, with 
ancillary pipelines 
to be installed. 7 
APDs have been 
approved. One well 
has been drilled. 

An Aero-Magnetic 
survey from a light 
aircraft will take 
place.  No effects 
are expected 

Grant Geophysical Exploration  
Beaver 

and Fillmore 

16 miles 11/4/05 Completed Geophysical survey None or very 
minimal effects 
remain after one 
year 

Abandon Mine Closure  
Fillmore 

5 10/27/03 09/30/04 Close 31 mine sites & 

openings. Closures will be by 
backfilling or bat gates 

None 
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DURATION 

Church Hills Prescribed Burn  
Fillmore 

3,460 2001 Completed 2001 Prescribed fire in a mosaic of 
30 - 50% burned in areas of 
previous chaining 

None or very 
minimal effects 
remain 

Cove Fort Wildlife  
Fillmore 

400 1996 1997 Mx and Rx Approximately 13 
years of recovery 
are in place 

Kanosh Canyon & Big Springs 
Campground Toilet Replacement 

 
 
Fillmore 

5 10/22/03 09/30/04 Replace existing deteriorated 
restrooms at 2 campground 
facilities 

Area has 
recovered. 
Impacts to 
resources were 
minimal 

Maple Hollow Road / Campground 

Reconstruction 
 
Fillmore 

1/2 mile; 

1 ac. 

12/1/02 09/30/03 Reroute 1/2 mile of road, 

repair damaged road, upgrade 
campground facilities 

Area has recovered 

Pahvant Horse Hollow Fuels  
Fillmore 

649 Planning Planning Prescribed fire for hazardous 
fuels reduction 

Project has not 
been implemented 
yet 

Pahvant Interagency Fuels 

Reduction 
Project 

 

 
 
Fillmore 

14,329 2004 Ongoing Cut and burn hazardous fuels 
along west side of Pahvant 
(Scipio to Meadow). Remove 
40 - 80% of vegetation within 

7 treatment units to reduce 
fuel height & load 

Fuels projects are 
ongoing and the 
area is recovering 

Pahvant Pioneer Fuels  
Fillmore 

310 Planning Planning Prescribed fire for hazardous 
fuels reduction 

Project has not 
been implemented 
yet 

Pahvant Wild Goose Fuels  
Fillmore 

1373 Planning Planning Prescribed fire for hazardous 
fuels reduction 

Project has not 
been implemented 
yet. 

Scipio Slate Quarry  

Fillmore 
unknown 7/9/01 Ongoing Open existing slate quarry for 

commercial use. 
Quarry is confined 
to mine site. 

Small Sales  

 
Fillmore 

unknown unknown Ongoing Forest products including fuel 
wood and post permits 

Ongoing sale of 
individual permits. 
No commercial 
sales 
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Watts Mountain / Elsinore / Grass 
Creek Bench / East Kanosh / WL / 
Fuels / Range 

 
 
Fillmore 

5,000 Planning Ongoing Fuels reduction project using 
a Dixie harrow and prescribed 
fire 

Still to be 
determined 

Whiskey Creek Fuels Reduction  
 
Fillmore 

250 2000 Ongoing Hazardous fuels reduction 
project. Mechanical and 
prescribed fire 

Reduction of fuel 
loads and 
improvement of 

rangeland and 
wildlife habitat 

Kanosh Bench Wildlife  
 
Fillmore 

1000 2009 2013 Mechanical treatment Minimal effects 

Bowery Haven RV Park Expansion  
 
 
Fremont River 

1.5 4/6/07 Addition of  parking 
spurs  and cabin 
completed in 2009 

Add  9 RV parking spurs, 1 
double cabin, laundry, shower 
and restroom to existing resort 
facilities 

Will be minimized 
with reclamation. 
Local disturbance 
associated with 
facility construction 
will be visible for 
about 20 years 

Coleman Reservoir Dam 
Reconstruction 

 

 
 
 
 
 
 
Fremont River 

15 11/29/05 10/31/2006 Reconstruction of the 
Coleman Reservoir Dam 

Though 
reclamation 
minimized, 
localized 
disturbance 
associated with 
access to dam will 
be visible for about 
20 years. As 
required by State of 
Utah regulations, 
deep rooted 
vegetation will not 
be allowed on dam 
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EFFECTS AND 
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Meeks, Morrell & Round Lake Dam 
Maintenance 

 

 
 
 
 
Fremont River 

3 8/1/07 2009 Maintenance of dams at 3 
lakes/reservoirs 

Dams will be 
maintained free of 
deep rooted 
vegetation. Fishery 
habitat will be 
stabilized. 
Localized effects of 
maintenance will 

be visible for an 
indefinite period 

Dark Valley Vegetation 

Management 

 

 
 
 
Fremont River 

20 10/7/04 10/31/2007 Commercial thin to reduce 
vegetation density to protect 
from insects and catastrophic 

wildfire. Four units, two have 
been completed. This project 
was stopped by the Courts 

Only 20 acres were 
treated so the rest 
of the project area 

was unchanged 
and will remain 
susceptible to 
insects and 
diseases. 

Durfey Creek  

 
 
 
Fremont River 

350 6/25/05 About 2003 Thin to reduce pinion juniper 
and Dixie harrow/seeding to 
manage dense brush areas. 

Mosaic of open 
meadows 
dispersed with PJ 
will remain on land. 

Vegetation type 
change to forbs, 
shrubs and grasses 
for about 20 years 

Fishlake Basin Fuels Reduction  
 
 
 
 
Fremont River 

900 7/1/07 10/31/2008 Reduce fuels by mulching 
brush, pruning trees, mowing, 
and removal of dead limbs 

etc. Project includes work 
being done by rec. residence 
permit holders 

Hazardous fuels 
associated with 
timber stands and 

sagebrush will be 
reduced.  Treated 
sagebrush areas 
will be visible for 

about five years. 
Mosaic mowing 
patterns obscure 
treated areas 
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Fishlake Basin Water System 
Reconstruction 

 
 
 
 
 
Fremont River 

12.2 10/10/03 2008 Reconstruct and upgrade 2 
water systems: Twin Creeks, 
Bowery Creek and Fishlake 
Lodge system and Doctor 
Creek and Lakeside Resort 
system 

Disturbed area 
where pipeline has 
been buried will be 
visible for 20 years 
though re- 
contouring and re- 
seeding has 
occurred. Larger 
visible rocks will be 
moved for use as 
barrier rocks 

Garden Basin Fuels  
 
 
 
Fremont River 

250 Maintenance only 2007 Use thinning to reduce pinion 
& juniper 

Mosaic patterns of 
open meadows 
dispersed with PJ 
will remain on land. 
This change of 
vegetation type to 
forbs, shrubs and 
grasses will last 
about 20 years 

Lost Spring Aspen Project  
 
 
Fremont River 

123 12/12/05 Complete 2007 Treat aspen to remove 
diseased trees and 
encroaching conifers. 
Stimulate regeneration using 
commercial harvest and fire in 
six patches between 5 and 34 
acres 

Aspen stands will 
be regenerated. 
Effects of logging 
will be evident for 5 
to 10 years 

Mytoge Vegetation Treatment  

 
 
 
Fremont River 

150 5/26/05 Ongoing as of 2011 Harvest beetle-infested, 
diseased, mature and dead 
timber, using modified 
group/individual tree selection, 
salvage and sanitation cutting 
methods in Douglas fir/sub- 

alpine fir, and regeneration 
treatment in aspen. 

Aspen and conifer 
stands will be 
regenerated. 
Effects of logging 
will be evident for 5 
to 10 years. 

North Slope Fuels  
Fremont River 

800 6/28/05 2008 Thinning of conifer in open 
meadows 

Mosaic patterns of 
open meadows 
dispersed with PJ 
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      and mixed conifer 
will remain on land. 
This change of 
vegetation type to 
forbs, shrubs and 
grasses will last 
about 30 years 

Oak Creek  

 
 
 
Fremont River 

1500 about 1998 Completed 2007 Aspen regeneration in sub- 
alpine fir communities 

Change in cover 
type to aspen 
would last for an 
indefinite period of 

time. Visual effects 
of prescribed 
burning will last for 
5 to 10 years 

Park Ridge Burn  
 
 
Fremont River 

250 about 2000 Ongoing as of 2011 Under-burn in Ponderosa pine 
stands to reduce fuel loads 

Reduction in fuel 
loads will last for 10 
to 12 years.  Visual 
effects of 
prescribed burning 
will last for about 
10-15 years 

Round Lake and Morrell Pond 
Toilet Replacement Project 

 

 
 
 
 
Fremont River 

1 3/29/04 Completed Replace existing toilets at 
Round Lake and Morrell Pond 

Localized 
disturbance 
associated with 
toilet installation 
will be visible for 
about 5 years. 
Water quality and 

fishery habitat will 
be improved for an 
indefinite period 
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UM Creek Riparian Fence  
 
 
Fremont River 

7 miles 6/6/03 10/31/2006 Construct 17 miles of fence 
(14 miles intermittent let down 
fence along 7 miles of riparian 
& 2 - 3 miles of drift fence) 

Fishery habitat is 
enhanced for an 
indefinite period of 
time. Visual effects 
of fence will remain 
as long as fence 
remains 

UM Creek Waterlines  
 
Fremont River 

12 miles 6/1/03 Completed Install waterline to distribute 
livestock and wildlife away 
from riparian areas 

Above ground 

water line is visible. 
Fewer ungulates 
on riparian areas 

Indian Trail Bench  
 
 
Fremont River 

300 6/1/03 5/1/2008 Prescribed fire to remove 
pinion & juniper 

Removal of pinion 
& juniper would last 
for about 50 years. 
Visual effects of 

prescribed burning 
will last for 20 to 30 
years 

Lyman Bench Rx burn  
 
 
 
Fremont River 

450 6/1/04 9/30/2004 Use thinning to reduce pinion 
& juniper and Dixie harrow to 
manage dense brush areas 

Mosaic patterns of 
open meadows 
dispersed with PJ 
will remain on land. 
This change of 
vegetation type to 
forbs, shrubs and 
grasses will last 
about 20 years 

Lower Brown/Rosebud 

Campground Construction & Re- 
construction 

 
 
 
Fremont River 

15 10/31/05 9/30/2007 Reconstruction of Lower 

Browns C.G. and construction 
of Rosebud ATV campground 

Adequate 
developed camping 
spots available for 

public. Use of 
existing dispersed 
camping sites will 
decrease 
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PROJECT NAME UNIT ACRES DECISION DATE DATE COMPLETED BRIEF PROJECT DESCRIPTION CURRENT RESIDUAL 

EFFECTS AND 

DURATION 

Pollywog/Big Lake UTPD  

 
 
 
Fremont River 

500 6/21/07 Will be completed in 
2011 

Prescribed fire and 
mechanical treatment of 
sagebrush to reduce canopy 
cover and improve prairie dog 
habitat 

Improved prairie 
dog habitat for 
about 5 years. 
Newly created 
mosaic pattern of 
vegetation will be 
visible for about 5 
years 

Sheep Valley Vegetation 
Improvement 

 
 
Fremont River 

250 6/1/07 Completed 2007 Mechanical treatment of 
decadent sagebrush 

Newly created 
mosaic pattern of 
vegetation will be 

visible for about 5 
years 

Purple Lake Road Decommission  

 
 
Fremont River 

0.07 mi. 5/1/07 7/31/2007 Obliterate 0.7 mile of road 
causing sedimentation to 
adjacent lakes and watershed 

Improved water 
quality for an 
indefinite period of 

time. Reduction of 
motorized public 
access in the area 

Torrey Culinary Water  

 
 
Fremont River 

4 12/13/04 9/31/05 Develop spring and install 
pipeline to provide culinary 
water for local community 

Construction 
effects will be 
visible for about 5 
years.  No effect on 
associated wetland 
or riparian areas 

Fishlake Basin Winter Toilets 
Installations 

 
Fremont River 

2 5/1/05 8/1/2005 Installation of 3 vault toilets at 
Fish Lake 

Improved water 
quality for an 
indefinite period 

Cedar Creek Wildlife  
Fremont River 

3569 4/09 Ongoing as of 2011 Mechanically treat with bobcat 
and chainsaw,  pile and burn 

Improve wildlife 
winter range and 
reduced fuels 

Boulder Foothills  

 
Fremont River 

3834 est 2014 Undergoing analysis Mechanically treat with bobcat 
and chainsaw,  pile and burn 

Improve wildlife 
winter range and 
reduced fuels thin 
timber stand 

Steep Creek Aspen  

Fremont River 
700 5/09 Completed 7/09 RX Fire to enhance aspen 

regeneration 
Aspen 
regeneration, 
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PROJECT NAME UNIT ACRES DECISION DATE DATE COMPLETED BRIEF PROJECT DESCRIPTION CURRENT RESIDUAL 

EFFECTS AND 

DURATION 

      monitoring into next 
several years 

Green’s Hollow Coal Lease Tract  

 
 
Richfield 

81 Estimated 2013 In process Proposed new coal lease to 
add additional mineable 
reserves to the SUFCO Mine 

Should not have 
any impact to the 
operation of the 

SUFCO mine or 
this coal lease 
issuance 

Annabella 2 Slash Disposal  

 
 
Richfield 

20 7/20/00 Ongoing is not complete: three 
additional units to be treated. 

These are aspen clear-cuts 
that require fencing to assure 
regeneration 

Areas treated have 
limited  vegetation 

remaining and will 
require up to fifteen 
years to totally 
recover 

Black Mountain  

 
 
 
Richfield 

400 5/5/04 12/28/2005 Dixie harrow treatment of 
sage brush and pinion/juniper 
in an old chaining area to set 
back conversion to trees 

The areas have 
completely 
recovered 

hydrologically.  It 
will take 10 to 15 
years for 
sagebrush to need 
re-treatment 

Blue Peak  

 
 
 
Richfield 

602 7/3/03 12/28/2005 Dixie harrow and brush saw 
treatment of pinion/juniper in 
old chaining area to set back 
conversion to trees 

The areas have 
completely 
recovered 
hydrologically. It 
will take 10 to 15 
years for 

sagebrush to need 
re-treatment 

Monroe Mountain Range 
Improvement 

   
 
  Richfield 

Fencing 
and water 
develpmnt 

4/29/2013 2014 Installation of 1 mile of fence 
and improved water 
distribution systems 

Improved 
livestock 
distribution and 
vegetation 
condition 
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PROJECT NAME UNIT ACRES DECISION DATE DATE COMPLETED BRIEF PROJECT DESCRIPTION CURRENT RESIDUAL 

EFFECTS AND 

DURATION 

Box Creek Hazardous Fuels 
Reduction 

 
 
 
 
 
 
Richfield 

 
4294 

7/6/2007 Ongoing Reduce fuel loading and the 
risk of high-intensity, high 
severity wildfire, reduce 
susceptibility of spruce fir 
stands to insects and 
diseases, and improve aspen 
stand health. Includes 494 
acres of mechanical, and 

3,308 acres of prescribed fire. 
Treatment areas are located 
in the Dairies and Brindley 
Flats units on Monroe 
Mountain. 

Effects from harvest 
operations will 
continue at a 
reduced rate for 10 
years.  Effects from 
fire will continue at 
a reducing rate for 
ten years. 

Browns Hole  

 
 
 
Richfield 

166 10/2/06 2008 Dixie harrow double pass and 
broadcast seeding on 
sagebrush. 

Project will require 
two to three years 

to fully recover 
hydrologically.  It 
will take 10 to 15 
years after that for 

sagebrush to need 
re-treatment 

Flat Top Dixie Harrow Project  

 
 
 
Richfield 

302 10/2/06 2008 Vegetation treatment using a 

Dixie harrow, double pass and 
broadcast seeding on 
sagebrush 

Project will require 
two to three years 
to fully recover 

hydrologically.  It 
will take 10 to 15 

years after that for 
sagebrush to need 
re-treatment 
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PROJECT NAME UNIT ACRES DECISION DATE DATE COMPLETED BRIEF PROJECT DESCRIPTION CURRENT RESIDUAL 

EFFECTS AND 

DURATION 

Henries Hollow Geophysical  
 
 
 
 
 
 
 
 
Richfield 

70+ miles 
Seismic 
Survey 

6/12/2007 Completed: 
Fall 2007 to Summer 
2008 

Survey lines of about 60 miles 
on NFS land on the Richfield 
Ranger District. Use of rubber- 
tired buggy mounted and 
helicopter-portable drilling 
equipment to excavate 3½ 
inch by 40 foot-deep shot 
holes to carry small explosive 

charges. Shot holes drilled on 
about 330-foot intervals. No 
road construction or 
improvements required. About 
40-60 days to complete drilling 

and recording 

Effects are very 
small with complete 
recovery in less 
than two years. 
Most impacts are 
no longer visible 
after first season 

Monument Peak Hazardous Fuels 
Reduction 

 
 
 
 
Richfield 

 
3520 

 
3/10/10 

 
Ongoing 

Reduce fuel loading and the 
risk of high-intensity, high 
severity wildfire, reduce 
susceptibility of spruce fir 
stands to insects and 
diseases, and improve aspen 
stand health. Includes 400 
acres of mechanical, and 
3120 acres of prescribed fire. 

Effects from harvest 
operations will 
continue at a 
reduced rate for 10 
years.  Effects from 
fire will continue at 
a reducing rate for 
ten years. 

North Clover Vegetation Treatment  
 
 
Richfield 

248 3/14/05  
Ongoing 

Harvest diseased, beetle- 
infested, mature and dead 
timber, using modified group 
selection, salvage  harvest 
methods in spruce, and clear- 
cut in aspen. 0.5 miles of 
temporary road constructed. 

Effects from 
harvest operations 
will continue at a 
reduced rate for 10 
years. 
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PROJECT NAME UNIT ACRES DECISION DATE DATE COMPLETED BRIEF PROJECT DESCRIPTION CURRENT RESIDUAL 

EFFECTS AND 

DURATION 

Quitchupah Road  
 
 
 
Richfield 

146.3 3/9/07 Road completed 2013 Road upgrade and realign  9.1 
miles of the Quitchupah Creek 
Road. 2.5 miles are on Forest, 
7.9 miles on BLM lands, 0.26 

miles on SITLA and 0.53 on 
private land. Road is to 
facilitate coal hauling from the 
Sufco mine east to highway 
10. 

The road will 
continue to 
contribute sediment 
into Quitchupah 
Creek as displayed 
by the EIS for a 
long period of time 

Rueben’s Fuel Reduction  

 
 
Richfield 

2,316 3/7/05 Completed 2007 Treat hazardous fuels in 
Tibadore Canyon area with 
prescribed fire. 60 - 70% of 
each unit will be burned in a 

mosaic pattern in late spring 
or early summer 

Effects from fire will 
continue at a 

reducing rate for 
ten years 

Salina Creek Dispersed Recreation  

 
 
 
Richfield 

3/4 mile; 
10 ac. 

9/1/06 Completed 2006 Close dispersed camping 
along Salina Creek for 3/4 
mile; construct a camping 
area with limited 

improvements - 30 trailer pads 
(<10ac); turnout/parking lot at 
White Mountain Horse 
trailhead and Beaver Creek. 

Water quality and 
stream vegetation 
will improve 

markedly for ten 
years when 
recovery will be 
complete 

Salina Creek Vegetation 
Management 

 

 
 
Richfield 

 
946 

2/12/04  
Completed 2008 

Treat hazardous fuel load with 
prescribed fire (550 ac.) and 
mechanical (396 ac.) 
treatments 

Effects from fire 
and mechanical 

treatments will 
continue at a 
reducing rate for 
ten years 

Niotche Beetle  
 
 
Richfield 

184 3/16/07 Completed 2009 Commercial thin to reduce 
stand density of Engelmann 
spruce. Reduce basal area to 

< 100 sq. ft. Reduce average 
stand diameter to < 12 inch, 
reduce spruce canopy to < 
50% 

Effects from 
harvest operations 
will continue at a 

reduced rate for 10 
years 
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PROJECT NAME UNIT ACRES DECISION DATE DATE COMPLETED BRIEF PROJECT DESCRIPTION CURRENT RESIDUAL 

EFFECTS AND 

DURATION 

Seven Mile Spruce Beetle 
Management 

 

 
 
 
Richfield 

123 10/28/04 2008 Commercial thin to reduce 
stand density of Engelmann 
spruce. Reduce basal area to 
< 100 sq. ft. Reduce average 

stand diameter to < 12 inch, 
reduce spruce canopy to < 
50% 

Effects from 
harvest operations 
will continue at a 
reduced rate for 15 
years due to 
heavier harvesting 
because of insect 
caused mortality 

White Pine Ridge Vegetation 
Treatment 

 
 
Richfield 

240 5/24/2007  
Completed 2010 

Commercial thin  Engelmann 
spruce affected by spruce 
bark beetle 

Effects from 
harvest operations 
will continue at a 

reduced rate for 10 
years 

Clover Flat Aspen  

 
Richfield 

22 3/14/05 2008 Aspen clear-cut Effects will 
continue at a 
reducing rate for 20 
years 

East Bull Springs  

 
 
 
Richfield 

1150 5/5/04  
Ongoing 

Dixie harrow and brush saw 
pinion/juniper in old chaining 
area to set back conversion to 
trees. Bull hog retreatment 

The areas have 
completely 
recovered 
hydrologically.  It 
will take 10 to 15 
years for 
sagebrush to need 
re-treatment 

Horse Pasture  

 
 
 
Richfield 

527 NA 2008 Dixie harrow pinion/juniper, 
sagebrush  to set back 
conversion and increase 
forage for wildlife and Forest 
Service horses 

The areas will 
completely recover 
hydrologically 

within three years. 
It will take 10 to 15 
years for 
sagebrush to need 
re-treatment 

Jolly Mill  

 
Richfield 

465 8/3/04 10/8/2004 Dixie Harrow The areas have 
completely 

recovered 
hydrologically.  It 
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PROJECT NAME UNIT ACRES DECISION DATE DATE COMPLETED BRIEF PROJECT DESCRIPTION CURRENT RESIDUAL 

EFFECTS AND 

DURATION 

      will take 10 to 15 
years for 
sagebrush to need 
re-treatment 

Moroni Peak  

 
 
Richfield 

 
4500 

3/9/99  
Completed 2004 

RX burn Majority of the fire 
has recovered. 
Effects will 

continue at a 
reducing rate for 
ten years 

Ruebens Seeding  

 
 
 
 
Richfield 

2316 3/7/05 Completed RX burn 948 and seed 567 
acres 

Majority of the fire 
has recovered. 
The seed spread 
on the fire in 2005 

has sprouted and is 
fully established. 
Effects will 
continue at a 

reducing rate for 
ten years 

Salina Creek Fuels  

 
 
Richfield 

 
3200 

 
Ongoing 

 
Ongoing 

RX burn 2800 acres and 
mechanical fuels reduction on 
400 acres. 

Effects from fire 
and mechanical 
treatments will 

continue at a 
reducing rate for 
ten years. 

Steves Mtn - Resource Benefit  

 
 
 
Richfield 

15 8/13/05 Start 9/5/2005 Lightning caused - Resource 
Benefit 

Fire is in process of 
recovery.  The 

seed spread on the 
fire in 2005 has 
sprouted and will 
be established fully 

at the end of the 
2008 season 

Razorback - Resource Benefit  
Richfield 

228 7/25/2004 Start 10/1/2004 Lightning caused - Resource 

Benefit 
Majority of the fire 
has recovered. 
Seed spread on the 
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PROJECT NAME UNIT ACRES DECISION DATE DATE COMPLETED BRIEF PROJECT DESCRIPTION CURRENT RESIDUAL 

EFFECTS AND 

DURATION 

      fire in 2004 has 
sprouted and is 
fully established. 
Effects will 
continue at a 
reducing rate for 
ten years 

South Water Hollow – Resource 
Benefit 

 
Richfield 

14 2010 2010 Lightning caused – Resource 
Benefit 

Fire is in process of 
recovery. 

Tommy Hollow  

 
 
Richfield 

123 5/12/04 10/15/2004 Dixie Harrow and seed Area has 
recovered 
hydrologically. 10 
to 15 years for 
sagebrush to need 
re-treatment 

Triangle  
 
Richfield 

275 5//5/2004 Completed Dixie Harrow and seed in old 
chaining 

Area has recovered 
hydrologically. 10 
to 15 years for 

sagebrush to need 
re-treatment 

Mt. Terrel  
 
 
Richfield 

1430 7/9/2004  
Completed 2010 

Dixie Harrow to improve 
summer range vegetation for 

wildlife and livestock NEPA in 
progress 

Areas will 
completely recover 

hydrologically 
within three years. 
Ten to 15 years for 
sagebrush to need 
re-treatment 

North Cedar Mt.  
 
 
Richfield 

 
600 

5/5/04  
Ongoing 

Dixie harrow and brush saw 
pinion/juniper in old chaining 
area to set back conversion to 
trees 

The areas will 
completely recover 
hydrologically 
within three years. 
Ten to 15 years for 
sagebrush to need 
re-treatment 
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Twin Peaks – Dixie Harrow   
578 

8/30/10 Ongoing Dixie harrow and brush saw 
pinion/juniper in old chaining 
area to set back conversion to 
trees. Wildlife and big game 
range improvement 

The areas will 
completely recover 
hydrologically 
within three years. 
It will take 10 to 15 
years for 
sagebrush to need 
re-treatment 

Twin Peaks Rx Fire  

 
 
 
Richfield 

 
5169 

8/30/10 Ongoing Prescribed fire to reduce fuels 
and improve wildlife habitat 

Fire will recover 
rapidly but effects 
will still be present 

10 years following 
treatment 
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3.5 WILDLIFE 
 

3.5.1 Affected Environment 
 

The FNF has a large diversity of habitats, ranging from low elevation shrub-steppe around 5,000 
feet, extensive aspen habitats from the mid to upper elevations, and high alpine krumholtz on 
the Tushar Mountains over 12,000 feet. Because of this variety, there is a great diversity of fish 
and wildlife species on the FNF.  In fact, the FNF contains more than 300 different species of 
wildlife.  The habitat areas on the Forest are important for the conservation of federally listed 
species, regionally listed (USDA FS) sensitive species, and game and non-game species. 

 
The white paper “Life History and Analysis of Endangered, Threatened, Candidate, Sensitive, and 
Management Indicator Species of the Fishlake National Forest” (Rodriguez 2006) is a 
comprehensive description of life histories, population trends and habitat requirements for 
species that occur or have habitat within the FNF, and is hereby incorporated by reference. 
Existing condition, or affected environment, for each species is described in the species specific 
sections below, followed by a disclosure of anticipated impacts, or environmental 
consequences. Impacts, effects, and environmental consequences are synonymous terms. 

 
Cumulative Effects Analysis Area 
The cumulative effects area (CEA) for the wildlife species analyzed in this document includes 
approximately 1.8 million acres; including 492,934 acres on the Fillmore Ranger District, 520,958 
acres on the Fremont River Ranger District, 313,062 acres on the Beaver Ranger District and 
459,631 acres on the Richfield Ranger District. Since this project encompasses potential 
hydrocarbon energy leases across the entire forest, the cumulative effects area was selected 
based on entire Ranger Districts. These large areas will cover the scope of the project and 
adequately analyze the species involved.  It includes known or predicted use areas by species 
analyzed in this document during all or portions of their life cycle. The past, present and 
reasonably future activities within the CEA include, grazing, recreation, timber and thinning 
operations, natural and prescribed fire, weed control, and other special uses. 

 
 

Table 3.5-1 Suitability of habitat for threatened, endangered, candidate, Sensitive, and Management 
Indicator Species by Ranger District. 

SPECIES STATUS FILLMORE FREMONT 

RIVER 

BEAVER RICHFIELD HABITAT UNSUITABLE BASED 

ON THE FOLLOWING 

THREATENED (T), ENDANGERED (E) AND CANDIDATE (C) SPECIES 

California Condor E U U U U Current breeding range 
does not include FNF 

Mexican Spotted 
Owl 

T N Y N N Occurs only on Teasdale 
portion of Fremont River 
RD 

Utah Prairie Dog T N Y Y Y Currently occurs only on 
Fremont River RD, 
historical reintroduction 
sites on Beaver RD 

Yellow-Billed 
Cuckoo 

C U U U U Surveys have been 
conducted, no observations 
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SPECIES STATUS FILLMORE FREMONT 

RIVER 

BEAVER RICHFIELD HABITAT UNSUITABLE BASED 

ON THE FOLLOWING 

Greater Sage- 
Grouse 

C Y Y Y Y No observations on the 
Fillmore RD in last 10 years 

Least chub C N N N N Does not occur on FNF 

INTERMOUNTAIN REGIONAL FORESTER’S SENSITIVE SPECIES 

Bald Eagle S Y Y Y Y Winter use only 

Bighorn Sheep S N Y* N N *Intermittent occurrence 
along border with Capitol 
Reef NP 

Peregrine Falcon S Y Y Y Y  
Spotted Bat S U U U U Surveys have been 

conducted, no observations 

Townsend’s Big- 
eared bat 

S Y U U U Surveys have been 
conducted, observed only 
on Fillmore RD 

Northern 
Goshawk 

S Y Y Y Y  

Flammulated Owl S Y Y Y Y  
Three-toed 
woodpecker 

S Y Y Y Y  

Greater Sage- 
grouse 

S Y Y Y Y Have not been observed on 
the Fillmore District 

Yellow-billed 
cuckoo 

S U U U U Surveys have been 
conducted, no observations 

Pygmy Rabbit S Y Y Y Y Have not been observed on 
the Fillmore and Richfield 
Districts 

Boreal Toad S U Y U Y  
Bonneville 
Cutthroat 

S Y Y Y Y  

Colorado River 
Cutthroat 

S Y Y Y Y  

Leatherside Chub S N Y U Y  

FISHLAKE NATIONAL FOREST MANAGEMENT INDICATOR SPECIES (MIS) 

Elk MIS Y Y Y Y  

Mule Deer MIS Y Y Y Y  

Northern 
Goshawk 

MIS Y Y Y Y  

Sage Nesters1 MIS Y Y Y Y  

Cavity Nesters2 MIS Y Y Y Y  

Riparian 

Nesters3 

MIS Y Y Y Y  

Macroinvertebrat 
es 

MIS Y Y Y Y  

Northern Flicker4 MIS N/A Y N/A N/A MIS only on Teasdale 
portion of Fremont River 
RD (DNF) 

Wild Turkey 4 MIS N/A Y N/A N/A Only on Teasdale portion of 
Fremont River RD (DNF) 
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SPECIES STATUS FILLMORE FREMONT 

RIVER 

BEAVER RICHFIELD HABITAT UNSUITABLE BASED 

ON THE FOLLOWING 

Bonneville 
Cutthroat Trout 

MIS Y Y Y Y  

Rainbow Trout MIS Y Y Y Y  

Cutthroat Trout MIS Y Y Y Y  

Brown Trout MIS Y Y Y Y  
Brook Trout MIS Y Y Y Y  
Y = habitat exists on the identified districts and will be analyzed. N = habitat does not exist and species will not be analyzed further. 
U = unknown habitat or occupancy status and species will be analyzed. 
1-- Brewer’s Sparrow, Vesper Sparrow, Sage Thrasher 
2-- Hairy Woodpecker, Western Bluebird, Mtn. Bluebird 
3-- Lincoln’s Sparrow, Song Sparrow, Yellow Warbler, MacGillivray’s Warbler 
4-- Dixie National Forest Management Indicator Species – Teasdale portion of the Fremont River District 

 

 
 

3.5.2 Environmental Consequences 
 

3.5.2.1 General Effects to Wildlife 
 

NEPA requires that effects in an EIS be discussed in terms of context and intensity. Context 
refers to the location, type, or size of the area to be affected relative to each resource 
component. Intensity refers to the severity or level of magnitude of impact. Intensity of effects 
is defined as Major, Moderate, Minor, or Negligible. In addition, the duration of effects can be 
temporary, short-term, or long-term. These terms are described more specifically in table 3.5-2. 
The analysis in this document focus on how the proposed action may affect current potential to 
support a given species on a Forest-wide scale, and the terms used in species analysis reflect this 
context. Thus, while the effects to an abundant and widespread species may be substantial to 
individuals in the immediate region of the action, the over-all effects of the action may be 
determined to be of Minor intensity given the extent and distribution of available habitat across 
the FNF as a whole. 

 

Table 3.5-2 Summary of terms used to describe effects in the specialist report 
ATTRIBUTE OF EFFECT DESCRIPTION 

Quality Beneficial An improvement of current conditions. 

 Adverse A degradation of current conditions. 

Magnitude 
(Intensity) 

Negligible No measurable change in current conditions. 

 Minor A small, but measurable change in current conditions that 
will not alter habitat effectiveness for a species. 

 Moderate A change in current conditions extensive enough to alter 
local habitat effectiveness or displace some individuals, but 
not of a sufficient scale to affect the status of a species 
Forest-wide. 

 Major A large, easily measured change in current conditions that 
will alter habitat effectiveness or result in displacement of 

individuals to the extent that population levels and/or 
reproductive rates will likely change for that species Forest- 
wide. 

Duration Temporary Short-lived (i.e., during construction). 

 Short-term 10 years or less. 

 Long-term More than 10 years. 
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The main impacts to fish and wildlife that are possible from land clearing include mortality, 
injury, and habitat modification, habitat fragmentation, and loss. For wildlife, the destruction of 
occupied burrows or nests, displacement, and the direct disturbance of habitat during land 
clearing would result in direct impacts. The loss of forested habitats, as well as, sagebrush, 
would generally be long-term, while the loss of grassland or forbs could be short-term if areas 
re-vegetate with native species.  For fish, land clearing in the vicinity of an occupied stream can 
increase the potential for delivery of organic molecules, sediments, nutrients, salts, and heavy 
metals (Trombulak and Frissel 2000) or surface water runoff because vegetation is no longer 
present to block or dilute such introductions.  Roads are often located closer to streams than 
well pads and are more likely to cause erosion or provide a channel for delivery of hazardous 
substances. These occurrences can degrade habitat and ecosystem functioning, which may 
affect fish habitat (e.g., water temperature, stream bank vegetation, large woody debris). 
Fishlake National Forest Oil and Gas Operating Standards (Appendix F) are designed to avoid 
these impacts. 

 
For most wildlife species, the area of affected wildlife habitat would be far larger than the area 
directly occupied by oil and gas activities.  Indirect effects such as avoidance and stress 
responses by wildlife to increased human activity extend the influence of each well pad, road, 
and facility. The extent of human influence varies by habitat type and species, but may extend 
up to two miles or more for species such as mule deer (Sawyer et al. 2006).  In some cases the 
result is partial, or even total, loss of habitat effectiveness for the species within the area of 
influence.  Loss of habitat due to human disturbance (displacement) may cause individuals to 
experience lower reproductive success, decreased body condition or mortality.  The increase in 
density of individuals in the remaining area may lead to greater competition for limited 
resources and further stress.  Displacement is more likely to have negative impacts when it 
occurs in key habitat types or during sensitive periods such as breeding or rearing of young. 
Small, isolated disturbances within non-limiting habitats may be of minor consequence within 
most ecosystems. However, larger-scale developments within key habitat may have moderate 
to major impacts on wildlife populations because the undisturbed habitat surrounding the 
disruption is less likely to be as suitable (WFGD 2004). 

 
Fragmentation of wildlife habitats is a concern with oil and gas activities due to the linear extent 
of many activities, including seismic exploration and roads connecting well pads. For larger 
mammals, fragmentation may hinder migration and dispersal. Smaller species such as small 
mammals and reptiles are affected by single roads that may split a population in half and 
prevent migration in and out.  Road crossings in streams can create barriers to fish movement 
(Trombulak and Frissel 2000), which can isolate fish populations. Fragmentation of fish and 
wildlife populations leads to reduced genetic diversity and increased susceptibility to population 
decline.  Under certain circumstances fragmentation may enhance habitat effectiveness by 
creating barriers to disease transmission or blocking the spread of invasive or exotic species (i.e. 
fish barriers and Bonneville cutthroat trout recovery), but these cases tend to be the exception 
and habitat fragmentation is usually detrimental to wildlife populations. 

 
Impacts to wildlife and fisheries resources from the different phases of oil and gas development 
depend on the duration, amount, and type of disturbance involved. The following phases as 
described in the RFDS are discussed in terms of possible impacts to all wildlife species: seismic 
activity, exploratory drilling and road construction, and production. 
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Seismic Activity - Seismic exploration involving both buggies and helicopters would temporarily 
disturb wildlife, due to noise and human presence, in the vicinity of operations. Noise would be 
produced mainly by the explosives used to generate vibrations. Mobile wildlife will probably 
move away from the disturbance and return to the area once the activity is completed. Seismic 
activities would have a negligible impact on fisheries because surface disturbance is minimal and 
vibrations would be temporary. In terms of habitat impacts, seismic activities would involve 
temporary impacts because vegetation crushed by overland travel would soon recover; likely the 
following year for herbaceous vegetation. Shrubs and small trees would take longer to recover, 
and such vegetation crushed during seismic activity may not be suitable as cover or nesting 
structure in the short-term (up to 10 years). 

 
Exploratory Drilling and Road Construction - Exploratory drilling involves the construction of dill 
pads and access roads, which alters wildlife habitat (land clearing), impacts stream channels, and 
increases the potential for the introduction of sediment and hazardous materials to the aquatic 
system. Disturbance to wildlife caused by intermittent human presence on an exploration well 
would be short-term, lasting for the duration of operations. Direct mortality may occur to smaller 
species, such as rodents, reptiles, and (nesting) birds, during construction of the pad and roads. 
Noise disturbances from the actual drilling would be temporary. Human presence and noise 
could cause mobile individuals in the vicinity to be displaced; individuals may or may not return 
to the area after reclamation. Fish could be affected by streams crossings (culverts), and by the 
potential for habitat degradation, caused by increases in sediment yield, short-term pulses of 
turbidity, and chemical contamination that are the result of construction and use of 
developments near streams. 

 
Production - A production field would involve the largest amount of disturbance and the most 
adverse impacts to wildlife. After production wells are constructed, human presence and noise 
may continue for the first year; in subsequent years these disturbances would drop to about one 
person per day. Because of direct habitat loss to roads and structures and indirect loss due to 
displacement the area surrounding each production well could potentially be unsuitable for many 
wildlife species for the life of the project. Direct mortality could occur during construction to any 
small, less mobile species within disturbance footprints. Fishes could be impacted during this 
time by noise and any additional road building in proximity to or across occupied streams. 

 
3.5.2.2 Effects to Wildlife by Species 

 
Effects to wildlife is organized first by status of the species (federally listed, sensitive, MIS, other 
species of concern), followed by a species specific analysis. The cumulative effects area for the 
wildlife species analyzed in this document includes approximately 1.8 million acres; including 
492,934 acres on the Fillmore Ranger District, 520,958 acres on the Fremont River Ranger 
District, 313,062 acres on the Beaver Ranger District and 459,631 acres on the Richfield Ranger 
District. Since this project encompasses potential hydrocarbon energy leases across the entire 
forest, the cumulative effects area was selected based on entire Ranger Districts. These large 
areas will cover the scope of the project and adequately analyze the species involved.  It 
includes known or predicted use areas by species analyzed in this document during all or 
portions of their life cycle. 
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Federally Listed Threatened, Endangered, or Proposed Terrestrial Wildlife 

 

A lease notice was developed for each listed species within the FNF in coordination with USFWS 
and will be attached to leases.  The lease notice includes minimization and avoidance measures 
designed to assure activities carried out on the lease are in compliance with the Endangered 
Species Act.  Additional consultation with USFWS will be required at the project stage. 

 
California Condor 

 

No observations of California condors have been documented on the Fishlake National Forest. It 
is possible, however, that condors could cross the forest since they are known to occur on the 
Dixie National Forest, Grand Canyon to the south, are occasionally sighted in southern Utah, 
south of the forest, near Zion National Park, and have been sighted in northern Utah at Flaming 
Gorge Reservoir.  It is also possible that condors could extend their range to include habitat on 
the FNF over the life of this document, so California condors are carried forward in the analysis 
even though they are not known to occur on the forest at this time. 

 
The FNF contains cliff and canyon habitat – referred to as “rim” habitat -- similar to that used for 
nesting and roosting in areas occupied by condor.  A total of 62,740 acres of rim habitat with the 
potential to be used by condor as future nesting or roosting habitat was identified on the FNF 
using GIS techniques. The amount and percentage of rim habitat open to oil and gas 
development are listed in Table 3.5-3. While rim habitat is fairly limited in area, nearly all land 
administered by the FNF could be considered potential foraging habitat for California condor. 

 
Lands administered by the FNF east of Interstate-15, south of Interstate-70, and west of HWY- 
191 are included in the Nonessential Experimental Population Area (USDI 1996). Under section 
10(j) of the Endangered Species Act, federal agencies are not required to ensure that their 
activities are not likely to jeopardize the continued existence of condors within the designated 
Nonessential Experimental Population Area (USDI 1996).  Approximately 88% of potential 
condor rim habitat on the FNF falls within this area. On the remaining habitat north of I-70 and 
west of I-15 condor are considered fully endangered and receive complete protection under the 
ESA. 

 

Table 3.5-3 Potential California condor nesting and roosting (rim) habitat that would be open to long- 
term oil and gas development for each proposed alternative subsequent to leasing 

HABITAT TYPE ALTERNATIVE 

 A B C D 
 
 

Potential rim habitat open for development 
(acres) in Endangered area 

 
0 

 
7,364 

 
293 

 
0 

 
 

% of potential rim habitat subject to development 
in Endangered area 

 
0% 

 
100% 

 
4% 

 
0% 

 
 

Potential rim habitat open for development 
(acres) in Experimental Nonessential Population 
Area (10j) 

 
 

0 

 
 
55,376 

 
 

2,947 

 
 

0 

 
 

% of potential rim habitat open for development 
in Experimental Nonessential Population Area 
(10j) 

 
 

0% 

 
 
100% 

 
 

5% 

 
 

0% 

75 



 

Final Environmental Impact Statement Fishlake National Forest Oil and Gas Leasing Analysis 
 

 
 

General Effects 
There is little research on how oil and gas activities may affect California condor populations, 
but general causes of mortality have been well documented for this species (USDI 1996). 
Poisoning is a major cause of death, in part due to the tendency for condors to consume items 
of trash and fluids such as anti-freeze. Condors are particularly susceptible to lead poisoning 
and ingesting fragments of lead bullets has been a major challenge to recovery.  Any litter, 
chemicals or toxic fluids associated with oil and gas activities could increase condor mortality. 

 
Condors readily use power-poles for roosts, and collision with power-lines and structures 
associated with any new oil fields could be a source of mortality.  Condors are also attracted to 
open water, and could potentially drown or ingest toxins or chemicals from waste water ponds 
used during the production or drilling process. These risks are likely minor, and could be further 
mitigated at the project level. 

 
Oil and gas activities will likely have negligible direct impacts to condor foraging habitat, since 
this habitat is abundant and condor exhibit a degree of tolerance to human activity while 
feeding.  The predicted level of surface disturbance represents less than 1% of potential condor 
foraging habitat on the FNF.  A minor (2.6%) direct loss of nesting (rim) habitat to surface 
disturbance could occur if all development predicted in the RFDS were to take place within this 
habitat.  Indirect effects of oil and gas activities occurring near cliff and canyon habitat during 
more sensitive nesting, brooding and fledging periods could displace breeding adults and have 
an adverse effect on condor reproductive success. 

 
Effects Specific to Alternatives A and D 
There are no current oil or gas leases on the forest; therefore, if the no action alternative 
(Alternative A) is selected there would not be any effects to California condor individuals or 
habitat from oil or gas development.  Similarly, there would be no effects if Alternative D is 
selected since this option would not allow leasing on the habitat of federally listed species 
outside of the non-essential experimental population area. 

 
Effects Common to Action Alternatives B and C 
Under Alternative B, exploratory or production activities authorized in nesting or foraging 
habitat could occur on 62,740 acres or 100% of the rim habitat on the forest.   NSO stipulations 
in place to protect other resources under Alternative C  would limit the amount of rim habitat 
open to 5% and 4% of areas of the FNF included in the experimental/non-essential or 
endangered recovery areas, respectively. 

 
Cumulative Effects 
There would be no cumulative effects under Alternatives A and D since there would be no oil 
and gas activities in potential condor nesting and roosting habitat.  Under the  action 
alternatives B and C, past, present, and reasonable foreseeable future actions in condor habitat 
include fragmentation from development and roads; livestock grazing; vegetation changes due 
to reduced frequency of burning and the increased potential for larger and more intense fires, 
recreation; and mineral developments. Cumulative effects of oil and gas activities when added 
to these actions may reduce the effectiveness and availability of habitat within the Action Area, 
as the amount of suitable habitat changes depending on levels of development and other land 
uses. Depending on the location, the addition of post-leasing activities (connected actions) in 
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condor rim habitat could contribute to adverse effects by reducing nesting and roosting habitat 
effectiveness and possibly hindering establishment of this species. 

 
Determination 
There would be no effect on California condor or their habitat from the implementation of 
Alternative A because oil or gas leasing would not occur on the forest. Alternative D prohibits 
leasing designated habitat of federally listed species, so there would be no effect on condor 
populations or habitat outside the Nonessential Experimental Population Area if this alternative 
is selected. 

 
Implementation of connected actions as well as cumulative effects under action alternatives B 
and C May Affect, and are Likely to Adversely Affect California condors on lands administered by 
the FNF west of I-15 and north of I-70, where they are listed as endangered. Due to their 
mobility and northward expansion it is feasible that condors could occur on FNF during the life 
of this document. Because the location and extent of future oil and gas development are 
unknown at this time it not possible to rule out adverse effects to condor individuals or habitat 
on a forest-wide scale. Once development plans are known, it is likely steps can be taken at the 
project level to minimize or eliminate potential adverse impacts to this species. 

 
On suitable rim habitat on FNF lands within the Nonessential Experimental Population Area 
(east of I-15 and south of I-70), activities associated with oil and gas production under Action 
Alternatives B, C and D would not jeopardize this experimental and non-essential population. 

 
Mexican Spotted Owl 

 

The USFWS has designated 17,749 acres of critical habitat on the forest; all of which occurs 
within Wayne County on the Teasdale portion of the Fremont River Ranger District.  All 
designated habitat occurs in areas with high potential for oil and gas development. 
During recent years, potentially suitable habitats within Wayne County were surveyed for 
Mexican spotted owls. There are two nest locations on the Fishlake National Forest, both on the 
Teasdale portion of the Fremont River Ranger District. The Forest Service has designated 
Protected Activity Centers (PAC) around each nest site totaling 1,648 acres. One PAC is within 
the U.S. Fish and Wildlife Service designated critical habitat area, while the second lies mostly 
outside designated critical habitat. Analysis of effects to this species will be evaluated among 
alternatives by examining differences in the number of acres of designated critical habitat 
impacted by the reasonably foreseeable development scenario. 

 
 

Table 3.5-4 Acres and percent of designated critical Mexican spotted owl habitat, by Alternative 

 
LEASE OPTION 

ALTERNATIVE A ALTERNATIVE B ALTERNATIVE C ALTERNATIVE D 

ACRES % ACRES % ACRES % ACRES % 

TL 0 -- 0 0% 0 --- 0 -- 

NL 16,101 91% 0 -- 0 -- 16,101 91% 

NSO 0 -- 0 -- 13,870 78% 0 -- 

SLT&C 0 -- 0 -- 0 -- 0 -- 

PAC (NSO) 1,648 9% 1,648 9% 1,648 9% 1,648 9% 
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General Effects 
The direct and indirect effects on Mexican spotted owls from oil and gas activity could result 
from habitat loss or impacts to the prey base.  In Utah, Mexican spotted owls nest in steep 
walled canyon complexes (Rodriguez 2006), and while direct impacts to nesting habitat could 
occur the rugged nature of these areas would likely discourage the placement of permanent 
structures. Direct loss of foraging habitat and indirect affects due to disturbance caused by 
development adjacent to nesting habitat are somewhat more likely to occur.  Habitat 
surrounding known active nest sites (PACs) would be protected from long-term development 
under all alternatives. 

 
Effects Specific to Alternative A 
If the no action alternative (Alternative A) is selected there would be no additional oil and gas 
leasing and therefore there would not be any effects to Mexican spotted owl individuals or 
habitat from oil or gas development. 

 
Effects Specific to Alternative B 
Under alternative B, all MSO habitats outside PACs would be open to development.  If all oil and 
gas activities projected in the RFDS were to occur in MSO habitat, up to 8% of Designated 
Critical Habitat could be directly affected.  Seismic activities could cause some direct loss of 
foraging and nesting habitat, however, this loss would be short-term and minor and would not 
exceed 2% of designated critical habitat on the FNF.  Indirect impacts such as displacement of 
owls due to noise and human activity would likely extend the amount of habitat affected during 
seismic exploration, but these impacts are expected to be temporary in nature and owls would 
likely quickly return to normal use patterns once seismic activities are complete. Seismic activity 
occurring in MSO habitat during the breeding season (March 1 – August 31) could potentially 
cause owls to abandon nest sites and lead to reduced nesting success.  Construction and 
operation activities that would have more lasting impacts could alter or remove up to 6% (1,021 
acres) of USFWS Designated Critical Habitat. Indirect effects due to noise and human 
disturbances would increase this estimate, and the overall effect could be a minor-to-moderate 
reduction in habitat effectiveness for this species. 

 
Effects Specific to Alternative C 
Under Alternative C, only 13% of MSO Designated Critical habitat would be open to the 
placement of roads and permanent structures due to NSO restriction in place for MSO and other 
resources.  However, if all oil and gas activities projected in the RFDS (1,421 acres) were to occur 
in this area the extent of habitat loss would be similar to that of Alternative A (up to 8% of 
designated critical habitat) (see Table 3.5-4).  Under Alternative C seismic exploration would be 
allowed across all Mexican spotted owl habitat, which could cause some direct loss of foraging 
and nesting habitat; however, this loss would be short-term and minor and would not exceed 
2% of the designated critical habitat on the FNF.  Indirect impacts such as displacement of owls 
due to noise and human activity would likely extend the amount of habitat lost during seismic 
exploration, but these impacts are expected to be temporary in nature and owls would likely 
quickly return to normal use patterns once seismic activities are complete.  Under alternative C 
a lease notice developed for this species in coordination with USFWS and attached to leases 
with MSO habitat would restrict seismic activity around active nests from March 1st to August 
31st. 
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Construction and operation activities that would have more lasting impacts could alter or 
remove up to 6% (1,021 acres) of USFWS Designated Critical Habitat, although indirect effects 
due to noise and human disturbances would increase this estimate. While some of the 
proposed activities would have positive effects on habitat conditions (i.e. re-vegetation of test 
well sites providing better habitat for some prey species) the majority of predicted impacts are 
likely to be negative and result in a potential minor decrease in habitat effectiveness.   No long- 
term effects would occur in the PACs since these areas would be NSO. 

 
Effects Specific to Alternative D 
Alternative D would not allow leasing of oil or gas rights within designated critical Mexican 
spotted owl habitat. Under alternative D adverse effects to Mexican spotted owls and spotted 
owl habitat can still occur because the extent, timing, and location of disturbances are unknown 
at this time and it is impossible to predict where owls may occur or be located in the future. 

 
Cumulative Effects – All Alternatives 
Past, present, and reasonable foreseeable future actions in Mexican spotted owl habitat include 
fragmentation from roads and trails; livestock grazing; vegetation changes due to reduced 
frequency of burning and the increased potential for larger and more intense fires, insect 
outbreaks, timber harvests and encroachment of climax species; recreation; and mineral 
developments. The cumulative effects of these actions have and will continue to impact the 
effectiveness and availability of habitat within the Action Area, by increasing human access into 
steep-walled canyon habitats and reducing the amount of available foraging and wintering 
habitat for Mexican spotted owls. The addition of post-leasing activities (connected actions) in 
Mexican spotted owl habitat would contribute to further loss of available habitat. Specifically, 
post-leasing activities could introduce a potentially persistent and long-term disturbance that 
could render the area unsuitable for nesting, roosting, and foraging due to noise, human 
presence, and direct disturbance (e.g., removal of vegetation) for the life of this document. 

 
Determination and Rationale 
Alternative A - There would be no effect on Mexican spotted owls or their habitat, including 
potential habitat, or designated critical habitat from the implementation of Alternative A (no 
action) because in either alternative, oil or gas leasing would not occur in designated or 
potential Mexican spotted owl habitat. 

 
Alternative B, C & D - Implementation of connected actions, as well as cumulative effects under 
the Alternative B, C & D, May Affect, and are Likely to Adversely Affect the Mexican spotted owl 
and designated critical habitat. 

 
Mexican spotted owls are vulnerable on the FNF due to low numbers and a limited, localized 
distribution. Because the extent, timing, and location of disturbances are unknown at this time 
and it is impossible to predict where owls may occur or be located in the future, adverse effects 
to the species and its habitat cannot be ruled out. It is likely that potential impacts can be 
mitigated at the project level once development plans are known. 

 
Utah Prairie Dog 

 

There are 10,596 acres of occupied Utah prairie dog habitat on the Fishlake National Forest. The 
majority of this acreage is within the Fremont River District, however, it also includes an area in 
the Gooseberry drainage on the Richfield District, and four historic translocation sites; three are 

 

79 



 

Final Environmental Impact Statement Fishlake National Forest Oil and Gas Leasing Analysis 
 

 
 

in the Fishlake basin on the Fremont River Ranger District, and one near Rocky Reservoir on the 
Beaver Ranger District. These translocation sites comprise 428 acres of potentially suitable 
habitat. To date, however, these transplants have been considered unsuccessful, with no prairie 
dogs occupying these sites. Nevertheless, these transplant sites have been grouped with other 
occupied Utah prairie dog habitat for this analysis. Utah prairie dog colonies have been mapped 
in the field using accurate GPS technology by the UDWR Utah prairie dog survey crews with 
assistance from Forest Service Biologists and field crews. The UDWR delineated Utah prairie dog 
habitat by buffering the colony (actual prairie dog holes) by 0.5 mile buffer to account for 
missed holes and an area for colony expansion. 

 
General Effects 
The direct impacts to Utah prairie dog from oil and gas activity would be primarily from habitat 
alteration due to the construction of roads, facility pads and other infrastructure.  Indirect 
impacts include fragmentation of habitat near existing colonies which would block or constrain 
population movement and colonization of new areas, the potential for higher mortality from 
avian predators using oil structures as roost sites, and increased shooting losses due to better 
access from new or improved roads servicing oil and gas facilities. 

 
Effects Specific to Alternative A 
If the no action alternative (Alternative A) is selected there would be no additional oil and gas 
related activities on the forest, therefore there would not be any effects to Utah prairie dog 
individuals or habitat. 

 
Effects Specific to Alternatives B 
Under Alternative B, all known Utah prairie dog habitat on the FNF would be open to oil and gas 
exploration and development.  If all projected activities were to occur within UDWR mapped 
UPD habitat roughly 13% would be directly impacted. Indirect affects due to noise and human 
disturbance would increase this estimate, resulting to overall impacts that would be moderate 
in magnitude and range from temporary to long-term in duration.  A Lease Notice developed in 
coordination with the USFWS (Appendix A -- Conservation Measures) would provide a level of 
protection by requiring surveys and locating developments away from active colonies when 
possible. 

 
Effects Specific to Alternatives C 
Under Alternative C roads, well sites, or other developments would not be allowed within 0.5 
miles of an active colony. This would provide effective protection for known existing colonies, 
although following leasing Utah prairie dogs may be attracted to sites outside of the 0.5-mile 
buffer that are suitable habitat or become suitable due to ground disturbance.  The Lease Notice 
(Appendix A) developed in coordination with the USFWS would apply in these circumstances. 
Seismic surveys would be allowed within the 0.5 mile buffer around colonies, and could directly 
impact up to 395 acres of Utah prairie dog colony areas across the Forest (approximately 4 
percent of the occupied and suitable habitat) if all seismic activity were to occur in prairie dog 
habitat.  Seismic activities within colony areas would likely disturb prairie dogs, possibly making 
individuals temporarily more susceptible to predator attacks due to noise and hindering social 
interactions (Magle et al 2005). 

 
Under Alternative C there is the potential that new roads and developments associated with oil 
and gas development could fragment existing habitat and hinder movement of prairie dogs 
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between colonies as well as inhibit the expansion of existing colonies or the establishment of 
new colonies. 

 
Effects Specific to Alternative D 
Alternative D would not allow leasing of oil or gas rights within UDWR designated Utah prairie 
dog habitat. This area identifies both colony locations and a buffer for prairie dog expansion. 

 
Cumulative Effects – Alternatives A & D 
There would be no additional effects under alternatives A and D, and therefore no cumulative 
effects if either of these alternatives were selected. 

 
Cumulative Effects – Alternatives B & C 
Past, present, and reasonably foreseeable future actions in Utah prairie dog habitat include 
fragmentation from development and roads, livestock grazing, power line development, 
unauthorized shooting, unauthorized take, and mineral developments. The cumulative effects of 
these actions have and will continue to impact Utah prairie dogs and the effectiveness and 
availability of habitat within the Action Area by increasing habitat fragmentation conditions, and 
directly or indirectly impacting individual Utah prairie dogs. The addition of post-leasing 
activities (connected actions) from alternatives B and C in future or unknown occupied Utah 
prairie dog habitat could contribute to some level of habitat loss or alteration. 

 
Determination and Rationale 
Alternative A & D - In either alternative A or D there would be no leasing of oil or gas rights on 
delineated Utah prairie dog habitats, therefore there would be no effect to this species from 
either alternative. 

 
Alternative B & C - Implementation of connected actions, as well as cumulative effects under 
Alternatives B & C, May Affect, and are Likely to Adversely Affect the Utah prairie dog.  Because 
the location and extent of future oil and gas development are unknown at this time it not 
possible to rule out adverse effects to Utah prairie dog individuals or habitat on a forest-wide 
scale. Once development plans are known, it is likely steps can be taken at the project level to 
minimize or eliminate potential adverse impacts to this species. 

 
Yellow-billed Cuckoo 

 

Potential cuckoo habitat has been delineated on the forest using a computer model using 
elevation and riparian vegetation as the main variables (Rodriguez 2006). The model identified 
2,664 acres of potentially suitable western yellow-billed cuckoo habitat on the Fishlake National 
Forest across all districts. The yellow-billed cuckoo has not been documented on the Forest to 
date despite significant survey efforts in 2002, 2003 and 2004, and ongoing habitat surveys at 
the project level. 

 
General Effects 
Direct and indirect effects on yellow-billed cuckoo from oil and gas activity would be from 
habitat loss and disturbance during the breeding season. 

 
Effects Specific to Alternative A 
There are no current oil or gas leases on the forest, nor have there been any observations of 
YBCU located on the Forest; therefore, if the no action alternative (Alternative A) is selected 
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there would not be any effects to yellow-billed cuckoo individuals or habitat from oil or gas 
development. 

 
Effects Common to Alternatives B & C 
Based on No Lease and No Surface Occupancy stipulations from the various resource issues, 
there would be 2,664 acres of potential yellow-billed cuckoo habitat open to development 
under alternative B, and 0.4 acres under alterative C. Alternatives B and C both place Lease 
Notices on all potential yellow-billed cuckoo habitat. Based on the limited amount of acres of 
potential habitat open to development, protection from the lease notice, and the riparian buffer 
protection provided in Alternative C, effects to yellow-billed cuckoo individuals or habitat from 
oil or gas development would be negligible if either Alternative B or C is selected. 

 
Effects Specific to Alternative D 
Under Alternative D delineated potential yellow-billed cuckoo habitat would be No Lease. 
Additionally, no development would occur in a riparian corridor 500’ from the water’s edge on 
both sides, and therefore impacts to this species would be negligible. 

 
Cumulative Effects – All Alternatives 
Because there would be no incremental effects to yellow-billed cuckoo individuals or breeding 
habitat as a result of implementing any of the alternatives, there would be no cumulative effects 
to this species. 

 
Determination and Rationale 
Alternative A & D - There would be no effect on yellow-billed cuckoos or their habitat from the 
implementation of either Alternative A (no action) or D (High Resource Protection), due to the 
No Lease stipulation. 

 
Alternative B & C - Oil and gas activities under Alternatives B & C are not likely to adversely 
affect yellow-billed cuckoo individuals or their habitat. Both alternatives contain a Lease Notice 
restricting development within yellow-billed cuckoo habitat.  Alternative C would also prohibit 
surface development within 300’ of riparian areas. 

 
 

Table 3.5-5 - Summary of effects for federally listed and proposed terrestrial wildlife species 
SPECIES ALTERNATIVES 

 A B C D 

California condor (endangered) NE MA-LAA MA-LAA NE 

California condor (nonessential 
experimental) 

NE NJ NJ NE 

Mexican spotted owl NE MA-LAA MA-LAA NE 

Utah prairie dog NE MA-LAA MA-LAA NE 

Yellow-billed Cuckoo NE MA-NLAA MA-NLAA NE 

NE = No Effect 
MA-NLAA = May Affect - Not Likely to Adversely Affect 
MA-LAA = May Affect - Likely to Adversely Affect 
NJ = No Jeopardy 

 
 

Forest Service Region 4 Sensitive Wildlife Species 
 

The Regional Forester identifies Sensitive species as those for which population viability 
(“persistence”) is a concern, as evidenced by significant current and predicted downward trends 
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in population numbers, density, and/or habitat capability that would reduce a species’ existing 
distribution. Sensitive species must receive special management emphasis to ensure their 
viability and to preclude trends toward endangerment that could result in the need for federal 
listing (FSM 2672.1). 

 
Bald Eagle 

 

Bald eagles occur in low numbers on the forest during the non-breeding season. In accordance 
with their migratory patterns, bald eagles begin to appear on the forest in November and 
December; the lighter the early winter in the northern United States the fewer bald eagles 
arrive, and the heavier the winter, the more eagles show up. Eagles are scattered in low 
numbers across the entire forest, foraging and roosting near open water bodies. There are 
142,540 acres of potential bald eagle habitat delineated on the forest (Rodriguez 2006). Table 
3.5-6 outlines the number of acres of roosting and foraging habitat (“potential bald eagle 
habitat”) subject to oil and gas activity by alternative, as well as the percentage of the total 
habitat subject to activity. There are no known bald eagle nests on the Fishlake National Forest. 
However, one nest on private land south of Teasdale, UT is directly adjacent to the forest 
boundary. A one mile buffer placed around this nest includes 40 acres on the forest. 

 
As the winter progresses, snow deepens and water bodies freeze, eagles move to lower 
elevation, typically off the forest. There are, however, two winter concentration areas, one on 
the Fremont River district and one on the Richfield District. Winter concentration areas total 
561 acres and are focused on springs and water bodies that stay open late into the winter. 
Annually approximately 7 to 15 eagles use these concentration areas during the winter and 
before the water freezes. 

 
General Effects 
The effects on bald eagles from oil and gas activity would be due to direct habitat loss from new 
roads or facility pads, and disturbance, either visual or noise from heavy traffic on existing roads 
and/or activity at facilities. Disturbances in roosting and foraging areas, especially during the 
non-breeding period would have less impact on bald eagles since eagles are more mobile and 
the habitat area available to them is more extensive. Disturbances to nesting eagles are more 
impacting, because eagles are tied to the nest site and are actively engaged in reproduction and 
rearing of dependent young.  Winter concentration areas have unique attributes and are much 
more limited than roosting and foraging habitat (<1% of potential habitat). Impacts to these 
areas could have a disproportionate effect on overall bald eagle habitat effectiveness. 

 
Direct, Indirect and Cumulative Effects Specific to Alternative A 
No impacts to bald eagle individuals or habitat should occur from the implementation of the No 
Action alternative because no additional oil and gas activity would occur on the FNF. There 
would be no cumulative effects to bald eagle from the No Action alternative, because there 
would be no incremental effects to add to any impacts from past, present or reasonably 
foreseeable actions. 

 
Direct, Indirect and Cumulative Effects Common to Alternatives B, C, D 
Table 3.5-6 lists the number of acres and percentage of bald eagle foraging and roosting habitat 
and winter concentration areas not protected under No Lease or No Surface Occupancy 
stipulations, and therefore potentially subject to long-term oil and gas development. The 
construction of facilities and infra-structure would result in the direct loss of foraging or roosting 
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habitat under all three of the action alternatives, which could equal up to 1% of the total 
available foraging and roosting habitat assuming development does not exceed levels predicted 
in the RFDS (1,421 acres) and all oil and gas activities were to occur in bald eagle habitat. While 
of long-term duration, these impacts would be negligible in magnitude given the size of the area 
disturbed relative to the total foraging and roosting habitat available. 

 
Under alternatives C and D winter concentration areas would be NSO and oil and gas activities 
would not impact these important areas. Under alternative B there could be a major decrease 
in bald eagle habitat effectiveness on the FNF if all or a significant amount of the anticipated 
development were to occur in winter concentration areas.  However, it should be noted that all 
winter concentration areas are situated in areas of the forest where the potential for oil and gas 
development is predicted to be low (Appendix B). The incremental affects from any of the action 
alternatives, when added to past, present and foreseeable future impacts would not 
cumulatively push bald eagles over a threshold toward a federal listing, or a decline in 
population. 

 

Table 3.5-6 Bald eagle habitat subject to oil and gas activity subsequent to leasing 

HABITAT ALTERNATIVE 

 
 

A 
 

B 
 

C 
 

D 

Potential habitat open 
for development 
(acres)* 

 
0 

 
142,540 

 
86,481 

 
12,125 

 

% of total potential 
habitat subject to 
development 

 

 
0% 

 

 
100% 

 

 
60.7% 

 

 
8.5% 

 

Winter concentration 
area open for 
development (acres) 

 

 
0 

 

 
561 

 

 
0 

 

 
0 

 

% of total winter 
concentration area 
subject to development 

 

 
0% 

 

 
100% 

 

 
0% 

 

 
0% 

 

Nesting area buffer on 
forest open to 
development (acres) 

 

 
0 

 

 
39.7 

 

 
38.6 

 

 
0 

 

% of nesting area 
buffer on forest subject 
to development 

 

 
0% 

 

 
100% 

 

 
97.2% 

 

 
0% 

*Potential bald eagle habitat was not available for the Teasdale portion of the Fremont River RD 

 
Determination and Rationale 
The No Action alternative would not impact Bald Eagles or their habitat within the FNF.  The 
three action alternatives may impact individuals, but are not likely to cause a trend toward 
federal listing or loss of viability.  This determination is based on the relatively small proportion 
of predicted disturbance (1,421 total acres) relative to the abundance of roosting and foraging 
areas within the potential habitat and the mobility of eagles allowing them to move between 
them easily.  Alternatives C and D incorporate enough protective measures to limit impacts to 
key habitat. While alternative B presents the potential for moderate-to-major impacts to winter 
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concentration areas if development were to occur in these areas, site-specific NEPA evaluations 
of proposed post-lease activities will be conducted at the APD and field development levels, and 
site-specific design criteria and mitigation measures can be implemented at that level to 
mitigate potential impacts to these localized areas. 

 
Peregrine Falcon 

 

There are three known peregrine nest territories on the Fishlake National Forest, one on the 
Beaver District, one on the Fremont River District, and one on the Fillmore District. There are 
38,394 acres of potentially suitable peregrine falcon habitat on the Fishlake National Forest. 
Across the state, and specifically in southern Utah, peregrine falcon populations have been 
increasing (Parrish 2007). 

 
General Effects 
Direct impacts to peregrine falcon habitat from oil and gas activity would be limited due to the 
challenges of developing the rocky, steep terrain around cliff faces and from the protections 
given to riparian and wetland habitats from federal law, as well as, Forest Service policy and 
guidelines. Potential negative impacts from energy development would more likely be indirect 
impacts from noise and visual disturbance from human activity adjacent to these habitats. 
Disturbances adjacent to nest sites are more likely to impact peregrines, than those within 
foraging habitats because nest areas are fixed, whereas falcons are highly mobile and forage 
over large areas. 

 
Direct and Indirect Effects Specific to Alternative A 
No impacts to peregrine falcon individuals or habitat should occur from the implementation of 
the No Action alternative, due to the fact that there would be no additional oil and gas 
development permitted on the forest. 

 
Direct and Indirect Effects Common to Alternatives B, C, D 
Effects from any of the three action alternatives (B, C & D) are similar.  If all activity projected in 
the RFDS were to fall within falcon habitat, approximately 4% of the 38,394 acres of potential 
habitat would be impacted under any of the action alternatives.  The main difference between 
alternatives is the amount of falcon habitat open to development; with alternative B (standard 
lease terms) subjecting the most potential peregrine falcon habitat to oil and gas development, 
and alternative D  being the most restrictive. Alternative C is between B and D. Table 3.5-7 lists 
the number of acres subject to oil and gas activity and percentage of the total habitat type open 
for development. Under alternative C and D development would be restricted in potential 
falcon habitat due to NSO stipulations included to protect steep slopes, IRAs, and riparian areas. 

 
 

Table 3.5-7 Potential peregrine falcon habitat subject to oil and gas activity subsequent to leasing 
 

 ALTERNATIVE 

 A B C D 

 

Potential habitat open 
for development (acres) 

 
0 

 
38,394 

 
15,844 

 
1,543 

% of total potential 
habitat subject to 
development 

 
0% 

 
100% 

 
41.3% 

 
4.0% 
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Cumulative Effects 
There would be no cumulative effects to peregrine falcon from the No Action alternative (A), 
because there would be no incremental effects which would add to any impacts from past, 
present or reasonably foreseeable actions. 

 
The incremental affects from any of the action alternatives (B, C & D), when added to past, 
present and foreseeable future impacts would likely be negligible-to-minor. A review of the 
past, present and reasonably foreseeable actions does not reveal any actions which have had a 
negative impact on peregrine falcons. This is due largely to the fact that the peregrine falcon 
was federally protected as a threatened species and projects were designed to avoid impacts to 
falcons. Past actions on a regional and international basis, which precipitated significant declines 
in peregrine populations were related to pesticides used in the environment (DDT), rather than 
impacts to habitat. Ever since 1972 when DDT was banned (EPA 1972) in the United States, and 
specifically in Utah, peregrine populations have been steadily increasing. 

 
Determination and Rationale 
The No Action alternative would not impact peregrine falcon populations. The three action 
alternatives may impact individuals, but are not likely to cause a trend toward federal listing or 
loss of viability. The determination of effects is based on the prediction that less than 4% of the 
habitat (1,421 acres) will be directly affected , cliff nesting areas are not open to development 
based on NSO stipulations added to protect soils and the inability to place facilities on rocky 
cliffs, the mobility of falcons which enables them to forage over vast landscapes, therefore, 
lessening an impact to a specific site within foraging habitat, the legal protections for riparian 
and wetland areas, and the fact that site-specific NEPA evaluations of proposed post-lease 
activities will be conducted at the APD and field development levels, and site-specific design 
criteria and mitigation measures can be implemented at that level. 

 
Spotted Bat & Townsend’s Big-eared Bat 

 

These two species are analyzed together in the analysis, because these species utilize similar 
habitats, and forage in the same way on similar prey (insects). 

 
Both the spotted and Townsend’s big-eared bat are rare on the Forest.  A uniform forest-wide 
bat inventory has not been conducted; nevertheless, bat surveys have been conducted on all 
four districts of the forest (Lengas 1997, Foster 1995). Townsend’s big-eared bats have been 
documented roosting in an abandoned mine in Millard County on the Fillmore District (Diamond 
and Diamond, 2003). The Diamond study also suggests that there is evidence for Townsend’s 
bats using other (10) abandoned mines in Millard County.  Spotted bats have not been 
documented on the forest, but are suspected to be on the forest based on habitat types and 
their presence throughout the geographic region.  A habitat model for spotted and Townsend’s 
big-eared bat habitat has been developed which identifies know caves and abandon mines, 
rocky outcrops and cliffs below 10,000’. Based on this model, there are 39,930 acres of 
potentially suitable habitat for spotted and Townsend’s bats on the Fishlake National Forest 

 
General Effects 
Roosting habitat for these bats on the Forest is typically difficult to access due its rocky and 
steep terrain.  Human disturbance to roosting bats usually takes the form of rock climbing 
activities or spelunking (cave/mine exploration), rather than surface type disturbances 
consistent with oil and gas development activities. 
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Direct and Indirect Effects Specific to Alternative A 
No impacts to spotted bat or Townsend’s big-eared bat individuals or habitat should occur from 
the implementation of the No Action alternative, due to the fact that there would be no oil and 
gas development permitted on the forest. 

 
Direct, Indirect and Cumulative Effects Common to All Action Alternatives (B, C, D) 
Under the three action alternatives (B, C and D), roughly 4% of the modeled potential habitat 
could be directly affected if all oil and gas activity predicted in the RFDS (1,421 acres) were to 
occur in bat habitat. While this would represent a minor habitat modification, challenges 
associated with developing oil and gas facilities or roads on steep rocky cliffs, caves or abandon 
mine sites make development of these areas less likely and as a result there should be negligible 
impacts to nesting and roosting habitat for these species.  Also, for alternatives C and D only 
22% and 0.3% of the potential habitat are open to leasing given the various resource stipulations 
(Table 3.5-8).  Since there would be no effect to spotted bat or Townsend’s bat from any of the 
alternatives, there would be no cumulative effects to these species. 

 
 

Table 3.5-8 Potential Spotted and Townsend’s Bat habitat subject to post-leasing oil and gas activity 
 

 ALTERNATIVE 

 A B C D 

Potential habitat open 
for development 
(acres) 

 
0 

 
39,930 

 
8,633 

 
130 

% of total potential 
habitat subject to 
development 

 
0% 

 
100% 

 
21.6% 

 
0.3% 

 
Determination and Rationale 
Alternatives A, B, C and D may impact individuals, but are not likely to cause a trend toward 
federal listing or loss of viability. 

 
Northern Goshawk, Flammulated Owl, and Three-toed Woodpecker 

 
 

Northern Goshawk – Surveys for this species have largely been conducted on a project basis, 
rather than a systematic forest-wide basis. Because of this, the known goshawk territories are 
likely only a portion of the goshawks using the Forest. There are 77 known Goshawk territories 
on the forest spread across all four Ranger Districts. Annual monitoring of goshawk territories 
shows variability in occupancy, but overall a stable trend. Based on the Forest Plan and goshawk 
amendment, Utah Goshawk Project EA (1999), Reynolds (1992), Graham et al (1999) and 
Rodriguez (2006), goshawk nesting areas (NAs) and post-fledgling areas (PFAs) have been 
delineated for the known nests on the forest. The 77 known goshawk territories have a 
combined total of 13,833 acres of nesting areas and 47,278 acres of post-fledgling area forest- 
wide. 

 
Flammulated Owl – Flammulated Owls have been surveyed on the Fishlake National Forest since 
1992. Survey efforts have been conducted on all districts. Owl response vocalizations have been 
documented on all ranger districts of the FNF. 
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Three-toed woodpeckers – Three-toed Woodpeckers are a Priority Migratory Bird Species 
according to the Utah Partners in Flight Conservation Strategy (Parrish et al., 2002). Utah is 
important to three-toed woodpeckers because 26-50% of the species total breeding distribution 
is in Utah (Rodriguez 2006). Formal surveys have been conducted on the Forest; these surveys 
have been focused in areas of spruce beetle infestation and areas proposed for vegetative 
treatment. Three-toed woodpeckers were observed on the forest and nests were located. In a 
study conducted by Brigham Young University, 71 of 251 survey points located in Engelmann 
spruce habitat type detected occurrences of three-toed woodpeckers. 

 
General Effects 
Forested cover types that provide potentially suitable habitat for northern goshawk, 
flammulated owl and three-toed woodpecker are generally abundant on the FNF, with over one- 
quarter of the forest (515,924 acres) considered potentially suitable habitat for these species. 
Based on the level of disturbance predicted in the RFDS, under all proposed action alternates (B, 
C and D) direct habitat loss to oil and gas activities would be negligible (<1%) when compared to 
the amount habitat available.  There would be an additional loss of habitat to indirect effects 
(i.e. disturbance, fragmentation), but it is unlikely that total loss of forested habitat would be 
greater than 5% unless development exceeds RFDS predictions. In certain situations, activities 
may improve foraging habitat for NOGO or FLOW (i.e. increased prey abundance on re- 
vegetated well pads) but considering the limited acreage involved these effects would likely be 
negligible on a forest-wide scale. 

 
While forested habitat is relatively abundant on the FNF, for nesting NOGO, FLOW and TTWO 
tend to select stands with structural characteristics of old-growth forests, such as large trees 
and high canopy closure (Greenwald et al 2005).  Habitats with these characteristics (key 
habitat) are far less abundant.  Direct and indirect disturbance in such key habitat, especially 
during the breeding and fledgling period, would have a negative impact on individuals of these 
species because birds are tied to the nest site and are actively engaged in reproduction and 
rearing of dependent young. 

 
Direct and Indirect Effects Specific to Alternative A 
No impacts to northern goshawk, flammulated owl, and three-toed woodpecker individuals or 
habitat should occur from the implementation of the No Action alternative, due to the fact that 
there would be no additional oil and gas development permitted on the forest. 

 
Direct and Indirect Effects Common to All Action Alternatives (B, C, D) 
The magnitude of potential impacts to NOGO, FLOW and TTWO foraging habitat would be 
similar among all action alternatives, with <1% of available suitable habitat being directly 
affected if all predicted development were to occur in potential habitat.  Alternative B would 
allow development to occur in all potentially suitable NOGO, FLOW and TTWO habitat under 
Standard Lease Terms and Conditions with no added protection. Under action alternative C, 
NSO stipulations designed to protect other resources would restrict placement of wells, roads 
and other structures on 75% of the potential habitat (Table 3.5-9). Protection would be greatest 
in Alternative D where only a fraction of forested habitat would be open to long-term 
development (3.5%). 
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Table 3.5-9 Potential goshawk, flammulated owl, or three-toed woodpecker habitat subject to post- 
leasing oil and gas activity 

 ALTERNATIVE 

A B C D 
 

Potential habitat open 
for development (acres) 

 
0 

 
515,924 

 
276,900 

 
18,266 

% of total potential 
habitat subject to 
development 

 
0% 

 
100% 

 
53.7% 

 
3.5% 

 
Impacts specific to northern goshawk all action alternatives (B, C, & D) 
The general statements in the direct and indirect effects common to all action alternatives 
discussed above are consistent for northern goshawk.  No additional stipulations were added to 
any alternative to specifically protect flammulated owl or three-toed woodpecker or their 
habitat.  However, based on forest plan direction stipulations were attached to Alternatives C 
and D to provide added protection to two specific key northern goshawk habitats; nesting areas, 
and post-fledgling areas, and a species-specific discussion is warranted to address potential 
effects to these habitat types. 

 
Alterative B would allow oil and gas activities to occur in all suitable goshawk habitats, including 
nesting areas and post fledging areas, under SLT&C with no additional protective measures.  If 
all 1,421 acres of development predicted in the RFDS were to fall in known goshawk territories, 
this could result in direct impacts to approximately 11% of the 13,242 acres of nesting areas or 
3% of the 45,033 acres of post-fledgling areas forest-wide.  This would represent a minor loss of 
post-fledging habitat and a minor-to-moderate loss of nesting habitat. 

 
NSO stipulations added to nesting areas in Alternative C would prohibit locating wells, roads and 
other structures in this habitat.  Also, NSO stipulations included for other resources would 
provide similar protection on 78% (34,890 acres) of know PFAs.  Controlled surface use 
stipulation would apply to the remaining PFA habitat that would require surveys and may 
restrict activities on occupied territories from March 1 to September 30.  As a result, potential 
direct and indirect impacts to northern goshawk key habitats should be negligible under 
Alternative C. 

 
Alternative D stipulates no surface occupancy within either the nest areas or post-fledgling areas 
and potential effects of oil and gas development to key NOGO habitat would be negligible under 
this alternative. 

 
It should be noted that only a portion of the available habitat has been surveyed and given the 
extensive nature of the potential habitat on the forest it is likely northern goshawk are more 
abundant than current data suggest.  Additional protection measures for this species will follow 
with site specific NEPA analyses at the APD and field development level. 

 
Cumulative Effects – NOGO, FLOW & TTWO 
There would be no cumulative effects to northern goshawk, flammulated owl, or three-toed 
woodpecker from the No Action alternative (A), because there would be no incremental effects 
would add to any impacts from past, present or reasonably foreseeable actions. 
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The incremental affects from any of the action alternatives (B, C & D), when added to past, 
present and foreseeable future impacts would not cumulatively push the northern goshawk, 
flammulated owl, or three-toed woodpecker over a threshold toward a federal listing, or a 
decline in populations. A review of the impacts to northern goshawk, flammulated owl, or three- 
toed woodpeckers from past, present and reasonably foreseeable actions, combined with the 
impacts from activities in any of the action alternatives would not be sufficient to impact 
populations due to decreases in habitat effectiveness. 

 
Determination and Rationale - NOGO, FLOW & TTWO 
Under the No Action alternative there would be no impact to northern goshawk, flammulated 
owl, or three-toed woodpecker populations. The three action alternatives may impact 
individuals, but are not likely to cause a trend to federal listing or a loss of viability. 

 
The determination of effects is based on the predicted magnitude of the proposed actions (1,421 
acres) relative to the amount of potentially suitable habitat available. On a forest-wide scale, the 
expected impacts should not be sufficient to reduce habitat effectiveness or cause population 
decline.  However, this determination also assumes that negative impacts will be mitigated at the 
project level.  Site-specific NEPA evaluations of proposed post-lease activities will be conducted 
at the APD and field development levels where site-specific design criteria and mitigation 
measures can be implemented at that level. 

 
Greater sage-grouse 

 

There are known populations of sage-grouse on the Beaver, Richfield and Fremont River Districts 
of the FNF.  Data on these populations only has been collected for the last five years. Because 
little information exists on the FNF, a determination concerning trend is difficult. However, low 
population numbers and a long-term downward trend have been documented throughout the 
west; therefore it is assumed that populations on the forest are in similar condition. The FNF is 
near the periphery of greater sage-grouse distribution in North America. When compared to the 
region as a whole, sage-grouse populations on the forest are fairly small, and habitat is 
somewhat isolated. These factors may make sage-grouse on the forest 
particularly vulnerable to habitat loss, and at least one model (Aldridge et al. 2008) predicted 
only a low-to-moderate probability of persistence if current trends continue. 

 
Data and terms (occupied, winter, brood-rearing) used in this analysis were taken from the 
UDWR habitat coverage for greater sage-grouse 
(http://dwrcdc.nr.utah.gov/ucdc/DownloadGIS/disclaim.htm).  The UDWR estimates there are 
approximately 189,877 acres of occupied sage-grouse habitat on the Fishlake National Forest 
(Table 3.5-10). Occupied sage-grouse habitat is further divided into winter habitat (19,394), and 
brood rearing habitat (171,965 acres) (UDWR greater sage-grouse data 2012).  The locations of 
known leks on the FNF were added to this coverage to identify breeding habitat. 

 
On the Richfield District, sage-grouse have been documented on the south end of Monroe 
Mountain near the Hell’s Hole and Forshea Mountain areas. Based on field observations and 
radio telemetry data, grouse use this area year-round. There is one known lek in the area. On 
the Fremont River District, sage-grouse have been documented on the lower Mytoge Mountain 
near the Forest boundary and near Forsyth Reservoir on Highway 72.  They have also been 
documented during the summer months on the upper Mytoge, Sevenmile, and Tidwell Slopes. 
On the Beaver Ranger District, sage-grouse have been historically documented using the Rocky 
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Reservoir area during summer and early fall (brood rearing). On the Fillmore district, there is a 
small area of historical sage-grouse habitat based on UDWR data; however, no grouse have 
been documented on the site in the last 20 years. 

 
General Effects 
Impacts to sage-grouse from oil and gas activity occur from direct effects of habitat modification 
and loss; and indirect effects of human disturbance and habitat fragmentation.  Sage-grouse are 
particularly susceptible to human disturbance, especially noise during the breeding (lekking) 
period and during the nesting and brooding period.  Numerous studies have documented 
adverse impacts to sage-grouse associated with oil and natural gas activity near leks and 
surrounding nesting and brooding habitat including displacement (Doherty et al 2008, Holloran 
et al 2010), lower nest initiation (Lyon and Anderson 2003), reduced ability of males to establish 
breeding territories (Holloran et al. 2010), lower annual survival (Holloran et al 2010), and 
population declines (Walker et al. 2007).  Sage-grouse are susceptible to decreases in habitat 
effectiveness, particularly in sagebrush-steppe and wet meadow habitat, and wide-scale 
decreases to sagebrush cover will have an adverse impact on sage-grouse. 

 
Field studies have indicated that West Nile virus (WNV) has had a substantially adverse impact 
on grouse populations in other states. Mortality estimates for Wyoming populations range from 
2.4 to 28.9%. Laboratory experiments have confirmed the susceptibility of greater sage-grouse 
to WNV infection (Clark et al 2006). West Nile virus is spread by mosquito, and is now found 
throughout Utah (Utah Bureau of Epidemiology 2010). In 2005 one sage-grouse mortality was 
attributed to the virus.  The construction of ponds associated with oil and gas development 
could increase larval mosquito habitat and may facilitate the spread of WNV to sage-grouse 
populations on the forest. 

 
Direct, Indirect and Cumulative Effects Specific to Alternative A 
No impacts to sage-grouse individuals or habitat should occur from the implementation of the 
No Action alternative, due to the fact that there would be no oil and gas development permitted 
on the forest.  There would also be no cumulative effects to sage-grouse from the No Action 
alternative (A), because there would be no incremental effects to add to any impacts from past, 
present or reasonably foreseeable actions. 

 
Direct, Indirect and Cumulative Effects Specific to Alternative B 
Alternative B (standard lease terms) would open 189,877 acres, or 100% of the total occupied 
sage-grouse habitat on the FNF, to oil and gas development (Table 3.5-10).  Based upon the 
RFDS, this could temporarily or permanently diminish up to 1,421 acres, or 1%, of sagebrush- 
steppe habitat within the action area for the life of this document. Additional indirect habitat 
loss resulting from disturbance, displacement and habitat fragmentation would also occur. 
Under alternative B, direct and indirect habitat loss resulting from construction activities could 
adversely affect sage-grouse habitat and individual sage-grouse if construction were to occur 
during sensitive periods (breeding/brood rearing, wintering), but construction would be 
temporary in duration although of moderate intensity.  SLT&C used to protect sage-grouse 
under Option B would allow development within 0.5 miles of an active lek, which would not 
provide enough of a buffer to avoid detrimental effects to sage-grouse reproduction when leks 
are active (Holloran et al. 2010). Oil and gas infrastructure placed on or near crucial 
breeding/nesting habitat or on summer brood rearing habitat could have a long-term, 
moderate-to-major adverse impact on sage-grouse populations. 

 
91 



 

Final Environmental Impact Statement Fishlake National Forest Oil and Gas Leasing Analysis 
 

 
 

Cumulative effects to sage-grouse and sage-grouse habitat include pinyon/juniper expansion 
into sagebrush steppe, authorized and unauthorized road development, increasing OHV use, 
wildfire, legal and illegal take, invasive weeds, increasing predator populations, power line 
development, habitat fragmentation and livestock grazing.  Of these affects, livestock grazing is 
the most widespread land use across the sagebrush biome, and most sagebrush habitats have 
been grazed in the past century (Connelly et al. 2004). 

 
The dynamics of sagebrush communities are complex, and plant species’ response to impacts 
are often difficult to predict.  Also, many of the effects of previous actions have been positive; 
such as habitat and range improvements designed to restore sagebrush ecosystems, and 
increased water distribution resulting from grazing management. However, given the range- 
wide decline in sage-grouse populations and the downward trend for sage-grouse on the FNF, it 
is likely that impacts from oil and gas activities under alternative B, when added to past, present 
and foreseeable future impacts, may adversely affect greater sage-grouse habitat and have an 
adverse impact on reproduction and survival. 

 
Direct, Indirect and Cumulative Effects Specific to Alternative C 
Under alternative C, nearly 78% of occupied sage-grouse habitat would be NSO to protect sage- 
grouse and other resources.  The remaining 38,560 acres, or 22.1%, of the total occupied sage- 
grouse habitat on the FNF would be open to some form of oil and gas development.  Alternative 
C would prohibit placement of roads and permanent structures in sagebrush vegetation types 
within four miles of active leks, where a substantial percentage of hens nest in non-migratory 
populations (Connelly et al 2000). Population persistence has been correlated to the proportion 
of sagebrush-steppe habitat within 4 miles of a lek (Walker 2007). The buffer stipulation in this 
alternative will preserve this area from loss or fragmentation resulting from oil and gas 
activities.  Furthermore, timing limitations on construction activity will provide protection from 
disturbance on critical habitat located outside the buffer during both the brood-rearing (May 1st 
through July 5th) and wintering (December 1st through March 15th) periods.  Given these 
restrictions, direct and indirect impacts to sage-grouse habitat and populations would be 
negligible-to-minor.  Incremental effects from Alternative C, when added to past, present, and 
foreseeable future impacts are unlikely to cross a threshold where sage-grouse habitat 
effectiveness will be greatly reduced. 

 
Direct, Indirect and Cumulative Effects Specific to Alternative D 
Under Alternative D all sage-grouse habitat would be No Surface Occupancy (NSO).  Since no 
construction of roads or permanent structures would occur, oil and gas activities would be 
virtually non-existent and there would be negligible direct, indirect, or cumulative adverse 
impacts to sage-grouse habitat or populations under this alternative. 

 
 

Table 3.5-10, Potential greater sage-grouse habitat subject to oil and gas activity 

 
 

ALTERNATIVE 

A B C D 

Potential habitat open 
for development (acres) 

 
0 

 
189,877 

 
35,860 

 
0 

% of total potential 
habitat subject to 
development 

 
0% 

 
100% 

 
22% 

 
0% 
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Determination and Rationale 
Because no oil and gas leasing would occur, the No Action alternative (A) would have no effect 
on greater sage-grouse populations or habitat. 

 
Implementation of Alternative B may jeopardize continued existence or adversely modify 
proposed critical habitat. Greater sage-grouse populations are trending downward on a broad 
scale. On the forest, sage-grouse populations exhibit the same downward trend. Current 
research suggests that measures used under SLT&C may not prevent adverse effects resulting 
from oil and gas activity from diminishing sage-grouse habitat effectiveness, inhibiting 
reproduction and affecting survival. Also, under SLT&C site specific development proposals will 
be critical to limiting impacts to sage-grouse populations, but since specific development 
patterns are not known at this time and given the general nature of the FRDS and the current 
status of the species, SLT&C are assumed to be insufficient to protect sage-grouse populations 
on the forest. 

 
Implementation of Alternative C is not likely to jeopardize continued existence or adversely 
modify proposed critical greater sage-grouse habitat. Alternative C would subject 22% of sage- 
grouse habitat to development and could possibly result in habitat loss similar to Alternative B 
(SLT&C) if all oil and gas activities were to occur in sage-grouse habitat open to development. 
However, alternative C would protect a large proportion of the key habitats.  Under Alternative 
C sagebrush habitat within 4 miles of active leks will be NSO, and therefore, not subjected to 
development. This would protect leks, nesting areas, and a large proportion of brooding and 
wintering areas from negative impacts resulting from long-term oil and gas activities. 
Additionally, timing limitations would further protect sage-grouse by limiting construction 
activities in sagebrush habitat types during the critical brood rearing and wintering periods. 

 
Alternative D will have no effect on sage-grouse populations or greater sage-grouse habitat. 
Under this alternative all sage-grouse habitat on the forest would be NSO and would not be 
subject to energy development. 

 
This determination of effects for greater sage-grouse is protective in nature, but warranted, 
based on the current sage-grouse population trend and the potential for disturbance from oil 
and gas activity. Site specific analysis is not possible at the leasing EIS stage; therefore, 
regardless of which action alternative is selected, it will be important to detail sage-grouse 
habitat locations prior to the lease sales, notify potential lessees of sage-grouse issues, and to 
conduct appropriate NEPA analyses at the project level 

 
Pygmy Rabbit 

 

There are approximately 53,101 acres of potentially suitable habitat on the FNF comprised of 
tall sagebrush communities.  There are only two known locations of pygmy rabbit colonies 
documented on the FNF, one is on the Fremont River District and the second is on the Richfield 
District. 

 
General Effects 
Indirect impacts of human activity and noise generally have minor to negligible impacts on 
pygmy rabbits. On the other hand, because pygmy rabbit habitat is very specific and individuals 
are often concentrated in colonies, oil and gas activities which directly impact the specific stands 
of big sagebrush where the colony exists can have a long-term, moderate to major impact on 

 

93 



 

Final Environmental Impact Statement Fishlake National Forest Oil and Gas Leasing Analysis 
 

 
 

that colony of pygmy rabbits. The standard lease term permits an agency to move a specific well 
site or road 200 m, which may be sufficient to move a well or road out of pygmy rabbit colony 
and habitat. Site specific, on the ground surveys would be necessary in order to see and identify 
these issues. 

 
Direct and Indirect Effects Specific to Alternative A 
No impacts to pygmy rabbit individuals or habitat will occur from the implementation of the No 
Action alternative because there would be no oil and gas development permitted on the forest. 

 
Direct and Indirect Effects Specific to Alternative B 
Selection of alternative B would subject 53,101acres of potential pygmy rabbit habitat to oil and 
gas development (Table 3.5-11). This is 100% of the total pygmy rabbit habitat on the forest. Oil 
and gas facilities coincident with pygmy rabbit colonies may have a moderate to major impact 
on a specific colony. Site specific, on-the-ground wildlife surveys will be conducted at the project 
level, and any colonies found can be avoided by moving facilities up to the 200 meters allowed 
under SLT&C. As a result, effects under alternative B would be negligible-to-minor, if attention 
is given to this species and its habitat. 

 
Direct and Indirect Effects Specific to Alternatives C 
Alternative C would open 46,004 acres of potential pygmy rabbit habitat to oil and gas 
development; this is 86.6% of the potential pygmy rabbit habitat on the forest. Specific to 
pygmy rabbit, alternative C would stipulate no surface occupancy on the known pygmy rabbit 
colonies on the forest. Potential pygmy rabbit habitat elsewhere on the forest would have 
standard lease terms and conditions. If all development were to occur within PYRA habitat, up 
to 2.3% of the available habitat on the forest would be directly impacted by oil and gas activities 
predicted in the RFDS. 

 
Direct and Indirect Effects specific to Alternative D 
No impacts to pygmy rabbit individuals or habitat should occur from the implementation of 
alternative D, due to the fact that there would be no surface occupancy on potential pygmy 
rabbit habitat on the forest, and no surface occupancy on the two known pygmy rabbit colonies 
on the forest. 

 
 

Table 3.5-11, Potential Pygmy Rabbit habitat subject to oil and gas activity subsequent to leasing 

 ALTERNATIVE 

 

A 
 

B 
 

C 
 

D 

 

Potential habitat open 
for development (acres) 

 
0 

 
53,101 

 
46,004 

 
0 

 

% of total potential 
habitat subject to 
development 

 

 
0% 

 

 
100% 

 

 
86.6% 

 

 
0% 

 
Cumulative Effects 
There would be no cumulative effects to pygmy rabbit from either alternative A or D, because 
there would be no incremental effects added to any impacts from past, present or reasonably 
foreseeable actions. 
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The incremental affects from alternatives B or C, when added to past, present and foreseeable 
future impacts would not cumulatively push pygmy rabbit over a threshold toward a federal 
listing. A review of the past, present and reasonably foreseeable actions does not reveal any 
actions which have had a negative impact on pygmy rabbit. Projects in or adjacent to potential 
pygmy rabbit habitat have implemented design criteria or mitigation measures to protect pygmy 
rabbit colonies and habitat. 

 
Determination and Rationale 
The No Action alternative would not impact pygmy rabbit populations, because there would be 
no oil or gas activity permitted. Similarly, alternative D would not impact pygmy rabbit 
populations, because the no surface occupancy stipulation would be placed on both potential 
habitat and known colonies. Therefore, in both alternatives, zero percent (0%) of pygmy rabbit 
habitat will be open to oil and gas development. Alternatives B and C may impact individuals, 
but are not likely to cause a trend to federal listing or loss of viability. Known colonies will be 
NSO under alternative C, and under alternative B if development were proposed on a pygmy 
rabbit colony, there is authority under the standard lease terms to move proposed facility up to 
200m, which would often be a sufficient distance to protect the colony.  Additional NEPA review 
of the pygmy rabbit and its habitat will be conducted at the APD and field development levels, 
where site-specific design criteria and mitigation measures can be implemented. 

 
Bighorn Sheep 

 

Using the model developed by the Payette National Forest (USDA 2010a), there are an 
estimated 159,843 acres of potentially suitable habitat on the FNF, 56,704 acres of which can be 
considered wintering habitat.  Nearly all this habitat is unoccupied. There is a viable population 
of Desert bighorn sheep adjacent to the FNF on Capitol Reef National Park, and individuals or 
small groups occasionally move onto forest lands along the eastern edge of the Fremont River 
district.  A small group of bighorn inhabited the Thousand Lake Mountain region of the Fremont 
River from 1999 to present, but UDWR is in the process of removing these animals to mitigate 
the threat of disease transmission from nearby domestic sheep grazing private, state and BLM 
administered land (Teresa Griffin, UDWR wildlife manager, pers. Comm.).  Currently, there is 
approximately 11,000 acres of potential habitat along the eastern border of the FRRD that 
receives at least occasional use by bighorn sheep.  The Canyon Mountains on the Fillmore RD is 
also listed in the UDWR Statewide Bighorn Management plan (UDWR 2008c) as a site for 
introduction of California bighorn. 

 
The vulnerability of bighorn to diseases carried by domestic sheep requires separation between 
the two species and makes management of bighorn difficult and often controversial. Bighorn 
populations are managed by UDWR, and current policy is to discourage expansion of bighorn 
into areas grazed by domestic sheep on or adjacent to the FNF.  However, it is also UDWR policy 
to aggressively manage for the expansion of bighorn sheep by transplant and encouraging 
natural pioneering into appropriate habitat. Over the past 20 years, bighorn sheep in southern 
Utah have increased in both numbers and geographic distribution and it is assumed that this 
trend will continue. Therefore, this analysis is based on the assumption that current land uses 
and bighorn population management strategies will persist into the future, but bighorn from 
adjacent areas will also continue using habitat along the fringes of the FNF and in some cases 
this use may be compatible with UDWR objectives. This analysis also assumes that there are 
areas of the forest outside current bighorn distribution that can provide appropriate habitat for 
this species and that re-introductions could occur on the FNF over the life of this document. 
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General Effects 
The dependence of bighorn sheep on escape terrain and areas of high visibility often results in 
small, isolated populations occupying “islands” of suitable habitat.  Any direct and indirect loss 
of important habitats resulting from oil and gas exploration, development, and production could 
have a disproportionally greater effect on bighorn populations than on other native ungulate 
species with more general habitat requirements, such as deer and elk. 

 
The rugged nature of bighorn habitat should offer some protection against direct habitat loss 
due to the challenges of locating well pads, facilities and access roads on steep terrain. 
Therefore, the most likely potential adverse impacts to bighorn will be short and long-term 
habitat loss resulting from disturbance associated with oil and gas activities adjacent to escape 
terrain and improved public access following development. Bighorn sheep often move away 
from disturbances, even if this means switching to lower quality habitat or altering their activity 
patterns (USDI 1995, Schoenecker and Krausman 2002, Bleich et al. 2009, Keller and Bender 
2007). Deviations from normal activity patterns and habitat use caused by human disturbance 
or direct habitat loss can raise the energy cost of living, often at the expense of energy needed 
for reproduction and growth (Geist 1971).  Impacts may be even more harmful if disturbance 
coincides with critical periods such as lambing or when bighorn are on winter range. 
Disturbance from increased human activity and noise during seismic exploration could displace 
bighorn, but impacts would be temporary and bighorn would likely return soon after activity 
ceased. Effects from oil and gas activity would be more intense during the construction and 
drilling phase when the level and intensity of human activity is the greatest (Bromley 1985), but 
also temporary or short-term in nature.  Impacts from construction could be moderate if 
disturbance occurred on important habitat during times of high stress (lambing, winter), 
otherwise effects would be negligible. 

 
While less intense, disturbance associated with oil field production and maintenance combined 
with improved access and increased public use would be long-term in duration. The location of 
roads and infra-structure in important habitat would expose bighorn to higher levels of stress 
and possibly result in displacement from these areas. If displaced to less suitable habitat, this 
could lead to higher foraging costs, higher risk of predation, increased contact with domestic 
sheep, and ultimately decreased recruitment and lower survival rates. 

 
Direct, Indirect and Cumulative Effects Common to Alternatives A & D 
No impacts to bighorn habitat or populations will occur from the implementation of the No 
Action alternative because there would be no additional oil and gas development permitted on 
the forest. Similarly, no impacts to bighorn habitat or populations will likely occur from the 
implementation of alternative D, because no surface activity would be allowed on bighorn 
habitat.  There would be no cumulative effects to bighorn sheep from either alternative A or D, 
because there would be no incremental effects added to any impacts from past, present or 
reasonably foreseeable actions.  These alternatives would protect 100% of the crucial bighorn 
sheep habitats from impacts due to oil and gas development activity. 

 
Direct, Indirect and Cumulative Effects Specific to Alternative B 
Implementation of Alternative B, the standard lease terms and conditions, would allow oil and 
gas activities on 100% of both potential winter/year-round (56,703 acres) and summer (103,140 
acres) habitats on the FNF (Table 3.5-12). Based upon the RFDS, under Alternative B up to 1.4% 
of potential suitable bighorn summer habitat and 2.6% of potential winter habitat on the forest 
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could be directly impacted by activities associated with exploration, development and 
production. 

 
Past, present, and reasonably future impacts in bighorn habitat include livestock grazing; fire 
suppression and subsequent increase in woody species; illegal take; recreation; increasing OHV 
use; timber and thinning operations; natural and prescribed fire; and other special uses.  Some 
of these impacts are beneficial to bighorn habitat effectiveness. The incremental affects from 
alternatives B, when added to past, present and foreseeable future impacts should not move 
bighorn populations past a threshold toward decreasing population trends and decreased 
habitat effectiveness, and away from desired future condition. 

 
Direct, Indirect and Cumulative Effects Specific to Alternative C 
Under alternative C, all bighorn habitat and potential habitat would be open to seismic 
exploration.  However, no surface occupancy restrictions designed to protect soil resources, 
Inventoried Roadless Areas, riparian areas and TES plants would prohibit the construction of 
roads and permanent structures on 145,743 acres (91%) of potential bighorn habitat across the 
forest.  NSO would greatly limit impacts from persistent human disturbance in bighorn habitat. 
In addition, timing limitations would restrict construction activities in bighorn habitat during the 
critical lambing and wintering periods. 

 
Cumulative effects in potential bighorn habitat include timber harvest, livestock grazing, mining, 
both prescribed and uncontrolled fire, power-line construction, oil and gas development and 
increasing recreation use. Some of these actions have or will result in positive effects to bighorn 
habitat, such as wildfire and subsequent rehabilitation converting mountain brush communities 
to grassland types on the Canyon Mountains.  The incremental effects from alternatives C, when 
added to past, present and foreseeable future impacts, are unlikely to decrease habitat 
effectiveness for this species. 

 
 

Table 3.5-12, Acres and percentage of suitable occupied bighorn sheep habitat under each alternative 

 
Lease 
Option 

ALTERNATIVE 

A B C D 

Acres % Acres % Acres % Acres % 

TL 0 -- 0 0% 14,100 9% 0 -- 

NL 159,843 100% 0 -- 0 -- 0 -- 

NSO 0 -- 0 -- 145,743 91% 159,843 100% 

SLT&C 0 -- 159,843 100% 0 -- 0 -- 
 

 
 

Determination and Rationale 
The No Action alternative (A) would not impact bighorn sheep habitat or populations, because 
there would be no additional oil or gas activity permitted on the forest. Similarly, alternative D 
would not impact bighorn habitat or populations, because the no surface occupancy stipulation 
will be placed on 100% of the projected winter range or key summer/parturition areas. 

 
Development and production under Alternative B may impact individual bighorn currently using 
the forest, but is not likely to cause a trend to federal listing or loss of viability since these 
bighorn appear to be a part of a larger off-forest population. Potential impacts under 
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Alternative B may be more detrimental to an introduced population such as that proposed on 
the Oak Creek where initial numbers would be low and isolated from other populations and 
individuals would be under stress in a new environment.  Standard lease terms and conditions 
may not be sufficient to prohibit oil and gas activities from having moderate impacts to bighorn 
under such conditions and further mitigation would be needed at the project level if this 
alternative is selected. 

 
Oil and gas activities under the preferred alternative (Alternative C) may impact individuals, but 
is not likely to cause a trend to federal listing or a loss of viability. Timing limitations on 
construction in bighorn habitat and NSO stipulations in place for other resources would insure 
enough bighorn habitat remained undisturbed and in large enough tracts to maintain 
effectiveness for any transplants that may occur in the near future.  In addition, bighorn sheep 
populations are trending upward in southern Utah, and this trend is assumed to occur on the 
forest and adjacent areas as well. Bighorn habitat on the eastern edge of the FNF is only a small 
branch of a complex that extends roughly 80 miles from Lake Powell, up Halls Creek to the 
Waterpocket Fold, then along the Fremont River, eventually ending in the vicinity of Thousand 
Lake Mountain.  Given that extensive bighorn habitat and larger populations exist nearby, the 
status of the species is secure in a regional context. 

 
Boreal Toad 

 

Surveys have been conducted for boreal toad on the forest in likely habitat. Boreal toad 
populations are generally dependent on wet habitats, either around ponds and lakes or in 
riparian areas on the forest.  Active beaver ponds appear to be an important habitat component 
in many boreal toad areas. On the FNF Boreal toads are currently known to occur on Monroe 
Mountain and Thousand Lake Mountain. There is a historical record from Seven-mile Creek 
north of Johnson Reservoir, and a potentially questionable historical record from the Tushar 
Mountains. 

 
On Thousand Lake Mountain boreal toads are primarily found around Snow Lake and Deep 
Creek Lake, although they have been found associated with a ditch system below Deep Creek as 
far north as Round Lake at 8,800 feet. Primary habitat, based on past surveys, is the high 
altitude (>9,000 feet) ponds and lakes on the top of Thousand Lake Mountain. On Thousand 
Lake Mountain boreal toads must occasionally be moving across upland habitat between key 
use areas. On Monroe Mountain boreal toads have been found from Big Lake on the north, 
through the headwaters (>8,000 feet) of Koosharem Creek (and the nearby Magalby reservoir 
on private land), Greenwich Creek, Box Creek, Manning Creek, and Dry Creek.  Based on boreal 
toad observations and knowledge from the 2000 time frame two known important breeding 
locations of boreal toads have become apparent for their consistent use, production of young, 
and relatively high density of toad use. These are the Manning Meadows Reservoir area and 
Barney Lake area. On Monroe Mountain they use lakes, bogs, and beaver ponds for breeding 
and summer use, using linking streams as movement corridors. Hibernacula were often located 
on small perennial streams and seeps. In Forest surveys boreal toads appear to be a low density 
species even in the best of habitats.  In 2003-2004 a radio tracking study was undertaken in 
central Monroe Mountain, otherwise surveys have been limited to summer breeding area 
surveys and documentation of new sightings, but populations appear stable on the Forest. 
Breeding and general summer toad use areas were delineated around each of these locations. 
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Due to the 2003-2004 radio tracking study and general surveys conducted in the intervening 
years, boreal toad use was better documented.  Key habitat areas were mapped on Monroe 
Mountain, Thousand Lake Mountain, and the Teasdale portion of the Fremont River Ranger 
District.  The areas were mapped as either streams, ponds, and lakes known to be used by 
boreal toads buffered 300 feet (to be consistent with riparian protection zones) on both sides, 
or actual areas known to be used for larger wet areas. The 2003-2004 tracking study on Monroe 
Mountain found the majority, but not all, of toad relocations to be within 100m of water.  Thus 
the 300 foot buffer will include the vast majority of toad use as toad use away from wet areas 
appears to be declining exponential function. There are likely some small localized areas of use 
not yet found, temporary toad use areas, temporary toad exploratory movements and 
potentially overland toad movements between wet drainages (not documented on the Fishlake 
National Forest, but found in tracking studies in Colorado) that are not included in these 
mapped key habitat areas. Mapped key habitat for boreal toad on the Fishlake National Forest 
comprises a total of 5,372 acres. 

 
Across the West a chytrid fungus, considered to be an Aquatic Invasive Species (AIS), appears to 
be implicated in many of the major declines of boreal toad populations. The Forest tested the 
Monroe Mountain and Thousand Lake Mountain populations for chytrid fungus in 2006 and all 
samples came back negative for the presence of this disease. 

 
General Effects 
The adverse effects of oil and gas leasing and subsequent development activity on boreal toad 
would be due to: direct impacts to individuals, primarily from vehicle interactions on roads; 
habitat loss, or decreases to habitat effectiveness from facilities development (roads, pads and 
pipelines); from impacts to water quality from activities adjacent to wetlands, riparian areas or 
standing water (reservoirs and lakes); and from fragmentation of habitat or barriers to 
movement, usually created by roads or substantial increases in traffic on existing roads. 

 
Direct and Indirect Effects Specific to Alternative A 
No impacts to boreal toads or habitat will occur from the implementation of the No Action 
alternative, due to the fact that there would be no oil and gas development permitted on the 
forest. 

 
Direct and Indirect Effects Specific to Alternative B 
Under alternative B, all 7 acres, or 100% of the key identified boreal toad habitat areas would be 
subject to development (Table 3.5-13).  All other potential boreal toad habitat areas around 
streams, lakes, and ponds would also be subject to development.  Thus in this alternative all or 
100% of boreal toad would be subject to development.  All action alternatives have required 
measures on equipment cleaning and water use to prevent the spread of AIS, which could be 
detrimental to boreal toads. 

 
Direct and Indirect Effects Specific to Alternative C 
Under alternative C, no development would occur within the majority of boreal toad habitat use 
areas. All 7 acres of the key boreal toad habitat area would be protected from development. 
The difference between the percent of habitat open to development in this alternative and 
alternative B is the result of the no surface occupancy stipulation within 300 feet of water 
sources. The radio tracking study on central Monroe Mountain found that the majority of 
boreal toad use was within 300 feet of water, although toads occasionally use upland habitat 
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beyond this distance.  This is particularly true for the Thousand Lake Mountain population, 
where the habitat lacks streams for effective movement corridors (only having one irrigation 
ditch line), and toads are more likely to travel overland on uplands between water sources. 
While some loss of individuals may occur, impacts to habitat would be negligible because the 
300’ buffer would protect against sedimentation and degradation of water quality, and prevent 
development in the majority of areas used by boreal toad and therefore minimize both habitat 
disturbance and the risk of direct injury or burial of toads in burrows from mechanized 
disturbance. 

 
 

Table 3.5-13 Key boreal toad habitat use areas subject to oil and gas activity subsequent to leasing 

 ALTERNATIVE 

A B C D 

 

Key boreal toad breeding area habitat 
open for development (acres) 

 
0 

 
5,372 

 
0 

 
0 

 
% of key boreal toad breeding area 
habitat subject to development 

 
0% 

 
100% 

 
0% 

 
0% 

 
Effects Specific to Alternative D 
Of the three action alternatives, Alternative D protects the largest amount of boreal toad habitat 
and would nearly eliminate the potential for oil and gas development in boreal toad habitat.  All 
7 acres of the key boreal toad habitat area would be NSO.   Additionally, protection measures in 
alternative D for water resources stipulate no surface occupancy within 500 feet of any water 
sources.  Boreal toads occasionally use upland habitats greater than 500 feet from water and 
some loss of individuals may result.  However, such losses should be negligible and no decrease 
in boreal toad habitat effectiveness is anticipated under this alternative. 

 
Cumulative Effects 
There would be no cumulative effects to boreal toads from either the No Action alternative (A), 
or alternatives C or D, because there would be no incremental effects which would add to any 
impacts from past, present or reasonably foreseeable actions. The incremental affects from 
alternative B, when added to past, present and foreseeable future impacts, would not 
cumulatively push boreal toad over a threshold which would contribute toward federal listing. 

 
Determination and Rationale 
The No Action alternative would not impact boreal toads or habitat, because the forest would 
not be open to oil and gas leasing. Similarly, alternative D would have almost no impacts on 
boreal toads because nearly 0% of the total boreal toad habitat would be subject to 
development based on the NSO stipulation on boreal toad habitat and on the 500’ NSO buffer 
around perennial water. Alternative B may impact individuals but is not likely to cause a trend to 
federal listing or loss of viability based on forest standards and guidelines specific to the 
protection of riparian and wetland areas, and on the amount of development predicted in the 
RFDS.  Alternatives C may impact individuals but is not likely to cause a trend to federal listing or 
loss of viability. This is based on the protection provided the habitat from the NSO stipulation on 
a 300 foot buffer around perennial water sources. 
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The most serious potential adverse impact to boreal toads on the FNF would be the introduction 
of an Aquatic Invasive Species (AIS). Required guidelines on cleaning equipment and water use 
common to all alternatives protects against this introduction. The most damaging site-specific 
action on boreal toads may be toxic spill adjacent to a boreal toad site. Avoidance of this type of 
action should be covered in both the well pad design and transportation requirements in the 
Fishlake Standard Operating Procedures, as well as at the site-specific NEPA levels yet to come. 

 
 

Table 3.5-14 Determination of impact for Sensitive Wildlife Species 
 

Species 
ALTERNATIVE 

A B C D 

Bald Eagle 
 

NI 
 

MI-NL 
 

MI-NL 
 

MI-NL 

Peregrine Falcon NI MI-NL MI-NL MI-NL 

Spotted Bat NI NI NI NI 

Townsends Big-eared Bat NI NI NI NI 

Northern Goshawk NI MI-NL MI-NL MI-NL 

Flammulated Owl NI MI-NL MI-NL MI-NL 

Three-toed Woodpecker NI MI-NL MI-NL MI-NL 

Greater Sage-grouse NI LTFL MI-NL MI-NL 

Yellow-billed Cuckoo NI MI-NL MI-NL NI 

Pygmy Rabbit NI MI-NL MI-NL NI 

Bighorn Sheep NI MI-NL MI-NL NI 

Boreal Toad NI MI-NL MI-NL NI 
NI = No impacts 
MI-NL = May impact individuals but is not likely to cause a trend to federal listing or loss of viability 
LTFL = Likely to result in a trend to federal listing or loss of viability 

 
 

Fishlake National Forest Management Indicator Species 
 

Big Game 
 

Wild ungulates found on the Fishlake National Forest include Rocky Mountain elk, mule deer, 
moose (Alces alces), Rocky Mountain goat (Oreamnos americana), bighorn sheep, and 
occasionally pronghorn (Antilocapra americana). While all of these species are referred to as “big 
game”, for the purpose of this document the term will apply to elk and deer. Mule deer and elk 
are species with high social and economic importance. Many people visit the forest for viewing 
opportunities, hunting opportunities and shed antler collecting. Deer and elk occupy almost 
every acre of vegetated ground on the forest at one time or another during the year. Essentially 
the entire forest is classified as big game habitat. However, these animals move seasonally to 
different areas based on traditional summer and wintering ranges, snow depth, human 
disturbance, precipitation patterns and range condition. Additionally, within these seasonal 
ranges, there are key concentration areas that are more important to large portions of the 
population. Through a cooperative process, Federal and State Wildlife Biologists developed 
habitat maps which delineate substantial and crucial big game habitat. 

 
Population estimates of deer throughout the Utah Division of Wildlife Resources (UDWR 2011) 
Southern region, including Beaver, Fillmore, Monroe and Plateau units have generally declined 
over the last 30 years. Recently, (since 2002) populations showed signs of recovery, but a 
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significant decline in 2009 and 2010 reversed these gains. Poor fawn recruitment, which in turn 
has been attributed to multi-year drought conditions and degrading winter ranges, is 
responsible for the decline of mule deer in the region. Based on 2010 UDWR winter population 
estimates mule deer herds on the FNF average 62% of the set population objective.  Winter 
range is the most limiting habitat factor for mule deer in south central Utah. The FNF provides 
approximately of 17.8% of the deer winter range within the herd units coincident with the FNF. 

 
Within the UDWR Southern Region, elk herds have increased 59% since 2002; the 2010 estimate 
is 20,150 elk on units that overlap the forest. UDWR uses antlerless hunts as a tool to control 
elk populations, and the number of antlerless permits has more than doubled (from 1,250 to 
2,631) during this same time period.  Elk populations on the FNF average 96% of the population 
objective. Winter range for elk is the most limiting habitat factor in south central Utah.  In 
general, elk winter at higher elevations than deer and the forest provides a large proportion of 
elk winter range; on average 43% of elk winter range for coincident units. There are 646,245 
acres of crucial big game winter range and 45,745 acres of key summer/parturition range on the 
Forest. 

 
 

Table 3.5-15 Deer and elk population objective, 2010 population estimate, percent of winter range 
 

 
 

Unit 

 
MULE DEER 

 

Population 
Objective 

 

2010 Population/ 
Status (% of objective) 

 

% of Winter Range on 
FNF 

Central Mtns Manti #16B, C 38,000 20,900 (55%) 6.5 

Fillmore #21A, B 12,000 9,000 (75%) 29.2 

Beaver #22 11,000 10,900 (99%) 13.8 

Monroe #23 7,500 7,100 (64%) 36.8 

Plateau #25 25,000 12,000 (48%) 18.8 

 
 

Unit 

ELK 

Population 
Objective 

2010 Population/ 
Status (% of objective) 

% of Winter Range on 
FNF 

Central Mtns Manti #16B, C 12,000 11,100 (93%) 18.2 

Fillmore #21A, B 1,425 1,550 (109%) 54.0 

Beaver #22 1,050 1,100 (105%) 54.9 

Monroe #23 1,800 1,300 (72%) 50.4 

Plateau #25 4,800 5,200 (106%) 36.9 
Data Source: UDWR Southern Region 

 
General Effects 
Specific direct and indirect impacts to big game are difficult to assess at the leasing analysis 
stage, because site-specific oil and gas development plans are not known. Impacts to wildlife 
are based on predictions of development described in the RFDS and assumptions are made that 
the development may occur on important habitat areas (e.g crucial big game winter range, or 
key summer areas). 

 
Human disturbances to wildlife are known to have a metabolic cost associated with them 
(Kucera and McCarthy 1988; Van Dyke and Klein 1996). For many species of wildlife, their 
energy demands are high and their energy resource budgets are very tight. Deviations from 
normal activity patterns and habitat use caused by human disturbance or direct habitat loss 
raise the energy cost of living, often at the expense of energy needed for reproduction and 
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growth (Geist 1971). These costs take the form of physiological excitement, locomotion, lost 
calorie intake, and sub-optimal habitat selection (Bromely 1985). 

 
Disturbance and displacement of deer and elk caused by road traffic and energy development 
and facilities reported in the literature ranges between 200 and 1,000 meters (656 to 3,281 feet) 
(USDI 1995). For this analysis, a disturbance distance of 600 meters, the average distance of the 
range listed above, has been used for big game. 

 
Winter range is vital to big game populations because it provides the necessary mix of hiding 
cover, thermal cover, limited snow depth based on elevational precipitation patterns, adequate 
seasonal forage, and limited human disturbance during a season when the energy cost of 
survival is very high. Geist (1971) noted that ‘excitement from human disturbance costs energy – 
vital energy needed for survival in winter for the growth of the fawn or calf inside the female.’ 
Hayden-Wing (1979) found that elk distribution on the winter range in Idaho was influenced 
primarily by human activity. 

 
Further, winter habitat is limited; only 38% of the total big game habitat available within the 
cumulative effects area of this analysis is winter range. Summer range/parturition areas are also 
important, because for a period of time, animal movements are limited due to birthing, limited 
mobility of very young animals, and the increased demand for free water by nursing females. 
Summer range is much more abundant than winter range; nevertheless, it is important during a 
critical life stage of these animals. 

 
Effects Specific to Alternatives A & D 
No impacts to big game habitat or populations will occur from the implementation of the 
Alternative A, due to the fact that there would be no oil and gas development permitted on the 
forest. Similarly, no impacts to big game habitat or populations will likely occur from the 
implementation of Alternative D, because no surface activity would be allowed on crucial winter 
range or on key summer/parturition areas. These alternatives would protect 100% of the crucial 
big game habitats from impacts due to oil and gas development activity. 

 
Effects Specific to Alternatives B, C & D 
Some direct loss of foraging and security habitat would occur under all three action alternatives. 
Provided that the oil and gas disturbance does not exceed levels predicted in the RFDS (1,421 
acres of total surface disturbance, which includes 49.5 miles of new road construction), 
implementation of any of the action alternatives would have a direct impact on <1% of big game 
winter range or 3% of key big game fawning and calving habitat during the life of this document 
if all oil and gas activities were to occur in these habitat types. Loss of foraging habitat would be 
short-term, and in some cases, such as rehabilitation of non-producing well sites, some positive 
effects would be realized. Loss of security cover would be short-to-long-term. Overall, this level 
of direct impact would likely result in minor decreases to habitat effectiveness. 

 
Indirect impacts in the form of disturbance and displacement are difficult to predict based on 
the speculative nature of the RFDS, but are likely to be much more extensive.  Indirect impacts 
due to disturbance are likely to be short-term and of moderate intensity (exploration, 
development and construction) or long-term and minor to moderate intensity (production and 
increased access).  Of the two production models, directional field development would be the 
least impacting on big game since facilities would be clustered, wells directionally drilled and 
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activities would be contained within smaller areas (122.5 acres of disturbance with 4.5 miles of 
new road predicted in RFDS).  Conventional field development would be the most impacting 
because more area would be directly affected (263.1 acres of disturbance), and substantially 
more roads constructed (12.65 miles of new road), which would increase considerably habitat 
fragmentation and road avoidance areas. 

 
Based upon development levels predicted in the RFDS, under alternatives B and C road density 
in critical big game winter range could increase from a pre-lease, forest-wide average of 1.34 
miles of motorized road/trail per square mile to 1.40 miles of road per square mile after oil and 
gas development; this is an increase of approximately 4%. Road density in fawning/calving 
range could increase from 1.14 miles road/square mile of habitat to 1.83 miles road/square mile 
habitat; an increase of 61%.  Increased access to big game habitat during critical times could 
affect deer and elk use of these areas (Lyon 1979). This would be particularly true of elk calving 
areas, which are often selected due to their isolation from human disturbance associated with 
motorized travel. 

 
Effects Specific to Alternative B 
Implementation of Alternative B would subject 646,245 acres of crucial big game winter range 
(100% of the crucial winter range on the forest) and 45,745 acres of key summer/parturition 
areas (100% of the key summer areas on the forest) to oil and gas development.  Provided that 
the oil and gas disturbance does not exceed levels predicted in the RFDS (1,421 acres, which 
includes 49.5 miles of new road construction), implementation of alternative B would likely 
result in minor decreases to habitat effectiveness on a forest-wide scale, although impacts could 
result in moderate to major decreases to habitat effectiveness within disturbance distance (600 
meters) of infrastructure. Mitigation at the project level would also be necessary to minimize 
fragmentation of winter habitat and disruption of migratory corridors. 

 
Effects Specific to Alternative C 
Implementation of Alternative C would allow oil and gas development on 364,552 acres of 
crucial big game winter range (59.2% of the crucial winter range on the forest) and 27,018 acres 
of key summer/parturition areas (61.8% of the key summer areas on the forest). 

 
TL stipulations included in Alternative C would prohibit construction activity during critical 
periods on all crucial big game winter range and key summer/parturition areas. However, TL 
would not lessen disturbance to big game that could result from increased road density and 
access because roads could be constructed outside the TL period and used in subsequent years 
during critical periods for production as well as by the public.  Due to the relatively small 
proportion of habitat involved, on a forest-wide scale impacts from added roads would be long- 
term but minor. However, impacts would be moderate on a watershed scale if new roads are 
added to already densely-roaded areas or to unroaded habitat where security is essential, such 
as elk calving areas. Year-round maintenance of existing roads normally closed by weather on 
critical winter range could allow increased public access to these areas, and the resulting 
disturbance could have a moderate negative impact on local populations due to increased stress 
and energy demands. Roads and infrastructure associated with oil fields could also fragment big 
game habitat by interrupting migration and dispersal. Additional mitigation, including off-site 
habitat restoration, may be required at the project level to off-set deer and elk habitat lost to 
actions associated with oil and gas development. 
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Table 3.5-16 Crucial big game winter range and key summer areas subject to oil and gas activity 

 ALTERNATIVE 

A B C D 

Crucial big game 
winter range subject to 
development (acres) 

 

 
0 

 

 
646,244 

 

 
364,552 

 

 
0 

 

% of total crucial winter 
range on forest subject 
to development 

 

 
0% 

 

 
100% 

 

 
56.4% 

 

 
0% 

 

Key big game 
summer/parturition 
areas subject to 
development (acres) 

 
 

0 

 
 

45,745 

 
 

27,018 

 
 

0 

 

% of total key 
summer/parturition 
areas on forest subject 
to development 

 
 

0% 

 
 

100% 

 
 

59.1% 

 
 

0% 

 
Cumulative Effects 
Past, present, and reasonably foreseeable actions in deer and elk habitat include fragmentation 
from roads; livestock grazing; vegetation changes due to reduced frequency of burning and the 
increased potential for larger and more intense fires, insect outbreaks, timber harvests and 
encroachment of climax species; recreation; power-line construction; legal and illegal take; and 
energy development. There would be no cumulative effects to big game from either alternative 
A or D, because there would be no incremental effects add to any impacts from past, present or 
reasonably foreseeable actions. 

 
The incremental affects from alternatives B or C, when added to past, present and foreseeable 
future impacts would not impact enough habitat to cumulatively push elk populations over a 
threshold toward decreasing population trends and decreased habitat effectiveness, and away 
from desired future condition on a forest scale.  However, mule deer populations are currently 
in a declining trend and even minor losses of key habitats added to previous actions could affect 
herd productivity and hinder recovery of this species. Numerous projects designed to improve 
habitat conditions and increase habitat effectiveness have been completed on big game winter 
range.  Similar projects are expected to occur in the future, and will be necessary to offset the 
predicted negative impacts to mule deer from oil and gas development. 

 
Sagebrush Nesters 

 

The three bird species listed below, were selected as MIS during the development of the Forest 
Plan to represent avian species in sagebrush communities/ecosystems on the FNF.  All three 
species are dependent on sagebrush ecosystems, build nests on the ground or in shrubs, and 
have similar resource needs; therefore, these species are analyzed together. Diets contain 
insects, grasses, forbs, seeds and berries. Based on BBS survey data (http://www.mbr- 
pwrc.usgs.gov/bbs/bbs2010.html), over the past 10 years two of the three MIS species show 
positive trends in Utah (Brewers, 6.1 and Sage Thrasher, 1.3) with the other species having a 
slightly negative or stable trend (Vespers sparrow -0.5). 
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1. Brewer’s Sparrow 
2. Vesper Sparrow 
3. Sage Thrasher 

 
There are approximately 269,715 acres of potentially suitable habitat for sage nesters on the 
FNF comprised of sagebrush communities. This number was obtained from the Forest 
vegetation cover map derived from the soil type map. Potentially suitable habitat occurs on all 
four districts of the FNF. 

 
General Effects 
The effects of oil and gas leasing and subsequent development activity on Brewer’s sparrow, 
vesper sparrow and sage thrasher would be direct habitat loss from new roads or facility pads, 
disturbance, either visual or noise from heavy traffic on existing roads and/or activity at 
facilities, and habitat fragmentation from facilities, roads and activity within previously 
continuous habitat. 

 
Effects Specific to Alternative A 
No impacts to sagebrush nesting MIS birds or habitat would occur from the under Alternative A, 
due to the fact that there would be no oil and gas development permitted on the FNF. 

 
Effects Specific to Alternatives B, C, D 
Effects from any of the three action alternatives are similar. Migratory birds, and sagebrush 
nesters in particular, are most vulnerable to disturbance (“take”) while nesting because nests 
are often inconspicuous and close to the ground. Oil and gas activities could cause direct 
impacts (“take”) to any undetected migratory bird nests.  Noise impacts related to oil and gas 
activities around nesting birds may also cause nest abandonment. Migratory bird species differ 
in their sensitivity to noise, but oil and gas activities within a 100-200 foot radius of nests could 
result in take due to direct stress or the masking of predator arrival or associated alarm calls 
(Slabbekoorn and Ripmeester 2008). While these impacts may affect individuals, under the 
predicted level of development (see RDFS), oil and gas activity would not be in proximity to 
enough migratory bird nests to affect populations and impacts due to noise would be minor, 
incidental, and short-term. Pre-construction surveys may be conducted for sagebrush nesters 
and other migratory birds of concern before the location of oil and gas activities is finalized; 
however, surveys are not required under the Migratory Bird Treaty Act. 

 
Outside the breeding season, direct and indirect impacts to sagebrush nesting birds would be 
generally short-term and of negligible intensity. There would be some loss of foraging habitat 
due to direct loss and disturbance, but there would be no effect on migratory bird populations 
because this type of habitat is abundant and birds are mobile and readily use alternate foraging 
sites. 

 
Of the three action alternatives, impact to sagebrush nesters would likely be greatest under 
Alternative B because it allows oil and gas development on the largest amount of sagebrush 
habitat.  Alternative D would subject the least amount of potential habitat to development. 
Alternative C is between B and D. Table 3.5-17 displays the number of acres subject to oil and 
gas activity and percentage of the total habitat type open for development. Stipulations applied 
to greater sage-grouse accounts for the largest differences between the amount of habitat open 
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to development among the three action alternatives, and since sagebrush nesting migratory 
birds occupy the same habitat types they would benefit to some degree from these measures. 

 
 

Table 3.5-17 Potential sagebrush nesting MIS bird habitat subject to oil and gas activity 

 ALTERNATIVES 

A B C D 
 

Potential habitat open for 
development (acres) 

 
0 

 
269,715 

 
167,685 

 
13,545 

 
Percent of total potential habitat 
subject to development 

 
0% 

 
100% 

 
62.2% 

 
5% 

 
Cumulative Effects 
There would be no cumulative effects to sagebrush nesting MIS birds from Alternative A, 
because there would be no incremental effects would add to any impacts from past, present or 
reasonably foreseeable actions. The incremental effects from any of the action alternatives (B, C 
& D), when added to past, present and foreseeable future impacts, would not cumulatively push 
sagebrush nesting MIS birds over a threshold which would result in a trend away from desirable 
condition. Therefore, when the impacts from the proposed leasing and subsequent oil and gas 
development are added to past, present and foreseeable actions, the cumulative effects will not 
result in a trend away from the desired condition. 

 
Cavity Nesters 

 

Cavity Nesters are MIS that represent species dependent on tree cavities for portions of their 
life cycle.  Species selected include: 

 
1.   Harry Woodpecker 
2.   Western Bluebird 
3.   Mountain Bluebird 

 
There are approximately 434,166 acres of potentially suitable habitat for cavity nesters on the 
FNF.  Potentially suitable habitat occurs on all four Ranger Districts. There is limited data from 
which to determine trends in populations of these species on the Forest, however, all have 
exhibited stable or slightly increasing trends state-wide over the past 10 years (Sauer 2011). 
Guidelines for snag retention designed to maintain habitat effectiveness for these species are 
written into the Forest Plan (Appendix CC – Fishlake Forest Plan pg. CC-40) and are incorporated 
for all proposed actions. 

 
 

Table 3.5-18 Forest Plan guidelines for snag retention for cavity nesters 
 

COVER TYPE 

 
MINIMUM SNAGS/ 100 ACRES 

 
MINIMUM PREFERRED SIZE 

Ponderosa Pine 200 18" dbh <-->30 feet tall 

Mixed Conifer and Spruce/Fir 300 18" dbh <-->30 feet tall 

Aspen 200 8"   dbh <-->15 feet tall 

Lodgepole and Aspen/Lodge 300 8"   dbh<-->15 feet tall 
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General Effects 
The effects of oil and gas leasing and subsequent development activity on hairy woodpecker, 
western bluebird and mountain bluebird would be direct habitat loss, especially the loss of 
cavity nesting trees, from new roads or facility pads, disturbance, either visual or noise from 
heavy traffic on existing roads and/or activity at facilities, and habitat fragmentation from 
facilities, roads and activity within previously continuous habitat. 

 
Effects Specific to Alternative A 
No impacts to cavity nesting MIS birds or habitat should occur from the implementation of the 
No Action alternative, due to the fact that there would be no oil and gas development permitted 
on the forest. 

 
Effects Specific to Alternatives B, C, D 
Effects from any of the three action alternatives (B, C & D) are similar and have been grouped 
here for analysis.  Of the three action alternatives, Alternative B would subject the most (100%) 
amount of potential cavity nesting bird habitat to oil and gas development, and alternative D 
would subject the least amount (4%) of potential habitat to development. Alternative C (50%) is 
between B and D. Table 3.5-19 lists out the number of acres subject to oil and gas activity and 
percentage of the total habitat type open for development. 

 
 

Table 3.5-19 Potential cavity nesting MIS bird habitat subject to oil and gas activity 

 ALTERNATIVES 

A B C D 

Potential habitat open 
for development 
(acres) 

 
0 

 
434,166 

 
215,666 

 
16,613 

% of total potential 
habitat subject to 
development 

 

 
0% 

 

 
100% 

 

 
49.7% 

 

 
3.8% 

 

 
 

Cumulative Effects 
There would be no cumulative effects to cavity nesting MIS birds from Alternative A, because 
there would be no incremental effects which would add to any impacts from past, present or 
reasonably foreseeable actions. 

 
The incremental affects from any of the action alternatives (B, C & D), when added to past, 
present and foreseeable future impacts, would not cumulatively push cavity nesting MIS birds 
over a threshold which would result in a trend away from desirable condition. Past and present 
projects, which affect forested vegetation types, have all included stipulations on snag 
retention; therefore, adverse impacts to cavity nesting MIS birds have been reduced. Therefore, 
when the impacts from the proposed leasing and subsequent oil and gas development are 
added to past, present and foreseeable actions, the cumulative effects will not result in a trend 
away from the desired condition. 
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Riparian Nesters 
 

The four bird species listed below were selected as MIS to represent bird species dependent on 
riparian habitat areas during the breeding season.  These species all rely on diverse, healthy 
stands of riparian vegetation for habitat, and are therefore analyzed together. 

 
1.   Lincoln’s Sparrow 
2.   Song Sparrow 
3.   Yellow Warbler 
4.   MacGillivray's Warbler 

 
Lincoln’s sparrow has been detected at numerous transect locations on the forest during avian 
surveys over the last 10 years. In addition to these data, Breeding Bird Surveys conducted in 
Utah have detected Lincoln’s sparrows and indicate an increasing trend statewide for this 
species (Sauer et al 2011). 

 
Song sparrows have been detected at numerous transect locations on the forest during avian 
surveys over the last 10 years. They are fairly common in healthy riparian habitat on the FNF. In 
addition to these data, Breeding Bird Surveys conducted in Utah have detected song sparrows 
and indicate a stable to slightly increasing trend statewide for this species (Sauer et al 2011). 

 
Yellow warblers have been detected at numerous transect locations on the FNF during avian 
surveys over the last 10 years. They are one of the most common passerines in riparian habitat 
on the FNF. In addition to these data, Breeding Bird Surveys conducted in Utah indicate a stable 
to slightly increasing trend statewide for this species (Sauer et al 2011). 

 
Surveys for MacGillivray’s warbler on the forest have been limited, nevertheless, individuals 
have been detected on the Richfield Ranger District and they likely occur on the other three 
districts, as they are a fairly common species in riparian habitat adjacent to shrublands on the 
FNF. Breeding Bird Surveys conducted in Utah indicate an increasing trend statewide for this 
species (Sauer et al 2011). There are approximately 14,946 acres of potentially suitable habitat 
for riparian nesting avian species on the FNF. Potentially suitable habitat occurs on all four 
Ranger Districts. 

 
General Effects 
The effects of oil and gas leasing and subsequent development activity on Lincoln’s sparrow, 
song sparrow, yellow warbler, and McGillivray's warbler would be direct habitat loss from new 
roads or facility pads, disturbance, either visual or noise from heavy traffic on existing roads 
and/or activity at facilities, and habitat fragmentation from facilities, roads and activity within 
previously continuous habitat. Compared to other migratory bird habitat types on the forest 
riparian habitat is limited, also, riparian habitats are connected in a linear fashion. Therefore, 
adverse effects to riparian habitat tend to be particularly detrimental to riparian nesting birds. 
Site-specific NEPA analysis at the APD and field development levels should stipulate forest 
guidelines for riparian protection on a project specific basis. 

 
Effects Specific to Alternative A 
No impacts to riparian nesting MIS birds or habitat will occur under Alternative A, due to the 
fact that there would be no oil and gas development permitted on the forest. 
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Effects Specific to Alternatives B, C & D 
Effects on riparian nesting MIS birds from any of the three action alternatives (B, C & D) are 
similar; there may be negligible adverse impact on habitat effectiveness, but will not likely result 
in a trend away from the desired condition. Of the three action alternatives, Alternative B would 
subject the most potential riparian nesting habitat (14,946 acres or 100%) to oil and gas 
development. Table 3.5-20 lists out the number of acres subject to oil and gas activity and 
percentage of the total habitat type open for development. 

 
 

Table 3.5-20 Potential riparian nesting habitat open to long-term development subsequent to leasing 

 ALTERNATIVE 

A B C D 

Potential habitat open 
for development 
(acres) 

 
0 

 
14,946 

 
2,882 

 
33 

% of total potential 
habitat subject to 
development 

 
0% 

 
100% 

 
19.3% 

 
0.2% 

 
Cumulative Effects 
There would be no cumulative effects to riparian nesting MIS birds under Alternative A, because 
there would be no incremental effects which would add to any impacts from past, present or 
reasonably foreseeable actions. 

 
The incremental affects from any of the action alternatives (B, C & D), when added to past, 
present and foreseeable future impacts, would not cumulatively push riparian nesting MIS birds 
over a threshold which would result in a trend away from desirable condition. 
Dixie National Forest Management Indicator Species 
The following seven species are MIS for the Dixie National Forest based on the current LRMP. 
The Teasdale portion of the Fremont River District is managed by the FNF, but is part of the 
Dixie National Forest and is therefore covered under the Dixie LRMP. Therefore, the following 
species are discussed for the Teasdale portion of the Fremont River District. Detailed 
information on species life histories and status on the Dixie National Forest can be obtained 
from Life History and Analysis of Endangered, Threatened, Candidate, Sensitive, and 
Management Indicator Species of the Dixie National Forest (Rodriguez 2008), and is herewith 
incorporated by reference. 

 
Northern Flicker 

 

Breeding Bird Surveys over a 30-year period (1968 – 1998) in Utah show that statewide flicker 
populations are stable. According to Parrish et al. (2002), Utah has a very low importance to this 
species, meaning less than 1% of the species’ total breeding distribution is in Utah. Avian 
surveys on the Teasdale portion of the Fremont River District have detected an abundance of 
northern flickers. Based on surveys since 1986, flickers have increased in number on the forest. 
There is currently about 1 flicker for every 16.6 acres forest-wide. 

 
Potentially suitable habitat for this species includes limber pine, ponderosa pine, aspen, 
pinyon/juniper, Gamble oak, spruce/fir, and mixed conifer dominated habitats. This includes 
some 153,611 acres of potential habitat on the Teasdale portion of the Fremont River Ranger 
District. 
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General Effects 
Indirect impacts of human activity and noise have negligible impacts on northern flicker. Direct 
habitat loss due to well pads and new roads will reduce flicker habitat. However, because 
northern flickers are more habitat generalist and occur in a wide range of habitat types this 
species is well distributed across the FNF. 

 
Effects Specific to Alternative A 
No impacts to northern flicker individuals or habitat will occur from the implementation of the 
No Action alternative, due to the fact that there would be no oil and gas development permitted 
on the Teasdale portion of the Fremont River District. 

 
Effects Specific to Alternatives B, C, D 
Effects from any of the action alternatives (B, C or D) will not likely result in changes to current 
population trends. Table 3.5-21 lists the total acres of potential flicker habitat open to oil and 
gas development by alternative, as well as the percentages of flicker habitat over the total 
number of acres of flicker habitat on the Teasdale portion of the Fremont River District. 
However, northern Flickers are more habitat generalists, and are fairly resistant to human 
disturbance, therefore, even if the entire predicted RFDS oil and gas activities (1,421 Acres) 
occurred on the Teasdale portion of the Fremont River District it would only impact 0.9% of the 
potential habitat on the district. Northern flickers would not likely be displaced from the 
development activities. 

 
 

Table 3.5-21 Potential flicker habitat open to long-term development subsequent to leasing 

 ALTERNATIVE 

A B C D 

Potential habitat open 
for development 
(acres) 

 

 
0 

 

 
153,611 

 

 
94,507 

 

 
2,553 

 

% of total potential 
habitat subject to 
development 

 

 
0% 

 

 
100% 

 

 
61.5% 

 

 
1.7% 

 
Cumulative Effects 
There would be no cumulative effects to northern flicker from Alternative A, because there 
would be no incremental effects which would add to any impacts from past, present or 
reasonably foreseeable actions. The incremental impacts from any of the action alternatives (B, 
C, or D), when added to past, present and foreseeable future impacts, would not cumulatively 
push northern flicker over a threshold which would result in a decreasing trend away from the 
desired condition. 

 
Wild Turkey 

 

There is 94,312 acres of potential wild turkey habitat on the Teasdale portion of the Fremont 
River Ranger District. Potential habitat includes ponderosa pine, mountain brush, mixed conifer, 
aspen, and fir dominated vegetation types. Both Merriam’s and Rio Grande subspecies of wild 
turkey occur on the Teasdale portion of the Fremont River Ranger District. Wild turkey 
populations are hunted on the district by permit issued by the UDWR. Population trends are 
stable to increasing (Rodriguez 2008, Bonebrake 2007, UDWR 2010a). 
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General Effects 
Wild turkeys are tolerant of low levels of human activity (e.g. farming operations), but are more 
sensitive to higher levels of human disturbance. It is not known what the human activity 
threshold is; it may not be possible to set a level due to the complexity of confounding factors in 
the environment. However, it is clear that the period of oil or gas development would be the 
most disruptive to wild turkey, and the production phase would be less disturbing. Direct 
impacts would consist of loss of habitat within the footprint of the well pad, road and facilities 
development. Indirect impacts would consist of disturbance and displacement around human 
activities. The displacement/disturbance distance of wild turkey from oil and gas activity has not 
been studied.  However, based on practical knowledge of wild turkey around farming machinery 
and operations, the disturbance distance is short and based on visibility through ground cover. 
Wild turkey hens are the most susceptible to disturbance while nesting. Once flushed from a 
nest, they often abandon the nest and may re-nest elsewhere. 

 
Effects Specific to Alternative A 
No impacts to wild turkey individuals or habitat will occur under Alternative A, due to the fact 
that there would be no oil and gas development permitted on the Teasdale portion of the 
Fremont River District. 

 
Effects Specific to Alternatives B, C, D 
Table 3.5-22 lists the total acres of potential wild turkey habitat open to oil and gas development 
by alternative on the Teasdale District, as well as the percent of the total turkey habitat on the 
Teasdale District open to oil and gas development by alternative. The primary factor affecting a 
difference between the alternatives is the 300 foot NSO buffer in alternative C and the 500 foot 
NSO buffer in alternative D. Wild turkeys rely heavily on riparian areas; therefore any protection 
measures to riparian habitat will benefit wild turkeys.  There may be some minor displacement 
of wild turkey around oil and gas facilities during the construction phase. This displacement 
would be temporary (during construction when human activity is the highest). 

 
 

Table 3.5-22 Potential wild turkey habitat subject to oil and gas activity 

 ALTERNATIVE 

A B C D 
 

Potential habitat open 
for development 
(acres) 

 

 
0 

 

 
94,312 

 

 
79,639 

 

 
2,147 

% of total potential 
habitat subject to 
development 

 
0% 

 
100% 

 
84% 

 
2.3% 

 
Cumulative Effects 
There would be no cumulative effects to wild turkey under Alternative A, because there would 
be no incremental effects which would add to any impacts from past, present or reasonably 
foreseeable actions. 

 
The incremental impacts from any of the action alternatives (B, C, or D), when added to past, 
present and foreseeable future impacts, would not cumulatively push wild turkey over a 
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threshold which would result in a decreasing trend away from the desired condition, or change 
the State’s ability to issue hunting permits for this species in this area. 

 

 
 

Other Species of Concern 
 

Migratory Birds 
 

Migratory birds are protected under the Migratory Bird Treaty Act, which oil and gas activities 
are required to comply with under SLT&C.  Executive Order 13186 of January 10, 2001 provides 
broad guidelines to federal agencies on migratory bird conservation responsibilities.  To 
implement the provisions of the Executive Order, the Forest Service and U.S. Fish and Wildlife 
Service (USFWS) developed an Interagency Memorandum of Understanding (MOU) for the 
conservation of migratory birds.  In compliance with the MOU, selected priority bird species of 
concern are identified and addressed in this document.  In addition the Forest Service and the 
US Fish and Wildlife Service developed a strategy for working through the MBTA process. 

 
Effective management of avian communities depends on identifying the species and habitat 
most in need of conservation efforts. Partners in Flight (PIF) used a ranking system to identify 
priority species for conservation action in Utah. The PIF priority species list is used as a tool by 
federal and state agencies to assist in the prioritization of bird species that should be considered 
for conservation action (Parrish 2002). 

 
The Mexican spotted owl, greater sage-grouse, Brewer’s sparrow, yellow-billed cuckoo and 
three-toed woodpecker were selected as species of concern from the priority species list. These 
species represent cliff, shrub-steppe, high desert scrub, lowland riparian and conifer habitat on 
the Forest. Life History Information on these species can be found in Life History and Analysis of 
Endangered, Threatened, Candidate, Sensitive and Management Indicator Species of the 
Fishlake National Forest (Rodriguez 2006). This citation is incorporated here by reference. 
Analysis of effects to these species is documented in the sections above. 

 

3.6 UNROADED/UNDEVELOPED 
 

3.6.1 Affected Environment 
 

In 2000, discussions began on a joint effort between the FNF and the Dixie National Forest to 
begin the process to revise their respective Forest Land and Resource Management Plans. The 
Dixie National Forest became a partner in the planning process and the Notice of Intent to begin 
the revision was filed in 2002 in the Federal Register 67(90)31761 for the Dixie and 67(90) 31178 
for the Fishlake. The Planning Rule(s) were enjoined by the courts as not being sufficient and 
thusly, the revision process was not completed. 

 
As part of the defunct revision process, Undeveloped Area Evaluations (UAE) were initiated to 
inventory any other unroaded/undeveloped lands that existed beyond the Roadless Area 
Review Evaluation (RARE) II (1979) and National Forest Management Act inventories that were 
completed in 1983. Directions for the UAE inventory were outlined in the “Intermountain 
Region Planning Desk Guide: A Protocol for Identifying and Evaluating Areas for Potential 
Wilderness” (USDA 2004). Questions and a Data Dictionary for the inventory were created by 
the planning team based upon Forest Service Handbook 1909.12 Chapter 7 (the desk guide has 
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subsequently been replaced with Forest Service Handbook 1909.12(70) dated 1/31/2007.) This 
protocol considered only known classified road system roads, not including classified roads used 
for administrative purposes only. Therefore, it identified areas as Unroaded and Undeveloped 
that currently contain numerous constructed, but not classified roads and motorized trails, as 
well as timber harvest areas, powerlines, minor recreation sites and other infrastructure. 

 
Undeveloped and Unroaded Areas (UUA) inventoried in the draft UAE under the halted Forest 
Plan process (circa 2006) have not, and do not, hold any sort of legal status for protection from 
development.  Conversely, the protection or management of Inventoried Roadless Areas (IRA) 
has varied over the years due to the effects of the 1984 Utah Wilderness Act which released 
these lands in Southern Utah until Forest Plan Revision (see 111-3, #10) and the Roadless Area 
Conservation Rule (RACR) which is now in effect. 

 
Status concerning the implementation of the RACR has changed considerably over the last 
eleven years. Since 2001 the RACR has been the subject of numerous lawsuits in the Federal 
District Courts of Idaho, Utah, North Dakota, Wyoming, Alaska, the District of Columbia and 
California. Soon after being reinstated in February of 2007 in Federal District Court, State of 
California v. USDA, it was again enjoined in August of 2008 in Federal District Court for the 
District of Wyoming. P On May 30, 2012, Sec. of Agric. Mem. 1042-156 requiring review and 
approval of certain activities in Roadless Areas expired.  Presently, the FS Chief continues to 
review certain activities planned in roadless areas to ensure a consistent approach to 
implementation of the 2001 Roadless Rule.  Refer to “Chief’s Review Process for Activities in 
Roadless Areas” in the project record. Of particular importance to maintaining “roadless” 
character, road construction and reconstruction would not be allowed in IRAs. 

 
In regard to the UUAs determined in the Draft UAE; Forest Service obligation to inventory these 
additional tracts under the Forest Plan Revision process is, however, mandatory as initiated as 
part of the Fishlake and Dixie National Forest’s yet uncompleted revision.  At this time, the 
Forest Service is on “hold” as it awaits the new planning rule.  This draft UAE benefits the public 
in providing for review and recommendations concerning potential wilderness areas where 
appropriate under the Forest’s forthcoming Forest Plan Revision. The UAE is a draft inventory 
which has not yet been trued on the ground.  This draft inventory largely incorporated GIS 
process using existing coverage in the database. Many of these UUAs contain a number of 
intrusions or “cherry-stemmed” roads which generally affect potential wilderness character. 

 

3.6.2 Environmental Consequences 
 

General Effects to Unroaded and Undeveloped Areas 
Possible effects to Undeveloped/Unroaded Areas are the loss of acres to development of oil and 
gas activities, along with associated roads, further dissecting and segregating areas into smaller 
parcels.  UAE parcels may not be suitable for wilderness potential by becoming smaller than 
5000 acres. However, smaller parcels may be linked to IRA and still have value for potential 
wilderness areas.  It is not possible to calculate how and where this may occur as the Reasonably 
Foreseeable Development Scenario (RFDS) is not site-specific. NEPA analysis at the time of the 
Application to Permit Drilling on a leased parcel will be necessary to determine actual effects to a 
given Undeveloped and Unroaded Area in the Draft UAE. 
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Effects to Unroaded and Undeveloped Areas by Alternative 

 
Alternative A 
This is the no action alternative; therefore no direct or indirect effects will occur to Undeveloped 
and Unroaded Areas in the Draft UAE. 

 
Alternative B 
This alternative proposes to lease the entire forest. Direct effects would be oil and gas activities 
possibly fragmenting those areas in the UAE into smaller tracts.  Primitive Recreation potential 
could be reduced, as well. Table 3.6-1 shows the amount of UAE that would be affected by 
stipulation. The NL and NSO portions of the areas demonstrate no effect, but CSU, LN and 
SLT&C imply that oil and gas activities could occur on a given parcel of land. Duration of the oil 
field development could likely last 30 years. Once the field is played out, the tracts and roads, 
covered under bond, would be reclaimed. Indirect effects could be the possibility of increased 
traffic into a remote area, thus further degrading primitive recreation experience potential. 

 
Alternative C 
This alternative proposes to lease the entire forest, but with stricter environmental controls. 
Although the Standard Lease Terms and Conditions provide for significant protection of 
resources, this alternative employs stipulations that puts a much greater portion of the Fishlake 
NF into NSO status. 

 
Direct and Indirect effects would be the same as Alternative B, though on a reduced scale. See 
Table 3.6-1. 

 
Alternative D 
This alternative proposes the largest portion of the forest into No Lease (NL) and is the most 
restrictive of all the alternatives in terms of actual oil and gas activity siting potential, with only 
3.5% of the Fishlake NF available for ground disturbing activity, i.e. roads and well pads. 

 
Direct and Indirect effects would be the same as Alternative B, though on a vastly reduced scale. 
Table 3.6-1 shows Draft UAE acreage. Maps and lists of individual areas are presented in the 
Specialist’s Report for UUA. 

 
 

Table 3.6-1: Acreage and how each alternative affects the UUA by stipulation 

STIPULATION ALTERNATIVE A ALTERNATIVE B ALTERNATIVE C ALTERNATIVE D 

NL 1,083,779 0.0 0.0 921,439 

NSO 0.0 0.0 935,772 144,222 

LN/TL 0.0 0.0 10,740 0.0 

LN 0.0 798,061 11,754 3,378 

CSU/TL 0.0 0.0 46,922 0.0 

CSU 0.0 115,329 45,542 4,660 

SLT&C/TL 0.0 0.0 14,776 0.0 

SLT&C 0.0 170,389 18,273 10,080 

Non-FS 3 3 3 3 

TOTAL 1,083,782 1,083,782 1,083,782 1,083,782 
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Cumulative Effects 
The RFDS proposes 1,421 acres of gross disturbance over the next 15 year period, with 350 acres 
left in actual road and well field production.  The rest of the acreage would be reclaimed and 
restored to a natural condition. When combined with past, present and reasonably foreseeable 

future actions, there could be long term (~30 years) impacts that could be seen.  However, most, 

if not all actions could be implemented alongside oil and gas operations.  Some recreational 
activities could benefit from improved road access. 

 

 
 

3.7 VISUAL AND SCENIC INTEGRITY 
 

3.7.1 Affected Environment 
 

The primary issue associated with scenic resources is the degree of visible change that may be 
evident in characteristic landscapes, viewsheds, and areas with high scenic value.  Activity or 
development associated with oil and gas leasing or exploration could adversely impact the form, 
line, color, and texture in the surrounding environment, and thereby impact scenic quality. The 
extent of noticeable change to the visual landscape as a result of leasing or exploration can be 
measured in the visual contrast or dominance of associated unnatural elements. 

 
Strong contrast occurs where activities would attract attention and dominate the landscape 
setting. Where activities are noticeable and start to dominate the setting moderate contrast 
occurs. Contrast is weak where oil and gas activities would be noticeable yet would not attract 
attention and be subordinate to the setting. 

 
Oil and gas exploration activity with the highest potential to adversely affect scenic quality on 
lands managed by the FNF is road construction/reconstruction. Lighting associated with the drill 
rigs could also affect the aesthetics of surrounding areas within sight of the activity. 

 
Inventoried Scenic Integrity Objectives have been established during recent Forest Plan revision, 
and consistency with these could be affected. Lands managed by the FNF have been inventoried 
for their scenic quality and associated sensitivity, and classified into one of four SIO classes; Very 
High, High, Moderate, and Low. 

 
Very High, High and Moderate are the most sensitive SIO classes that could be impacted by oil 
and gas activity. A Very High SIO allows for ecological changes only, management activities of 
any duration, except for very low impact recreation facilities, are prohibited.  The other two, 
High and Moderate allow for activity, yet are sensitive to changes in the landscape.  Oil and gas 
activity within middle or foreground distance zones in High areas, or the foreground distance 
zone in Moderate areas would most likely not meet objectives for managing scenic quality if 
associated effects remain for more than a reasonably specified duration.  For High this means all 
activities to restore the area to a naturally appearing condition should be accomplished either 
during the operation or immediately after. For Moderate, this activity should be accomplished 
as soon after project completion as possible, or at a minimum, within the first year. 

 
Low covers areas that have experienced a relative amount of human alteration. Thus, oil and 
gas activity would be allowed in these areas with less restriction.  However, activities involving 
vegetative and landform alteration must borrow from naturally established form, line, color, or 
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texture so completely and at such a scale that their visual characteristics are those of natural 
occurrences within the surrounding area or character type. 

 
In summary, in relation to oil and gas exploration, a Very High SIO would not be met in most any 
case and a Low SIO would accommodate a reasonable level of activity without additional 
mitigation. Moderate, and most particularly High SIO classes, would likely need additional 
mitigation measures, even when applying Standard Lease Terms and Conditions, to meet SIO 
guidelines. 

 

3.7.2 Environmental Consequences 
 

General Effects to Visual and Scenic Integrity 
In the short term, oil and gas leasing activity or exploration could immediately increase contrasts 
of form, line, color, or texture.  Visual evidence of any new access roads, including existing roads 
that are reconstructed or improved could become particularly apparent. Due to the attributes of 
line, relative scale and color these contrasting linear elements often remain very noticeable or 
dominant until subsequent and successful re-establishment of vegetation. 

 
Structures typically have adverse visual impact; particularly from unnatural silhouette effect 
when located at the skyline or set against a background of snow. Vertical structures are very 
apparent from great distances, particularly if in silhouette or relatively horizontal landscapes. 

 
Given the number and scale of the potential leases it may not be practical to hide all of the 
facilities associated with oil and gas development solely to preserve scenic integrity.  However, 
particularly in more sensitive views, some facilities or any associated utilities or equipment 
could be strategically located, buried, screened or otherwise camouflaged.  This would 
especially assist views as seen from nearby communities or areas important to tourism and 
from important travel corridors or highways. 

 
From the perspective of the casual Forest visitor: Views from major travel corridors or 
viewpoints of areas not having surface development would not be affected to any level of 
dominance in the long term, particularly given adequate mitigation.  Generally, views involving 
structures, utilities, etc. possess sufficient variety in color, form and texture so as to preclude 
any long term dominant visual impact if sensitively designed.  Direct or indirect benefit (shadow 
effect) resulting from the irregular or uneven topography of most areas would also assist in 
camouflaging lease related effects. 

 
A majority of the scenically sensitive areas with potential for lease would not be seen while 
traveling in both directions on important routes or from the National Park or major 
communities.    They are either not available for lease or are effectively screened by topography 
so as not to be readily apparent in linear view for an extended duration as seen by travelers. 

 
If sensibly located, appropriately designed and mitigated; it is generally anticipated that any 
reasonable level of exploration related activity associated with this proposed complex of leases 
would meet appropriate Scenic Integrity Objectives in both the intermediate and longer terms. 
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Effects to Visual and Scenic Integrity by Alternative 

 
Alternative A 
Present viewsheds and their determined Scenic Integrity Objectives would not be altered by 
development or activity associated with oil and gas leases.  Generally, changes would be shaped 
primarily by natural events:  Scenery would be subject to cyclical, natural disturbance processes 
such as fire, wind, drought and vegetative succession. 

 
Alternately, present views of existing development, roads, etc., possibly incorporated or 
reconstructed to facilitate leasing activity; would not be potentially benefited by 
implementation of recommended mitigation associated with oil and gas leases. 

 
Alternative B 
Of the four alternatives, Alternative B has the greatest potential to adversely affect scenic 
resources. 

 
For this alternative, a High SIO (collectively 58%) applies to a majority of acres with potential 
visual impact, and a Moderate SIO (41%) applies to the rest of the acres possibly affected. Due 
to the relatively large number of potentially affected acres classified under these two more 
stringent SIOs, there is a good chance that oil and gas leasing activity would impact high quality 
scenic resources for a time until the successful completion of appropriate mitigation. 

 
However, this potential for adverse effect needs to be taken within overall context.  In general, 
particularly within ecological time-frames, oil and gas leasing is expected to have relatively 
minor effect to scenic resources. Disturbance would be short-term and related to exploration 
activity which should be fully mitigated upon successful mitigation. 

 
Temporary visual effects could result primarily from road construction and reconstruction which 
commonly exhibits apparent contrast in line, color and form.  The strong visual contrast 
resulting from well pad and associated access road construction could be evident from certain 
viewpoints and may attract enough attention to dominate the surrounding natural landscape. 
Again, this contrast would be short-term; however, as well pads and access roads are to be 
reclaimed following exploration activities. 

 
Alternative C 
For this alternative, the type of effects related to oil and gas leasing activity would be similar to 
alternative B, yet at a reduced scale.  The amount of potentially visually impacted acres of High 
SIO (again taken collectively) and Moderate SIO are split at almost 1:2. There is a moderate 
chance that leasing activity would impact highly scenic resources until mitigation/reclamation is 
complete.  This is especially the case given the large amount of visually sensitive acres under a 
NSO stipulation in this alternative, which accordingly would not even potentially contribute to 
any indirect or secondary visual effect -- as when activity or associated development is seen 
from adjacent visually sensitive areas. 

 
Alternative D 
Alternative D has the least potential for negative effect to scenic resources of all of the action 
alternatives.  It is determined that only a negligible 4% total acres could potentially be directly 
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impacted visually -- all of Moderate SIO.  Under this SIO, oil and gas related activity may be 
evident but not become dominant as was explained in detail earlier in this report. 

 
Cumulative Effects 
There is ample evidence of human modification throughout the area associated with potential 
leases. Past, present and reasonably foreseeable future projects or development have and will 
contribute to unnaturally appearing line, texture and form in the potentially leased area. 
Existing roading in particular typically leaves a long-term effect upon the scenery of the area. 

 

3.8 SOILS, GEOLOGIC HAZARDS, AND STEEP SLOPES 
 

3.8.1 Affected Environment 
 

Generally speaking, soil resources usually consist of a relatively thin, unconsolidated layer of 
mineral type horizons that are located upon the earth’s crust.  Some soils have distinct 
accumulations of humified organic matter occurring at the ground surface. The soil profile 
usually acquires its unique properties as a direct result of physical and chemical weathering 
along with the biological alteration of its geologic source materials; in addition, the actual 
process of soil formation includes a contribution by factors such as climate and topography 
along with the simple recognition – that, all soils continue to form over time. 

 
Since 1984, the FNF has been a partner with both the USDA - Natural Resources Conservation 
Service (NRCS) and the Utah Agricultural Experiment Station (UAES) on the action of conducting 
soil survey investigations throughout south-central Utah.  The actual soil mapping and related 
ground sampling activities fall under the direction and specification of two MOUs between these 
agencies. These documents allow the Forest Service to perform soil analysis on 1.45 million acres 
of public lands located in Sevier, Wayne, Juab, Millard, Beaver, Piute, Sanpete, Garfield 
and Iron counties. Currently the FNF is involved in managing the land resource inventories for 
two rather substantial geographic areas; these National Cooperative Soil Survey (NCSS) projects 
are identified as follows: 

 
Tushar - Pahvant - Canyon Soil Survey Area # 649 includes 768,830 acres of NFS lands, located 
on the Fillmore and Beaver Ranger Districts.  The field mapping on this survey project was 
finished by the FNF during the fall of 1989. A final quality control review was completed in 
cooperation with the Forest Service, the NRCS, Utah State Office Soils Staff and members from 
their NRCS South National Technical Center in Ft. Worth, Texas during May of 1990. The soil 
survey report is currently in a DRAFT format; however, there are no plans for its publication at 
this time. Land resource information obtained during the field mapping activities and acquired 
from the data collection phase of this project has been used to develop numerous Geographic 
Information System (GIS) interpretive displays using the new ArcView (3.3) software package. 
All of the Data Map Units (DMUs) and Pedon Descriptions (PDs) for this project have been 
entered into the USDA – NRCS National Soil Information System (NASIS) Database and have 
been checked, corrected and validated for this survey area by consultants Terra West 
Consulting of St. George, Utah. 

 
The Forest Service Handbook (FSH 2550 – R4 Supplement, March 2011) states: “... presently, at 
least 85 % of the total acreage occurring within an activity area must have soil properties that 
remain in satisfactory condition.  In this particular instance, the term activity area is not to be 
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confused with all NFS lands currently being administered by the FNF. Plans for projects where 
treatments are expected to cause resource damage, exceeding the maximum thresholds listed 
under the R4 Soil Quality Standards, must include provisions for mitigation of the ground 
disturbances. 

 
Fremont – Monroe - Salina Soil Survey Area # 651 includes 685,549 acres of NFS lands located 
on the Loa and Richfield Ranger Districts. This survey is considered to be an on-going project at 
the current time. Currently, all of the field mapping has been completed, and about 90 to 95 
percent of the supporting documentation has been collected by professional soil scientists.  All 
of the soil polygons were digitized into the FNF GIS during 1995 - 1997. Land resource 
information obtained from the field mapping activities and acquired during the data collection 
phase of this project has been used to develop numerous interpretive displays in GIS. Themes 
were prepared related to geologic hazards, unique soil properties, wind erosion, water erosion, 
hydrologic groups, soil loss tolerance, aspen regeneration, broadcast seeding, topsoil thickness, 
soil reaction, puddling, compaction, subsidence, water retention, moisture regimes, 
temperature regimes, reforestation, windthrow hazards, and unstable slopes. 

 
Five categories of geologic hazards and soils conditions were identified as concerns for Oil and 
Gas project activities: 

 
1.   North Horn Formations coupled with greater than 25% slopes 
2.   Very steep terrain (slopes greater than 35%) 
3.   Wetland areas with hydric soils 
4.   Puddling and compaction 
5.   Unstable sites which include soil creep, minor slumps, and landslide areas 

 

3.8.2 Environmental Consequences 
 

General Effects to Soils, Geologic Hazards and Steep Slopes 
When the ground is disturbed by constructing various size pads ( exploration, facilities, 
production, or water injection ), building new roads, re-conditioning existing transportation 
surfaces, erecting powerlines and piecing together pipelines, a certain amount of damage is 
going to occur to the affected soil material. According to the RFDS a gross disturbance of 1,421 
acres has been predicted for the FNF. However, the net disturbance for our development 
scenario has been reduced down to about 350 acres after the lessee reclaims the exploration 
wells, obliterates the abandoned roads and reduces the size of the production pads.  A few 
areas will sustain resource damage that adversely affects long-term soil productivity. Most of 
the problems will be associated with 1) displacement in the form of wind and water erosion, 2) 
mass movement in the form of slumping and landslides, 3) soil deformation in the form of 
detrimental puddling and compaction and 4) the amount of protective ground cover remaining 
within our exploration and production areas. 

 
It would be essential to monitor for any disturbance connected with oil and gas exploration. The 
RFDS indicates 20.6 miles of new road would be used for production activities. Road surfaces 
can be very erosive in first and second years, and continue to be problematic in any (and all) 
years the transportation surface remains in use. 
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In order to minimize the amount of environmental consequence upon the soil resource the FNF 
drafted a set of “Oil and Gas Construction and Operating Standards plus Well Site Design 
Requirements” in May of 2007.  These operating standards have been developed to help 
operators meet agency and Forest requirements when preparing their SUPO; this document 
assures overall consistency is being met with Forest Service management objectives and LRMP 
direction. 

 
Effects to Soils, Geologic Hazards and Steep Slopes by Alternative 

 
Alternative A 
The FNF would not allow commercial interests to acquire leases related to oil and gas 
production on NFS lands. Therefore, no impacts to soils or geologic hazards from oil and gas 
activities would be possible. 

 
Alternative B 
Under the general requirements of Alternative B, all five potential issues associated with 
geologic hazards and soil resources would be managed under SLT&C. 

 
According to the SLT&Cs the lessee must conduct operations in a manner that minimizes adverse 
impacts to the land, air and water to cultural, biological, visual and other resources. Prior to 
disturbing the surface of the leased lands, the lessee must contact the lessor, to be appraised of 
procedures to be followed and modifications or reclamation measures that may be necessary.  
Areas to be disturbed may require inventories or special studies to determine the extent of 
impacts upon the resources. ” 

 
While the USDI-Form 3100-11 mentions the need to protect various resources and discusses land 
use responsibilities, it is not specific enough to protect soils with displacement issues, puddling, 
and compaction, accelerated rates of erosion, and ensure an adequate amount of new 
vegetation plus protective ground cover to stabilize valuable topsoil deposits. 

 
Alternative C 
This alternative adds specific stipulations to the requested oil and gas leases. Potential land 
issues associated with geologic hazards and very steep slopes were placed under the NSO 
stipulation due to risky terrain.  Specifically, the SLT&C of Alternative B were deemed 
insufficient to adequately protect the soil resource according to the public interest. 

 
There are 52,487 acres of fragile soils derived from unstable, clayey sediments of the North Horn 
Geologic Formation occurring on upland, mountain and high mountain landscapes. These are 
located in areas measuring > 25 % slope, steep sites which should be avoided to protect the 
resource.  Secondly, there are 492,327 acres of NFS lands located on very steep (>35%) terrain. 
These are problematic locations having erosive soils requiring avoidance to insure that proposed 
leasing activities do not cause landslides or trigger the renewed movement of existing slumps, 
which in turn could threaten existing roads and production facilities. 

 
Although somewhat limited in overall extent, there are 156 acres of unstable land previously 
affected by landslides, minor slumps, soil creep, rockfalls and avalanches. Most of these 
disturbances were connected with the extreme spring snowmelt conditions of 1983 and 1984. 
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Under this alternative, these lands have been placed under the CSU stipulation for oil and gas 
leasing. 

 
Puddling, compaction and wetlands will be addressed with a LN as a form of guidance for the 
lessee to consider when submitting a SUPO. There are 87,420 acres of clayey soils located on the 
FNF. These are sites which are susceptible to deformation in the form of puddling and 
compaction disturbances. To a lesser extent, there are 5,029 acres of NFS lands that actually 
qualify for wetlands containing hydric soils. The FNF will make a full disclosure of these fragile 
locations to the lessee under a lease notice. Alternative C affords moderate resource protection 
to potential geologic hazards and soil resources on 637,419 acres of NFS lands. 

 
Alternative D 
Alternative D adds even more restrictive stipulations to the proposed leasing activities. In order 
to achieve maximum resource protection, wetlands are grouped together with geologic hazards 
and very steep slopes under the NSO stipulation. In addition, all soils derived from North Horn 
sediments (97,570) acres are placed under NSO protection. 

 
Stipulations on unstable lands (CSU) and guidance on puddling and compaction (LN) 
disturbances remain consistent with Alternative C. Alternative D affords resource protection to 
potential geologic hazards and soil resources on 665,964 acres of NFS lands. 

 
Cumulative Effects 
Past, present and reasonably foreseeable - future actions are those treatments and projects that 
occur on, or directly adjacent to, NFS lands which have affected or could affect forest resources. 
The residual effects of past actions, existing effects of current actions and anticipated effects of 
future actions will be added to the direct and indirect effects of the predicted oil and gas 
activities to disclose cumulative effects in the EIS for oil and gas leasing.  Some of the different 
types of projects which have taken place, or, are now occurring on the FNF at this time, are found 
in Table 3.4-1. 

 
With all of the various treatments taking place on the FNF, very few projects are causing adverse 
effects upon the soil resource.  There are periodic problems with fragile soils derived from North 
Horn sediments due to grazing or heavy snowpack conditions, but, it’s generally a small 
disturbance and can be easily identified and mitigated on the landscape. The same exists for 
wildfires, prescribed fire and wildland fire use, with these fire disturbances only lasting 1 to 3 
years on the ground before, rehabilitation, and natural restoration of the fire-damaged terrain. 

 
There are temporary impacts associated with road construction activities, but FNF engineering 
personnel are generally on-scene to size culverts, slope the road prism and manage drainage 
conditions. Modern OHV Jamborees are well-managed events and the new travel plan limits 
motorized vehicles from fragile/erosive terrain and cross-country travel. Many on-going 
projects (reforestation, road obliteration, seeding treatments, fence construction, mine 
closures, habitat improvement etc.) are actually beneficial on-the-ground and allow for soil 
stabilization. 

 
With the gross disturbance being projected to occur on NFS lands due to oil and gas leasing 
activities amounting to 1,421 acres of ground displacement, with 350 acres of net disturbance 
(0.02 in size – or, much < 1 % of the entire Forest) after applying the SLT&Cs, mitigation 
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measures and operation controls, then the roads and production field(s) will not compromise 
soil resources on the FNF. 

 

3.9 WATER RESOURCES 
 

3.9.1 Affected Environment 
 

Geographically the Forest straddles the divide between the Great Basin and the Colorado 
Plateau. This transition zone is comprised of a mix of high mountain ranges and plateau lands, 
sometimes referred to as the Utah High Plateaus. The Sevier River watershed first trends north 
to south (Otter Creek) and then south to north, cutting a wide valley swath below the Forest. 
Several broad, north-south trending valleys separate the Markagunt Plateau on the west and 
the Sevier Plateau on the east. The Fremont River and tributaries of the Muddy River drains the 
eastern portion of the Forest into the Colorado River Basin. The Beaver River and Sevier River 
tributaries drain the western portion of the Tushar and Pahvant Mountains and Forest. 
Elevations vary from approximately 4,800 feet near Oak City to 12,169 feet at Delano Peak on 
the Tushar Mountains. Boulder Mountain is one of the largest timbered, high elevation plateaus 
in the United States. 

 
The Fishlake National Forest supports a variety of terrestrial and aquatic wildlife species that 
contribute to ecosystem function in a wide array of habitats and settings. The many lakes, 
reservoirs, and streams support an active sport fishery.  The Forest is known for the deep cold 
waters of Fish Lake. The plateaus and high elevation lakes of the Forest characterize the Forest’s 
unique geologic features. Many of the rivers and creeks throughout the Forest provide habitat 
for endemic trout populations, including Bonneville and Colorado River cutthroat trout. These 
waterways also provide excellent, diverse sport-fishing opportunities. In addition to supporting 
wildlife biodiversity, these water resources provide culinary water to adjacent communities. 
The Forest has over 400 miles of streams with potential for perennial fish habitat and about 50 
fish-bearing lakes. Most of the Forest is part of the Sevier River Basin, a closed habitat system 
draining into the Great Basin.  The eastern parts of the Forest drain to the Colorado River Basin. 

 
Water Rights 

 

There are 3,815 water rights that within the Forest or for domestic uses are on or within 
approximately 1 mile of the Forest Boundary. There are 267 water rights for domestic uses that 
are on or within about 1 mile of the Forest boundary (including Forest Service administration, 
recreation residences and campgrounds), 24 for irrigation, 1, 212 for stock watering (important 
and very common use on the Forest), and 2,312 for other uses. Many of the domestic water 
rights include inholdings within the Forest, or are for communities or residences below the 
Forest boundary. There are no officially designated Municipal Watersheds designated within 
the Forest. 

 
Water Quality 

 

Water quality in the Forest is influenced by several factors including geology, soils, vegetation, 
and human activities. Low dissolved oxygen, high phosphorous loads, and sedimentation are the 
prevailing water quality problems. In general, water quality issues are closely related to human 
activities that cause surface disturbance such as road use, grazing, and recreational use. 
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Water quality is assessed in terms of designated beneficial uses as defined by the State of Utah 
Division of Water Quality (UDWQ). The majority of streams and reservoirs on the Forest provide 
water for domestic and agricultural uses, cold-water fisheries, recreation, and wildlife. 
Maintaining the quality of these waters is becoming increasingly important as the demand for 
water increases with the growing urban population next to the Forest. Streams and lakes that 
the State considers impaired, and thus not able to meet their designated beneficial uses, are 
reported on the State’s 303(d) list, which is updated every other year. Listed water bodies are 
then scheduled for TMDL development. The Forest streams and reservoirs shown on the newly 
approved 2010 State’s 303(d) list (UDWQ 2010) are discussed below. 

 
Manning Meadow Reservoir- Dissolved Oxygen and Total Phosphorous for Cold Water Aquatic 
Use attributed to grazing (likely recreation and summer homes contributing too).  Fish kill has 
occurred and reservoir is mesotrophic. This drainage is rated as low potential/low certainty on 
the oil and gas occurrence potential map contained in the RFDS. Manning Meadow Reservoir 
holds the brood stock population of Bonneville cutthroat trout population for the State of Utah. 
It is very important statewide for native Bonneville cutthroat trout reintroductions around the 
State. 

 
Otter Creek (Koosharem Reservoir to headwaters)- Temperature for cold water aquatic use 
attributed to unknown factors is the reason for listing. Otter Creek was sampled above the 
reservoir and at the Forest boundary in water year 2010, and the maximum recorded 
temperature was 13.57 degrees Celsius (max allowed is 20 degrees for 3A aquatic use), but 
samples were not included in the 2010 report.  In light of recent data collected, the Forest 
tributary portion of this reach could be delisted in a subsequent 303(d) list. This drainage is 
rated as low potential/low certainty in the oil and gas occurrence potential map. The drainage is 
very confined and would not likely have oil and gas development activity. There would be more 
likelihood of development occurring on private lands in Daniels Canyon or in the headwaters of 
this drainage on Forest where there is currently road access and slopes are not as steep. 

 
Otter Creek (Box Creek)- Listed due to total phosphorous, habitat alterations, sediment/silt for 
cold water aquatic use attributed to agriculture, habitat modification and habitat modification 
(other,\ dams and irrigation diversions). There is no agriculture use on the Forest, and irrigation 
diversion is at the Forest boundary. Dams are located on the Forest. Box Creek was sampled in 
2010 at the Forest boundary, but samples were not included in the 2010 report. This drainage is 
rated as low potential/low certainty in the oil and gas occurrence potential map. 

 
Lower Box Creek Reservoir- Listed due to pH and temperature for cold water aquatic use and is 
mesotrophic. This drainage is rated as low potential/low certainty in the oil and gas occurrence 
potential map. 

 
Kents Lake (Middle) – Listed due to temperature and total phosphorous for cold water aquatic 
use attributed to grazing, recreation, land development and redevelopment, and is eutrophic. 
This reservoir has a low priority for new TMDL. TMDL was completed in 2002. This drainage is 
rated as moderate potential/low certainty in the oil and gas occurrence potential map. This 
reservoir is heavily used for recreation. 

 
Three Creeks Reservoir- Listed due to pH attributed to unknown factors. There is a low priority 
for TMDL. It was newly listed in 2010. This drainage is rated as low potential/low certainty in the 
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oil and gas occurrence potential map. A local Boy Scout Camp is located above the reservoir on 
the southernmost tributary. There is another large tract of private land inholding on the stream 
tributary from the east. 
Upper and Lower Quitchupah Creek- Benthic Macro-invertebrates is the reason for listing. These 
are a low priority for a TMDL. It is newly listed. This drainage in the oil and gas occurrence 
potential map is rated as high potential/high certainty. 

 
Forsyth Reservoir- Listed due to dissolved oxygen and total phosphorous for cold water aquatic 
use attributed to grazing and recreation. TMDL is completed. The first year the reservoir was 
fully supporting uses was 2010. Reservoir is oligotrophic on new 2010 report. This drainage is 
rated as low potential/low certainty in the oil and gas occurrence potential map. Forest Service 
management in the headwaters of U.M. Creek likely have contributed to the improved water 
quality conditions. 

 
Johnson Valley Reservoir- Listed due to total phosphorous for cold water aquatic use.  TMDL has 
been completed. This drainage is rated as low potential/low certainty in the oil and gas 
occurrence potential map. There is grazing and moderate to heavy recreation use in this 
drainage.  Johnson Valley Reservoir is filled by Lake Creek from Fishlake, Tasha, and 7-Mile 
creeks. Water management of the reservoir storage is heavily weighted to irrigation uses 
downstream below the Forest. 

 
Mill Meadow Reservoir- Listed due to total phosphorous for cold water aquatic use attributed to 
heavy and almost unchecked recreation, grazing, and silvicultural management, and is 
hypertrophic. TMDL has been completed. Fully Supporting uses occurred in 2010 for the first 
time. This drainage is rated as low potential/low certainty in the oil and gas occurrence potential 
map. There are areas in the surrounding vicinity where Oil and Gas activities would be suitable 
and could be buffered from the reservoir. 

 
Lower Bowns Reservoir- Listed due to pH, temperature, and dissolved oxygen for cold water 
aquatic use attributed grazing (recreation likely as well). This is a low Priority for a TMDL. The 
reservoir is mesotrophic and newly listed this year. This drainage is rated as high potential/low 
certainty in the oil and gas occurrence potential map. 

 
Drinking Water Sources 

 

Groundwater in the Forest serves as a source of drinking water for nearby towns, cities, and 
campgrounds. Generally natural spring sources that have collection systems, rather than wells 
or surface sources are used for drinking water in the communities surrounding the Forest. The 
Utah Department of Environmental Quality has designated protection zones for these sources of 
drinking water. 

 
Groundwater 

 

Groundwater in the Forest is recharged from local precipitation that averages 8 inches per year 
at low altitudes and 33 inches per year in the mountains.  The precipitation is snow and rain 
from generally eastward-moving storms during the winter and from thunderstorms associated 
with northward air movements in late spring and summer (monsoons). Groundwater moves 
from recharge areas in the mountains and adjacent alluvial slopes toward the valleys. 
Groundwater is discharged at land surface as springs and creeks. It can also be utilized by plant 
roots and subsequently transpired to the atmosphere and pumped from wells and springs for 
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water supply use. Groundwater can also migrate into deeper, permeable basin-fill deposits and 
bedrock through which it can flow into adjacent valleys. 

 
There are numerous springs located throughout the Forest. Discharges from these springs are 
probably associated with permeable bedrock, rock formations on the mountain slopes and in 
the basin-fill deposits. Most of the springs within and adjacent to the Forest receive recharge 
from precipitation that falls within the project area, and therefore have the potential to be 
impacted by land use activities. 

 
Groundwater in the basin-fill deposits generally flows from the mountain highlands toward the 
adjacent valleys.  Shallow groundwater that flows into a topographically closed basin does not 
leave the basin and eventually evaporates from the soil surface or is transpired through plants. 
Some valleys could also receive groundwater inflow from adjacent unclosed basins. 

 
Groundwater within and adjacent to the Forest is withdrawn for a number of beneficial uses, 
including drinking water, agriculture (irrigation and stock watering), industry (mining), and 
wildlife management. Thermal springs that receive groundwater discharge from deep rock 
formations are also present near the around Cove Fort and Sulphurdale.  Well and spring 
discharges have a wide range of yields in the vicinity of the Forest. The communities around the 
Forest use spring sources and groundwater wells for their drinking water (UDWQ, 2011b). 
These spring and well sites have Surface Water Protection Plans approved by the State to insure 
the quality of water needed to meet the required drinking water standards. Many of the spring 
sources and their associated Source Water Protection Zones are located within the Forest 
boundaries. Drinking water yields likely range from a few hundred gallons per minute for smaller 
springs up to about 2,000 gallons per minute for the largest community well in the area. 

 
The communities around the Forest use spring sources and groundwater wells for their drinking 
water. These spring and well sites have Drinking Water Source Protection Plans for surface 
water and groundwater, approved by the Division of Drinking Water, to ensure the quality of 
water meets the required drinking water standards. Many of the spring sources and 
groundwater wells, with their associated Drinking Water Source Protection Zones (DWSPZs), are 
located within the Forest boundaries. Drinking water yields likely range from a few hundred 
gallons per minute for smaller springs up to about 2,000 gallons per minute for the largest 
community well in the area. 
The State of Utah owns all of the water within the State, and the State Engineer issues water 
right certificates for appropriated beneficial uses. Groundwater resources have not been well- 
studied in the Forest. 

 
Typical of high elevation lands, the Forest serves primarily as recharge zones. Unlike lower 
elevation valley bottoms, forest lands do not contain extensive unconsolidated deposits that 
support usable aquifers. However, there are consolidated bedrock aquifers at depth within the 
Forest that can provide usable quality groundwater. The majority of groundwater basins in the 
Forest are fully or almost fully appropriated, meaning that future development of groundwater 
is unlikely. 

 
Aquatic and Riparian Ecosystems and Wetlands 

 

This region is characterized by an arid climate, where annual precipitation ranges from less than 
10 inches in the valleys to less than 35 inches in the highest mountains. Much of this 
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precipitation infiltrates through the soil profile and then into bedrock to become groundwater. 
Thus, surface water and associated aquatic and riparian ecosystems are extremely limited in 
extent. Aquatic and riparian ecosystems comprise approximately 1 percent of lands within the 
Forest, yet these habitats are significant in supporting biodiversity, and they perform critical 
ecosystem functions in maintaining dependent fish and wildlife populations, filtering and storing 
runoff and sediment produced by the watershed, and attenuating floods. These habitats are 
also important focus areas for human uses, such as recreation, livestock grazing, and water 
diversion/development for agricultural or domestic uses. 

 
Aquatic ecosystems are defined as “environments characterized by the presence of standing or 
flowing water” (Forest Service Manual 2605). Within the Project Area, aquatic ecosystems are 
associated with lakes, streams, springs, seeps, and ponds. 

 
Wetlands are those areas that are inundated or saturated by surface water or ground water at a 
frequency and duration sufficient to support, and that under normal circumstances do support, 
a prevalence of vegetation typically adapted for life in saturated soil conditions. Wetlands 
generally include swamps, marshes, bogs, and similar areas.  Riparian areas are defined as a 
vegetated ecosystem along a water body through which energy, materials, and water pass. 
Riparian areas characteristically have a high water table and are subject to periodic flooding and 
influence from the adjacent water body. These systems encompass wetlands, uplands, or some 
combination of these two landforms. They will not in all cases have all the characteristics 
necessary for them to be also classified as wetlands.  These definitions may vary. 

 
The functions of wetlands and riparian areas include water quality improvement; stream 
shading; flood attenuation; shoreline stabilization; ground water exchange; and habitat for 
aquatic, semi-aquatic, terrestrial, migratory, and rare species. Wetlands and riparian areas 
typically occur as natural buffers between uplands and adjacent water bodies. Loss of these 
systems allows for a more direct contribution of nonpoint source pollutants to receiving waters. 
The pollutant removal functions associated with wetlands and riparian area vegetation and soils 
combine the physical process of filtering and the biological processes of nutrient uptake. 
Riparian systems, particularly in western regions, have been shown to stabilize the recharge of 
shallow aquifers in a manner that supports stream flow of longer natural duration. 

 
Wetlands and riparian areas can play a critical role in reducing NPS pollution by intercepting 
surface runoff, subsurface flow, and certain ground water flows. Their role in water quality 
improvement includes processing, removing, transforming, and storing such pollutants as 
sediment, nitrogen, phosphorus, and certain heavy metals. Research also shows that riparian 
areas function to control the release of herbicides into surface waters.  Thus, wetlands and 
riparian areas buffer receiving waters from the effects of pollutants or they prevent the entry of 
pollutants into receiving waters.  It is important to consider that degradation of wetlands and 
riparian areas can inhibit their ability to treat pollution. 

 

 
 

3.9.1.1 Water Resources Regulation and Policy 
 

Utah Safe Drinking Water Act Terms 
 

Public Water System (PWS): a system, either publicly or privately owned, providing water 
through constructed conveyances for human consumption and other domestic uses, which has at 
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least 15 service connections or serves an average of at least 25 individuals daily at least 60 days 
out of the year and includes collection, treatment, storage, or distribution facilities under the 
control of the operator and used primarily in connection with the system, or collection, pre- 
treatment or storage facilities used primarily in connection with the system but not under the 
operator’s control. 

 
Community Water System (CWS): a PWS which serves at least 15 service connections used by 
year-round residents or regularly serves at least 25 year-round residents. 

 
Non-Transient Non-Community Water System (NTNCWS): a PWS that regularly serves at least 
25 of the same nonresident persons per day for more than six months per year. Examples of such 
systems are those serving the same individuals (industrial workers, school children, church 
members) by means of a separate system. 

 
Transient Non-Community Water System (TNCWS): a non-community PWS that does not serve 
25 of the same nonresident persons per day for more than six months per year. Examples of such 
systems are RV parks, diners or convenience stores where permanent nonresident staff number 
less than 25, but the number of people served exceeds 25. 

 
Drinking Water Source Protection Zones 

 

Groundwater Source Zone 1: is the area within a 100-foot radius from the wellhead or margin of 
the collection area. 

 
Groundwater Source Zone 2: is the area within a 250-day ground-water time of travel to the 
wellhead or margin of the collection area, the boundary of the aquifer(s) which supplies water to 
the ground-water source, or the ground-water divide, whichever is closer. 

 
Groundwater Source Zone 3: is the area within a 3-year ground-water time of travel to the 
wellhead or margin of the collection area, the boundary of the aquifer(s) which supplies water to 
the ground-water source, or the ground-water divide, whichever is closer. 

 
Groundwater Source Zone 4: is the area within a 15-year ground-water time of travel to the 
wellhead or margin of the collection area, the boundary of the aquifer(s) which supplies water to 
the ground-water source, or the ground-water divide, whichever is closer. 

 
Transient Source Zone T2: is the area within a 250-day ground-water time of travel to the 
wellhead or margin of the collection area, the boundary of the aquifer(s) which supplies water to 
the ground-water source, or the ground-water divide, whichever is closer. 

 
Transient Source Zone T4: is the area within a 10-year ground-water time of travel to the 
wellhead or margin of the collection area, the boundary of the aquifer(s) which supplies water to 
the ground-water source, or the ground-water divide, whichever is closer. 

 
Surface Water Zone 1: (A) Streams, rivers and canals: Zone 1 encompasses the area on both sides 
of the source, 1/2 mile on each side measured laterally from the high water mark of the source 
(bank full), and from 100 feet downstream of the point of departure to 15 miles upstream, or to 
the limits of the watershed or to the State line, whichever comes first. If a natural stream or river 
is diverted into an uncovered canal or aqueduct for the purpose of delivering water to a system 
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or a water treatment facility, that entire canal will be considered to be part of Zone 1, and the 15 
mile measurement upstream will apply to the stream or river contributing water to the system 
from the diversion. (B) Reservoirs or lakes: Zone 1 is considered to be the area 1/2 mile from the 
high water mark of the source. 

 
Surface Water Zone 2: the area from the end of Zone 1, and an additional 50 miles upstream (or 
to the limits of the watershed or to the State line, whichever comes first), and 1000 feet on each 
side measured from the high water mark of the source. 

 
Surface Water Zone 3: the area from the end of Zone 2 to the limits of the watershed or to the 
State line, whichever comes first, and 500 feet on each side measured from the high water mark 
of the source. 

 
Surface Water Zone 4: the remainder of the area of the watershed (up to State line, if applicable) 
contributing to the source that does not fall within the boundaries of Zones 1 through 3. 

 
The State of Utah designates water sources for culinary and municipal water supplies to be 
protected according to the provisions with the Utah State Source Water Protection Plans. Oil and 
gas activities are generally unsuited and would not be allowed in a Source Water Protection 
Zone (SWPZ) including surface and groundwater zones. These areas would be under a NSO 
stipulation under the preferred Alternative C. Municipal watershed areas outside of SWPZs will 
be under SLT&C under Alternative B and C. Municipal watershed and SWPZs under Alternative 
D will not be leased.  SWPZs are delineated in coordination with the State.  For the purpose of 
this analysis the Forest will not delineate SWPZs, but will use the State of Utah’s SWPZ coverage. 

 
Transient water system protection areas include about 41,538 acres within the Forest. The most 
likely DWPZs that could be impacted as a result of future leasing, are the ones located on the 
Eastside of the Pahvant Range, and those on the Westside of Monroe Mountain that serve the 
communities within the Sevier Valley. Management actions in the vicinity of municipal water 
sources should be coordinated with the municipality and may require a site review of the source 
protection plans and the water sources. The State of Utah has requested that the Forest should 
require lease stipulations that ensure that proposed drilling would not adversely affect any 
drinking water sources. In coordination with this request, the Forest has proposed these source 
water protection areas as being under a NSO stipulation up to zones 1-3 under Alternative C. 

 
Ground Water Protection 

 

It is the responsibility of the BLM to ensure that usable ground water zones, including 
Sole Source Aquifers (SSAs) and DWSPZs, are protected through review and analysis at the filing 
of a notice of staking (NOS) or APD, and during subsequent drilling and completion operations 
(Ground Water Protection Analysis and Documentation Process-Instructional Memorandum No. 
UT 2010-055, BLM, 2010). Several sources give guidance and regulations for protection of 
ground water. These regulations and guidelines are contained in the project record in the water 
resources section. 

 
Anti-degradation 

 

The intent of the anti-degradation component of State standards is to protect existing uses and 
to maintain high quality waters. The anti-degradation policy protects water quality in waters 
where the quality is already better than the criteria including all surface waters of the Forest 
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which are Category I waters.  Some key feature of the anti-degradation policy is that discharge 
will not be allowed into the Category I waters and that BMPs are crucial in the protection of 
Category I waters.  Utah's anti-degradation policy prohibits the degradation of water quality of 
in streams on NFS lands.  Additionally, the policy requires that alternative management options 
and the environmental and socioeconomic benefits of proposed projects are made available to 
concerned stakeholders. The Forest is currently and will continue to comply with this policy as 
part of oil and gas Leasing and subsequent development to maintain the quality and uses of 
Forest waters. 

 

3.9.2 Environmental Consequences 
 

Drinking Water Source Protection Zone Lease Notice (COA) 
 
 

Under Alternative B, a lease notice would be attached to future leases for the protection of 
DWSPZs (Appendix A). Under all other alternatives, DWPZs would be protected with either a 
NSO stipulation, or would be designated No Lease. 

 
General Effects to Water Quality 
Facility construction, maintenance, and use could increase the potential for surface erosion, 
which could contaminate surface water and adversely impact stream channels and aquatic 
habitats.  Water from exploration and production facilities could become contaminated with 
chemical pollutants used at the facilities and flow from the disturbed areas to adjacent surface 
waters. Springs, streams, lakes and reservoirs, and wetlands are particularly vulnerable to 
pollution and increased sediment loads. Culinary water sources are of special concern. 

 
It is nearly impossible without specific development plans to say how much if at all the 
difference in effects magnitudes would be between alternatives on hydrologic resources. Site 
specific analysis will need to occur later, but in general will likely show that there will be 
negligible effects from any of the action alternatives and only minimal differences between the 
different action alternatives.  This is because in most cases (on slopes 0 to 20% and on slopes 
that most development and use occurs) a 100-foot buffer is generally sufficient to limit 
hydrologic and aquatic effects (USDA Forest Service 1986). However a 300-foot buffer is 
generally sufficient for even very steep slopes over 40% (USDA Forest Service 1986). Alternatives 
C and D place a NSO stipulation on slopes greater that 35%, therefore there should not be a 
need for 500 foot buffers, although they would generally be more efficient, even if just 
negligibly, at limiting hydrologic and aquatic effects. There would be a small likelihood of water 
quality impairments from alternative B, and slightly lower with each of the following alternatives 
as well, with a negligible difference between the alternatives. 

 
Both the quantity of the eroded material and the percentage of the material that makes its way 
to a stream are wholly dependent upon very site-specific factors including: soil characteristics, 
ground slope, distance between the disturbance and the stream, buffers to the stream, and 
vegetation characteristics of the area between the disturbance and the stream, among others. 
For example, in certain areas site conditions might tend toward producing minor surface erosion 
from sheet flow, which typically would produce small-sized sediment particles. If this were 
combined with either a long, low-gradient distance between the source and the stream, these 
particles would likely be deposited before reaching the channel and thus would not impact 
water quality.  In other areas, site conditions could produce gullies or mass earth movements 
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with a direct connection to a stream system, thus adversely impacting water quality by adding 
large amounts of sediment with varying particle sizes to a stream. 
Once sediment has reached a stream, the distance and timing of its downstream progression is 

highly dependent upon factors such as particle size, flow patterns, stream velocity, bed 
substrate, and channel morphology, among others.   For example, fine sediments derived from 
shale and clay are likely to remain suspended in all but the slowest moving water, temporarily 
causing increased turbidity and sediment concentration, but not necessarily destabilizing the 
stream channel, which could lead to longer term adverse water quality impacts.  Particle sizes 
added en masse to a stream might initially be deposited rather than transported, with finer sizes 
being gradually winnowed away over time, or the deposit might move downstream as a slug of 
sediment as a result of a single large storm event.  A stream with a high percentage of pools 
might serve as a reservoir for sediments, temporarily mitigating the water quality impact, but 
over the long term altering the channel morphology. As these few examples show, the 
variations in sediment transport are endless and thus difficult to predict, especially for general 
types of disturbances in unknown locations. 

 
Localized runoff that can cause adverse sediment-related water quality impacts is similarly site- 
specific. Construction activities in areas with steep slopes and less permeable soils often result 
in increased runoff from uplands. On a local level, and/or where the impacted acreage 
represents a higher percentage of the watershed area, the increased runoff volumes could 
trigger gully development and/or accelerated stream bank erosion in receiving streams. It could 
also exacerbate instability in previously existing deteriorated or vulnerable streams.  Both would 
have adverse water quality impacts due to sediments. Construction activities in other areas 
(those with flatter gradients, more permeable soils, or lower natural drainage density, for 
example) might only negligibly increase local runoff, with consequent non-existent sediment 
impacts. The type of construction activity also dictates the potential for localized increased 
runoff.  Well pads are typically bermed and thus do not release the increased runoff off-site. 
Roads with their attendant diversion ditches and culverts often alter natural drainage patterns, 
concentrate flows and redistribute runoff, often increasing it on a local level. Inadvertent 
releases of produced water would also function as locally increased runoff on a very short-term 
basis, with a similar potential for sediment-related impacts. 

 
For all of these reasons given above, it is only possible to estimate adverse sediment-related 
water quality impacts from the connected actions on surface water in a general manner. 
Although they would most likely be temporary or short-term in duration, their magnitude could 
range from negligible to major, depending upon the location of the activity, the effectiveness of 
the environmental protections measures, and the occurrence of accidental releases. Therefore, 
this issue would need to be assessed more thoroughly during the site-specific NEPA process for 
specific proposals. 

 
In general, the actual acreage of disturbance associated with any given well pad is relatively 
small, compared to the natural setting, and acreage associated with linear features such as 
roads and pipelines would be dispersed. This would also tend to reduce the potential for 
adverse sediment-related water quality impacts.  Assuming that environmental protection 
measures or BMPs, are properly implemented, that disturbance is distributed over multiple 
watersheds or sub-watersheds, and that individual project NEPA analysis is done correctly, 
adverse sediment-related water quality impacts would likely be negligible or minor for the 
action alternatives, at least as a result of the normal course of events, major if abnormally high 
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events occur at the watershed scale. All action alternatives would have at least some potential 
or risk for some adverse effect on water quality.  As noted above, whether these pollutants 
adversely affected water quality and by how much and for how long is uncertain to determine 
because specific activity locations are not known and these impacts would vary by site location 
and conditions. Thus, future project-specific NEPA analyses would need to be relied upon for 
further analysis of this measurement indicator. However, the impacts would likely be negligible 
to minor as long as the existing environmental protection requirements are properly 
implemented and no accidents occur. 

 
Under Alternative B, the hydrologic areas would only have Forest Plan Standards (at least 100 
foot buffer) and SLT&C apply.  Under Alternative B, there is some risk of having disturbance 
within 300 feet of water sources.  There would also be new stream crossings created under 
Alternative B as well that would increase the risk to water resources. Under alternative C, the 
hydrologic areas would be NSO within 300 feet except at approved travel route crossings, and 
for alternative D they would be NSO within 500 feet except at crossings. Therefore, we can only 
say that the likelihood of road miles and acres disturbed with associated effects would be higher 
for alternative B, less for alternative C and would most likely only be from necessary stream 
crossings, and even slightly less for alternative D and would be likely only be from necessary 
streams crossings. The Forest is making slopes over 35% NSO in alternatives C and D, therefore 
there technically should not be a need for 500 foot buffers, although they would generally be 
more efficient, even if just negligibly, at limiting hydrologic effects.   There would be a small 
likelihood of water quality impairments from alternative B, and slightly lower with each of the 
following alternatives as well, with there likely only being a negligible difference between any of 
the alternatives at the watershed, and Forest wide scales. 

 
Drinking water protection zones are determined by the municipality that will use the water and 
these zones are approved by the State and therefore are not uniform in size or shape.  The 
hydrology specialist report (contained in the project record) includes a map illustrating DWSPZs 
on the Forest. There is 92,646 acres of Municipal Watershed Protection Areas within the Forest, 
and 41, 538 acres of Transient community water system acres within the Forest. Under 
Alternative B only SLT&C will apply to leased areas within Source Water Protection Areas. 
Alternative C will have NSO for drinking water protection zones and CSU/SLT&C for campground 
systems. Alternative D will be No Lease (NL) within drinking water protection zones and in the 
vicinity of campground systems. 

 
There is the possibility for potential roads and disturbance under Alternative B within the 
DWSPZs.  For the most part this would likely not affect drinking water sources because most 
drinking water protection zones currently have native types or improved roads within them 
already.  Concerns would likely arise by local communities and future proposals would need to 
address potential for affecting local communities’ drinking water and mitigation measures to 
prevent impacts for oil and gas activities from accidents such as spills and pollution.  Since, 
under Alternative C drinking water protection areas would be NSO, there is no potential to 
impact these areas from direct surface disturbance, and the likelihood of drinking water being 
polluted is minimized from accidental spills in the immediate areas as well. The Forest feels the 
drinking water protection zones are important areas to manage for and because of this wants to 
eliminate the potential for problems with drinking water by not allowing surface disturbance 
from these areas before leases are sold. However any development of land from oil and gas 
development outside of drinking water protection zones will need to be analyzed further in 

 
132 



 

Final Environmental Impact Statement Fishlake National Forest Oil and Gas Leasing Analysis 
 

 
 

connection with local communities and the State as site specific proposals are received by the 
Forest. However, making these areas NSO upfront minimizes the likelihood of having effects on 
these important resource areas. Disclosing up front that campground areas will be CSU, will also 
allow the Forest to better protect these smaller drinking water systems as well compared to just 
having SLT&C as in Alternative B. Based the RFDS, there is a greater likelihood of development 
on the eastside of the Pahvant Range and on the north eastern portion of the Richfield District, 
and the very northern portion of the Fremont District. This limits the amount of likely effects to 
Community Water Systems to smaller areas of the Forest. 

 
Under Alternative D, drinking water protection zones will not be leased (NL), and would have the 
same effect as alternative C when comparing the potential for roads, and surface acreages 
effects disturbed and hydrologically speaking would be better than Alternative B at preventing 
potential effects to water quality, or aquatic habitat. The impacts will be the same from 
Alternatives C and D because no surface acres will be disturbed and no new roads associated 
with oil and gas development will occur under both proposed alternatives within the drinking 
water protection zones.  Based on the RFDS there is a greater likelihood of development on the 
eastside of the Pahvant Range and on the north eastern portion of the Richfield District, and the 
very northern portion of the Fremont District. This limits the amount of likely effects to 
Community Water Systems to smaller potential areas of the Forest. 

 
There is no prediction of the number of crossings in the RFDS. However, there is some likelihood 
that there will be crossings of streams and riparian areas. There is a much lower likelihood of 
there being wetland crossings just because of there not being very many wetland acres within 
the Forest (less than 1% of the Forest is a wetland). The linear nature of both roads and streams 
will naturally lead to areas where overlapping of streams/riparian areas and travel routes occur.  
Most roads on the Forest have some sort of stream crossing on them. The likely occurrence of a 
road crossing a stream or riparian area is high.  It is probable that with nearly 60 miles of new 
road being proposed in the RFDS that there will be additional stream crossings on the Forest.  
Site specific analysis will need to be conducted to more narrowly define the specific effects of 
any new number of crossings as actual proposals for road construction are received by the 
Forest. However, generalities of road construction and benefits of using construction BMPs on 
hydrologic resources are discussed later. 

 
The area where aquatic habitat is disturbed would likely be less than that of just where 
hydrologically disturbance occurs. Not all hydrologic disturbance will directly or indirectly result 
in aquatic habitat degradation occurring.  For example, not all perennial stream reaches on the 
Forest have resident fishery populations.  However, based on the nature of streams crossing 
effects then there will be hydrological and aquatic disturbance of constructing stream crossings. 
Alternative A would have no leasing or disturbance from oil and gas activities. Any of the action 
alternatives will result in about 1,420 acres of gross disturbance equaling about 0.08% gross of 
the Forest being disturbed from oil and gas activities (the net disturbance would be about 350 
acres (0.02%)) of the Forest.  In other words there will be less than 1% but much more close to 
about 0% (0.02%) of the net Forest being disturbed from oil and gas activities. For Alternative B, 
the numbers calculated is the same percentages of likely gross and net percentages of the 
leasable acres being disturbed since 100% of the Forest will be leased under this alternative.  For 
Alternative C, 56% of the total Forest (about 960,200) acres could have surface occupancy which 
means that of the approximately 960,200 acres that there could be a gross disturbance of 1,420 
acres (0.15%) and a net disturbance of 350 acres (0.04%) of the total leasable acres for this 
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alternative.  For Alternative D, approximately 33% of the total Forest is proposed for lease but 
only approximately 7% (about 111,200 acres) of the total Forest could have surface occupancy 
and disturbance, which means that of the approximately 111,200 acres there could be a gross 
disturbance of 1,420 acres (1.3 %) and net disturbance of 350 acres (0.3 %) of the total leasable 
acres proposed for this alternative. 

 
To summarize, the gross and net surface disturbance of the Forest will be relatively small in 
either case (~0.08% and ~0.02% respectively) based on the RFDS.  Where the disturbance may 
occur including is more narrowly defined under Alternative C than B, and even more so under 
Alternative D than B and C. Hydrologic and aquatic effects potentially could be higher under 
Alternative B because surface occupancy is allowed within 300 and 500 feet of streams. The 
hydrologic and aquatic effects would likely be similar between Alternative C and Alternative D, 
but likely slightly better under Alternative D. 

 
General Effects to Groundwater Quality 
As drilling penetrates aquifers, drilling fluids could be injected into fresh water aquifers and 
affect the flow and quality of ground water, connected surface waters, and water supplies.  Oil 
and gas being produced from wells could leak into fresh water aquifers and contaminate 
connected surface waters and developed water sources.  Water injected underground for 
improvement of recovery or disposal could contaminate aquifers. 

 
Groundwater can become contaminated from improper handling of hazardous materials 
associated with oil and gas exploration (such as fuels, drilling chemicals, and oil and saltwater 
produced during drilling and testing). These types of spills and leaks occur on the ground 
surface or in tanks and piping, and can migrate downward through the soil to groundwater. 
Contamination of groundwater can occur from improper production well construction, 
rehabilitation, or operation (such as oil and saltwater released by wellhead blowouts, and 
leakage between oil production zones and freshwater aquifers at depth or by interconnection of 
freshwater aquifers of different chemical quality). Once ground-water has been contaminated, it 
can flow to wells and springs, and render the groundwater unfit for beneficial uses. Reduced 
pressure or water levels in oil production zones that extend beneath multiple lease areas as a 
result of oil, gas, and saltwater withdrawal at oil and gas production sites can occur.  Drawdown 
in the groundwater levels from multiple wells in and surrounding the project area such as 
agricultural irrigation wells may occur. 

 
Natural groundwater quality in the Forest varies with well and spring location, well depth, and 
the types of rock through which the groundwater flows.  Groundwater quality and temperature 
can vary with depth beneath the project area. Suitable groundwater for drinking can be found 
throughout and nearby the Forest Boundary. Groundwater at various levels may be saline, 
excessively hard, or contain other minerals such as fluoride and unacceptable for drinking water 
or other beneficial uses. Thus, it is important for oil and gas operators to avoid having saline 
waters mix with waters that are capable of being drinking, irrigation, and recreation waters. 

 
Although existing regulations and policies provide an extensive framework for groundwater 
quality protection, accidents and violations are possible. Groundwater can become 
contaminated from improper handling of hazardous materials associated with the oil and gas 
exploration process (such as fuels, drilling chemicals, and oil and saltwater produced during 
drilling and testing).  These types of spills and leaks occur on the ground surface or in tanks and 
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piping, and can migrate downward through the soil to ground-water. Deep freshwater aquifers 
can also be contaminated by oil or saltwater leakage from production zones, or by 
interconnection of freshwater aquifers of different chemical quality, as a result of improper 
drilling and well construction practices during oil and gas exploration. State of Utah approved 
monitoring methods of wells or springs of interest for water quality will likely be required if 
within a reasonable distance from production wells. 

 
In the event of an accident or violation, or inspections by regulatory agencies or reporting by 
lease permittees would likely result in early identification of groundwater quality problems and 
implementation of corrective measures. Groundwater contamination occurrences that were 
formerly common to oil and gas exploration operations are now prevented or quickly mitigated, 
due to the higher level of regulatory oversight and enforcement. 

 
Water wells are commonly installed at oil and gas exploration sites to provide water supply 
during the drilling operation (for mixing drilling mud, cleaning equipment, cooling engines, etc.). 
Water supply requirements at oil exploration sites are estimated at 5,000 to 15,000 gallons of 
water per day, which is equivalent to about 4 to 10 gallons per minute of continuous pumping. 
This is a small rate of withdrawal, and would not be expected to produce interference 
drawdown impacts in nearby streams, wells and springs. Drawdown in the groundwater levels 
from multiple wells in and surrounding the project area such as municipal and agricultural 
irrigation wells is one possible concern with the groundwater quantity from production 
activities. 

 
Groundwater use in and adjacent to the Forest could increase over time resulting in an 
increased demand for groundwater supply (including domestic drinking water, irrigation, stock 
watering, mining, power generation, and wildlife management).  If such increases in 
groundwater withdrawal are concentrated in local areas, declines in ground-water levels could 
occur.  In USGS 2007, the effects of climatic extremes on groundwater in Utah are summarized 
as: “Ground-water levels in Utah decline in response to decreased recharge during periods of 
drought and rise in response to increased recharge during wet periods” (USGS 2007). And “ In 
areas of significant ground-water withdrawal, water-level changes are related more to the 
indirect effects of droughts or wet periods-the changes in withdrawal of water from wells 
resulting from the periods-than they are related to the direct effects of the changes in 
precipitation and recharge during droughts  or wet periods.  This is especially true in irrigated 
areas where both surface and groundwater are used for irrigation [especially like the Pahvant 
Valley west of the Pahvant Range around Fillmore that is considered a basin with large 
withdrawal] (ibid).”  In addition, “Groundwater quality can also be affected by droughts, which 
in some basins have been followed by increases in dissolved solids; and by very wet periods, 
which cause and influx of good-quality recharge water, and in time, a decrease in dissolved 
solids.  However, in the affected basins in Utah, the overall trend is toward poorer quality 
(ibid).” 

 
In USGS 2008, water levels in relation to precipitation show good correlations between 
precipitation and water levels in wells in the Central Sevier Basin that starts about Yuba 
Reservoir and is a northeast trending basin going south about 1,900 square miles located along 
the transition between the Basin and Range and Colorado Plateau Physiographic Provinces in 
central Utah (USGS 2008). The basin is surrounded by the Sevier and Wasatch Plateaus to the 
east and Tushar and Valley Mountains, and the Pahvant Range to the west (ibid).  The USGS 

 
135 



 

Final Environmental Impact Statement Fishlake National Forest Oil and Gas Leasing Analysis 
 

 
 

paper states: “Ground-water levels in the central Sevier basin are less affected by anthropogenic 
stresses [well withdrawals] than ground-water levels in any of the other study basins as 
indicated by the results of the Mann-Kendall trend tests. The good correlations between water – 
level residuals from all wells in this basin and moving averages of annual precipitation indicate 
that precipitation-driven variations in ground-water levels can clearly be seen in areas that are 
not overly influenced by anthropogenic stresses [well withdrawals] (ibid). 

 
Based on the USGS 2008 paper it would be reasonable to state that the likelihood of effects on 
the central Sevier Basin ground water levels would not be likely because the levels in the wells 
tend to be based on 8-year running averages of precipitation at multiple well sites within the 
basin, rather than human draw-down of the wells. Adding use of the groundwater would not 
likely lead to a greater impact to the groundwater than what is currently occurring along the 
bottom of the Forest. Most of the water pumped from groundwater sources would be pumped 
back in to the same formation as the well, minimizing the likelihood of effects at the well. 

 
Existing oil and gas regulatory requirements should prevent spills and leaks of hazardous 
materials that would otherwise cause impacts to groundwater quality. The regulatory 
framework described above regarding the also applies to the connected and cumulative actions 
of oil and gas leasing (exploration and production).  The prevention, inspection, and corrective 
action components of these regulations would minimize the risk of groundwater contamination 
and groundwater level declines. As with the oil and gas exploration process, however, accidents 
and violations are possible. 

 
The potential for connected actions related to oil and gas leasing to affect surface water flow 
and ground water availability was described above.  That potential was determined to be low for 
both surface water and groundwater, and would be virtually the same for all action alternatives, 
but the greatest potential for development includes the east side of the Pahvant Range, and 
northeastern portion of the Richfield District, and the very northern portion of the Fremont 
District as documented in the RFDS. 

 
General Effects to Aquatic and Riparian Ecosystems 
Generalized potential changes to aquatic habitat condition are described below, and additional 
fishery information is located in section 3.10. More site specific analysis will need to occur when 
actual lease units are being developed. 

 
Potential effects of post-leasing oil and gas activities could include erosion or mass wasting, 
sedimentation, hydrocarbon mud pit failures, hazmat spills, decreased water quality due to 
increased erosion and stream bank disturbance during construction of road-stream crossings, 
loss of riparian habitat due to removal for reconstruction of existing roads or construction of 
new roads or road-stream crossings, and loss of riparian habitat through erosion or lowered 
water tables. Additionally, there is potential for chronic problems with degraded aquatic habitat 
and water quality due to stream instability and channel adjustments such as down-cutting, 
lateral migration or meander abandonment, changes in the amount and/or timing of runoff and 
sediment produced by a watershed, which brings about cumulative impacts within aquatic and 
riparian ecosystems. 

 
This analysis assumes that there will be a short term elevation in increased sedimentation and 
decreased water quality within surface waters, and aquatic ecosystems due to increased erosion 
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and streambank disturbance during construction of road-stream crossings on perennial streams 
for a short duration. The RFDS does not describe the number or extent of stream-road crossings 
that may need to be constructed for oil and gas exploration or development activities. 
Therefore, it is not possible to predict the exact extent or magnitude of effects from increased 
sedimentation and decreased water quality within aquatic ecosystems due to increased erosion 
and streambank disturbance during construction of road-stream crossings.  Regardless of the 
number of stream crossings, the Forest will require the developer to conform to the Utah anti- 
degradation policy through applicable BMPs (including the newer Forest National BMPs) and 
State stream alteration permit conditions are required to be met as well. 

 
There is a greater likelihood of riparian, hydrologic, and aquatic resources including water 
quality being impacted from Alternative B, than from both Alternatives C and D. This is primarily 
because of the buffers proposed from the different alternatives. Under all action alternatives 
there is some likelihood of having stream crossings leading to some short-term impacts to water 
quality, riparian areas, and aquatic habitat.  In some cases the impacts would cease once the 
water has been diverted back into in channel following construction of the crossing, and once 
the turbidity of the stream clears up.  In other cases it may take some larger flows to flush some 
fines out of the stream system and to rework the bedload materials to make conditions appear 
and function closer to what they were before the crossing was constructed. 

 
Cumulative impacts are due to combined direct and indirect effects of oil and gas exploration or 
development activities with existing watershed disturbances, such as effects of fire, vegetation 
conversions, grazing, roads, off-highway vehicle use, road maintenance, mining, and water 
diversions. These combined effects cause changes in the amount and/or timing of runoff and 
sediment produced by a watershed, which brings about cumulative impacts within aquatic and 
riparian ecosystems. Potential cumulative effects include stream channel adjustments, such as 
down cutting, lateral migration or meander abandonment, loss of riparian habitat through 
erosion or lowered water tables, or chronic problems with degraded aquatic habitat and water 
quality due to stream instability. The magnitude and extent of cumulative effects will depend on 
watershed conditions and existing disturbances at the time that oil and gas exploration or 
development activities occur, which should be assessed in future site-specific project analysis. In 
general for this leasing analysis there will likely be more potential cumulative effects from 
Alternative B than C and D. Effects would likely be similar for Alternative D and C, but could be 
slightly better from Alternative D based on a larger buffer from perennial activities not 
associated with stream crossing construction. 

 
Effects to Water Quality by Alternative 

 
Alternative A 
This alternative would not implement oil and gas leasing and therefore would not cause any 
effects. 

 
Alternative B 
This alternative would allow oil and gas leasing and the associated production activities across 
the widest landscape of the FNF.  Utah Division of Oil, Gas and Mining (DOGM) stipulates that oil 
and gas drilling through all known (developed) aquifers shall be drilled with fresh water. Drilling 
mud used through the entire process is typically bentonite, naturally occurring clay that would 
not cause contamination. Typically, through the drilling process, drill mud pressure is monitored. 
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Loss of pressure into a water permeable zone usually is treated with a clotting agent that uses 
walnut shells or cotton seeds, both biologically acceptable in water zones.  It is not in the 
producer’s interest to lose drilling mud and industry BMP’s are to clot this zone around the drill 
hole. 

 
Contamination from a producing well is unlikely as they are steel-cased to the hydrocarbon (oil 
production) zone. The same situation exists for an injection well. DOGM requirements for steel 
casing on both types of well are required by State law. It is not in the well producer’s interest to 
lose fracturing chemicals and water into freshwater aquifers, with hydrocarbon zones well 
below freshwater aquifers. Therefore the opportunity to inject these chemicals is minimized to 
an extremely low possibility by BMP’s and economics. 

 
According to Utah Administrative Code (R649-3-24. Plugging and Abandonment of Wells.) No. 
3.3:  A solid cement plug shall be placed from 50 feet below a fresh water zone to 50 feet above 
the fresh water zone, or a 100 foot cement plug shall be centered across the base of the fresh 
water zone and a 100 foot plug shall be centered across the top of the fresh water zone. Thus, 
under the abandonment process, contamination to ground water supplies is again mitigated. 

 
Operating Standard #23 states that water needed for operations must be obtained in accordance 
with State water law. Further, the location and design of diversions on National Forest System 
lands are subject to review and approval of the responsible Forest Service official. 

 
The use of the following standards shall be enforced as follows: 

 
 Surface Operating Standards and Guidelines for Oil and Gas Exploration and 

Development (Gold Book): specifies environmental analysis for site specific construction 
and maintenance, drilling and production operations, and reclamation standards. 

 
 Best Management Practices – Through Utah’s Administrative Code, DOGM and industry 

adopted standards, also specifies environmental analysis for site specific construction 
and maintenance, drilling and production operations, and reclamation standards. 

 
 Region 4 Oil and Gas Roading Guidelines, addresses road and stream crossings with 

engineered solutions to mitigate aquatic disturbances. 

 
 Fishlake National Forest Oil and Gas Construction and Operating Standards and Well Site 

Design Requirements (also requires a Spill Prevention Control and Countermeasures 
(SPCC) Plan consistent with EPA Region VIII Oil and Hazardous Substances Regional 
Contingency Plan.) 

 
 Onshore Oil and Gas Order No. 1 
 36 CFR 228, 106-108 
 43 CFR 3162.3 

 
Utah’s water, particularly in the southern half of the state, is a scarce commodity.  Any water 
used for oil and gas production will have to be acquired legally, from a legitimate water rights 
owner, and taken from a portion that is owned. Therefore, diversions of water would only be 
redirected and not reduced from any ground surface source (i.e. if a water rights owner has 
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shares in X number of acre-feet and wishes to sell it to an oil and gas producer, they would not 
have it available to themselves to use, for irrigation). Any groundwater produced would be 
under the jurisdiction of the Utah Division of Water Rights.  This agency has the legal jurisdiction 
on whether pumping groundwater sources would even be allowed.  Whether water is used by 
an oil and gas producer from ground or surface sources, it would have to be acquired legally, 
and therefore not affect a Beneficial Use or the Clean Water Act (Operating Standard #23). By 
utilizing the above standards for mitigation, there should minimal effects to hydrologic 
resources. 

 
Alternative C 
This alternative would allow oil and gas leasing and the associated production activities across 
fewer acres of the FNF. Additional mitigation in Alternative C protects culinary water in SWPZ 
through NSO, as well as the above mitigations in Alternative B. 

 
Alternative D 
This alternative is the most restrictive in the number of acres available for actual surface 
occupancy for oil and gas operations. Additional mitigation in Alternative D protects culinary 
water in SWPZ through a No Lease (NL) stipulation, as well as the above mitigations in 
Alternative B. 

 
Cumulative Effects 
There are numerous projects that fall in the category of potential past, present, or reasonably 
foreseeable actions throughout the whole Forest. It is technically impossible to discuss what the 
cumulative effects of leasing and subsequent oil and gas development will be without knowing 
specific locations of developments on the ground and site specific analysis will occur later. 

 

3.10 FISHERIES 
 

3.10.1 Affected Environment 
 

Trout species resident on the FNF and analyzed in this document include Bonneville cutthroat 
trout, Colorado River cutthroat trout, and other resident trout which includes rainbow trout, 
cutthroat trout, brown trout, brook trout, and lake trout. The first two species are Forest Service 
Region 4 Sensitive Species, and all of the species are Forest MIS. 

 
The UDWR regulates harvest bag limits and open seasons for trout, monitors populations, stocks 
streams, and enforces fishing regulations. Populations fluctuate due to water quality, sediment 
inputs, and available food, but because of the Division’s stocking program, populations are 
stable statewide. Specifically on the FNF, populations of rainbow trout are stable. There are 500 
- 600 miles of potentially occupied resident trout, including rainbow trout, stream habitat and 
4,680 acres of lake habitat across the FNF (Whelan 2008). 

 
 

Resident Trout 
 

Bonneville Cutthroat Trout 
 

At the completion of the 2007-2010 surveys, there were 47 miles of occupied stream habitat for 
Bonneville cutthroat on the FNF. In the 2001-2003 timeframe there were about 38 miles of 
occupied stream habitat.  This is a nine mile increase in occupied habitat since 2003 and a 34 
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mile increase since 1986. One conservation population, the North Fork of North Creek, is likely 
to be lost from effects of the Twitchell Canyon Fire, which would reduce occupied stream miles 
down to the 38 miles. Bonneville cutthroat populations are increasing in general in southern 
Utah due to active stream restoration work and reintroductions by the UDWR and co-operating 
agencies (Rodriguez 2006). Additional restoration work is planned on several streams over the 
next several years. Therefore, the long-term trend on the FNF for Bonneville cutthroat trout is 
upward and the population is viable (Rodriguez 2006). 

 
Colorado River Cutthroat Trout 

 

The Colorado River cutthroat trout only occurs on the Teasdale portion of the Fremont River 
Ranger District. There are about 18 miles of occupied suitable stream habitat for Colorado River 
Cutthroat Trout on the FNF. 

 
Rainbow Trout 

 

Rainbow trout are one of several important game fish species on the FNF from a recreation 
standpoint. A large number of people visit the forest every year expressly to enjoy the forest 
while fishing for these game fish. Rainbow trout on the forest are stocked regularly by the 
UDWR. 

 
Rainbow trout inhabit both streams and reservoirs/lakes and require cold, clear water with 
pools deep enough to provide over-winter survival. They are diurnal, opportunistic feeders, 
which forage primarily on aquatic insects, but also eat terrestrial insects, crayfish and other fish. 
There are three basic threats to rainbow trout populations: dewatering streams for irrigation, 
chemical or hazardous materials spills or dumping in the water, and third, activities on the 
uplands that increase sediment in the stream and decrease water quality. 

 
Cutthroat Trout 

 

The UDWR regulates harvest limits and open seasons for cutthroat trout, monitors populations, 
stocks streams, and enforces fishing regulations. Populations fluctuate due to stocking rates, 
water quality, sediment inputs, and available forage, but because of the Division’s stocking 
program, populations are stable statewide. Specifically on the FNF, populations of cutthroat 
trout are stable. There are 500 - 600 miles of potentially occupied resident trout, including 
cutthroat trout, stream habitat and 4,680 acres of lake habitat across the forest (Whelan 2008). 

 
Brown Trout 

 

The UDWR regulates harvest limits and open seasons for brown trout, monitors populations, 
stocks streams, and enforces fishing regulations. Populations fluctuate due to stocking rates, 
water quality, sediment inputs, and available forage, but because of the Division’s stocking 
program, populations are stable statewide. Specifically on the FNF, populations of brown trout 
are stable. Brown trout are more common on lower elevation streams, and are more tolerant to 
high water temperatures and high water turbidity. They have the potential to get larger than 
typical and provide a quality fishery on several Forest streams. There are 500 - 600 miles of 
potentially occupied resident trout, including brown trout, stream habitat and 4,680 acres of 
lake habitat across the forest (Whelan 2008). 
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Brook Trout 
 

The Utah Division of Wildlife Resource regulates harvest limits and open seasons for brook trout, 
monitors populations, stocks streams, and enforces fishing regulations. Populations fluctuate 
due to stocking rates, water levels and subsequent winter kill events, and available forage. 
Populations are stable statewide; specifically on the FNF, populations of brook trout are stable 
to increasing (Rodriguez 2006). There are 500 - 600 miles of potentially occupied resident trout, 
including brook trout, stream habitat and 4,680 acres of lake habitat across the forest (Whelan 
2008). They are more common on higher elevation Forest streams.  Brook trout are widely 
stocked by the UDWR on Boulder Mountain within the Teasdale portion of the Fremont River 
District, as well as other lakes on the FNF. 

 
Lake Trout 

 

Lake trout only occur on the FNF at Fish Lake.  Lake trout were introduced as a game species by 
UDWR and were regularly stocked in Fish Lake until 1991.  Since 1991 UDWR has monitored 
trends in lake trout numbers and forage fish levels using trend net studies. Ecological factors 
currently affecting lake trout are the accidental introduction of Eurasian milfoil, which has 
choked out the native bottom growing aquatic plant beds, and the illegal introduction of yellow 
perch to Fish Lake in the early 1970’s, which is severely impacting the Utah chub, the primary 
forage fish for lake trout.  This has caused lake trout to shift predation to rainbow trout in the 
lake, requiring stocking of larger sized rainbow trout. Lake trout populations have remained 
relatively stable since 1991, and may in fact be increasing slightly, although a fewer make it 
through the 22 – 26 inch bottleneck to become trophy trout. 

 
General Effects to Resident Trout 
Potential direct and indirect impacts to resident trout species from oil and gas activity on the 
forest are likely to occur from increased sedimentation inputs into the water, toxic inputs to the 
streams or reservoirs, adverse impacts to habitat and aquatic environment due to impacts to 
riparian habitat, spread of aquatic nuisance species, and from dewatering. 

 
Increased sediment inputs are likely to occur from newly constructed roads near waters, stream 
crossings and pads where sediment can be washed into waterways. Such sediment inputs 
decreases water quality, negatively impacts aquatic insect populations, that are critical food for 
resident trout, and silts over gravel spawning beds negatively impacting reproduction. The site- 
specific placement of these facilities in relation to streams and reservoirs, as well as, 
mitigation/best management practices used will directly affect the amount of sediment entering 
the fisheries on the forest. Since this document is for the leasing of oil and gas parcels and is 
programmatic in nature rather than site specific, this analysis looks at protection measures 
provided by leasing stipulations by alternative and BMPs. Based on BMP’s, well pads will be 
bermed and any water and associated suspended matter on the pad will be captured and 
processed as produced water, rather than allowed to drain into the natural hydrological system. 

 
Removal of riparian vegetation resulting from new road construction adjacent to streams would 
have adverse impacts to aquatic habitat and the aquatic environment.  As riparian vegetation is 
removed adjacent to the stream, it dramatically reduces the runoff filtration capacity of the 
riparian vegetation, increasing sediment inputs, and can cause banks to fail into the waterway. 
Second, if overhead cover is removed, water temperatures can rise and lessen the quality of 
resident trout habitat. 
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The activities associated with oil and gas development have a relatively low risk for spreading 
aquatic nuisance species, provided BMP’s are followed for movement of water and proper 
cleaning of equipment used for pumping water. Recommended measures to avoid spreading 
aquatic nuisance species are included in the FOGOS. Additionally, any State or regional 
recommendations for stopping the spread of aquatic invasive species should be followed. 
Following these measures would provide further protection against spreading these problematic 
species. If these protection measure recommendations are not followed and any of these 
aquatic nuisance species, such as whirling disease, zebra mussel, quagga mussel, etc., were 
spread on the forest, they could have moderate to major adverse impacts to resident trout 
within that drainage. 

 
As far as dewatering, it is unclear how much water will be demanded from the expected level of 
drilling as outlined in the RFDS. However, all water withdrawals from fisheries on the forest will 
need to be permitted through the Utah Division of Water Rights. It is expected that through this 
process, fish-supporting flows can be protected. 

 
Effects to Resident Trout by Alternative 

 
Alternative A 
No impacts to resident trout individuals, populations or habitat should occur from the 
implementation of the No Action alternative, due to the fact that there would be no oil and gas 
development permitted on the forest. 

 

 
 

Alternative B 
Adverse effects to resident trout from alternative B will likely be minor. The impacts from 
alternative B are difficult to measure at the programmatic level rather than the site specific, 
however, the impacts will be greater than those for alternative C due to activities which may 
occur within or immediately adjacent to the stream channel, which may increase sediment 
inputs, increase the chance for toxic spills in the stream, and alter riparian habitat, which in turn 
effects aquatic habitat conditions. 

 
Alternatives C and D each provide a NSO stipulation in a riparian buffer of a given distance, 
which allows analysis of an area which would be excluded from oil and gas development 
disturbance; whereas, alternative B only provides general BMPs (not defined spatial areas for 
analysis). Since the standard lease terms and best management practices apply to all 
alternatives, plus the additional stipulations described, it is therefore likely that the adverse 
impacts from alternative B will be somewhat greater than alternative C. Based on the BMP’s, 
impacts to resident trout will likely be minor. 

 
Standard lease terms include those with the standard lease forms, guidelines provided in the Oil 
and Gas Exploration and Development Gold Book, and the Fishlake National Forest Oil and Gas 
Construction and Operating Standards and Well Site Design Requirements. One of the most 
applicable standards to resident trout is Fishlake NF operating standards #13: 

 
Stream crossings will be planned and constructed to minimize disturbance of the riparian and 
aquatic habitats by locating crossings at the most advantageous location and by crossing at or 
near the perpendicular.  Structures must be designed to allow fish passage as needed to 
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maintain habitat. Measures must be taken to minimize disruption of stream substrate. When 
no longer needed for operations, crossings must be removed and the stream and banks restored 
to pre-disturbance conditions/stream hydraulics.  Sediment control measures must be used to 
minimize sediment introduction during all operations. Timing restrictions (construction and 
reclamation) may be needed to protect fisheries as coordinated with the UDWR and through 
permitting with the Utah Division of Water Rights, stream alteration program. 

 
Alternative C 
Adverse effects from alternative C will likely be negligible on resident trout. Under alternative C 
all perennial waters would be protected by a 300 foot riparian NSO buffer from the water’s 
edge. Current literature shows that overland sediment transport distances increase with slope, 
and decrease with the complexity (roughness) of the riparian buffer zone (Belt and O’Laughlin 
1992). However, overland flows rarely transport sediment more than 300 feet even on 47% and 
steeper slopes. Therefore, a 300 foot riparian buffer is capable of controlling overland sediment 
flows on most slopes and would therefore adequately protect resident trout and their habitat 
from overland sediment movement resulting from new roads built for oil and gas development. 
Additionally, very steep slopes over 35% carry the NSO stipulation and will not be developed 
under all of the alternatives. Sediment movement in ephemeral channels and washes is 
regulated by the amount/size of the ephemeral flow and can travel long distances. Road design 
criteria and BMPs will help reduce sediment influx/input to ephemeral channels that could be 
carried into streams. Leasing stipulations allow well locations to be adjusted slightly, which can 
also be used to minimized sediment influx to ephemeral channels. 

 
Toxic chemical spills into watercourses containing trout can have major adverse impacts to fish 
populations; however, it is difficult to predict toxic spills and their severity to resident trout 
populations at the programmatic leasing level. Logically, the wider the riparian buffer protection 
and the more complex it is, the less likely toxic spills would make it into the perennial waterway 
and impact fish. Standard lease procedures such as required spill plans and containment 
equipment on site further reduce this risk.  Additional measures, such as requiring pilot cars for 
trucks hauling hazardous materials on Forest roads adjacent to streams and riparian areas, can 
be considered and implemented at the site-specific NEPA stage. 

 
Summer stream temperatures are a factor of concern for trout. Teti (2003) reported that 
sockeye salmon lose weight at temperatures over 17 degrees C, indicating stress. Monitoring of 
stream temperatures on the FNF since 2001 has suggested that peak summer temperatures to 
be of concern on several streams on the forest (unpublished FNF data). Overhead riparian cover 
along the stream plays a critical factor in regulating water temperatures, both in the summer 
and winter. Belt and O’Laughlin (1992) found extensive literature on the effect of buffer strips 
on water temperature. They found that a multitude of factors relating to the shading, density 
and complexity of the riparian buffer zone moderate solar energy heating of the stream. Teti 
(2003) suggested that the time period from 10:00am to 2:00 pm was the most important. As far 
as the effect of the bank side riparian vegetation on summer water temperatures, the 300 foot 
wide NSO stipulation is more than adequate to maintain shading so that effects to stream 
temperature from oil and gas development would be negligible. 

 
Alternative D 
Direct and indirect effects on resident trout specific to alternative D would be essentially the 
same as alternative C. The difference in NSO area (riparian buffer) between alternative C and D 
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is an extra 200 feet (Alt C = 300 feet from water’s edge; Alt D = 500 feet from water’s edge). 
Based on studies of overland sediment transport, there is a negligible difference in sediment 
capture between 300 feet and 500 feet wide riparian buffer distances (Belt and O’Laughlin 
1992). Logically this increased distance would provide an additional measure of safety over 
Alternative C as far as toxic spills are concerned; however, exactly what this means from a 
practical standpoint is difficult to measure at the programmatic leasing level. The larger NSO 
width would disallow surface development on 2.77 times more area, but would likely provide 
very little extra protection from sedimentation to the streams. 

 
Cumulative Effects 
There would be no cumulative effects to resident trout from the Alternative A, because there 
would be no incremental effects would add to any impacts from past, present or reasonably 
foreseeable actions. The incremental affects from any of the action alternatives (B, C & D), when 
added to past, present and foreseeable future actions would not cumulatively push the resident 
trout over a threshold away from the desired condition, or a decline in populations. None of the 
alternatives would add cumulative effects that would adversely affect population numbers or 
viability of resident trout in the long-term (> 10 years). Any adverse effects to aquatic species or 
aquatic habitat for future projects can be avoided or minimized through the use of BMP’s and 
site-specific project design. The impacts from the activities are not expected to increase as a 
result of the implementation of one of the action alternatives. 

 
Determination and Rationale – Bonneville and Colorado River Cutthroat Trout 
Alternative A would not impact trout populations or habitat.  Alterative B is the least protective, 
and under SLT&C may impact individuals but is not likely to cause a trend to federal listing or 
loss of viability. Similarly, Alternative C may impact individuals but is not likely to cause a trend 
to federal listing or loss of viability. While some impact may still occur, Alternative C includes a 
300 foot riparian NSO buffer, which would help protect waters from increases in sedimentation, 
toxic spills and micro-climate effects from alterations to the riparian vegetation. Alternative D 
also may impact individuals but is not likely to cause a trend to federal listing or loss of viability, 
and may not provide a significant increase in resource protection over alternative C, based on 
the fact that the increased NSO buffer (500 feet) would not increase sediment filtration rates 
much over alternative C (300 feet). 

 

Macroinvertebrates 
 

Aquatic Macroinvertebrates 
 

Aquatic macroinvertebrates are water living insects that are large enough to see with the 
unaided human eye. They provide an important ecological link between fish and the aquatic 
plants and microscopic food organisms. The streams, lakes and reservoirs on the Fishlake 
National Forest provide suitable habitat for aquatic macroinvertebrates. Their use as a 
monitoring indicator, as referenced in the Fishlake National Forest Plan, is tied to habitat quality 
measures for trout streams.  The discussion below is thus limited to trout stream aquatic 
macroinvertebrate communities.  Because of their strict habitat requirements they are useful 
indicators of aquatic habitat conditions and changes (Rodriguez 2006). 

 
General Effects to Macroinvertebrates 
Direct effects are impacts that would directly result in the death of aquatic macroinvertebrates. 
Given the required BMP’s and standard lease terms and conditions, direct effects to 
macroinvertebrates are considered unlikely to occur. Indirect effects, those not directly 
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connected in space and time are more likely to occur. Three indirect impacts to 
macroinvertebrates that may occur from the proposed oil and gas leasing and subsequent 
development activity are the introduction and spread of an aquatic nuisance species that 
changes the ecology of the aquatic habitat, indirectly reducing the habitat quality for native 
aquatic macroinvertebrates; increases in stream sediment loads from disturbances adjacent to 
the streams, which embed stream substrates and reduce habitat suitability and clean water for 
macroinvertebrates; and alterations to aquatic and riparian habitats that alter environmental 
factors and impact aquatic macroinvertebrates. 

 
The activities associated with oil and gas development have a relatively low risk for spreading 
aquatic nuisance species, provided BMP’s are followed for movement of water and proper 
cleaning of equipment used for pumping water. Recommended measures to avoid spreading 
aquatic nuisance species are included in the FOGOS. Additionally, any State or regional 
recommendations for stopping the spread of aquatic invasive species should be followed. 
Following these measures would provide further protection against spreading these problematic 
species. 

 
The primary potential for impacting aquatic macro invertebrates would be from the introduction 
of fine sediment to the streams due to road or pad construction and increased use on non- 
paved roads. Fine sediment can change the species composition, diversity, and abundance of 
macroinvertebrates (Robertson 1997). 

 
Second, alterations to aquatic and riparian vegetation can alter macro-environments and affect 
aquatic macroinvertebrates. These changes include the amount of organic material in streams, 
nutrient loads, and the removal of shading cover; which directly affects water temperature and 
photosynthesis. Belt and O’Laughlin (1992) found that buffer strips 98’ and wider were wide 
enough to mitigate for adjacent impacts. Similarly, they found that narrower strips (33’) were 
inadequate. 

 
Direct and Indirect Effects Specific to Alternatives 

 
Alternative A 
No impacts to macroinvertebrate populations or habitat should occur from the implementation 
of the No Action alternative, due to the fact that there would be no oil and gas development 
permitted on the forest. 

 
Alternative B 
Adverse effects to aquatic macroinvertebrates from alternative B (Standard Lease Terms) will 
likely be minor. The impacts from alternative B are difficult to measure at the programmatic 
level rather than the site specific, however, it is assumed that the impacts will be greater than 
those for alternative C or D due to activities which may occur within or immediately adjacent to 
the stream channel, which may increase sediment inputs, and alter riparian habitat which in 
turn effects aquatic habitat conditions. Nevertheless, by following BMP’s and standard lease 
terms, adverse impacts should be minimized. 

 
Alternatives C and D 
Adverse effects from alternative C (moderate resource protection) and alternative D (high 
resource protection) will likely be negligible on aquatic macroinvertebrates. Under alternative C 
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all perennial waters would be protected by a 300’ riparian NSO buffer from the water’s edge. 
Current literature suggests that overland sediment transport distances increase with slope, and 
decrease with the complexity (roughness) of the riparian buffer zone (Belt and O’Laughlin 1992). 
However, overland flows rarely transport sediment more than 300’ even on 47% and steeper 
slopes. Also, for each alternative, very steep slopes of 35% and greater will have an NSO 
stipulation. Therefore, a 300’ riparian buffer is capable of controlling overland sediment flows 
on most slopes and would therefore adequately protect aquatic macroinvertebrates from 
sediment loads. Alternative D, which provides a 500’ riparian buffer, would not provide much 
more protection from sedimentation over alternative C. 

 
Based on Belt and O’Laughlin (1992), where 98’ wide riparian buffers were adequate to protect 
against impacts to aquatic environmental conditions from adjacent habitat changes, the 300’ 
and 500’ riparian NSO buffers would be more than adequate to protect macroinvertebrates 
from habitat changes due to vegetation removal. 

 
Cumulative Effects 
There would be no cumulative effects to aquatic macroinvertebrates from the No Action 
alternative (A), because there would be no incremental effects that would add to any impacts 
from past, present or reasonably foreseeable actions. The incremental affects from any of the 
action alternatives (B, C & D), when added to past, present and foreseeable future actions 
(PPFFA) would not cumulatively push the aquatic macroinvertebrate community over a 
threshold away from the desired condition, or a decline in populations of desirable species. 
None of the alternatives would add cumulative effects that would adversely affect population 
numbers or viability of aquatic macroinvertebrate taxa in the long-term (> 10 years). Any 
adverse effects to aquatic species or aquatic habitat for future projects can be avoided or 
minimized on the forest through the use of BMP’s and site-specific project design. The impacts 
from the activities listed in PPFFA are not expected to increase as a result of the implementation 
of one of the action alternatives. 

 

Forest Service Sensitive Species 
 

Southern leatherside chub 
 

The leatherside chub is a small minnow native to streams and rivers of the southeastern portion 
of the Bonneville Basin. The bodies of adults are bluish above and silvery below and reach a 
maximum length of 150 mm. The skin has a leathery texture with very small scales.  Once 
common throughout its native range, it has declined to the point that it is presently listed as a 
state sensitive species. 

 
On the FNF, suitable habitat exists on tributaries of the Sevier River with low water velocities 
(2.5-45 cm sec-1), intermediate water depths (25-65 cm), and low percent composition of sand- 
silt or grave substrates (Wilson and Belk 2001). Leatherside chub are currently known on the 
Forest from main-stem Salina Creek and the lower few miles on the Forest of its Lost Creek 
tributary.  Clear Creek and the lower Beaver River on the Forest have historical records. 
Currently there are about 17 miles of existing occupied leatherside chub habitat in Salina and 
Lost Creek on the Fishlake National Forest, and about an additional 13 miles of potential habitat 
on Clear Creek and the lower Beaver River. 
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General Effects to Leatherside chub 
Potential direct and indirect impacts to leatherside chub from oil and gas activity on the forest 
are likely to occur from increased sedimentation inputs into the water, toxic inputs to the 
streams or reservoirs, adverse impacts to habitat and aquatic environment due to impacts to 
riparian habitat, spread of aquatic nuisance species, and from dewatering. 
Increased sediment inputs are likely to occur from newly constructed roads near waters, stream 
crossings and pads where sediment can be washed into waterways. Such sediment inputs 
decreases water quality and negatively impacts aquatic insect populations that are critical food 
for leatherside chub. The site-specific placement of these facilities in relation to streams and 
reservoirs, as well as, mitigation/best management practices used will directly affect the 
amount of sediment entering the fisheries on the forest. 

 
Any toxic chemical inputs to fisheries would primarily occur from accidental spills in or near 
riparian areas or wetlands. Examples of such spills would be fuel or liquid chemicals used in the 
drilling and maintenance of wells which are accidentally introduced into a waterway from a 
vehicle accidents or other mishap. Such spills are expected to be rare. They could, however, be 
highly impacting to the immediate fishery. 

 
Removal of riparian vegetation resulting from new road construction adjacent to streams would 
have adverse impacts to aquatic habitat and the aquatic environment.  As riparian vegetation is 
removed adjacent to the stream, it dramatically reduces the runoff filtration capacity of the 
riparian vegetation, increasing sediment inputs, and can cause banks to fail into the waterway. 
Second, if overhead cover is removed, water temperatures can rise and lessen the quality 
leatherside chub habitat. 

 
The activities associated with oil and gas development have a relatively low risk for spreading 
aquatic nuisance species, provided BMP’s are followed for movement of water and proper 
cleaning of equipment used for pumping water. Recommended measures to avoid spreading 
aquatic nuisance species are included in the FOGOS. Additionally, any State or regional 
recommendations for stopping the spread of aquatic invasive species should be followed. 
Following these measures would provide further protection against spreading these problematic 
species. If these protection measure recommendations are not followed and any of these 
aquatic nuisance species, such as whirling disease, zebra mussel, quagga mussel, etc., were 
spread on the forest, they could have moderate to major adverse impacts to resident trout 
within that drainage. 

 
As far as dewatering, it is unclear how much water will be demanded from the expected level of 
drilling as outlined in the RFDS. However, all water withdrawals from fisheries on the forest will 
need to be permitted through the Utah Division of Water Rights. It is expected that through this 
process, fish-supporting flows can be protected. 

 
Direct and Indirect Effects Specific to Alternatives 

 
Alternative A 
No impacts to leatherside chub individuals, populations or habitat should occur from the 
implementation of the No Action alternative, due to the fact that there would be no oil and gas 
development permitted on the forest. 
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Alternative B 
Based upon the predicted level of development, adverse effects to leatherside chub from 
alternative B (Standard Lease Terms) will likely be minor.  However, impacts will be greater than 
those for the other action alternatives because under alternative B activities may occur within or 
immediately adjacent to the stream channel. This may increase sediment inputs, increase the 
chance for toxic spills in the stream, and alter riparian habitat, which will in turn affect aquatic 
habitat conditions. 

 
Alternative C 
Adverse effects from alternative C (moderate resource protection) will likely be negligible on 
leatherside chub. 

 
Alternative D 
Direct and indirect effects on leatherside chub specific to alternative D would be negligible. 

 
Cumulative Effects 
There would be no cumulative effects to leatherside chub from the No Action alternative (A), 
because there would be no incremental effects would add to any impacts from past, present or 
reasonably foreseeable actions. The incremental affects from any of the action alternatives (B, C 
& D), when added to past, present and foreseeable future actions (PPFFA) would not 
cumulatively push the leatherside chub over a threshold away from the desired condition, or a 
decline in populations. None of the alternatives would add cumulative effects that would 
adversely affect population numbers or viability of leatherside chub in the long-term (> 10 
years).  Any adverse effects to aquatic species or aquatic habitat for future projects can be 
avoided or minimized on the forest through the use of BMP’s and site-specific project design. 
The impacts from the activities listed in the PPFFA are not expected to increase as a result of the 
implementation of one of the action alternatives. 

 
Determination and Rationale 
The No Action alternative would not impact leatherside chub populations or habitat.  Alterative 
B is the least protective, and under SLT&C may impact individuals but is not likely to cause a 
trend to federal listing or loss of viability.  Similarly, Alternative C may impact individuals but is 
not likely to cause a trend to federal listing or loss of viability.  While some impact may still 
occur, the 300’ riparian buffer included in Alternative C would help protect waters from 
increases in sedimentation, toxic spills and micro-climate effects from alterations to the riparian 
vegetation.  Alternative D also may impact individuals but is not likely to cause a trend to federal 
listing or loss of viability, and may not provide a significant increase in resource protection over 
alternative C, based on the fact that the increased NSO buffer (500’) would not increase 
sediment filtration rates much over alternative C (300’). 

 

Colorado River Native Species 
 

Fourteen species of fish are native to the upper Colorado: the Colorado pikeminnow, bonytail, 
humpback chub, razorback sucker, Colorado River cutthroat trout, Rocky Mountain whitefish, 
roundtail chub, speckled dace, Kendall Warm Springs dace, flannelmouth sucker, mountain 
sucker, bluehead sucker, mottled sculpin and the Paiute sculpin. 
http://www.fws.gov/coloradoriverrecovery/ 

 
At the level of activity that will be authorized by this programmatic leasing EIS, the potential 
downstream impacts, which are predicted to be minor to negligible at the subwatershed and 
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forest scale, would be immeasurable against the background of variation due to downstream 
impacts, weather patterns, etc. This project would thus have no effect or no impact to 
downstream warm water Colorado River native fish species of concern. A few common species, 
including speckled dace, mountain sucker, and mottled sculpin, do occur on the FNF. Effects to 
these species would be similar to, but less than those to resident trout, since they are more 
tolerant of sediment and other environmental conditions. Colorado River cutthroat trout are 
covered under the resident trout analysis. Since there would be no measurable effects to 
downstream warm water Colorado River fishes, they will not be discussed further. 

 

3.11 VEGETATION 
 

3.11.1 Affected Environment 
 

The FNF ranges from 5,000 feet in elevation to 12,169 at Delano Peak and provides habitat for a 
broad diversity of endemic plant species. There are diverse vegetative communities ranging 
from sagebrush-steppe to alpine-krumholtz tundra. Table 3.11-1 covers all plant species listed as 
Threatened or Endangered (USFWS, 2005); USFS Region 4 Sensitive species (USDA, 2003); and 
Forest Management Indicator Species (USDA, 1986), their status and which district they are 
known to occur on.  There are no Federally Proposed plant species known to occur on lands 
administered by the FNF. 

 

Table 3.11-1: Threatened, Endangered, Sensitive, and Management Indicator Species 
SPECIES STATUS HABITAT OR 

OCCURRENCE 

FILLMORE 

HABITAT OR 

OCCURRENCE 

FREMONT 

HABITAT OR 

OCCURRENCE 

BEAVER 

HABITAT OR 

OCCURRENCE 

RICHFIELD 

Threatened or Endangered Species 

San Rafael cactus Endangered  Y   
Last chance 
townsendia 

Threatened  Y  Y 

Intermountain Regional Forester’s Sensitive Species 

Maguire daisy Sensitive  Y   
Barneby woody aster Sensitive Y    
Dana’s milkvetch Sensitive  Y   
Bicknell milkvetch Sensitive  Y   
Paradox moonwort Sensitive  Y   
Aquarius paintbrush Sensitive  Y   
Tushar Mtn. 
paintbrush 

Sensitive   Y  

Pinnate spring- 
parsley 

Sensitive  Y   

Creeping draba Sensitive   Y  
Nevada willowherb Sensitive Y    
Elsinore buckwheat Sensitive Y  Y Y 

Rabbit Valley gilia Sensitive  Y   
Fish Lake naiad Sensitive  Y   
Little penstemon Sensitive  Y   
Ward’s Penstemon Sensitive Y Y Y Y 

Angell cinquefoil Sensitive  Y   
Arizona willow Sensitive  Y  Y 

Beaver Mtn. 
groundsel 

Sensitive   Y  

Bicknell thelesperma Sensitive  Y   
Sevier  townsendia Sensitive Y   Y 

Fishlake National Forest Management Indicator Species 

Rydberg’s milkvetch MIS  Y Y Y 
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3.11.2 Environmental Consequences 
 

Effects to Vegetation by Alternative 
The decision whether or not to open all or portions of the FNF to oil and gas leasing will have no 
direct effect on the plant species covered in this analysis.  The potential impacts of actions 
allowed to occur on the FNF will only take place once site specific development of oil and gas is 
proposed and implemented.  Analysis of potential effects is made based on possible impacts. 
The RFDS was used as a basis and measure of potential, and could have some inaccuracies. In 
order to truly measure the potential effects to these plant species, site specific analysis will be 
completed at each proposed development site. 

 
Alternative A 
Under this alternative there will be no impacts from oil and gas development to the TES or MIS 
plant resources on lands administered by the FNF.  Alternative A makes no changes to the 
current actions of the FNF with relation to oil and gas development. 

 
Alternative B 
Alternative B is primarily a Forest wide SLT&C alternative. The potential for impacts to TES and 
MIS plants increases when compared to Alternatives A, C & D. At the time a lessee submits an 
APD, site specific analysis will be used to identify drill pad placements. The SLT&C allow for the 
movement of drill pads up to 656 feet. This may or may not be a sufficient distance to remove 
impacts from TES or MIS plant habitat. 

 
All but one of the known populations of threatened or endangered plants on the FNF are 
contained within the high and moderate potential for development areas. The majority fall 
within the high potential for development area. Under item 6 of the SLT&C, federal law will 
necessitate an extensive effort to identify the presence or absence of these species within a 
leased area.  The labor that would be required to do the site specific analysis may require more 
time than allowed with the SLT&C (60 days) due to timing limitations. 

 
This action alternative “May Affect but not likely to Adversely Affect” Threatened and 
Endangered plant populations that fall within the project area or the viability of the species as a 
whole. 

 
Under the RFDS three of the sensitive plant species that occur on the FNF are likely to be 
impacted.  The habitats for Eriogonum batemanii var. ostlundii (Elsinore buckwheat), 
Penstemon wardii (Ward beardtongue) and Tonsendia jonesii var. lutea (Sevier Townsendia) all 
fall within areas that have high potential for development. The known populations of the 
remaining sensitive plant species, as well as the MIS plant species, primarily fall within the low 
and moderate potential areas. 

 
Alternative B “may impact individuals or habitat, but will not likely contribute to a trend towards 
federal listing or cause a loss of viability to the population or species” for all of the sensitive and 
MIS plant species known to occur on lands administered by the FNF. 

 
Alternative C 
In addition to the site specific analysis that will be necessary, some of these species are covered 
in conservation agreements and recovery plans that necessitate a NSO requirement in order to 
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minimize any potential impacts.  The NSO for these species was designed using a 1 mile buffer 
zone around known plant locations. Table 3.11-2 shows the species whose occupied habitats 
require a NSO along with the reference for such a designation.  The NSO for these species 
removes 2.7% of the lands administered by the FNF from surface occupancy consideration. This 
does not represent all potential habitats for these species as knowledge about these species is 
still being gathered.  The NSO does greatly reduce the potential impacts to these species as 
lands known to support them will not be affected by surface disturbance. 

 
 

Table 3.11-2: Species with Conservation Plans 
 

SPECIES STATUS AGREEMENT 

San Rafael cactus 
Pediocactus despainii 

 

Endangered 
San Rafael cactus draft 
Recovery Plan 

Last Chance townsendia 
Townsendia aprica 

 

Threatened 
Last Chance Townsendia Recovery 
Plan 

Maguire daisy 
Erigeron maguirei 

  Sensitive Central Utah Navajo Sandstone 
Endemics Conservation Agreement 

Rabbit Valley gilia 
Gilia caespitosa 

 

  Sensitive Central Utah Navajo Sandstone 
Endemics Conservation Agreement 

Pinnate spring-parsley 
Cymopterus beckii 

 

  Sensitive Central Utah Navajo Sandstone 
Endemics Conservation Agreement 

 
The potential for impacts to other plant species that are of concern to the FNF are minimized 
because of restrictions prescribed in order to protect other resources. Table 3.11-3 lists the 
species and their entire known occupied habitat on the Forest with NSO protection. 

 
 

Table 3.11-3: Sensitive Species with NSO Protection 
SPECIES STATUS NSO 

Barneby woody aster 
Aster kingii var. barnebyana 

 

Sensitive 
Greater than 35% slope, Ground Water 

Nevada willowherb 
Epilobium nevadense 

 

Sensitive 
Greater than 35% slope 

Bicknell thelesperma 
Thelesperma subnudum var. 
alpinum 

 
Sensitive 

Rare Plant, Ground Water, Greater than 
35% slope 

 

Fish Lake naiad 
Najas caespitosa 

 
Sensitive 

Recreation Developed Sites, National 
Recreation Trails, Perennial Streams, 
Springs, Lakes and reservoirs, Fisheries 

Arizona willow 
Salix arizonica 

 

Sensitive 
Water Body and Perennial stream buffer 

 
Table 3.11-4 shows only the species that have not been specifically discussed previously.  If 
more than 95% of the species’ occupied habitat falls within a development potential 
designation, it is listed as low, moderate or high. 

 
 

Table 3.11-4: Sensitive and MIS Species and Development Potential 
SPECIES STATUS DEVELOPMENT POTENTIAL 

Dana Milkvetch Sensitive Low 

Rydberg’s milkvetch MIS Low 

Paradox Moonwort Sensitive Low 

Aquarius paintbrush Sensitive Low 

Tushar Mountain paintbrush Sensitive Low 

Creeping draba Sensitive Low 

Angel cinquefoil Sensitive Low 

Beaver Mountain groundsel Sensitive Low 
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There is no clear way of determining the potential direct and indirect effects to the following 
species. The known occupied habitats for these species fall within a variety of development 
potential areas with differing amounts of surface occupancy potentials. 

 
Bicknell milkvetch has 66% of its known locations falling within moderate or low potential 
development areas. One third of the locations that are within the high development potential 
area are within a NSO. 

 
Seven of the eight known Elsinore buckwheat sites fall within the high development potential 
area.  Fifty percent of the locations are within a NSO. 

 
Little Penstemon has no known locations that fall within the high development potential area. 
Approximately 64% of the known locations are within the moderate potential areas with the 
other 36% falling within the low development potential areas. 

 
Close to 80% of Ward beardtongue locations on the Forest are in the high development 
potential area with 48% of those locations within a NSO. 

 
Sixty six percent of Sevier townsendia known sites are in the high development potential area 
with 50% of those locations falling within a NSO. 

 
Alternative C also has a CSU stipulation for known sensitive and MIS plant habitat. Pad 
development sites within one mile of known occupied habitat are subject to this stipulation, and 
drill pads may be moved up to ½ mile from occupied habitat. 

 
In Alternative C the potential impacts to TES plant species would be minimal. The NSO areas 
would prohibit any impacts to known locations.  There is the potential that new plant locations 
would be discovered during site specific analysis. The SLT&C provide some additional 
protections to TES plants. This action alternative would have “No Effect” on any population or 
individual federally listed plant species. 

 
This action alternative will have “No Impact” on any individual or known habitat of the following 
Sensitive species: Aster kingii var. barnebyana, Cymopterus beckii, Epilobium nevadense, Gilia 
caespitosa, Najas caespitosa, Salix arizonica, Senecio castoreus, Thelesperma subnudum var. 
alpinum. 

 
Alternative C “may impact individuals or habitat, but will not likely contribute to a trend towards 
federal listing or cause a loss of viability to the population or species” for the following species: 
Astragalus consobrinus, Astragalus henrimontanensis, Astragalus perianus, Botrychium 
paradoxum, Castilleja aquariensis, Castilleja parvula var. parvula, Draba sobolifera, Eriogonum 
batemanii var. ostlundii, Penstemon parvus, Penstemon wardii, Potentilla angelliae, Tonsendia 
jonesii var. lutea. 

 
Alternative D 
Under this alternative all of the known TES and MIS plant populations on the FNF, as well as a 
one mile buffer around these locations, are under a NSO stipulation. Although there is the 
potential that new plant locations would be discovered during site specific analysis, the SLT&C 
provide some additional protections to TES and MIS plants. 
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This action alternative would have “No Effect” on any population or individual federally listed 
plant species. In addition this action alternative will have “No Impact” on any individual or 
known habitat of the Sensitive and MIS plants known to occur on lands administered by the FNF. 

 
Cumulative Effects 
The potential cumulative effects from this action and past, present and reasonable foreseeable 
future actions are presented in Table 3.11-5. 

 
 

Table 3.11-5: Plant Species Cumulative Effects 
SPECIES STATUS ALT A ALT B ALT C ALT D 

San Rafael cactus Endangered No Effect May Effect No Effect No Effect 

Last Chance 
townsendia 

Threatened No Effect May Effect No Effect No Effect 

Maguire daisy Sensitive No Impact May Impact No Impact No Impact 

Barneby woody aster Sensitive No Impact May Impact No Impact No Impact 

Dana’s milkvetch Sensitive No Impact May Impact May Impact No Impact 

Bicknell milkvetch Sensitive No Impact May Impact May Impact No Impact 

Paradox moonwort Sensitive No Impact May Impact May Impact No Impact 

Aquarius paintbrush Sensitive No Impact May Impact May Impact No Impact 

Tushar Mountain 
paintbrush 

Sensitive No Impact May Impact May Impact No Impact 

Pinnate spring-parsley Sensitive No Impact May Impact No Impact No Impact 

Creeping draba Sensitive No Impact May Impact May Impact No Impact 

Nevada willowherb Sensitive No Impact May Impact No Impact No Impact 

Elsinore buckwheat Sensitive No Impact May Impact May Impact No Impact 

Rabbit Valley gilia Sensitive No Impact May Impact No Impact No Impact 

Fish Lake naiad Sensitive No Impact May Impact No Impact No Impact 

Little penstemon 
(Aquarius penstemon) 

Sensitive No Impact May Impact May Impact No Impact 

Ward’s Penstemon Sensitive No Impact May Impact May Impact No Impact 

Angell cinquefoil Sensitive No Impact May Impact May Impact No Impact 

Arizona willow Sensitive No Impact May Impact No Impact No Impact 

Beaver Mountain 
groundsel 

Sensitive No Impact May Impact No Impact No Impact 

Bicknell thelesperma Sensitive No Impact May Impact No Impact No Impact 

Sevier townsendia Sensitive No Impact May Impact May Impact No Impact 

Rydberg’s milkvetch MIS No Impact May Impact May Impact No Impact 

 
The potential cumulative effects of all the alternatives are the same as the potential direct and 
indirect effects of the project. Past, present and reasonably foreseeable projects have had few 
to no impacts to the TES and MIS plants known to occur on the FNF.  Any additional impacts 
from the proposed action will be minor and will not increase the impacts to TES and MIS plants 
to a higher level of significance. 

 
The potential impacts from oil and gas development under Alternatives A, C & D, when added to 
past, present and foreseeable future actions would have “No Effect” on any TEP plant species. 
These Alternatives have been developed in a manner to have adequate protection from 
potential impacts. 

 
Alternative B, if selected, “May Affect but not likely to adversely affect” Threatened and 
Endangered plant populations on the FNF.  Although this alternative has more potential to affect 
these species, when added to the past, present and foreseeable future actions it does not 
increase the potential level of impacts to a higher level of significance. 
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Alternative B “may impact individuals or habitat, but will not likely contribute to a trend towards 
federal listing or cause a loss of viability to the population or species” of all of the Sensitive and 
MIS plants known to occur on lands administered by the FNF.  Although this alternative has 
more potential to affect these species, when added to the past, present and foreseeable future 
actions it does not raise the level of impacts to a higher level of significance.  There would not be 
any cumulative effect from this action. 

 
The potential impacts from oil and gas development under Alternatives A&D, when added to 
past, present and foreseeable future actions would have “No Impact” to the sensitive and MIS 
plants known to occur on lands administered by the FNF. 

 
Alternative C, if selected, will have “no impact” on any individual or known habitat of the 
following Sensitive species:  Aster kingii var. barnebyana, Cymopterus beckii, Epilobium 
nevadense, Gilia caespitosa, Najas caespitosa, Salix arizonica, Senecio castoreus, Thelesperma 
subnudum var. alpinum. Therefore, there will be no cumulative effects on these species. 

 
Alternative C “may impact individuals or habitat, but will not likely contribute to a trend towards 
federal listing or cause a loss of viability to the population or species” for the following species: 
Astragalus consobrinus, Astragalus henrimontanensis, Astragalus perianus, Botrychium 
paradoxum, Castilleja aquariensis, Castilleja parvula var. parvula, Draba sobolifera, Eriogonum 
batemanii var. ostlundii, Penstemon parvus, Penstemon wardii, Potentilla angelliae, Tonsendia 
jonesii var. lutea. Although this alternative has more potential to affect these species, when 
added to the past, present and foreseeable future actions it does not raise the level of impacts to 
a higher level of significance. There would not be any cumulative effect from this action. 

 

3.12 AIR QUALITY 
 

3.12.1 Introduction 
 

Rationale for Use of Supplemental Information Reports 2 and 2A 
 

While preparing their oil and gas leasing Environmental Impact Statements, the Dixie and 
Fishlake National Forests employed JBR Consultants to analyze and model the potential effects 
of oil and gas leasing on air quality and climate change.  As a result, Supplemental Information 
Reports (SIR) 1, 1A, 1B, 2, and 2A were prepared to analyze the potential effects. Rationale 
intended to clarify and compare the differences in potential effects on climate change between 
the Dixie National Forest (DNF) and Fishlake National Forest (FNF) as presented in SIR-2 and SIR- 
2A was written and is contained in the administrative record (Hamilton 2012). 
The following should be noted: 

 
The FNF RFDS is based on the assumption that all potentially productive areas are open for 
leasing under standard terms and conditions, except those areas designated as closed to leasing 
by law, regulation or executive order. However, it is anticipated that all potentially productive 
areas would not be open for leasing under standard terms and conditions due to restrictions 
and stipulations that will likely be needed to conserve sensitive resources.  (Supplemental RFDS 
– 4/22/2011). 

 
The RFDS for the FNF estimated two plays or fields.  Each field would have 2 to 3 pads with up to 
5 wells per pad using directional drilling technology for a total estimated 30 wells. 
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The distance from Richfield, Utah to Salt Lake City, Utah is approximately 160 miles.  The 
distance from Cedar City, Utah to Salt Lake City, Utah is approximately 250 miles. Therefore, the 
distance from Cedar City to Salt Lake City is approximately 34% further than from Richfield to 
Salt Lake City. 

 
Both Forests are located in the same geographic area, experience similar climatic effects and 
have similar vegetation types and quantity. In summary, the effects of oil and gas leasing and 
development on the Fishlake would be slightly more than those of the Dixie.  Comparatively, 
they would also be negligible on a national and global scale and minor on a state and regional 
scale. 

 

3.12.2 Affected Environment 
 

Air quality on the Fishlake N.F. is currently meeting all National Ambient Air Quality Standards 
(NAAQS).  In general, the air quality within the Forest is considered good to excellent (AQI 2005). 

 
The climate and climatic conditions found there are some of the major reasons for its very good 
air quality.  Generally, the climate is dry with a high number of sunny days. Winds are generally 
from the southwest.  Weather can change dramatically. Thunderstorms are common during the 
summer months. Daytime temperatures are warm, with cool nighttime temperatures.  As moist 
air is forced to rise over the Canyon and Tushar Mountains and the Sevier Plateau, moisture falls 
as precipitation. With the Forest’s mid-continent location, numerous canyons, plateaus, and 
mountainous terrain, it experiences wide temperature variations between seasons.  Climates in 
the Forest also vary greatly with elevation. During winter and spring, precipitation can come in 
the form of snow, with a moderate to heavy snow pack accumulating in many of the higher 
elevations. By late spring, temperatures warm up in the lower elevations, while the mountain 
snowpack begins to melt. Summer brings warm temperatures to most areas with hot 
temperatures in the more desert-like, lower elevation areas.  Afternoon thunderstorms are 
common from June through September. Thus, active mixing of air and average precipitation for 
Utah, results in low pollutant background values for the Forest. 

 
An absence of major air pollution sources also results in low pollutant background values. There 
are coal fired power-plants at Huntington and Delta near the boundaries of the Forest. 
Emissions from these plants meet air quality standards.  A few other small industries which also 
meet air quality standards are located nearby. 

 
Visibility (Regional Haze) is a measure of how far and how well one can see. Parameters that 
affect visibility include sulfates, carbon particles and dust.  The average natural visibility in the 
western U.S. ranges from 110 to 115 miles, with the current annual average of approximately 60 
– 90 miles (Core 2001). Visibility within the western United States has shown general 
improvement.  Recently, this trend has continued in southern Utah (National Park Service, 
2007). From 1996 to 2005 Cedar Breaks National Monument, Bryce Canyon National Park and 
Zion National Park significantly increased their days with good visibility and the Trend in Haze 
Index on the clearest days significantly improved also. During this time period Zion and Bryce 
were below NAAQ standards for particulate matter PM2.5 (Cedar Breaks did not report). 

Compared to the eastern U.S., the west has more carbon particles in the air. This is thought to 
be due to smoke emitted by agricultural forest and rangeland fires. 
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Greenhouse Gases -The effects of climate change and greenhouse gasses on resources in the 
project area can be reviewed in Appendix E of this EIS. The Appendix reports that anthropogenic 
(human induced) increases are the largest contributors to greenhouse gases. The largest 
percentage of greenhouse gas emissions in 2007 were carbon dioxide CO2. Amounts of carbon 
dioxide, methane, nitrous oxide and halocarbons in the air are increasing. Oil and gas activities 
emit carbon monoxide, nitrogen oxides, volatile organic compounds and sulfur dioxide that 
contribute to greenhouse gases and affect climate change. The Baseline Conditions (3.2.2 
through 3.2.5) described in Appendix E – SIR2 page 30 - 38 would also be applicable to the FNF. 

 
 

General Air Quality 
 

The NAAQS are defined in the Federal Clean Air Act as levels of pollutants above which 
detrimental effects on human health and welfare may occur. There are seven criteria pollutants 
for the NAAQS: ozone (O3), carbon monoxide (CO), nitrogen oxides (NOx), sulfur dioxide (SO2), 
particulate matter (PM) with aerodynamic diameter less than or equal to 10 microns and 2.5 
microns (PM10 and PM2.5), and lead (Pb). Regulations state that ambient air quality standards for 
NOx, SO2, and PM10 must not be exceeded at any time during the year in areas with general 
public access. Short-term standards for CO and SO2 can be exceeded only once annually. 
Compliance with the 24-hour PM10 and PM2.5 standards are based on the 98th percentile of 24- 
hour concentrations averaged over 3 years. Demonstrating compliance with the new ozone 
standard is described as the 3-year average of the annual fourth highest daily maximum 8-hour 
average at every ozone monitor being equal to or less than to the level of the standard. Based 
on these federal regulations, Utah has several non-attainment areas. Non-attainment areas, and 
the pollutant for which an area became nonattainment, are shown in Figure 3.12-1. 

 
Specific NAAQ standards can be seen at  http://www.epa.gov/air/criteria.html 
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Figure 3.12-1 Non-attainment areas in Utah   

Data Source: http://www.airquality.utah.gov.images/Maps/NONATTAINMENT_MAP.pdf                                                                       157 
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None of these non-attainment areas affect the analysis area. Utah County, which is non- 
attainment for PM10, is approximately 30 miles from the northernmost portion of the Fillmore 
Ranger District of the Forest.  There are portions of the Forest that lie near areas that have been 
closely reviewed and compared with the NAAQS. There are 16 separate airsheds within the 
State of Utah.  The UDAQ, the EPA, and the Utah Smoke Management Plan (SMP) have 
designated the Forest area as Airsheds 2, 8, 10, 12, and 13, within the state of Utah.  Utah Air 
Quality Control Rule 307-204 of the Air Quality Rules regulates the management of wild fires 
and prescribed burns. The purpose of the rules is to mitigate the impact on public health and 
visibility of prescribed and wild land fire. 

 
Sensitive Areas 

 

All areas of the State have been designated as either Class I or Class II for air quality. Pursuant to 
the Federal Clean Air Act, the National Parks (NP) are mandatory Class I areas. The rest of the 
study area has been designated Class II. The regulations allow a specific increase, or 
"increment," in pollution over and above the existing air quality "baseline" pollution levels. 
Facilities that may impact Class I areas may be allowed to produce small increases in pollution, 
while facilities that impact only Class II areas are allowed somewhat larger increases. However, 
any facility that may increase pollution concentrations in these areas may not cause a violation 
of the NAAQS.  The impact from a source is determined by using EPA-approved air dispersion 
models. Table 3.12-1 shows the allowable increases of pollution to the ambient air environment 
of Class I and II areas.  Allowable pollutant increase standards have not yet been established for 
1 hour NO2 and 1 hour SO2.   Prevention of significant deterioration (PSD) increments have also 
not been established for ozone, CO and Pb. 

 
 

Table 3.12-1 Allowable Pollutant Increases in Class I and II Areas 
POLLUTANT PERIOD CLASS I 

INCREMENT 

CLASS II INCREMENT 

    
Sulfur Dioxide 3-hour 25 µg/m3 512 µg/m3 

 24-hour 5 µg/m3 91 µg/m3 

 Annual 2 µg/m3 20 µg/m3 

Nitrogen Dioxide Annual 2.5 µg/m3 25 µg/m3 

PM10 (Particulate Matter <10 microns) 24-hour 
Annual 

8 µg/m3 
4 µg/m3 

30 µg/m3 
17 µg/m3 

PM2.5 (Particulate Matter < 2.5 microns) 24-hour 

Annual 

Not established 

Not established 

Not established 

Not established 

µg/m3 = micrograms per cubic meter 

 
These allowable criteria pollutants (SO2, NOx, and PM10) are also the precursors to secondary 
pollutants that can contribute to acid rain, visibility, and regional haze. Based on the designation 
status from the State of Utah and several federal agencies, there are five Class I areas and 
eleven ―sensitive Class II areas that could be impacted by the Proposed Action. These identified 
Class I areas are located within the 100 kilometers (62 miles) from the study area. They include 
Bryce Canyon, Zion, Canyonlands, and Capitol Reef National Parks and Glen Canyon National 
Recreation Area. Table 3.12-2 presents Class I and Class II areas that should be considered when 
addressing impacts. Several roads are also listed as Scenic Backways or Byways, such as Fishlake 
(U-24), Gooseberry/Fremont (FR 124), Thousand Lake Mountain (FR 206), Boulder Mountain 
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(Hwy 12), Beaver Canyon (U-153), and Capitol Reef Country (Highway 24). Visibility and Regional 
Haze criteria for Scenic Backways or Byways have not been established. 

 
 

Table 3.12-2 Sensitive Areas near the Analysis Area 
 

 
FEDERAL CLASS I & II AREAS 

(UNLESS OTHERWISE SPECIFIED) 

 
MANAGING 

AGENCY 

 
CLASS 

CATEGORY 

 
STATE 

 
DISTANCE FROM 

FISHLAKE NF 
(MILES) 

Bryce NP NPS Class Ia UT 37 

Zion NP NPS Class Ia UT 60 

Capitol Reef NP NPS Class Ia UT 0  
Cedar Breaks NM NPS Class IIa UT 38 

Tushar Mountain USFS- FLNF Class IIb UT 0  

Box Death Hollow WA USFS- DNF Class IIb UT 22 

Bullion Delano USFS- FLNF Class IIb UT 0  

Grand Staircase-Escalante NM   NP Class IIa UT 42 

Deseret Peak WA USFS -WCNF Class IIb UT 61 

Mt. Timpanogos WA USFS – UNF Class IIb UT 59 

Mt. Nebo WA USFS - UNF Class IIb UT 22 

Canyonlands NP NPS Class Ia UT 55 

Ashdown Gorge WA USFS – UNF Class IIb UT 36 

Dark Canyon Primitive & WA USFS -WCNF Class IIb UT 55 

Glen Canyon NRA NPS Class Ia UT 16 

Deep Creek WA BLM Class IIb UT 54 

a NPS=USDI - National Park Service;  NP=National Park; WA=Wilderness Area; NWR=National Wildlife Refuge; NRA=National 
Recreation Area; NM=National Monument 
b USFS=USDA National Forest Service; WA=Wilderness Area; NWR=National Wildlife Refuge 

 

3.12.3 Environmental Consequences 
 

No ground disturbing activities or developments are authorized by this decision. This air quality 
analysis is a projection of what might occur if leases are purchased and developed.  Unlike a 
regulatory evaluation for permitting a given facility design, when impacts are evaluated for 
compliance with the ambient air quality standards in the specific vicinity of the facility; the 
evaluation in this EIS discloses the potential impacts to air quality at different distances from a 
hypothetical, but representative, oil production facility, which could be located anywhere in the 
Forest. 

 
Representative, known emission rates for oil exploration and production facilities were selected 
for air pollutant emissions in this analysis. Selection of these emission values were a 
collaborative effort of the Dixie and Fishlake National Forests, EPA (Region 8), and UDAQ. Air 
dispersion models, based on unit emissions, were developed to allow for interpolation of 
emissions.  Air dispersion modeling runs using emissions from a typical operation (exploration or 
production) were performed to verify the accuracy and conservativeness of the unit emission 
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tables.  Further discussion of the analysis process is discussed in the Air Quality Modeling Report 
contained in Appendix D (Supplemental Information Reports 1, 1-A, 1-B and 1-C). Greenhouse 
gas emission factors used in the climate change discussion were taken from a variety of sources 
and are discussed in detail in Appendix D. 

 
 

Development Scenario Modeling 
 

The Fishlake N.F. considered two development scenarios. The first considered drilling 45 
exploratory wells over the next 15 years.  The second model consisted of one, 10 to 15-well field 
on the Forest. This scenario described two or three production pads with each pad hosting up to 
five wells each, using directional drilling technology and an offset distance of one-half mile. The 
scenario included 12 wells on three pads. Total actual ground disturbance including the 
discovery well, central production facilities pad, production pads, water disposal well, new 
access roads, reconstruction of existing roads, pipelines and power lines, and a truck loading 
facility is estimated at 122-acres. The area within the perimeter of the field including pads, pad 
access roads, and interior pipelines and power lines, and undisturbed areas between could vary, 
but is estimated at approximately 3.0 square miles using a well spacing of 160 acres (or ½ mile 
distance between down-hole well termini  - directional drilling). 

 
Table 4.5-1 of Appendix D – SIR1 page 5 documents the model emissions sources used to 
simulate emissions from this well field development scenario. Modeling analysis, on the ground 
considerations were added by distributing the model emission sources over three square miles. 
The sources were distributed in a manner consistent with the anticipated spread of the well 
field scenario at a conceivable location in the Dixie and Fishlake National Forests: Oil & Gas 
Leasing EISs, Air Quality Modeling Report JBR Environmental Consultants, Inc. (Appendix D), with 
variations in elevations across the development field and across the receptor network based 
upon actual topography in the modeled location. Figures in Figure 3.2-1 of Appendix D – Sir1 
page 5, Figure 5.1-1 of Appendix D – Sir1 page 18, Figure 5.1-2 of Appendix D – Sir1 page 17, and 
Figure 6.0-1 of Appendix D – Sir1 page 19 provide visual representations of development 
scenario’s and modeling interpretation. 

 
 

Fugitive Emissions in the Development Scenario Modeling 
 

Actual development scenarios would include fugitive sources of Volatile Organic Compounds 
(VOCs) and particulates. The development scenario model runs include area and/or volume 
sources to assess the impacts of particulate emissions from ground disturbance and criteria 
pollutant emissions from vehicular traffic. The onsite emissions were evenly distributed around 
the facility in the model, with concentrations relatively even across the area. This is considered 
conservative in this analysis, where the nearest receptors are 0.25 kilometers (0.155 miles) 
away, closer to the center of activity than some of the wells. The percentages of overall traffic 
emissions that occur within the project boundary, as opposed to outside that boundary, Dixie 
and Fishlake National Forests: Oil & Gas Leasing EISs, Air Quality Modeling Report JBR 
Environmental Consultants, Inc. (Appendix D) were estimated at the high end of the estimate 
range.  Road and disturbed area emissions occurring outside the identified project area are 
included in the emissions inventory, but their impacts were not modeled because the effects of 
these kinds of emissions are typically localized and of short duration. 
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Effects Common to All Action Alternatives 
A CSU stipulation for Air Resources would be applied for exploratory projects on all lands within 
5 km of Class I Airsheds and for development and production projects within 60 km of all Class I 
areas (i.e., Bryce Canyon National Park, and Capital Reef National Park). This CSU is intended 
meet or exceed guidance in the Federal Land Managers Air Guidance document (USFS et al. 
2008). The CSU lists various analyses and design measures beyond those in the Standard Lease 
Terms and Conditions that would be implemented to reduce impacts from connected actions on 
a lease. 

 
As recommended in the associated reports, modeling results will be used to “screen” potential 
projects for acceptability with NAAQ standards.  For example, Table 9.4-3 of Appendix D SIR-1 
page 34 would illustrate if effects on air quality of the development of a proposed well at an 
elevation of 2500 feet above and 10 kilometers from a target airshed would meet federal 
regulations and AQRV impact thresholds. 

 
No ground disturbing activities or developments are authorized by this decision. Under any 
alternative, impacts to air resources would only result if oil field exploration and construction 
activities, oil field development, operating and maintenance activities, and sustainable 
production occur.  The amount of dust generated by these activities would depend on the soil 
type, moisture conditions, dust control efforts, and the amount of traffic on dirt or gravel roads. 
Vehicle exhaust emissions would primarily depend on the amount of traffic. Impacts to air 
resources would be dependent on the distance from the potential activities and their elevations. 
Further discussion of the impacts is covered in the Air Quality Modeling Report (Appendix D). 

 
There is the potential for oil and gas exploration and development activities to encounter 
hydrogen sulfide gas in the subsurface.  Hydrogen sulfide can be a component of petroleum and 
natural gas in widely varying concentrations and exhibits a range of toxic effects to human 
health depending on its concentration in the atmosphere.  Releases of significant amounts of 
hydrogen sulfide are minimized through precautions normally taken by industry personnel, but 
serious accidents can potentially cause significant impacts to human health for several thousand 
feet from the location of the release. When hydrogen sulfide is known to be present at a 
facility, warning signs are posted, special vents or incinerators are installed on equipment, 
contingency plans are prepared, and all workers at the facilities receive special training on 
dealing with accidental releases of the gas. 

 
Criteria pollutants that could be released during oil and gas exploration and development 
activities can contribute to acid rain impacts. The criteria pollutants sulfur dioxide (SO2) and 
nitrogen oxides (NOx) are precursors to acid rain, which is a result of chemical changes in the 
atmosphere. Acid rain could affect the pH of the lakes and the vitality of the vegetation in each 
of the ranger districts. Also criteria pollutant emissions could have an impact on visibility and 
regional haze. Regional haze is caused by fine particles in the air (emitted directly or formed as 
secondary pollutants formed from NOx and SO2 emissions) that settle out very slowly.  Increased 
criteria pollutant particulate emissions resulting from well field development could affect the 
visibility of the entire forest. 

 
Both large and small particulate matter can be released during combustion processes inherent 
with oil and gas development such as internal combustion engines. Fine particulate matter 
(PM2.5) is chiefly comprised of five mass types: organic mass, elemental carbon (also known as 
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soot or black carbon), ammonium sulfates, ammonium nitrates, and crustal materials (i.e., soil). 
Primary fine particulate emissions result from combustion processes (including fossil fuel 
combustion and biomass combustion that occurs in wild fires) and include black carbon. In 
general, however, black carbon and crustal materials comprise a relatively small proportion of 
the fine particulate mass suspended in the atmosphere. The largest constituents of fine 
particulate are usually organic mass, ammonium nitrates, and ammonium sulfates. Secondary 
particulates do not result from emissions of fugitive dust. 

 
Oil and gas activities produce ozone precursor pollutants including VOCs and NOx.  Ozone 

concentrations could be affected not only near potential activities, but also some distance away 
because nitrogen oxides or volatile organic compounds could be transported by winds to areas 
where conditions are more favorable for ozone production. Ozone precursor emissions from a 
single source need to be substantial in quantity before photochemical modeling becomes a 
useful predictive tool for direct impacts of ozone formation due to the fact that these models 
are designed for broader regional-scale analysis and are “tuned” to cumulative, regional 
atmospheric chemistry.  An independent photochemical modeling analysis was determined not 
to be appropriate for this analysis (see appendix D for more information). Ozone formation is 
also highly dependent on meteorological conditions, including temperature, wind speed, and 
solar radiation. Ozone in the lower atmosphere is harmful to human health and vegetation. 

 
Some fine particulates (PM2.5), particularly ammonium sulfate and ammonium nitrate particles, 
can also be formed in the atmosphere from the interaction of either SO2 or nitrogen oxides or 
ammonium. These types of PM2.5 particles are referred to as secondary particulates, while 
particles emitted directly from a source are referred to as primary particulates. Oil and gas 
activities and associated internal combustion engines can produce primary pollutants and these 
can form secondary pollutants in the atmosphere which could then contribute to air quality 
impacts nearby and down-wind. Impacts would be similar under any action alternative as the 
scenario described in the RFDS would be implemented. 

 
Construction and Exploration Impacts 
The primary potential emissions resulting from exploratory drilling activities predicted in the 
RFDS are NOx, SOx, and VOCs from engine exhaust, product management, and tank breathing 
losses. Construction of the well pads will also result in measurable emissions of PM10 and PM2.5 

(see Table 4.5-1 of Appendix D – SIR1 page 5).  Assuming that connected actions to leasing do 
occur, exploratory and construction impacts would be localized and short term. Impact analyses 
for VOCs require regional photochemical modeling.  There is no practical technical approach for 
estimating VOC impacts from an individual project or small series of projects; this must be 
performed on a regional basis when cumulative regional development activity indicates enough 
emissions to justify it.  For this reason, this analysis focuses on the impacts of criteria air 
pollutants. However, under the cumulative impacts section of this document an assessment of 
region VOC and ozone effects has been recommended utilizing existing regional modeling 
simulations. 

 
Based on the Utah Division of Air Quality (UDAQ) regulations and the Utah SIP, dust emissions 
cannot exceed 20 percent opacity, as verified by EPA Method 22 observations, at the leased 
property boundary. Emissions from predicted construction and exploration activities would not 
be expected to exceed Class I or Class II standards because of construction duration, low 
emission rates, existing good air quality, and dispersion.  Additional BMPs for dust control might 
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be needed when there is regular public access near the drilling site. With any industrial activity, 
owners and operators must comply with the Clean Air Act and the Utah Air Quality Regulations, 
which regulate both operations that cause air emissions and air emissions. 

 
 

Table 3.12-3 Construction Emissions 
SOURCE NAME POLLUTANT EMISSION RATE (G/SEC) 

 
Natural Gas  Exploration Flare 

CO 0.053200 
NOx 0.009800 

PM10/PM2.5 0.000890 

Well Pad Construction1 
PM10 4.946E-7 

PM2.5 7.574E-8 

Road2 
PM10 0.002380 

PM2.5 0.000363 

1 Values include well pad construction, construction traffic, drilling traffic, and test and completion traffic. 
2 Values for roads, from Trinity Consultants (Trinity 2004) 

 
Vehicle traffic volume estimates, which were used to derive road dust emission rates, were 
prepared consistent with the “Highway Freight Traffic Associated with Development of oil and 
gas Wells” document prepared in 2006 by Daniel Kuhn of the Utah Department of 
Transportation. 

 
The evaluation of air resource impacts from the predicted exploration activities in the RFDS 
included the following activities: 

 
Construction of 5.5-acre drilling locations - A diesel fuel-fired drill rig engine with emissions based 
upon the 13.5 tons NOx per well reported in the WRAP Oil and Gas Emission Inventory prepared in 
December 2005 by Environ, and the 2005 Wyoming field survey from which that data was 
developed, with actual emissions adjusted downward to be compliant with recent tiered engine 
requirements, and SO2 emissions consistent with AP-42 assuming the 0.15 percent sulfur content 
in diesel scheduled to be required during the operational phase. The Western Regional 
Air Partnership (WRAP) study indicated the mean drilling time is approximately 90 days per well 
continuously around the clock except for maintenance. Therefore, the longer term average 
impact predictions effectively assume four wells drilled back to back in relatively close proximity. 

 
Construction of 1.1 miles of new access roads - Support traffic to supply, maintain, and staff the 
drilling effort; and a low volume of flaring of natural gas during exploration, equal to 100 million 
standard cubic feet (Mscf) per year. 

 
Impact analyses, under the assumption that all of the connected actions described in the RFDS 
would occur, were conducted for distances ranging from 0.25 to 200 km (124.3 miles) from the 
source and at seven receptor elevations that ranged from 2,500 feet above to 2,500 feet below 
the source. The highest receptor impacts occurred when the model receptors were at or near 
the same elevation as the source. Table 3.12-4 documents the maximum predicted criteria 
pollutants NO2, SO2, and PM10/PM2.5 concentrations (μg/m3) as well as the maximum visibility 

impairment impacts at a variety of distances, for the scenario where the receptors were at the 
same elevation as the source. The tabulated impacts represent the maximum impact at the 
given distance for any of the elevation scenarios. For the impact assessment of primary PM2.5 

PM10 impacts were used as a conservative assessment given that primary PM2.5 is a subset of 
primary PM10. 
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Table 3.12-4 Exploration Drilling Impacts 

 
CRITERIA 

POLLUTANT 

 
 

PERIOD 

 
CLASS I 

 
CLASS II 

 

CONCENTRATIONS - MICROGRAMS PER METER 

CUBED (ΜG/M3) AT KILOMETERS 

INCREMENT INCREMENT 1 5 10 20 

 

 
SO2 

1-hour 
Not 
established1 

Not 
established1 

0.112 0.03 0.01 0.01 

3-hour 25 μg/m3 512 μg/m3 0.16 0.05 0.02 0.01 

24-hour 5 μg/m3 91 μg/m3 0.07 0.02 0.01 0.00 

Annual 2 μg/m3 20 μg/m3 0.02 0.01 0.00 0.00 

 

 
NO2 

 
1-hour 

 

Not 
established1 

 

Not 
established1 

 
54.6 

 
14.7 

 
7.2 

 
3.1 

 

Annual 
 

2.5 μg/m3 
 

25 μg/m3 
 

10.1 
 

3.39 
 

1.63 
 

0.77 

 

 
PM10 

 

24-hour 
 

8 μg/m3 
 

30 μg/m3 
 

12.4 
 

2.77 
 

1.20 
 

0.53 

 

Annual 
 

4 μg/m3 
 

17 μg/m3 
 

3.09 
 

0.69 
 

0.30 
 

0.13 

 
PM2.5 

24-hour Undefined Undefined 12.4 2.77 1.20 0.53 

Annual Undefined Undefined 3.09 0.69 0.30 0.13 

AQRV Metric Increment Increment 1 5 10 20 

Deposition 
NO2 Dep 0.005 kg/hect/yr 0.0262 0.0050 0.0020 0.0007 
SO2 Dep 0.005 kg/hect/yr 0.0001 0.0000 0.0000 0.0000 

 

 
Visibility 3 

Days ∆dv 
>0.5 

Less than 
baseline 

NA 4 1 1 1 

Days ∆dv 
>1.0 

Less than 
baseline 

NA 0 0 0 0 

Data is based on maximum impact values listed in Appendix A of the modeling report (Appendix D). 
1 Significant Impact Levels (SIL) for 1-hour NOx and SOx as of 9/2012 have not been established by EPA. 
2 Perceived discrepancies exist between the 1 and 3 hour NOx and SOx concentration levels reported. This occurred because 
different air quality models were used.  Rationale for the use of each model is disclosed in Appendix D. 
3 Visibility threshold: FLAG recommends that federal land managers report a change in light extinction (∆dv) impact of 10 percent, 
and consider requesting further analysis if change in light extinction (∆dv) reaches 5 percent with any regularity. 

 
The modeling results shown in Table 3.12-5 indicate that emissions from predicted exploration 
activities would comply with the applicable NAAQS for Class II areas at all distances shown when 
combined with reasonable regional background values.  The results also indicate there could be 
potential problems with compliance with incremental degradation limits for Class I areas for NO2 

out to between 5 and 10 km (3.1 - 6.2 miles) and PM10 within 2 miles of the source.  Nitrogen 
oxide deposition may also be a problem within 5 miles of the source. Air concentrations of 1- 
hour NOx fall below the EPA defined significant impact levels (SIL) by ten kilometers; 
concentrations of 1-hour SO2are below the SIL at all distances from the source. Screening 
tables show that compliance with NAAQS would be assured with the background concentrations 
expected in potential development areas. 

 
As articulated in the FLAG document (USFS et al. 2008), federal land managers have a 
responsibility to protect Air Quality Related Values (AQRVs), and in this respect, may consider 
whether emissions from a new or modified source may have an adverse impact on AQRVs and 
provide their comments to permitting authorities (States or EPA). Based on this information, all 
proponents of exploratory projects within 5km of a Class I area will be required to provide an 
additional AQRV analysis prior to project approval. 
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SOURCE 
PM10/PM2.5 

(LB/HR) 

 

NO (LB/HR) 
 

SO  (LB/HR) 

Drill Rig Engine 0.26 8.47 0.01 
Exploration Flare 0.00 1.10 0.00 

Compressors 0.04 2.20 0.00 

Heater Treaters 0.07 0.95 0.01 

Dehydration Units 0.01 0.10 0.00 

Well Pumps 0.97 13.2 4.10 

Production Flare 0.00 2.45 0.00 

On-site Roads and Fugitives 1.00 0.20 0.00 

Total 2.36 28.69 4.12 
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Production Field Development, Operating and Maintenance Impacts 
The potential emissions resulting from oil field development activities predicted in the RFDS are 
NOx, SO2, and VOCs from the production facilities, and PM10 emissions from the operating and 
maintenance activities. The Air Quality Modeling Report developed generalized emissions from 
a 12-well oil field development scenario. Emission estimates in the Modeling Report were based 
on the equipment needed to support oil exploration and/or oil field development.  Estimates in 
the report are conservative and utilized the following resources: Utah State Government’s 
“Analysis of Emissions from O&G Wells in Utah”, the O&G Emission Inventory Workbook for the 
Uinta Basin Study, information from existing oil field development on the Dixie and Fishlake 
National Forests, regional and national oil and gas field emission analyses, and EPA and industry 
emission factors to develop the emission estimates. Table 3.12-5 summarizes the emissions 
expected from a 12-well oil field in the FNF.  Note that these are estimates only and will vary 
depending on the actual location of the predicted oil field, the geology of the producing 
formations, the quantity of fossil fuel present, and the specific equipment necessary to extract 
the fossil fuel resources found at the site. 

 
 

Table 3.12-5 Production Field Development Emissions 
 

X 2 
 

 
 
 
 
 
 
 
 
 
 
 

Assuming the connected actions predicted in the RFDS occur, the density of well fields, well field 
characteristics, and the success of development will be factors that determine impacts from 
connected actions to leasing.  As stated above with any industrial activity, owners and operators 
must comply with the Clean Air Act and the Utah Air Quality Regulations, which regulate both 
operations that cause air emissions and air emissions. During the pre-construction stage of any 
proposed well field development, a site specific air analysis that includes refined air dispersion 
modeling would be required. 

 
Sustainable Production Impacts 
The potential emissions resulting from sustainable production fields predicted in the RFDS are 
primarily NOx, SO2, PM10, PM2.5, CO, and CO2 resulting from oil and gas production, and ongoing 
oil field operating and maintenance activities. The emission estimates in Table 3.12-5 for the 
predicted production field development would also apply to sustained production.  The impacts 
of specific pollutants are evaluated based on elevation and distance from the hypothetical 
production field.  Impacts resulting from oil field development are further discussed in the Air 
Quality Specialist Report, and in the Modeling Report.  A summary of the impact analysis is 
presented below. For the impact assessment of primary PM2.5, PM10 impacts were used as a 
conservative assessment given that primary PM2.5 is a subset of primary PM10. 
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The modeling for the hypothetical production field included the following activities that affect 
air quality: 

 
 Construction of three 5.5-acre drilling locations; 
 One diesel fuel-fired drill rig engine with emissions based upon the 13.5 tons NOx and 

3.5 tons SO2 per well reported in the WRAP Oil and Gas Emission Inventory prepared by 
Environ, and the 2005 Wyoming field survey from which that data was developed, with 
actual emissions adjusted downward to be compliant with recent tiered engine 
requirements; 

 
The WRAP study indicated the mean drilling time is approximately 90 days per well, around the 
clock. Therefore, the longer-term average impact predictions effectively assume four wells 
drilled back to back in relatively close proximity; 

 
 Construction of five miles of new access roads; 
 Support traffic to supply, maintain, and staff the drilling and pumping effort; 
 Six 1.0 MMbtu/hr heater / treater separators, one at each well pad; 
 Twelve diesel-powered, 100 HP well pumps to extract oil, one for each well; and 
 One 0.5 MMbtu/hr dehydrator and one 500 HP compressor processing a low volume of 

natural gas at partial capacity. 

 
Diesel-fired well pumps are assumed because the predicted development sites are expected to 
be remote from the electric power grid. Though a slight amount of natural gas production is 
included for conservatism, producible natural gas is not routinely expected and is not 
anticipated in sufficient quantity to power the well pumps.  If sufficient natural gas was found to 
fuel the well pumps, well pump emissions would be reduced. 

 
Impact analyses, under the assumption that all of the connected actions described in the RFDS 
would occur, were conducted for distances ranging from 0.25 to 200 km (124.3 miles) from the 
source and at seven receptor elevations that ranged from 2,500 feet above to 2,500 feet below 
the source. The highest receptor impacts occurred when the model receptors were at or near 
the same elevation as the source. Table 3.12-6 documents the maximum predicted criteria 
pollutants NO2, SO2, and PM10 concentrations (μg/m3) as well as the maximum visibility 

impairment impacts at a variety of distances, for the scenario where the receptors were at the 
same elevation as the source. The tabulated impacts represent the maximum impact at the 
given distance for any of the elevation scenarios. 
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Table 3.12-6 Sustainable Production Impacts 
 

CRITERIA 

POLLUTANT 

 

 
PERIOD 

 
CLASS I 

 
CLASS II 

 
CONCENTRATIONS (ΜG/M3) AT KILOMETERS 

INCREMENT INCREMENT 1 5 10 20 

 

 
SO2 

1-hour 
Not 
established1 

Not 
established1 

26.922 7.38 3.50 1.44 

3-hour 25 μg/m3 512 μg/m3 40.81 13.31 6.02 2.68 

24-hour 5 μg/m3 91 μg/m3 18.14 5.91 2.68 1.19 

Annual 2 μg/m3 20 μg/m3 4.53 1.48 0.67 0.30 

 

 
NO2 

 

1-hour   
 

127.3 
 

34.2 
 

16.7 
 

7.3 

 

Annual 
 

2.5 μg/m3 
 

25 μg/m3 
 

23.54 
 

7.90 
 

3.79 
 

1.79 

 

 
PM10 

 

24-hour 
 

8 μg/m3 
 

30 μg/m3 
 

19.26 
 

4.32 
 

1.88 
 

0.82 

 

Annual 
 

4 μg/m3 
 

17 μg/m3 
 

4.81 
 

1.08 
 

0.47 
 

0.21 

 
PM2.5 

 

24-hour 
 

Undefined 
 

Undefined 
 

25.0 
 

5.62 
 

2.44 
 

1.06 

Annual Undefined Undefined 6.25 1.40 0.61 0.27 

AQRV Metric Increment Increment 1 5 10 20 

Deposition 
NO2 Dep 0.005 kg/hect/yr 0.0610 0.0116 0.0047 0.0017 
SO2 Dep 0.005 kg/hect/yr 0.001 0.000 0.000 0.000 

 

 
Visibility 3 

Days ∆dv 
>0.5 

Less than 
baseline 

NA 23 22 23 16 

Days ∆dv 
>1.0 

Less than 
baseline 

NA 6 7 7 4 

Data is based on maximum impact values listed in Appendix A of the modeling report (Appendix D). 
1 Significant Impact Levels (SIL) for 1-hour NOx and SOx as of 9/2012 have not been established by EPA 
2 Perceived discrepancies exist between the 1 and 3 hour NOx and SOx concentration levels reported. This occurred because 
different air quality models were used.  Rationale for the use of each model is disclosed in Appendix D. 
3 Visibility threshold: FLAG recommends that federal land managers report a change in light extinction (∆dv) impact of 10 percent, 
and consider requesting further analysis if change in light extinction (∆dv) reaches 5 percent with any regularity. 

 
Modeled emissions for the case where the receptors are at the same elevation as the source 
indicates potential compliance problems with the Class I increment within 15 km vicinity for 
NO2.  The modeling results indicate potential compliance problems with the Class I increment 
within 5 mile vicinity for the 24 hour period for SO2. Note that provincial background pollutant 
concentrations vary and need to be considered for all air dispersion modeling evaluations.  One 
hour NOx impacts for a receptor at the same elevation as the source, within one kilometer of the 
source conservatively estimated from the screening table are shown to approach but not exceed 
the NAAQs with anticipated background concentrations added in the immediate vicinity of 
development activity. However, 1-hour NOx impacts for all other distance/source-receptor 
elevation differences and all 1-hr SO2 impacts are estimated by screening to be well below the 
NAAQs standards with anticipated background concentrations added in.  Air impacts for both 
pollutants fall below the respective SILs beyond 20 km. 

 
The modeling also indicated that these emissions would be less if the receptors are lower than 
the source and that the emissions would be in compliance with all increments for Class I and II 
areas. 

 
The emission inventory for this analysis was conservative in that it assumed one new well was 
being drilled while the full field was operating, and also assumed that diesel-fired pumps were 
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used at each well head. NO2, SO2, and visibility impacts would be decreased if either no well 
drilling occurred simultaneously with the operation of 12 wells, or if enough natural gas was 
recovered onsite to fuel the well pumps so that diesel-fired pumping would not be required. 
Further, NOx, SO2, and visibility impacts would be approximately 90 percent lower if electric 
power lines were built to power the oil production field and no fuel was needed to operate the 
well pumps. 

 
Impact to Class I Areas 
If exploration drilling were to occur on the Forest, as predicted in the RFDS, the air quality 
modeling for a single exploration well shows the need to perform a cumulative air quality 
impact analysis in the future for criteria pollutants if Class I areas exist within 5 km (3.1 miles) of 
the drilling location. 

 
If a production field were proposed on the Forest, the 12-well production scenario in the Air 
Model, using a set of reasonable assumptions, shows the need to perform a future cumulative 
impact analysis for criteria pollutants if Class I areas exist within 55 km (34.1 miles) of the 
production field.  As a result of possible impacts, Appendix A of the EIS provides lease 
stipulations that will compel development proponents to complete an additional air quality 
analysis for exploratory projects within 5km of any adjacent Class I area and for development 
projects within 60 km of an adjacent Class I area.  Also, any project that will meet or exceed the 
total project emissions assumed within this EIS will be compelled to complete an additional air 
quality analysis. 

 
If exploratory projects occur more than 5 km (3.1 miles) or production occurs more than 55 km 
(34.1 miles) away from a Class I area results of modeling showed that increases of pollutant 
levels would be within allowed changes and less than NAAQS given existing air quality 
attainment ratings on the Fishlake. 

 
Impacts to Visibility and Deposition – FLAG 
The visibility analyses for the exploration and well development analyses showed that isolated 
exploratory wells were not likely to have any significant impact.  However, the development 
scenarios could have visibility impacts potentially reaching the FLAG limit of 1 deciview out to 35 
kilometers (21.7 miles) for the Fishlake well development scenario. These analyses also indicate 
that the Federal Land Managers could request a future cumulative visibility impact analysis for 
receptors out to 50 kilometers (31 miles) for the 12-well development scenario if it were to be 
built. 

 
Similarly, Federal Land Managers’ Air Group (FLAG) -recommended deposition impact thresholds 
for Class I areas could be reached out to 21.7 km (13.5 miles) for the 12-well development 
scenario.  These estimates are driven by the assumption of diesel well pumps.  If natural gas 
could be recovered in sufficient quantity to power the well pumps, the extent of potential 
visibility and deposition impacts would drop, probably by at least one third, mainly due to sulfur 
deposition.  If electric power was available, emissions of pollutants affecting visibility impacts 
would be considerably lower than those used for the visibility impact analyses reported here.  
Comparably lower deposition impacts could be estimated using the screening tables (see 
Appendix D). 
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As a result of the proposed impacts, Appendix A of the EIS provides lease stipulations that will 
notify development proponents about the need to complete an additional air quality analysis for 
exploratory projects within 5 km of any adjacent Class I area and for development projects 
within 60 km of an adjacent Class I area.  Also, any project that will meet or exceed the total 
project emissions assumed within this EIS will be compelled to complete an additional air quality 
analysis. If exploratory projects occur more than 5 km (3.1 miles) or production occurs more 
than 55 km (34.1 miles) away from a Class I area results of modeling showed that impacts to 
visibility and deposition would be within allowed requirements of FLAG. 

 
Greenhouse Gas Emissions Impacts 
Greenhouse gas emissions could increase if oil and gas activities on the FNF occurred as 
predicted in the RFDS. Because there are no regulatory standards for comparison, these 
potential increases in greenhouse gases are compared to those at the state, national, and global 
scales. An increase in greenhouse gas emissions as a result of connected actions to leasing as 
predicted in the RFDS may also contribute to the global concentration of greenhouse gases that 
affect climate change. If all oil and gas activities that are predicted in the RFDS do occur, these 
activities could emit greenhouse gases into the atmosphere. The specific oil and gas activities 
that could contribute to these emissions are listed below: 

 
Exploration drilling 

 Production operations- drilling and pumping 
 Transportation of crude oil from field to refinery 
 Refining of crude oil into final product 
 Transportation of final product to end user 
 End use of product 

 
Emissions from seismic exploration are not analyzed due to the relatively small contribution of 
these emissions to the total, and because seismic exploration could occur outside of the action 
alternatives. Including emissions from refining, transportation of refined product, and product 
end use is a conservative impact estimate because these emissions may occur regardless of the 
product source in order to satisfy current and future market conditions, and it could be argued 
that these actions are not necessarily related to oil and gas production on the FNF. 

 
Total emissions estimates for each predicted activity are summarized in Table 3.12-7. Emissions 
are reported in metric tons of Carbon Dioxide Equivalent (CO2e) which is the standard unit of 
measure established by the EPA for Greenhouse Gas (GHG) emissions.  Non- CO2 gases were 
converted to CO2e by multiplying by the Global Warming Potential for each gas. 

 
 

Table 3.12-7 Estimated Emissions (Metric Tons of Carbon Dioxide Equivalent) 
OIL AND GAS ACTIVITY CO2E 

Exploration 7,495 

Production 58,214 

Transportation of Crude 2,161 

Refining 28,286 

Transportation of Refined 868 

Product End Use (off-site) 268,312 

TOTAL 
 

365,336 
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As discussed in Appendix E, CO2 emissions from predicted oil and gas activities on the Fishlake 
N.F. (i.e., connected actions to leasing) could increase U.S. and world CO2 emissions. At the 
national and global scales, this would be a negligible impact. On a state scale, CO2 emissions 
from connected actions on the Fishlake would constitute a minor increase over CO2 emissions 
for Utah in 2007.  It should also be noted that this GHG emission estimate for connected actions 
has included emissions from refining, transportation of refined product, and product end use. 
This is a conservative impact estimate because it could be argued that the emissions from the 
refinery and later activities are not connected actions to potential Fishlake N.F. oil and gas 
production and may occur regardless of the product source in order to satisfy current and future 
market conditions. 

 
Greenhouse gas emissions from potential oil and gas activities would incrementally contribute a 
relatively small amount to the total volume of greenhouse gases in the CEA and consequently 
could be responsible for an increment of the predicted effects of climate change discussed in 
Appendix E. This incremental impact from connected actions to leasing on the FNF would be 
negligible to minor and its duration would likely be long term. Climate change effects are global 
and cumulative in nature, thus the main discussion of climate change impacts with regard to air 
resources can be found under Cumulative Effects (Appendix E page 38). 

 
Table 3.2-15 summarizes the information in Appendix E Sections 3.2.1 through 3.2.5, showing 
total CO2 emissions for the Fishlake N.F. Oil and Gas Activities, Utah, the seven-state region in 
Section 3.2.3, the United States, and the World. Data are for CO2 emissions only and have the 
same caveats and conditions as described for the tables from which they are derived. 

 
 

Table 3.12-8 Summary Table 
IPCC REGION CO2 1995 

(MMT CO2) 
CO2 2000 

(MMT CO2) 
CO2 2007 

(MMT CO2) 

Fishlake NF Oil and Gas Activities ---- ---- 0.365 
(Predicted) 

Utah 35.40 63.78 69.23 

Region (7-State) --- --- --- 

United States 5,323.97 5,860.38 5,902.75 

World Total 22,284.01 24,010.66 30,377.31 
(2008) 

 
The Impacts Analysis (Section 4.0 of Appendix E – SIR2 pages 38 through 39) and the 
Foreseeable Future Responses (Section 5.0 of Appendix E – SIR2 pages 40 through 46) apply to 
effects associated with Fishlake Oil and Gas activities and emissions assuming all connected 
actions to the leasing decision were to occur. 

 
Direct Ozone Impacts 
The reasonably foreseeable development scenarios analyzed within this EIS document produce 
ozone precursor emissions that are extremely limited in scale.  Additionally, impacts associated 
with atmospheric ozone are typically regional in nature and are related to the movement and 
aggregation of precursor emissions from multiple regional sources. As a result, the impacts 
associated with ozone will be addressed under the Cumulative Effects Section of this document. 

 
Impacts by Alternative 
With the exception of Alternative A, estimated changes to ambient conditions (Measurement 
Indicator #1) and NAAQS exceedances (Measurement Indicator #2) would be the same under all 
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alternatives. Changes in visibility (Measurement Indicator #3) compared to natural background 
conditions would be the same under all alternatives except Alternative A. Increases in GHG 
emissions (Measurement Indicator #4) would be the same for all alternatives, with the 
exception of Alternative A, because the action alternatives do not differ in terms of what 
activities are predicted under the RFDS. Impacts by alternative are thus the same and as 
described in Section 3.12.3. 

 
Cumulative Effects 

 
Description of Cumulative Effects Area 
The Cumulative Effects Area (CEA) for air resources is portions of Airsheds 2, 8 (excluding Salt 
Lake and Utah Counties), 10, 12, and 13 as described by the UDAQ, EPA, and Utah SMP that is 
within 100 km of the Fishlake Boundary. Deseret Peak and Mt. Timpanogos are also excluded. 
Within the CEA are five Class 1 Areas and nine sensitive Class II areas that may be impacted by 
connected actions to leasing. Climate change effects are discussed on national, regional, and 
state levels (by reference, in Appendix E), although climate change effects are actually global in 
nature. 

 
Rationale 
Impacts to air quality would be within the immediate area of the Fishlake NF and the Forest 
designated airsheds. Air Quality impacts could extend past the borders of the Forest and 
designated airsheds impacting regional haze and visibility. 

 
Past, Present, and Reasonably Foreseeable Future Actions 
The lands within the CEA are mostly administered by federal agencies and actions on these 
lands were, are, or will be subject to NEPA. 

 
Existing activities on the FNF that contribute to air quality emissions and greenhouse gases 
include motorized vehicle use, heating and powering of facilities, residential heating sources, 
timber harvesting, and wildfires as well as prescribed burns. The residential heating sources are 
considered minor and insignificant sources. These activities result in emissions of NOx, CO, 
VOCs, PM2.5, and PM10. These activities have occurred, are occurring, and will continue to occur 
into the foreseeable future. Foreseeable future responses to climate change are discussed 
Section 5 of Appendix E. 

 
Past oil and gas activity within the CEA has been relatively low. There are two producing fields, 
the Covenant Field located approximately 2 miles south east of Sigurd, Utah and the Providence 
Field located approximately 20 miles north west of the Covenant Field.  According to BLM 
database records (LR2000) as of 2012, there are 18 authorized leases and 3 pending leases 
where all or part of the lease is within the boundaries of the FNF.  These leases occur along the 
boundary throughout the Forest.  About half of the leases occur within the Sevier Valley near the 
town of Richfield and the other small communities located there. There are numerous 
authorized and pending leases on adjacent and private and public land. Prior to the early 2000s 
exploratory wells were drilled on the Fishlake and subsequently capped.  Current oil and gas 
activities result in NO2, SO2, PM2.5, PM10, and CO emissions. The Covenant Oil Field is 

predominately electrified. 
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In addition to oil and gas activity, there are numerous small minerals activities managed on 
public lands; these mineral activities are usually small operations (less than 5 acres) and 
primarily target materials such as clay, pozzolan and other mineral materials and gold, and 
silver. There is also one geothermal project that is in the planning and permitting stage located a 
few miles south of Cove Fort Utah. Mining activities result in PM10 emissions with lesser 
amounts of NOx and CO. 

 
All of the above types of activities and development are expected to continue to some degree on 
the Forest and within the CEA into the foreseeable future. ATV use will continue to trend 
upward. The use of prescribed fire and mechanical fuel treatments are also anticipated to 
increase over the next 5 to 10 years. The amount burned by prescribed fires will likely increase 
to over 10,000 acres per year in the near future. Most prescribed burns have minor and short- 
term effects on air resources in the CEA. The Utah Smoke Management Plan states that 
prescribed burns will not cause or significantly contribute to daily PM2.5 or PM10 impacts or 
violate NAAQS. Further, an increase in the number of prescribed fires and mechanical fuel 
treatments should ultimately lead to a decrease in the number of large, catastrophic fires, thus 
reducing the resulting PM, PM2.5, and PM10 emissions associated with those fires. Wildfires may 
increase in frequency in the CEA, however, due in part to climate change (discussed in Appendix 
E). 

 
Timber harvesting will continue to be a part of the management goals of the forest. The existing 
mining activities are expected to continue and more exploratory wells may be drilled. Existing 
forests in the CEA will continue to serve as carbon dioxide sinks/storage. 

 
Currently, there are several proposed or existing power plants or small industrial facilities within 
and surrounding the CEA. Multi-source, short, and long range, multi-pollutant air dispersion 
modeling would have to be conducted to determine cumulative effects and intensity associated 
with the measurement indicators. With the information provided we cannot make assumptions 
about existing and preexisting sources in the CEA. 

 
Cumulative Effects 
Under any alternative, surrounding sources, population growth, vehicular traffic, and proposed 
coal-fired power plants in the general area could affect the Forest air resources now and in the 
foreseeable future. 

 
Cumulative effects to air resources would not vary by alternative, except for Alternative A. 
Alternative A would not result in oil and gas-related emissions on the Forest. Thus, the 
remaining cumulative effects discussion pertains to all action alternatives (Alternatives B, C, and 
D). 

 
Impacts of oil field development and sustainable production, if these activities occurred as 
predicted in the RFDS, would be long term and would vary greatly depending on how many 
fields are developed, the density of the field, and oil productivity. Presumably, with current air 
quality regulations, permitting, and periodic testing requirements, the impacts would be 
controlled if a source emits more than five tons per year of any Criteria Pollutant. The Modeling 
Report (Appendix D) is a proportional-based estimate of emission and visibility impacts that can 
be applied to a variety of scenarios using the tables found there in.  Emissions from a proposed 
well field development may have to be modeled prior to exploration or development to comply 
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with applicable stipulations and regulatory standards. Air dispersion modeling, using an approved 
EPA model and protocol, should be used to determine whether the allowable emissions result in 
NAAQS or Class I visibility exceedances.   In addition, increased NO2 and SO2 emissions from both 
the predicted oil field-related activities and nearby permitted sources could contribute to acid 
rain deposition. Based on the emission estimates, an individual well field would not cause acid 
range deposition. However, numerous well fields along with regional coal- fired power plants 
could cumulatively impact the forests, mountain lakes, and vegetation with acid rain. Emissions 
from well field production also include ozone precursors (PM2.5, PM10, VOC, and NOx) and could 
cumulatively contribute to regional haze and visibility issues within the 
Forest boundaries and Class I areas. 

 
Ozone 
Unlike other atmospheric pollutants, ozone is not primarily emitted into the atmosphere. Ozone 
is produced in the atmosphere as a result of combining precursor pollutants with solar radiation. 
These precursor pollutants can reside in the atmosphere for significant amounts of time and 
travel over significant distances. As a result, ozone impacts are best assessed on a regional scale, 
accounting for the precursor pollutant emissions from all available sources within a reasonable 
distance. Such an analysis should account for the emission and modeled transport of ozone and 
its precursors as well as the modeled atmospheric chemistry that would result from their 
interaction. 

 
To complete a modeling analysis of this complexity was found to be beyond the economic 
limitations of this leasing EIS project. As a result, the USFS has developed an ozone analysis 
based on the best currently available "scientifically credible" evidence. The analysis, which was 
based on existing regional modeling simulations, also describes the relative completeness of the 
information available as well as the potential shortcomings of the available modeling data. 
To ensure that the requisite "hard look" was completed under NEPA, the analysis was 
completed in keeping with 40 CFR Section 1502.22. 

 
Given that a novel photochemical modeling analysis could not be reasonably completed for a 
cost that would not be considered exorbitant, the USFS acknowledges that the assessments of 
ozone impacts on both a direct and cumulative level are potentially incomplete. 

 
With ambient ozone data indicating that regional ozone has been increasing throughout the 
State of Utah, particularly in regions with oil and gas development, the issue of ozone impacts is 
important to the determination of overall adverse impacts associated with this EIS. 
As a result, the USFS has undertaken an assessment of existing scientifically credible evidence 
that would be able to bound the potential regional impacts associated with ozone 
concentrations. Given that potential future ozone impacts are best predicted by the use of a 
photochemical modeling analysis, the initial assessment focused on the availability of such 
modeling analyses. The assessment concluded that the most recent, peer-reviewed, 
photochemical modeling analysis which included the project area within its modeled domain 
was the Uinta Basin Air Quality Study. As a result, this modeling simulation was selected for use 
in assessing total ozone impacts for this EIS leasing project. 

 
The Uinta Basin Air Quality Study (UBAQS) was initiated in 2008 and was completed in June 2009 
(IPAMS 2009). The study, funded by the Independent Petroleum Association of the Mountain 
States (IPAMS), sought to assess the regional air quality impacts of oil and gas production on the 
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Uinta Basin in Utah. Although the study was targeted to assess impacts in the Uinta Basin, the 
domain of the project was sufficiently large to allow assessments of air quality in regions 
throughout much of Utah. 

 
UBAQS sought to assess the cumulative change in air quality from the regional expansion of oil 
and gas resources. In order to develop this assessment, primary and precursor emissions were 
developed for two modeled scenarios. These scenarios, occurring in model year 2005/2006 and 
2012, included recorded (for 2005/2006) and reasonably foreseeable (for 2012) emissions from 
all sources that resided or would reside within the model domain. Proposed oil and gas related 
sources for both modeled scenarios were sourced from regional and sub-regional emissions 
assessments. They utilized best available information to determine spatially representative oil 
and gas emissions. These emissions were then extrapolated forward in time to account for 
growth of oil and gas production throughout the domain for the 2012 scenario. 

 
Emissions developed for both the base year (2005/2006) and future years (2012) were modeled 
utilizing the Community Multi-Scale Air Quality Model (CMAQ). EPA guidance for projecting 
future 8-hour ozone concentrations recommends using the model in a relative sense to scale 
current observed 8-hour ozone Design Values. In order to perform this scaling operation EPA 
developed the Modeled Attainment Test Software (MATS) tool that uses modeling results, 
observed 8-hour ozone Design Values to project 8-hour ozone concentrations that reflect the 
change in emissions from a base case to an alternative emissions scenario. 

 
For the UBAQS, the MATS tool was used to assess the effects of oil and gas development 
activities as well as regional emissions in the modeling domain on 8-hour ozone. The MATS tool 
performs 8-hour ozone Design Value projections at existing monitoring sites for comparison 
with the 8-hour ozone NAAQS. Additionally, the MATS tool has a capability to perform an 
Unmonitored Area Analysis (UAA) that performs a spatial interpolation of the current year 
observed 8-hour ozone Design Values using the ozone concentration gradients calculated from 
the gridded model base year outputs. 

 
Because the nearest existing ozone monitoring location to the FNF is located in Canyonlands 
National Park, approximately 65 miles to the east, the UAA developed in the UBAQS was used to 
provide an assessment of impacts associated with this EIS.  Figures 3.12-2, 3.12-3, 3.12-4, and 
3.12-5 below present the current and future year predicted 8-hour ozone design values for the 
entire UBAQS modeling domain when using modeled meteorological conditions from base years 
2005 and 2006 respectively. Figures 3.12-6 and 3.12-7 present the projected increase or 
decrease in design value from the base to the future projection year. Depending on the current 
year meteorological inputs used for the modeling simulation, the area weighted average for the 
regions managed by the FNF. indicate current and future year 8-hour ozone design values that 
are at or near the existing 8-hour ozone NAAQS. 

 
Specifically, for the 2005 meteorological inputs, the current and future year 8-hour design 
values range from 70-86ppb depending on the sub-region of the forest that is analyzed. For the 
2006 meteorological inputs, the current and future year 8-hour design values range from 70- 
75ppb depending on the sub-region of the forest that is analyzed. Given the diversity in 
predicted impacts associated with meteorological inputs the predicted impacts are best 
reviewed in relative terms, i.e. one should review the predicted change in ozone concentrations 
due to emissions increases rather than due to meteorological inputs. Figures 3.12-6 and 3.12-7 
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below quantify just such an analysis. Depending on the particular sub-region of the forest, design 
values associated with the impact of potential future oil and gas development, as well as regional 
growth, is forecast to remain stagnant for much of the Forest with only a slight increase or 
decrease in some regions. Both growth and contraction of the region’s projected 8-hour ozone 
design values are constrained to less than one part per billion in ambient air. As a result, 
the predicted impacts from the UBAQS suggest that regional ozone in the project area is unlikely 
to vary significantly from its current monitored conditions. When combined with monitored 
ambient ozone data from Washington County, UT. The UBAQS study suggest that the ozone 
impacts in the region are likely to remain below the existing ozone NAAQS. 

 
Specifically, when recent official annual ozone data (observation year 2011) was released for the 
UDEQ ozone monitoring station at 1215 N. Lava Flow Drive, Santa Clara, Washington County, 
UT, the maximum 8-hour average for the entire reporting year was 71 ppb and the average was 
70 ppb. Ozone data for the same year from a monitoring station at 351 W 2500 E, Price, Carbon 
County, UT the maximum 8-hour average for the entire reporting year was 73 ppb and the 
average was 70 ppb.  These levels of maximum 8-hour ozone would suggest that a shift of only 
1ppb, as predicted by the UBAQS study would not be likely to produce ozone levels that would 
even approach the existing ozone  NAAQS. 

 
These findings support that the connected actions to leasing described in this EIS will not result 
in a significant impact on regional cumulative ozone concentrations. Although the UBAQS 
represents the best available peer-reviewed photochemical modeling simulation which includes 
the EIS project region, it should be noted that the UBAQS does have potential shortcomings that 
are recognized by the USFS. To ensure that all available information is provided with regard to 
the existing scientific evidence available for review, the following items should be noted in 
regards to the use of the UBAQS. 

 
1. There is not sufficient air monitoring data in the UBAQS modeling study, because at the time 
the study was performed, this data was not available for the area. 

 
2. The UBAQS primary modeling domain was subdivided into 12-km grid squares, instead of the 
preferred 4-km grids, for a large portion of central and eastern Utah and western Colorado. The 
accuracy of modeled predictions from a 12-km or greater grid spacing for areas of complex 
terrain has tended to be suspect. 

 
3. The UBAQS oil and gas focus area, and associated emission inventory within that area, 
comprised the six-counties of the Uintah Basin. The Fishlake N.F. occurs outside this focus area, 
but was covered within the overall UBAQS statewide modeling domain. 

 
4. The modeling domain was subdivided into 12-km grid squares to provide additional detail on 
the locations of existing oil and gas emission sources. It is not clear how hypothetical emissions 
from the Fishlake N.F. oil and gas leasing scenarios were reflected in the UBAQS study. 

 
5. The UBAQS future modeled predictions for year 2012 are not particularly useful for project 
development activities occurring beyond the year 2012. 

 
Given that the UBAQS does contain shortcomings, the USFS feels that its use is appropriate only 
in the limited exploration and development scenarios inherent to this EIS. Should proposed oil 
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and gas activity exceed the bounds of the scenarios reviewed in this analysis additional ozone 
analyses need to be completed to affirmatively defend the finding of this EIS. The specific 
requirements for additional analysis are included in the air quality CSU stipulation. 
Regional VOC and ozone effects monitoring is recommended utilizing existing regional modeling 
simulations. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.12-2 Current year 8-hour ozone Design Values (DVC) from the enhanced MATS unmonitored area analysis 
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Figure 3.12-3 Current year 8-hour ozone Design Values (DVC) from the enhanced MATS unmonitored area analysis 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.12-4 Projected 2012 8-hour ozone Design Values (DVF) from the enhanced MATS unmonitored area 
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Figure 3.12-5 Projected 2012 8-hour ozone Design Values (DVF) from the enhanced MATS unmonitored area 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.12-6 Differences in the projected 2012 (DVF) and current year (DVC) 8-hourozone Design Values from the 
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Figure 3.12-7 Differences in projected 2012 (DVF) and current year (DVC) 8-hour ozone Design Values 

 
 

Secondary PM2.5 
As with ozone, secondary PM2.5 is not directly emitted into the atmosphere. Instead, secondary 
PM2.5 is formed through the chemical combination of precursor pollutants that have been 
released into the ambient atmosphere. As a result, PM2.5 must be assessed utilizing a regional 
photochemical modeling simulation. As with ozone, based on a review of the costs associated 
with completing such an analysis, the USFS was compelled to develop the secondary PM2.5 

analysis utilizing existing scientifically credible information.  Reliance on the Uinta Basin Air 
Quality Study (UBAQS) for the ozone portion of this EIS that study was once again selected as 
the most representative and recently produced assessment of PM2.5 for the Fishlake EIS region. 
Although the UBAQS contains shortcoming, it remains the most recently developed and 
technically defensible assessment of region-wide total (primary and secondary) PM2.5 impacts 
for the FNF region. 

 
The UBAQS produced an assessment of absolute modeled PM2.5 concentrations. These values 
were generated for the entire 12km modeling domain and can be used for direct comparison to 
the NAAQS, which are 35 μg/m3 for the 24-hour average and 15 μg/m3 for the annual average. 
As with the ozone modeling, the absolute modeled PM2.5 concentrations were calculated based 
upon "current" and "future" year emissions assessments.  The current year emissions were 
based on assessments of emissions as they occurred during calendar year 2006 while the future 
year emissions where based on forecasted emissions growth for all sources to the year 2012. 
Each of these emissions scenarios were modeled utilizing two sets of meteorological conditions. 
Those observed in calendar year 2005 and those observed in calendar year 2006. These  
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simulations were then used to calculate the absolute modeled PM25 impacts.  Annual average and 
24-hour average PM25 plots for both meterological years are shown below. 
 

 

 

 

Figure 3.12-8 Modeled annual average PM 2.5 for comparison to NAAQS for 2005 and 2006 
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Figure 3.12-9 Modeled 24-hour average PM25 for comparison to NAAQS for 2005 and 2006 
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For the 2005 meteorological year, the current and future year emissions scenarios show PM2.5 

annual average values less than 15 μg/m3 everywhere in the 12 km domain, including 
throughout the entire Fishlake EIS study region, indicating compliance with the NAAQS. In both 
the current and future year emissions scenarios, the maximum annual average PM2.5 value 
within the 12 km domain is 14 μg/m3 which occurs in the Salt Lake City region. Values within the 
Fishlake EIS study region are not predicted to exceed approximately 6 μg m3. 

 
For the 2006, meteorological year, the annual PM2.5 is within the NAAQS everywhere within the 
12 km domain except in the Salt Lake City area, where the maximum value is 17 μg/m3 in both 
the current and future year emissions scenarios. In both the 2005 and 2006 meteorological 
years, there is a secondary PM2.5 maximum extending from the center of the modeling domain 
southwest toward the Utah-Arizona border, but this region of elevated PM2.5 does not exceed 
the annual average standard. The annual average PM2.5, impacts are greater in the 2006 
meteorological year than in 2005; however in no modeled scenario does absolute PM2.5 impacts 
exceed 9 μg/m3 in the Fishlake EIS study region. Figure 3.12-9 shows that the 98th percentile of 
the 24-hour PM2.5 (8th highest 24-hour average) is less than the 35 μg/m3 standard over much 
the domain for both the current and future year emissions scenario, but exceeds 35 μg/m3 in 
the Salt Lake City area and in the Uinta/Pinceance Basin in east-central Utah/west-central 
Colorado for both meteorological years. However, in both meteorological years, the Fishlake EIS 
study region is predicted to remain below the 35 μg/m3 standard, and in most locations of the 
forest the impacts are predicted to be significantly below that value. 

 
The pattern of changes in annual and 24-hour average PM2.5 going from current to the future 
year emissions scenarios are similar in the 2005 and 2006 meteorological years. Maximum 
increases occur in northeastern Utah in the Uinta Basin and along the Arizona-Utah border and 
maximum decreases occur in western Colorado in the Piceance Basin, in Southwest Wyoming, 
and around Salt Lake City. In the Fishlake EIS study region, PM2.5 impacts are projected to remain 
relatively constant and will not posed a threat to exiting PM2.5 NAAQS on either an annual or 24- 
hour timescale. 

 
Climate Change 
Climatic conditions have, to some degree, already been affected by climate change and thus 
these past and current climate change effects are already included in the impact analysis of the 
EIS. Future climate change has the potential to further impact many of the same environmental 
resources in ways that are described in Appendix E. 

 
It is difficult to predict with any certainty the cumulative effects of future climate change along 
with the environmental impacts already described in the EIS. The IPCC continental-scale 
modeling conducted for North America indicates warmer temperatures and generally less 
precipitation in the southwest U.S. on an annual basis (Christensen et al. 2007, p.850, p.887- 
888). For the western U.S., the IPCC modeling suggests modest changes in average annual 
precipitation ranging from slightly less than normal in the south to slightly greater than normal 
in the north. Change in winter precipitation is predicted to be variable with more winter 
precipitation in the northern part of the western U.S. and less in the Southwest. Summer 
precipitation is predicted to be less throughout the West. However, it is also noted that the 
continental-scale regions encompass a broad range of climates and are too large to be used as a 
basis for conveying quantitative regional climate change information. The IPCC projection of less 
warming over the ocean than the land, and amplification and northward displacement of the 
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subtropical anticyclone is likely to cause a decrease in annual precipitation in the southwestern 
U.S. (Christensen et al. 2007). According to the Fourth Assessment Report of the IPCC 
(Christensen et al. 2007), the following general climate change projections were made for the 
southwest U.S.: 

 
 Seasonally, warming is likely to be largest in summer. 
 Maximum summer temperatures are likely to increase more than the average summer 

temperature. 
 Annual mean precipitation is likely to decrease. 
 Snow season length and snow depth are very likely to decrease. 

 
Wagner et al. (2003) reviewed the work of a number of climatologists, evaluated 20th century 
climate records for trends, and conducted two large computer models with the assumption that 
CO2 concentrations would double in the 21st century to predict climate change effects in the 

Great Basin/Rocky Mountain region. They noted that use of global-scale models cannot be 
expected to project climate changes at localized areas with highly variable climates and great 
topographic variation like the Great Basin/Rocky Mountain area. Their modeling results showed 
year-round increases in temperature with the greatest increases occurring in winter. They also 
showed that annual precipitation was predicted to increase with the greatest increase occurring 
in winter. 

 
Most of Utah's water resources originate in mountainous areas above 6,500 feet in elevation, 
which cover about 19 percent of the state (BRAC 2007). The primary source of this water is 
snowpack, which releases months of stored precipitation in about 4 to 8 weeks during spring 
and summer, as described in Section 2.3.2 of Appendix E. Clear and robust long-term snowpack 
declines have yet to emerge in Utah’s mountains, as they have in low-elevation mountains in 
other states (i.e., in the Pacific Northwest and California). In addition, recent temperature 
increases in Utah appear to have had little impact on snowpack in the high mountains of the 
Intermountain West. However, studies of precipitation and runoff over the past several 
centuries and climate model projections for the next century indicate that ongoing GHG 
emissions at or above current levels will likely result in a decline in Utah’s mountain snowpack, 
thus the threat of severe and prolonged episodic drought in Utah is real (BRAC 2007). In 
addition, changes in snowpack will result in a declining water supply. Current climate models 
project a decline in summer precipitation across all of Utah (BRAC 2007). 

 
The population of the Intermountain West (eight states including Utah) is projected to increase 
by 65 percent from 2000 to 2030, representing one-third of all U.S. population growth (USGCRP 
2009). Between 2000 and 2005, Utah was among the five fastest growing states in the U.S. (US 
GCRP 2008). Projections of decreased snowpack and earlier spring melting suggest lower stream 
flows in the future, particularly during the high-demand period of summer (USGCRP 2008). 
There is a high likelihood that water shortages will limit power plant electricity production in 
many regions, and constraints in production by 2025 are projected in ten states including Utah 
(USGCRP 2009). 

 
Forests are generally adapted to recent climatic conditions and variability (Hamrick 2004), but 
the rate of temperature change expected during the next century will greatly exceed that 
produced naturally over the past several thousand years. Apart from other human-related 
factors such as forest management practices and land-use changes, future climate change is 
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likely to contribute to drier conditions in Utah forests as well as increased wildfire intensity, 
more insect outbreaks, and reduced forest health. 

 
Droughts in Utah have exacerbated declining forest health across the state, and consequently 
Utah’s forests have become more susceptible to intense wildfire, insects, and disease (UDNR 
2003). The ecological impacts of wildfires as well as forest pests and diseases are expected to 
rise with climate warming, with extended periods of high fire risk and large increases in area 
burned (IPCC 2007b; USGCRP 2009). A study of historical spruce beetle outbreaks on the 
Markagunt Plateau revealed that small-scale disturbances have been the norm over the past 
century, and that large-scale outbreaks occurring in recent history (in the early 1990s, in this 
study) are an unprecedented phenomenon (DeRose and Long 2007). 

 
The extent of sagebrush habitat is expected to decline in the future due to climate change, if 
current predictions are realized, due in large part to the expansion of cheatgrass (Bromus 
tectorum) under increased carbon dioxide conditions, which would fragment sagebrush habitat 
and lead to more frequent wildfires (FR 75(55):13910-14014, published 23 March 2010). A 
decline in sagebrush would indirectly affect wildlife, including special status species that depend 
on sagebrush, such as greater sage-grouse (Candidate) and pygmy rabbit (Sensitive). 

 

3.13 SOCIAL/ECONOMIC 
 

3.13.1 Affected Environment 
 

This section addresses those aspects of the social and economic setting that are likely to be 
affected by leasing and subsequent exploration and development predicted in the RFDS as 
indicated in the issues statements. 

 
The FNF covers parts of Beaver, Garfield, Iron, Juab, Millard, Piute, Sanpete, Sevier, and Wayne 
counties in central Utah. Rural communities, farms, ranches, and residences which could be 
affected are generally located in the valleys between the individual mountainous units of the 
FNF. 

 
The people in the rural areas have a highly developed sense of place and connection to the land 
based on the settlement history, general lifestyle, water needs, and socio-economic dependency 
on the adjacent lands and resources. The FNF lands provide much of the primary scenery, 
resources, economic opportunities, and recreation opportunities needed to sustain the lifestyles 
and economies of the people living in the area, and to non-residents visiting the area for various 
reasons. Most non-residents are traveling through the area on the Interstate and State 
highways, taking advantage of recreation opportunities in the area, or are involved with 
development of resources (water, timber, minerals, recreation, etc.). 

 
Agriculture continues to be a major industry today, but other non-agriculture economic 
segments have gained local importance. Families of the original settlers and other residents 
have close ties to their settlement history, the environment, and economic opportunities 
associated provided by NFS lands. The attitudes toward development of NFS lands, in contrast 
to non-commodity natural values are quite diverse within the adjacent communities. 
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The potential effects that oil and gas leasing and subsequent oil and gas exploration and 
development could have on the social and economic setting of the counties and communities in 
the vicinity of the FNF and on the local and state economies have been identified as issues for 
detailed analysis in this EIS.  Changes to employment, housing, duration of oil and gas industry 
jobs and consistency with local and county planning goals were identified as evaluation criteria 
in making decisions regarding leasing.  Just as important, were the financial returns to federal, 
state and local governments in the form of royalty payments and taxes. 

 

 
 

3.13.2 Environmental Consequences 
 

General Effects to Social and Economic Elements 
The direct social and economic effects of oil and gas leasing on the FNF will be increased 
employment and earnings in the area surrounding the forest. The effects will actually occur in 
cities and towns surrounding the FNF, and not on the forest lands themselves.  Spending by the 
oil companies and employee spending result in indirect and induced economic impacts in the 
area.  Revenues from the shares of royalties and severance taxes also provide positive financial 
gains to the state and counties where the leasing occurs. 

 
Energy development can bring with it economic prosperity in the form of increased 
employment, higher incomes, and an increased tax base. Development can also cause adverse 
effects if local communities cannot accommodate population increases associated with the 
development. The influx of workers and their families could cause changes in social structures 
and life styles and impose economic hardships if the need for public facilities and services arises 
before adequate local revenue sources are generated within the region. 

 
Challenges that communities might face include a shortage in the supply of permanent and 
rental housing, inadequate infrastructure, overburdened medical facilities, schools and public 
services. The severity of impacts depends on site-specific factors such as local population size 
and growth rates, population densities in the affected communities and surrounding areas, 
proximity to regional population centers, availability of service, and retail businesses, and 
institutional capabilities to plan for, manage and finance necessary infrastructure facilities (U.S. 
General Accounting Office, 1982). 

 
The prosperity and severity associated with energy development is also a function of project 
scale and duration. Large projects in close proximity to population centers will affect local 
communities more profoundly than self-contained, small-scale projects located far from local 
communities. Projects that encourage large-scale movement of people into an area for short 
time periods may also present serious challenges to local communities. 

 
Under the various leasing options for development of the FNF oil and gas resources a variety of 
changes in the human environment of the study area could occur. Direct effects would include 
changes in employment and income that result from new jobs in the community for local 
residents during the exploration, development, and/or production phases. Indirect changes 
could take the form of increased business for local merchants and professionals (which would 
also increase the demand for labor), and possibly increase the population if development 
activities induce people to relocate permanently to the area. 
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Effects to Social and Economic Elements by Alternative 

 
Alternative A 
This is a no action/no lease alternative and maintains the status quo of direction on NFS lands in 
the four ranger districts. With this alternative, the RFDS would not come into play and no new 
oil and gas leasing would be allowed on the FNF. Existing leases would not be affected. 
However, when these leases expire, no new leases would be authorized. Alternative A would 
have no impact on local communities in the study area. 

 
Alternative B 
This alternative allows exploration in virtually all parts of the Forest. With Alternative B, all of 
the Forest would be open to leasing. Over 55 percent of the FNF would be available for leasing 
with LN, no road construction, and nearly 45 percent would be available for STL&C.  All zones of 
High, Medium and Low development potential are represented for leasing and a full RFDS 
should be assumed. Table 3.13-1 below, illustrates the potential revenues from full 
implementation of the RFDS.  In all counties, except Piute County, the creation of 11.3 jobs 
directly related to oil and gas exploration and development, and the 34.4 indirect jobs created, 
would be a relatively low impact on the local economies and housing and schools.  If all the jobs 
created were all placed within Piute County, the impacts to the local economy and housing 
would be moderate given the smaller population of the county and the related community 
infrastructure. 

 
Alternative C 
This alternative allows exploration on a smaller portion of the Forest than Alternative B. With 
this alternative, 0.9 percent would be NL, 43 percent would be leasable with NSO, 13.6 percent 
would be available with a LN and TL, 16.9 percent would be available under a LN, 5.1 percent 
would be available under CSU and TL, 4.9 percent would be available under CSU, 9.8 percent 
would be available with SLT&C and TL, 5.7 percent would be available under SLT&C.  See 
Alternative C Map for details on the distribution of these stipulations. 

 
Under this alternative, nearly 99 percent of the FNF could be leased, but would be 
technologically unavailable with the high number of acres that are NSO. Drilling could 
directionally access NSO areas for a mile laterally from the well site, but no assumption is made 
as to how much of this would occur.  Nearly all zones of High, Medium and Low development 
potential are represented for leasing and a full RFDS should be assumed. Table 3.13-1 below, 
illustrates the potential revenues from full implementation of the RFDS.  In all counties, except 
Piute County, the creation of 11.3 jobs directly related to oil and gas exploration and 
development, and the 34.4 indirect jobs created, would be a relatively low impact on the local 
economies and housing and schools.  If all the jobs created were all placed within Piute County, 
the impacts to the local economy and housing would be moderate given the smaller population 
of the county and the related community infrastructure. 

 
Alternative D 
This alternative makes available a much smaller portion of the FNF to exploration activities. 
With this alternative, 67.2 percent is unavailable under NL, 28.8 percent is available under NSO, 
0.5 percent is available under LN, less than 2 acres available under CSU, and 3.5 percent is 
available under SLT&C.  See Alternative D Map for details on the distribution of these 
stipulations. 

 
186 



 

Final Environmental Impact Statement Fishlake National Forest Oil and Gas Leasing Analysis 
 

 
 

Under this alternative over 2/3 of the FNF cannot be leased.  This also decreases the possibility 
of reaching NSO acres by directional drilling.  This alternative only makes a little more than 
59,000 acres available with some form of occupancy in any of the High, Medium or Low potential 
zones.  It is unlikely that full implementation of the RFDS could be achieved. For this analysis, at 
least one well field would not be developed and the resultant values being envisioned in the 
above figures would likely be halved.  Using this scenario, only half of the expected jobs could be 
anticipated as in Alternatives B and C.  In this same alternative, it is likely that only half of the 
community impacts could be expected as well, making the draw on the social infrastructure low 
in any of the counties in the impact area. 

 
 

Table 3.13-1: Revenue potential from full implementation of the RFDS 
Average Production (barrels)

7
  1,095,000 

Price per Barrel
1
  $64 

Value of Production  $70,080,000 

Federal Royalties   
 Royalty Rate 0.125 

 Total Royalty Paid $8,760,000 

 Amount Redistributed to Utah
2
 $4,390,000 

 Amount Redistributed from Utah to  Counties
3
 $1,752,000 

Utah Severance Tax
4
   

 Rate on first $13/barrel 0.03 

 Rate on value above $13/barrel 0.05 

 Amount paid to Utah $3,219,300 

Property (Ad Valorem) Tax   
 Rate

5
 0.01 

 Payments $700,800 

Conservation Fee
6
   

 Rate 0.002 

 Payments $140,160 
1 Average of real (2008) Utah annual domestic crude oil first purchase price 92004-2008) 
2 Half of federal royalty payment is returned to the State 
3 40% of royalty payment returned to state is then returned to local governments or counties affected by wells via Utah Department 
of Transportation funds 
4 Severance tax = 3% on the value of oil up to the first $13 per barrel. Rate increases to 5% of the value from $13.01 and above per 
barrel of oil. Severance taxes are paid to the state of Utah Uinta Basin and Navajo Revitalization Fund. 
5 Rate based on average of assessed values and taxes charged, by county, in 2007 for affected counties 
6 Conservation fee is two tenths of a percent of value of oil and gas produced and saved, sold, and transported from field where oil 
and gas is produced 
7 Based on lower-bound estimate of 6,000 barrels per day for the Sevier Frontal Zone field and 30 wells in production (6000/30=200 
barrels per day per well x 15 wells in operation on average x 365 days) 

 
Cumulative Effects 
Depending on the viability of the production field, oil and gas operations in the FNF could be 
long-term. The associated economic impacts then would also be long-term. Depending on the 
location of the production field, the magnitude of these impacts ranges from negligible to 
moderate. The cumulative effects of oil and gas development on the FNF in Alternatives B and C 
are estimated at 45 jobs and $1.8 million in annual wages for the nine-county area. Alternative 
D would be about half of the jobs and revenue. 

 

3.14 SHORT-TERM USES AND LONG-TERM 
PRODUCTIVITY 

 

NEPA requires consideration of “the relationship between short-term uses of man’s 
environment and the maintenance and enhancement of long-term productivity” (40 CFR 

 
 

 
187 



 

Final Environmental Impact Statement Fishlake National Forest Oil and Gas Leasing Analysis 
 

 
 

1502.16). As declared by the Congress, this includes using all practicable means and measures, 
including financial and technical assistance, in a manner calculated to foster and promote the 
general welfare, to create and maintain conditions under which man and nature can exist in 
productive harmony, and fulfill the social, economic, and other requirements of present and 
future generations of Americans (NEPA Section 101). 

 
Alternative A 
Since no oil and gas activity is planned, no minerals would be produced for human benefit.  No 
new jobs or additional sources of revenue for federal, state and local purposes would be 
generated. Impacts to the housing market, educational facilities, hospitals or other social 
services would not occur if this alternative were selected.  Dependence on foreign oil would 
remain the same. 

 
Alternative B 
This alternative has the greatest potential to provide financial returns to Federal, State and Local 
governments, as well as the greatest number of jobs, due to the largest land base made 
available for oil and gas exploration and production, as envisioned under the RFDS.  It has the 
greatest potential to decrease the need for foreign oil dependence, keeping dollars earned in 
the United States. 

 
This alternative has the greatest potential to affect the housing market, though minimal to 
moderate impacts are predicted in the socio-economic analysis. Other social services, such as 
education and medical care could be increased with the influx of workers, though the tax base 
through royalties, rentals and workers’ income taxes could offset those concerns on balance or 
even a positive side. 

 
Air quality would meet NAAQS and FLAG standards.  Short-term construction and drilling would 
impact well sites for a matter of months. When downhole operations are completed, the well 
pad would be reduced for long term production.  If the exploration well did not produce, pads 
and roads would be reclaimed to a productive vegetative state. Long-term productivity in terms 
of losses to soil, water, and wildlife would be incrementally small, even if the RFDS were played 
to the fullest extent. Once reclamation occurred, those losses would cease. 

 
Scenery objectives could be compromised on a small scale during the life of the oil and gas 
operations, though BMP’s should minimize those losses.  Guidelines for scenery objectives 
would also provide protection of recreation areas, both developed and undeveloped areas.  No 
long-term loss of recreation opportunity is expected, though short-term effects could be felt 
through increased traffic and noise during construction over a matter of months. 

 
Climate change, through the development of oil and gas, would be infinitesimally small, even on 
a local scale. The refining and use of oil and gas products could contribute to greenhouse gases 
on a much broader scale, though it is unknown by this analysis, whether more or less GHG are 
produced by domestic production in Utah, vs. importing oil products from other parts of the 
world. 

 
Alternative C 
This alternative is similar in scope to Alternative B, though a higher number of acres are 
protected from actual well sites and roads. Economically, it is identical to B as well, as the RFDS 
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has the same potential to be played out, though there may be increased costs of production to 
reach oil and gas with directional drilling.  Long-term productivity would be nearly the same, but 
through NSO there would be greater contiguity of acres not impacted with roads and well sites. 

 
Alternative D 
This alternative places long-term productivity of the NF lands as its highest priority, giving the 
smallest returns to Federal, State and Local governments.  Energy dependence on foreign oil is 
decreased the least under this scenario, with more dollars spent outside of the United States. 

 
The likelihood of directional drilling is highest due to the amount of land actually available to 
site roads and well pads, thus increasing costs of production. There is a possibility that more 
road construction could occur under this alternative so that isolated tracts available for oil and 
gas activities could be reached. 

 
The socio-economic report implied that half (or less) of the revenues would be realized under 
this alternative and would likely not meet the RFDS or the intent of FOOGLRA.  Impacts to 
community services, housing and the local job market would be very minimal, as would 
economic growth from the oil and gas sector occur. 

 
Air quality would meet NAAQS and FLAG standards.  Short-term construction and drilling would 
impact well sites for a matter of months. When downhole operations are completed, the well 
pad would be reduced for long term production.  If the exploration well did not produce, pads 
and roads would be reclaimed to a productive vegetative state. Long-term productivity in terms 
of losses to soil, water, and wildlife would be incrementally small, with the RFDS reduced to half 
or less.  Once reclamation occurred, those losses would cease. 

 
Recreational and scenery objectives would likely be met, though some short-term impacts could 
occur.  Any potential impacts to wildlife and botanical communities are largely protected by NSO 
and NL. 

 
Any potential climate change impacts from exploration and production would likely be halved or 
less, though it is unknown, by this analysis, whether more or less GHG would be generated on a 
global scale by importing oil products from other parts of the world. 

 

 
 

3.15 UNAVOIDABLE ADVERSE EFFECTS 
 

Unavoidable adverse effects are those effects of an alternative which can’t be avoided through 
mitigation or project design after application of lease stipulations specified for the specific 
alternative being analyzed. 

 
All of the action alternatives have the inherent distinction of a well pad and some length of road 
being built to access the site.  Although this is unavoidable, numerous BMP’s found in the Gold 
Book, the COA’s made a part of the SUPO, and CFR’s make this construction at the highest 
reasonable standard, minimizing effects and effectively screening it to the extent possible. The 
NF lands will be impacted with drilling operations spaced over a 15 year period, as envisioned in 
the RFDS. That can detract from the natural beauty of the forest, causing some temporary noise 
and traffic.   However, to keep this in perspective, it still affects only about 0.08% of the entire 
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forest.  That acreage figure decreases even more if the well does not produce and the site is 
reclaimed. 

 
Facilities will be onsite if oil and gas is discovered, such as well head pump jacks, a heater treater, 
tank batteries, a compressor and associated pipes.  If well pumps are electrified, power lines to 
the wells will be needed, although they can be buried to reduce scenery impacts. Well pads used 
for production will be reduced in size by over half and fenced to keep wildlife and livestock from 
entering the site. Reclamation standards will enforce the use of grasses and forbs that are 
common and native to the area to bring productivity back to the site.  Any new roads that are 
constructed will be gated to prevent public motorized traffic, thus keeping compliance with the 
Fishlake NF Motorized Travel Plan. 

 
BLM, FS and State of Utah inspectors will be onsite before, during and after drilling to assure 
compliance of the BMP’s. From a long-term perspective, oil wells have an anticipated life of 
approximately 30 years.  Once production has ceased, the operator will be required to reclaim 
the site, and bonding will assure the job is done. 

 
Alternative A 
As no oil and gas facilities will be built, unavoidable adverse effects upon the land will not occur. 
However, no domestic production will occur on Fishlake NF lands, therefore no receipts to the 
Federal, state or local economies will accrue. 

 
Alternative B 
Since this alternative has the greatest amount of land available for oil and gas activities to be 
actually sited on NF surface, it has the greatest potential of drilling, road construction, pad 
development and construction.  Although BMP’s will be employed, if the full RFDS were 
developed and reclamation occurred, there would be approximately 350 acres with oil and gas 
facilities and about 20.6 miles of road that would be maintained by lessees for access to well 
sites.  Approximately 565752 animal unit months (AUM) could possibly be eliminated due to 
reduced forage production (without mitigation.) Wildlife access to these acres would be 
restricted as well, due to fencing. 

 
This alternative relies heavily on SLT&C to mitigate impacts, but also the COA’s provided in the 
Fishlake NF Oil and Gas Operating Standards and Well Site Design requirements, the Gold Book, 
and the R4 Oil and Gas Road Guidelines would be enforced to protect not only wildlife and other 
natural resources, but recreation and scenery objectives. 

 
Alternative C 
This alternative is similar in scope to Alternative B; however, less land is available for oil and gas 
activities.  It is still expected that the full RFDS could be played out under this alternative. 
Longer drilling times could be anticipated due to more land placed in NSO, and thus the 
potential for directional drilling cost is increased. 

 
Alternative D 
This alternative very likely would not provide the ability for the RFDS to be played out in full and 
is estimated to be half or even less in scope than Alternatives B or C. There is a very high 
proportion of the forest placed in No Lease status or NSO.  Where lands could be leased and oil 
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and gas activities could actually be sited, the same unavoidable adverse effects would be the 
same, though on a smaller scale. 

 

 
 

3.16 IRREVERSIBLE AND IRRETRIEVABLE 
COMMITMENTS OF RESOURCES 

 
Irretrievable commitments are those that are lost for a period of time, such as the temporary 
loss of timber productivity or range capacity for wildlife and livestock in areas that are cleared 
for a well pad and road. Irreversible commitments of resources are those that cannot be 
regained, such as the extinction of a species or the removal of oil and gas (once extracted can’t 
be renewed within human concept of time.) The environmental effects discussions above 
describe irreversible losses of minerals such as oil and gas in all the action alternatives. 
Depletion of those resources would be as a result of mineral extraction through drilling and 
pumping. 

 
Alternative A 
Since there will be no leasing, no oil and gas activities will occur and therefore incur no 
irreversible or irretrievable commitments of resources. 

 
Alternative B 
Since this alternative gives greatest access for oil and gas development, it stands as having the 
greatest potential for irreversible commitment to the removal of oil and gas minerals beneath 
NF lands. 

 
Irretrievable losses of resources such as soils, vegetation, water, wildlife and range production 
will occur over the life of leasing and oil and gas production, and until the roads and well sites 
are reclaimed. 

 
Alternative C 
Although this alternative is similar to Alternative B, fewer acres are actually available for leasing 
and siting of oil and gas activities. The potential exists that fewer minerals could be depleted 
because fewer acres are available, though this alternative still gives enough latitude for the 
RFDS to be realized.  More fuel/energy/cost could be expended to find oil because more land is 
placed in NSO, thus increasing the need for directional drilling. 

 
Irretrievable commitments to soils, wildlife and plant life are reduced in this alternative due to 
more habitat being protected, moving wildlife and botanical needs ahead of human needs for oil 
and gas production. 

 
Alternative D 
The commitments for this alternative are the same in Alternatives B and C, but on a much 
smaller scale. Wildlife, soils and plants are given the greatest consideration in lieu of human 
needs for oil and gas products. 
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3.17 OTHER REQUIRED DISCLOSURES 
 

NEPA at 40 CFR 1502.25 (a) directs “To the fullest extent possible, agencies shall prepare 
environmental impact statements concurrently with and integrated with …other environmental 
review laws and executive orders.” 

 
The Forest Service has consulted with several State and Federal agencies in preparation of this 
DEIS. The U.S. Department of Interior, Bureau of Land Management, and Fish and Wildlife 
Service and National Park Service have been contacted and participated in coordinating this 
proposed action. The Environmental Protection Agency has participated heavily in air quality 
issues, and will review this entire document. The State of Utah has participated through the 
Department of Parks and Recreation, Division of Wildlife Resources, Division of Water Quality, 
Division of Oil Gas and Mining, Division of Air Quality, and the Division of Environmental Quality. 

 
Formal coordination will continue using established procedures of the various agencies. A 
Programmatic Agreement between the FNF and the Utah State Historical Preservation Office 
has been signed and will be implemented to assure that the National Historic Preservation Act is 
followed. Consultation with the Fish and Wildlife Service as required by the Endangered Species 
Act has been completed, and a Biological Opinion has been issued to the Forest Service, dated 
January 19, 2012. 

 
This document, and accompanying project file, discloses numerous effects required by Federal 
laws and Executive Orders such as Executive Orders 13112 regarding invasive species, 13211 
regulations about energy production, and 13212 regarding expediting energy projects, 13302 
strengthening agency energy project completion, and 13423 strengthening federal energy 
conservation and reducing greenhouse gases, 11990, 11998, and Section 404 of the Clean Water 
Act. These laws require federal agencies to avoid the degradation of wetlands and floodplains. 

 
The Migratory Bird Treaty Act and Bald and Golden Eagle Protection Act prohibits take of 
migratory birds and eagles. Application of the NSO stipulation in bald eagle winter concentration 
areas, and implementation of the terms contained in the migratory bird Lease Notice prior to 
surface disturbance, would greatly reduce, prevent the likelihood of take of eagles and 
migratory birds. 

 
Any oil and gas development activities would have to comply with the Clean Air Act, the Utah air 
quality rules and regulations, as well as oil and gas specific US Environmental Protection Agency 
(EPA) regulations. 
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4.0 CONSULTATION AND COORDINATION 
 

4.1 PREPARERS AND CONTRIBUTORS 
 

The Forest Service consulted the following individuals, Federal, State, and local agencies, tribes 
and non-Forest Service persons during the development of this environmental assessment: 

 
 

Table 4.1-1: Forest Leadership Team Members 
NAME ASSIGNED UNIT POSITION 

Mary C. Erickson (transferred) 
Allen Rowley 

 
Supervisors Office 

 
Forest Supervisor 

Robert Gardner (retired) 
Mel Bolling (transferred) 
Del Barnhurst 
 
 

Fillmore Ranger District District Ranger 

Kurt Robins Fremont River Ranger District District Ranger 

Terry Krasko (transferred) 
David Sabo (transferred) 
Dale Olson (transferred) 
Amy C. Barker 

 
Beaver Ranger District 

 
District Ranger 

Fred Houston (retired) 
L. Robert Tuttle 
Jason Kling 

Richfield Ranger District District Ranger 

Max Reid (retired) 
Mel Bolling 

Supervisors Office Public Services Staff Officer 

Steve Rodriguez Supervisors Office Forest Engineer 

Diane Freeman Supervisors Office Ecosystem Staff Officer 

Davida Carnahan (transferred) 
John Zapell 

Supervisors Office Public Affairs Officer 

Rick Higgenbotham (retired) 
Kim Soper (retired) 

Interagency Fire Organization Forest Fire Management Officer 

Glen Heaton (transferred) Supervisors Office Administrative Officer 

Rich Persons (retired) Supervisors Office Budget Officer 

Stanley Adams (retired) Supervisors Office Safety Officer 

Melody Johns Supervisors Office Administrative Operations 
Specialist 

 
 

Table 4.1-2: Interdisciplinary Team Members 
NAME ASSIGNED UNIT AREA OF EXPERTISE 

Carter Reed (retired) 
Robert Ernst (transferred) 
Frank Fay (transferred) 

Terry Krasko (transferred) 
Shelly Dyke (retired) 

Rob Hamilton 

 
 

Supervisors Office 
 

USFS ACT2 Enterprise Unit 
Supervisors Office 

Team Leader, Geologist 

Team Leader, Geologist 
Team Leader, Planner 
Team Leader, Minerals 
Team Leader, NEPA Specialist 
Team Leader, Resource 

Mike Smith (retired) Supervisors Office Soils Scientist 

Dale Deiter (transferred) 
Adam Solt 
Pete Haraden 

 
Supervisors Office 

 
Hydrologist 

Robert Leonard Supervisors Office Archeologist 

David Tait Supervisors Office Botanist 

James Whelan Supervisors Office Fisheries Biologist 

Chris Colt (transferred) Supervisors Office Wildlife Biologist 

Sean Kelly Fillmore Ranger District Wildlife Biologist 

Craig Harmon BLM/Richfield Field Office Tribal Relations Specialist 

Arthur Partridge Supervisors Office Rangeland Management 
Specialist 

Christopher Wehrli 
(transferred) 

Supervisors Office NEPA Coordinator 
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Daniel Bond (retired) Supervisors Office Civil Engineering Technician 

Kathy Twitchell Supervisors Office Realty Specialist 

Kevin Draper (transferred) Supervisors Office Landscape Architect 

Matthew Vellinga Supervisors Office Civil Engineer 

Russell Reading Supervisors Office GIS Specialist 

Dale Harber Centralized National Organization Geologist 

Marianne Orton Supervisors Office NEPA Coordinator 

Doug Robison Supervisors Office NEPA Specialist 

 
Public Affairs Team: 
Davida Carnahan – Fishlake NF/BLM Richfield Field Office Public Affairs Officer 
John Zapell – Fishlake NF Public Affairs Officer 
 
Interagency/Forest/Interforest Planning and Support: 
Allen Henningson – Supervisors Office, Silviculturalist 
Bert Hart – Oil and Gas Inspector, BLM Richfield Field Office 
Bill Wright (retired) – Fillmore Ranger District, Forester 
Cindy Mackelprang (retired) – Beaver Ranger District, Forestry Technician 
Cory Norman – Central Utah Interagency Fire Organization, Forestry Technician 
Dan Washington – Smoke Coordinator, Utah State/BLM 
Dave Bell (retired) – Fremont River Ranger District, Forester 
Dave Christensen – Richfield Ranger District, Forester 
Del Barnhurst – Fillmore Ranger District, Rangeland Management Specialist 
Glen Nebeker – BLM Utah State Office 
Gretchen Merrill – Public Service Group Officer, Dixie NF 
James Hanley – US EPA, Region 8, NEPA Compliance and Review 
Jo Ann Stenten – Fremont River Ranger District, Fishlake National Forest, Wildlife Biologist 
Judy Nordstrom – Land Law Examiner, BLM Utah State Office 
Justin Johnson – Central Utah Interagency Fire Organization, Forestry Technician 
Kent Chappell – Central Utah Interagency Fire Organization, Forestry Technician 
Kenton Call – Public Affairs Officer, Dixie NF 
Kreig Rasmussen – Richfield Ranger District, Wildlife Biologist 
Linda Chappell – Dixie and Fishlake NF Fire Ecologist 
Monty Cartwright – Beaver Ranger District, Forestry Technician 
Rick Oyler – Fremont River Ranger District, Rangeland Management Specialist 
Rob Hamilton – Fremont River Ranger District, Resource Specialist 
Russell Ivie – Central Utah Interagency Fire Organization, Forestry Technician 
Stan Anderson – Richfield Bureau of Land Management, Fuels Specialist 
Steve Brazier - Fremont River Ranger District, Hydrologist 
Susan Baughman – Minerals Specialist, Dixie NF 
Terry Catlin – Leasing Team Leader, BLM Utah State Office 
Todd Murray – Central Utah Interagency Fire Organization, Forestry Technician 

 
Forest Service Region 1, 2 and 4 Support: 
Barb Schuster – R4 NEPA, Appeals and Litigation 
Diana Schmidt – Paralegal, R4 
Jeff Sorkin – Air Quality Program Manager, R2 and R4 
Kay Shurtz, Transportation Engineer 
Melissa Blackwell, R4 Planning Coordinator 
Pete Zimmerman – R1 NEPA, Appeals 
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Raymond G. Smith – R1 Acting Regional Appeals Coordinator 
Fred Noack – R4 Environmental Coordinator 

 
Centralized National Operations for Minerals Support: 
Barry Burkhardt – Asst. Dir. for Leasable Minerals (retired) 
Melody Holm – Geologist 
Tim Abing - Leasable Minerals 

 
Rocky Mountain Research Station: 
Linda Joyce – Quantitative Ecologist and RPA Climate Change Specialist 
Washington Office Support: 
Chris Miller, Economist, Content Analysis Team 

 
FEDERAL, STATE, AND LOCAL AGENCIES: 
USDI Bureau of Land Management 
USDI Fish and Wildlife Service 
US Environmental Protection Agency 
State of Utah Office of the Governor 
Utah Division of Wildlife Resources 
Utah Geological Survey 
Millard County Commission 
Emery County Commission 
Sevier County Commission 
Sanpete County Commission 
Piute County Commission 
Wayne County Commission 
Juab County Commission 
Beaver County Commission 
Beaver County Planning and Zoning Commission 

 
TRIBES: 
Pueblo of Zuni - Navajo Mountain, Mexican Water, and Aneth Chapters 
Ute Mountain Tribe 
Ute Indian Tribe 
Skull Valley Band of Goshute Indians, Red Mesa Chapter 

 
OTHERS: 
The Wilderness Society 
Wild Utah Forest Campaign 
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5.2 ACRONYMS 
 

AQRV – Air Quality-Related Values 
AO – Approval Order (permit-to-construct) 
APD – Application for Permit to Drill 
AQI – Air Quality Index 
ATV – All-Terrain Vehicle 
BA – Biological Assessment 
BE – Biological Evaluation 
Bext – Beta Extinction 
BLM – Bureau of Land Management 
BMP – Best Management Practice 
BACT – Best Available Control Technology 
BCT – Bonneville Cutthroat Trout 
BO – Biological Opinion 
BOE – Barrels of Oil Equivalent 
CAA – 1970 Clean Air Act 
CCFO – Cedar City Field Office 
CEA – Cumulative Effects Area 
CEQ – Council on Environmental Quality 
CFR – Code of Federal Regulations 
CMAQ – Community Multi-Scale Air Quality 
CO – Carbon Monoxide 
CO2 – Carbon Dioxide 
CO2e – Carbon Dioxide equivalent 
COA – Conditions of Approval 
CP – Colorado Plateau 
CRCT – Colorado River Cutthroat Trout 
CSU – Controlled Surface Use 
CWCS – Comprehensive Wildlife Conservation 
Strategy 
CWS – Community Water System 
DEIS – Draft Environmental Impact Statement 
DBH – Diameter at Breast Height 
DDW – Division of Drinking Water 
DOI – Department of Interior (also USDI) 
DVC – Design Values (Current) 
DVF – Design Values (Future) 
DWSPZ – Drinking Water Surface Protection Zone 
EIS – Environmental Impact Statement 
ENBB – Electronic Notification Bulletin Board 
EPA – Environmental Protection Agency 
ESA – Endangered Species Act 
FEIS – Final Environmental Impact Statement 
FLAG – Federal Land [Managers’] Air Guidance 
FLM – Federal Land Managers 
FSH – Forest Service Handbook 
FSM – Forest Service Manual 
FY – Fiscal Year 
GHG – Greenhouse Gases 
GIS – Geographic Information System 

HFRA – Healthy Forests Restoration Act 
HUC – Hydrologic Unit Code 
IDT – Interdisciplinary Team 
IM – Interagency Memorandum 
IPAMS – Independent Petroleum Association of 
the Mountain States 
IPCC – Intergovernmental Panel on Climate 
Change 
IRA – Inventoried Roadless Area 
LN – Lease Notice 
LRMP – Land and Resource Management Plan 
(Forest Plan) 
MATS – Modeled Attainment Test Software 
MIS – Management Indicator Species 
MOU – Memorandum of Understanding 
MTP – Motorized Travel Plan 
NA – Not Available for Leasing 
NAAQS – National Ambient Air quality Standards 
NEPA – National Environmental Policy Act 
NESHAPS – National Emission Standards for 
Hazardous Air Pollutants 
NHPA – National Historic Preservation Act 
NL – No Lease 
NOI – Notice of Intent (air permit application) 
NOx – oxides of nitrogen 
NP – National Parks 
NPS – National Park Service 
NTNCWS – Non-Transient Non-Community 
Water System 
NSO – No Surface Occupancy 
NSPS – New Source Performance Standards 
NWR – National Wildlife Refuge 
O&G – Oil and Gas 
O3 – ozone 
OHV – Off-Highway Vehicle 
OMRD – Open Motorized Road Density 
PAC – Protected Activity Center 
Pb – Lead 
PCIF – Permanent Community Impact Fund 
PFA – Post Fledgling Area 
PILT – Payments in Lieu of Taxes 
PL – Public Law 
PM – Particulate matter (airborne) 
PM10 – Particulate matter less than 10 microns 
in diameter 
PM2.5 – Particulate matter less than 2.5 microns 
in diameter 
ppb – parts per billion 
ppm – parts per million 



  

PSD – Prevention of Significant Deterioration 
PWS – Public Water System 
RD – Ranger District 
RFDS – Reasonable Foreseeable Development 
Scenario 
RHR – Regional Haze Rule 
RMP – Resource Management Plan 
RNA – Research Natural Area 
ROD – Record of Decision 
ROS – Recreation Opportunity Spectrum 
ROW – Right-of-Way 
SIO – Scenic Integrity Objective 
SIP – State Implementation Plan (Utah) 
SIR – Supplemental Information Report 
SITLA – State of Utah Institutional Trust Lands 
Administration 
SLT&C – Standard Lease Terms and Conditions 
SMP – Smoke Management Plan 
SMS – Scenery Management System 
SMU –Sustainable Multiple Use  
SO2 – Sulfur Dioxide 
SUPO – Surface Use Plan of Operations 
T – Transient Zone  
TDS – Total Dissolved Solids 
TEC – Threatened, Endangered, or Candidate 
TES – Threatened, Endangered, and Sensitive 
TEPS – Threatened, Endangered, Proposed, and 
Sensitive 
TL – Timing Limitation 
Tpy – tons per year (air emissions) 
TNCWS – Transient Non-Community Water 
System 
UAA – Unmonitored Analysis Area 
UBAQS – Uinta Basin Air Quality Study 
UDAQ – Utah Division of Air Quality 
UDEQ – Utah Department of Environmental 
Quality 
UDOT – Utah Department of Transportation 
UDWR – Utah Division of Wildlife Resources 
μg/m3 – micrograms per meter cubed 
UGS – Utah geological society 
USDA – United States Department of Agriculture 
USDI – United States Department of Interior (also 
DOI) 
USFS – United States Forest Service 
USFWS – United States Fish and Wildlife Service 
USHPO – Utah State Historic Preservation Officer  
UUA – Un-roaded/Undeveloped Area 
VMS – Visual Management System 
VOC – Volatile organic compounds 
VQO – Visual Quality Objective 
 

WA – Wilderness Areas 
WRAP – Western Regional Air Partnership 
WSA – Wilderness Study Area 
WSR – Wild and Scenic River 
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6.0 APPENDICES 
 

 

APPENDIX A – STIPULATIONS AND LEASE NOTICES 
 

No Surface Occupancy Stipulation 
 

APPLICABLE 

ALTERNATIVE(S) 
STIPULATION 

 

 
 
 
 
 
 

C 

No Surface Occupancy for Threatened, Endangered and Proposed Plants Locations and 
Sensitive Plants covered under a Conservation Agreement 

 
Where: Areas within 1 mile of known federal Threatened, Endangered and Proposed (TEP) 

plant locations and within one mile of Sensitive plant locations covered under a Conservation 

Agreement. 
 

For the purpose of: Protecting and conserving threatened, endangered and proposed plant 

populations. 
 

Exceptions: An exception may be granted if through site specific study, and in cooperation with 

the US Fish and Wildlife Service, an area is determined to not be providing suitable habitat for any 
threatened, endangered or proposed plants. 
Modification:  None 
Waiver: None  

 
 
 
 

D 

No Surface Occupancy for Conservation Agreement and Recovery Plan Areas 
 

Where: Within Forest Service delineated boundary of occupied habitat of threatened or 

endangered plants covered under a Conservation Agreement or Recovery Plan. 
 

For the purpose of: Protecting and conserving threatened, endangered and proposed plant 

populations. 
 

Exceptions: None 
Modification: None 
Waiver: None 

 

 
 
 
 

D 

No Surface Occupancy for Sensitive Plant Habitat 
 

Where: Within 1 mile of Forest Service delineated boundary of known sensitive plant species 

habitat. 

 
For the purpose of: Protecting and conserving sensitive habitat and plant populations. 

 
Exceptions: None 
Modification: None 
Waiver:  None 
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APPLICABLE 

ALTERNATIVE(S) 
STIPULATION 

 
 
 
 
 
 
 
 

C 

No Surface Occupancy for Riparian Areas 
 

Where: Within 300 feet of Forest Service delineated boundary of riparian areas. 

 
For the Purpose Of: Protecting riparian ecosystems. Riparian ecosystems are managed to 

protect from conflicting uses in order to provide healthy, self-perpetuating plant and water 
communities that will have optimum diversity and density of understory and overstory vegetation. 
No well sites or production facilities will be allowed, and oil and gas exploration and development 
will be moved outside of the riparian vegetation area. Construction of roads, pipelines, and other 
similar facilities must comply with direction in the 1986 Fishlake and/or Dixie National Forest Land 
and Resource Management Plans. 
 
Exceptions: An exception could be authorized if: (a) an on-site review determines the area 

proposed to be impacted is not riparian; and (b) any additional mitigation that is determined to be 
necessary is fully implemented. 
Modification: None 
Waiver: None 

 
 
 
 
 

D 

No Surface Occupancy for Perennial Streams, Wetlands, Springs, Lakes, Reservoirs and 
Riparian Areas 

 
Where: Within 500 feet of Forest Service delineated boundary of perennial streams, wetlands, 

springs, lakes, reservoirs and riparian areas. 
 

For the Purpose Of: Protecting these ecosystems, and the quality of surface water resources. 

 
Exceptions: None 
Modification: None 
Waiver: None 

 
 
 
 
 
 
 
 
 

C 

No Surface Occupancy for Delineated Wetlands 
 

Where: Within 300 feet of delineated and mapped boundary of jurisdictional wetlands. 

 
For the Purpose Of:  Protecting jurisdictional wetlands relative to Executive Order 11990, and the 

associated habitats, water quality, and ecosystems associated with these areas.  In order to 
protect these areas no well sites or production facilities may be constructed in these areas, and oil 
and gas exploration and development will be moved out of wetlands. Construction of roads, 
pipelines, and other facilities must comply with direction in the 1986 Fishlake and/or Dixie National 
Forest Land and Resource Management Plans. 
 
Exceptions: An exception could be authorized if: (a) an on-site review determines the area 

proposed to be impacted is not a jurisdictional wetland, and (b) any additional mitigation 
determined to be necessary is fully implemented. 
Modification: None 
Waiver:  None 

 
 
 
 

C 

No Surface Occupancy for Perennial Streams, Reservoirs, Springs, and Lakes 
 

Where: Within 300 feet of all perennial streams, reservoirs, springs and lakes. 
 

For the Purpose Of: Protection of water quality in surface water resources. 

 
Exceptions: None 
Modification: None 
Waiver: None 
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APPLICABLE 

ALTERNATIVE(S) 
STIPULATION 

 
 
 
 

D 

No Surface Occupancy in Cold Water Fisheries 
 

Where: Within 500 feet of all cold water fisheries 

 
For the Purpose of: Protecting the above wildlife habitats. 

 
Exceptions: None 
Modification:  None 
Waiver: None 

 

 
 
 
 
 
 
 
 

C 

No Surface Occupancy in Goshawk Core Nesting Areas 
 

Where: Areas delineated by the Forest Service as core nesting areas for northern goshawk. 

Known goshawk nest areas are confidential and are not shown on any maps in the EIS. 
 

For the purpose of: Maintaining the integrity of nesting habitat structure and the character of the 

surrounding habitat within a territory. 
 

Exception: None 
Modification: None 
Waiver: The Authorized Officer may grant a waiver if conditions have changed such that there is 

no reasonable likelihood that the lease area can support further nesting activity.  A waiver to the 
above lease stipulation may be requested along with the submission of a Surface Use Plan of 
Operations (36 CFR 228.104). 

 
Any Changes to this stipulation will be made in accordance with the appropriate Forest Plan and/or 
the regulatory provisions for such changes (For guidance on the use of this stipulation, see BLM 
Manual 1624 and 3101 or FS Manual 1950 and 2820). 

 

 
 
 
 
 
 
 
 

C 

No Surface Occupancy on Steep Slopes 
 

Where: Within areas delineated and mapped by the Forest Service having slopes greater than 35 

percent, and high erosion potential areas in north horn sediments with slopes greater than 25 
percent. 

 
For the Purpose Of: Protecting soil resources, because soils disturbed by construction and 

drilling activities on steep slopes would be difficult to reclaim. 
 

Exception: If, after an environmental analysis, the Forest Supervisor determines (1) there are no 

other practical placement alternatives, and (2) impacts could be fully mitigated, surface occupancy 
in the NSO area may be authorized. Additionally, a plan would be submitted by the operator and 
approved prior to construction and maintenance and include: 
An erosion control strategy, 
A detailed restoration/reclamation plan, and 
Proper survey and design (with construction plans and drawings) by a certified engineer. 
Modification:  None 
Waiver: None 

 

 
 
 
 
 
 

D 

No Surface Occupancy on Steep Slopes 
 

Where: Within areas delineated and mapped by the Forest Service having slopes greater than 35 

percent, and high erosion potential areas in north horn sediments with slopes greater than 25 
percent. 

 
For the Purpose Of: Protecting soil resources, because soils disturbed by construction and 

drilling activities on steep slopes would be difficult to reclaim. No well sites or production facilities 
may be constructed in these areas. 

 
Exceptions: None 
Modification: None 
Waiver: None 
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APPLICABLE 

ALTERNATIVE(S) 
STIPULATION 

 
 
 
 
 
 
 
 
 
 

C 

No Surface Occupancy for Geologic Hazards and Unstable Soils 
 

Where: Within areas delineated and mapped by the Forest Service as containing geologic 

hazards and/or unstable soils. 
 

For the Purpose Of: Protecting soil resources, because soils disturbed by construction and 

drilling activities on steep slopes would be difficult to reclaim. No well sites or production facilities 
may be constructed in these areas. 

 
Exceptions: If after an environmental analysis the Forest Service authorized officer determines 

roads or other temp facilities may cross geologic hazards after a plan would be submitted by the 
operator and approved prior to construction and maintenance and include: 

 An erosion control strategy 
 A detailed slope stability analysis and plan for maintaining a stable slope 
 A detailed restoration/reclamation plan 
 Proper survey and design (with construction plans and drawings) by a certified engineer 

Modification: A modification may be granted if an on-the-ground inspection of a proposed well 
site or facility shows an area of less than 35% slope exists and mass wasting-prone soils do not 
exist or that design of the site can mitigate erosion, failure, and reclamation concerns.  
Waiver: None 

 

 
 
 
 
 

D 

No Surface Occupancy for Geologic Hazards and Unstable Soils 
 

Where: Within areas delineated and mapped by the Forest Service as containing geologic 

hazards and/or unstable soils. 
 

For the Purpose Of: Protecting soil resources, because soils disturbed by construction and 

drilling activities on steep slopes would be difficult to reclaim. No well sites or production facilities 
may be constructed in these areas. 

 
Exceptions: None 
Modification:  None 
Waiver:  None 

 
 
 
 
 
 

C 

No Surface Occupancy for Developed Recreation Areas and National Recreation Trails 
 

Where: Within ¼ mile of developed recreation sites and national recreation trails. 
 

For the Purpose Of: Protecting the capital investment and recreation uses associated with these 

sites.  Construction of roads, pipelines, and other facilities must comply with direction in the 
appropriate Forest Plan. 

 
Exception: None 
Modification: A modification may be granted if a portion of the developed recreation sites in the 

leasehold are moved or eliminated. 
Waiver: A waiver may be granted if all the developed recreation site(s) in the leasehold are 

moved or eliminated. 

 
 
 
 
 

D 

No Surface Occupancy for Developed Recreation Areas 
 

Where: Within ¼ mile of developed recreation areas. 

 
For the Purpose Of: Protecting the capital investment and recreation uses associated with these 

sites.  Construction of roads, pipelines, and other facilities must comply with direction in the 
appropriate Forest Plan. 

 
Exceptions: None 
Modification: None 
Waiver: None 
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APPLICABLE 

ALTERNATIVE(S) 
STIPULATION 

 
 
 
 
 
 

C 

No Surface Occupancy for Administrative Sites 
 

Where: Within ¼ mile of Forest Service administrative sites. 

 
For the Purpose Of: Protecting the capital investment and uses associated with administrative 

sites.  Construction of roads, pipelines, and other facilities must comply with direction in the 
appropriate Forest Plan. 

 
Exception: None 
Modification: A modification may be granted if a portion of the administrative site(s) in the 

leasehold are moved or eliminated. 
Waiver: A waiver may be granted if all the administrative site(s) in the leasehold are moved or 
eliminated.  
  

 
 
 
 

D 

No Surface Occupancy for Administrative Sites and Special Use Facilities 

 
Where: Within ¼ mile of Forest Service administrative sites and special use facilities. 

 
For the Purpose Of: Protecting the capital investment and uses associated with administrative 

sites.  Construction of roads, pipelines, and other facilities must comply with direction in the 
appropriate Forest Plan. 

 
Exceptions: None 
Modification: None 
Waiver: None 

No Surface Occupancy in Inventoried Roadless Areas  
 
 
 
 

C 

No Surface Occupancy in Inventoried Roadless Areas. 

 
Where: Within the boundary of all Inventoried Roadless Areas. 

 
For the Purpose Of: Protecting the roadless and wilderness characteristics of these lands.  No 

well sites or production facilities will be allowed on these lands.  Construction of roads, pipelines, 
or other facilities must comply with direction in the appropriate Forest Plan. 

 
Exception: None 
Modification: None 
Waiver: None 
 
 

No Surface Occupancy in Research Natural Areas 

 
 
 
 

C 

No Surface Occupancy in Research Natural Areas 

 
Where: Within the boundary of all Research Natural Areas. 

 
For the Purpose Of: Protecting the characteristics, function, and intended use of these lands. 

 
Exception: None 
Modification: None 
Waiver: None 

 

No Surface Occupancy in Quitchupah Canyon Cultural Area 
 
 
 
 

C 

No Surface Occupancy In Quitchupah Canyon Cultural Area 

 
Where: Within the boundary of Quitchupah Canyon Cultural Area. 

 
For the Purpose Of: Protecting the cultural use and values of these lands. 

 
Exception: None 
Modification: None 
Waiver: None 
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APPLICABLE 

ALTERNATIVE(S) 
STIPULATION 

 

 
 
 
 

C 

No Surface Occupancy in Old Spanish Trail Corridor 
 

Where: Within the boundary of the Old Spanish Trail corridor delineated and mapped by the 

Forest Service. 
 

For the Purpose Of: Protecting the integrity of the trail and the viewshed along the corridor. 

 
Exception: None 
Modification:  None 
Waiver: None 

 
 
 
 
 

C 

No Surface Occupancy in Paradise Valley Cultural Resource Site 
 

Where: Within the boundary containing a high density of recorded cultural resource sites in 

Paradise Valley, delineated and mapped by the Forest Service. 
 

For the Purpose Of: Protecting the cultural resources in this area containing an unusually high 

density of recorded sites. 
 

Exception: None 
Modification: None 
Waiver: None 

 

 
 
 
 
 

C 

No Surface Occupancy for Areas with High Scenic Integrity 
 

Where: Frequently viewed areas of high scenic integrity. 
 

For the Purpose Of: Preserving and maintaining High Scenery Integrity Objectives where there 

are primary important travel routes or use areas where users have a major concern for the 
aesthetics of the viewed landscape. 

 
Exception: An exception may be granted if the operator can demonstrate in the SUPO that the 

scenic integrity objectives can be met within one year. 
Modification: None 
Waiver: None 

 
 
 
 
 

D 

No Surface Occupancy for Areas with High Scenic Integrity 
 

Where: Within areas designated as High Scenic Integrity. 

 
For the Purpose Of: Preserving and maintaining High Scenery Integrity Objectives where there 

are primary important travel routes or use areas where users have a major concern for the 
aesthetics of the viewed landscape. 

 
Exceptions: None 
Modifications: None 
Waivers: None 

 
 
 
 
 
 

C 

No Surface Occupancy for Drinking Water Source Protection Zones 
 

Where: Within the delineated boundary of DWSPZs  (Zones 1 – 3, and T2 and T4) 
 

For the Purpose Of: Protecting public drinking water sources in municipal and transient water 

protection zones. 
 

Exception: An exception may be granted for road construction if it is determined by site-specific 

analysis that: building the road in a water source protection zone has the least impact on the 

environment; roads already exist in the area; and the local municipality approves. 
Modification: None 
Waiver: None 
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APPLICABLE 

ALTERNATIVE(S) 
STIPULATION 

 

 
 
 
 

B, C 

No Surface Occupancy in Mexican Spotted Owl Protected Activity Centers 
 

Where: Within delineated and mapped Mexican spotted owl PACs. 

 
For the purpose of: Protecting habitat areas for Mexican spotted owl that are not fully protected 

by the Endangered Species Act, which include all non-Critical Habitat areas. 
 

Exceptions: None 
Modifications: None 
Waivers: None 

 

 
 
 
 
 
 

C 

No Surface Occupancy in Sage Grouse Leks 
 

Where: Within 4 miles of sage grouse leks delineated and mapped by the Forest Service. 
 

For the purpose of: Protecting breeding and brood-rearing sage grouse from predation, habitat 

fragmentation, and disturbance. 
 

Exceptions: An exception may be granted if the Forest Supervisor, in coordination with the Utah 

Division of Wildlife Resources, determines through analysis that the nature of the actions, as 
proposed or conditioned, could be fully mitigated. This might occur if topography and/or 
vegetation are present that would effectively screen the structure or facility from the breeding 
habitat. 
Modifications: None 
Waivers: None 

 
 
 
 

C 

No Surface Occupancy in Known Pygmy Rabbit Colonies 
 

Where: Within pygmy rabbit colonies delineated and mapped by the Forest Service. 

 
For the purpose of: Protecting known populations of pygmy rabbits and their habitat. 

 
Exceptions: None 
Modifications:  None 
Waivers: None 

 

 
 
 
 

D 

No Surface Occupancy in Known Pygmy Rabbit Colonies and Potential Habitat 
 

Where: Within pygmy rabbit colonies and potential habitat delineated and mapped by the Forest 

Service. 
 

For the purpose of: Protecting known populations of pygmy rabbits and their habitat. 
 

Exceptions: None 
Modifications:  None 
Waivers: None 

 
 
 
 

C 

No Surface Occupancy in Key Habitats for Boreal Toad 
 

Where: Within key boreal toad habitat delineated and mapped by the Forest Service. 

 
For the purpose of: Protecting key habitat and known locations of boreal toad. 

 
Exceptions: None 
Modifications: None 
Waivers: None 
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APPLICABLE 

ALTERNATIVE(S) 
STIPULATION 

 

 
 
 
 

D 

No Surface Occupancy in Goshawk Nesting, Nest Replacement and Post-Fledging Areas 
 

Where: Within goshawk nesting, nest replacement and post-fledging areas delineated and 

mapped by the Forest Service. 
 

For the purpose of: Protecting goshawks and their habitat. 

 
Exceptions: None 
Modifications: None 
Waivers: None 

 

 
 
 
 

D 

No Surface Occupancy in Critical Deer and Elk Range, and Calving and Fawning Areas 
 

Where: Within critical deer and elk range, and calving and fawning areas delineated and mapped 

by Utah Division of Wildlife Resources (UDWR). 
 

For the purpose of: Protecting deer and elk and their critical habitat areas. 
 

Exceptions: None 
Modifications:  None 
Waivers: None 

 
 
 
 
 

C 

No Surface Occupancy in Bald Eagle Winter Concentration Areas 
 

Where: Within bald eagle winter concentration areas delineated and mapped by the Forest 

Service. 
 

For the purpose of: Protecting bald eagles in their wintering habitat. 

 
Exceptions: An exemption may be granted if it is determined through site-specific analysis that 

the area is not suitable habitat. 
Modifications:  None 
Waivers: None 

 

 
 
 
 

D 

No Surface Occupancy in Bald Eagle Winter Concentration Areas 
 

Where: Within bald eagle winter concentration areas delineated and mapped by the Forest 

Service. 
 

For the purpose of: Protecting bald eagles in their wintering habitat. 

 
Exceptions: None 
Modifications: None 
Waivers: None 

 

 
 
 
 

D 

No Surface Occupancy in Areas with Primitive and Semi-primitive Non-motorized 
Recreation Opportunity Spectrum 

 
Where: Within areas designated as Primitive and Semi-primitive Non-motorized ROS. 

 
For the purpose of: Protecting primitive and semi-primitive recreational values. 

 
Exceptions: None 
Modifications: None 
Waivers: None 
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Controlled Surface Use Stipulation 
 

APPLICABLE 

ALTERNATIVE(S) 
STIPULATION 

 

 
 
 
 
 
 
 

C 

Controlled Surface Use in Goshawk Post Fledging Areas 
 

Where: Within goshawk PFAs delineated and mapped by the Forest Service. 

 
For the purpose of: Providing for goshawk fledgling survivorship by maintaining solitude and 
ambient noise levels during the fledgling period within the PFA. 
Surface occupancy or use is subject to the following special operating constraints: 

Prior to any surface disturbing activity in a goshawk PFA, a two-year protocol survey would be 
required and would need to be completed between March 1 and September 30.  If any occupied 
or active nests are found within the PFA, high intensity oil and gas activities such as construction 
and drilling will be restricted in the area of the PFA from 1 March to 30 September or until birds 
have fledged as determined by Forest Service wildlife staff. 

 
Exception: None 
Modification:  None 
Waiver: None 

 
 
 
 
 
 
 
 
 
 

 
C 

Controlled Surface Use for Active Raptor Nests 
 

Where: Within the influence zone of affected raptor species as determined by guidelines set forth 

by the US Fish and Wildlife Service. 
 

For the purpose of: Protecting nesting raptors and their young. 

Surface occupancy or use is subject to the following special operating constraints: 

 
Raptor nest surveys are required in potentially suitable habitats for all raptors, including 
Threatened, Endangered, Sensitive and MIS species prior to the approval of surface disturbing 
activities at a specific location. 

 
If active or occupied raptor nests are located, high intensity activities such as construction and 
drilling will be restricted surrounding the nest(s) within an influence zone. Influence zones and 
duration of restrictions would depend on the raptor species of concern as determined in the 
guidelines set forth by the US Fish and Wildlife Service for Utah species.  Influence zones are 
line-of-sight to specified distances. If topography or vegetation provides adequate screening 
needed to maintain nest viability, the distance may be reduced (to be determined by the Fishlake 
National Forest wildlife biologist). 

 
Exception: None 
Modification: None 
Waiver: None 
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APPLICABLE 

ALTERNATIVE(S) 
STIPULATION 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

B, C, D 

Controlled Surface Use for Class I Airsheds 
 

Where: For exploratory projects on all lands within 5 km of Class I airsheds and for development 

and production projects on all lands in within 60 km of Class I airsheds. 
 

For the purpose of: Protection of air resources in and around Class I areas to meet or exceed 

FLAG guidelines. 

 
On all lands in within 60 km of Class I airsheds, surface occupancy or use is subject to the 
following special operating constraints: 
Proposed operations must be located and/or designed to not cause or contribute to adverse 

impacts to air quality related values in Class I airsheds. Operators will be expected to use 
appropriate Best Available Control Technology (BACT) to reduce impacts to air quality and air 
quality related values by reducing emissions from field production and operations. The future 
development of the lease parcels may be subject to appropriate mitigation and conditions of 
approval (COAs) to reduce or mitigate air resource impacts and GHG emissions. 

 
To ensure this, within 5 km for exploratory projects and within 60km for development and 
production projects of any Class I airshed an air impact analysis would be required prior to any 
field activity to demonstrate that proposed operations and associated mitigating measures will not 
result in an exceedances of the air standards as outlined in the most recent FLAG guidance. 

 
Typical design and mitigation measures may include: use of Tier IV or better engines, use of low 
sulfur fuels, electrification of  well fields, flaring hydrocarbon and gases at high temperatures in 
order to reduce emissions of incomplete combustion; water dirt roads during periods of high use 
in order to reduce fugitive dust emissions; require that vapor recovery systems be maintained and 
functional in areas where petroleum liquids are stored; minimize roads and re-vegetate areas of 
the pad not required for production facilities to reduce the amount of dust from the pads. 

 
Exception: None 
Modification: None 
Waiver: None 

 

 
Timing Limitation Stipulation 

 
APPLICABLE 

ALTERNATIVE(S) 
STIPULATION 

 
 
 
 
 
 
 

C 

Timing Limitation for Bighorn Sheep Lambing Areas, Crucial Elk Calving and Mule Deer 
Fawning Habitat 

 
Where: Within potential bighorn sheep lambing areas modeled and mapped by the Forest 

Service, and crucial elk calving and mule deer fawning habitat delineated and mapped by UDWR. 
No activities would be allowed during the critical time period May 1 to July 5. 

 
For the Purpose Of: Protecting lambing areas and crucial elk calving and mule deer fawning 

habitat by precluding activities which could cause increased stress and/or displacement. 
 

Exception: An exception may be granted if there are no practical alternatives, and the Forest 

Supervisor determines through analysis, and in coordination with the Utah Division of Wildlife 
Resources that the nature of the actions, as proposed or conditioned, could be fully mitigated. 
Modification: None 
Waiver: None 



217  

Final Environmental Impact Statement Fishlake National Forest Oil and Gas Leasing Analysis 
 

 
 

APPLICABLE 

ALTERNATIVE(S) 
STIPULATION 

 

 
 
 
 
 
 
 
 
 

C 

Timing Limitation for Crucial Elk and Mule Deer Winter Range 
 

Where: Within crucial elk and mule deer winter range delineated and mapped by UDWR. 

No activities would be allowed during the critical time period December 1 to April 15. 
 

For the Purpose Of: Protecting crucial elk and mule deer winter range by precluding activities 

which could cause increased stress and/or displacement. 
 

Exception: An exception may be granted if there are no practical alternatives, and the Forest 

Supervisor determines through analysis and in coordination with the Utah Division of Wildlife 
Resources that the nature of the actions, as proposed or conditioned, could be fully mitigated. 
This might occur if seasonal conditions are such that the animals have moved and are not using 
the specified area during the time they would normally be expected.  Factors to be considered 
would include elk presence or expected elk presence, snow depth, temperature, snow crusting, 
location of disturbance, forage quantity and quality, animal condition, and expected duration of 
disturbance. 
Modification:  A modification may be granted if the Forest Supervisor determines through new 

habitat studies, coordinated with the Utah Division of Wildlife Resources, that a portion of the 
leasehold affected by this stipulation does not contain crucial elk winter range. 
Waiver: None 

 

 
 
 
 
 
 
 
 

C 

Timing Limitation for Bighorn Sheep Winter Range 
 

Where: Within potential bighorn sheep winter range modeled and mapped by the Forest Service. 

No activities would be allowed during the critical time period November 1 to April 15. 

For the Purpose Of:  Protecting bighorn sheep winter range by precluding activities which could 

cause increased stress and/or displacement. 
 

Exception: An exception may be granted if there are no practical alternatives, and the Forest 

Supervisor determines through analysis and in coordination with the Utah Division of Wildlife 
Resources that the nature of the actions, as proposed or conditioned, could be fully mitigated. 
This might occur if seasonal conditions are such that the animals have moved and are not using 
the specified area during the time they would normally be expected. 
Modification: A modification may be granted if the Forest Supervisor determines through new 
habitat studies, coordinated with the Utah Division of Wildlife Resources, that a portion of the 
leasehold affected by this stipulation does not contain bighorn sheep winter range. 
Waiver: None 

 

 
 
 
 
 
 
 
 

C 

Timing Limitation for Sage Grouse Brood-rearing Habitat 
 

Where: Within sage grouse brood-rearing habitat delineated and mapped by UDWR. 

No activities would be allowed during the period May 1 through July 5. 

For the Purpose Of: Protecting sage grouse during the critical breeding season by precluding 

activities which could cause increased stress, displacement, and/or breeding failures. 
 

Exception: An exception may be granted if the Forest Supervisor, in coordination with the Utah 

Division of Wildlife Resources, determines through analysis that the nature of the actions, as 
proposed or conditioned, could be fully mitigated. 
Modification: A modification may be granted if the Forest Supervisor determines through 

coordination with the Utah Division of Wildlife Resources, that new habitat studies demonstrate a 
portion of the lease area affected by this stipulation no longer contains brood-rearing habitat. 
Waiver:  A waiver may be granted if the Forest Supervisor determines through coordination with 

the Utah Division of Wildlife Resources, that new habitat studies demonstrate the entire lease 
area affected by this stipulation no longer contains brood-rearing habitat. 
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APPLICABLE 

ALTERNATIVE(S) 
STIPULATION 

 
 
 
 
 
 
 
 

C 

Timing Limitation for Sage Grouse (Structures in Winter Habitat) 
 

Where: Within sage grouse winter habitat delineated and mapped by UDWR. 

 
For the Purpose Of: Protecting wintering sage grouse from predation, habitat fragmentation, 

and disturbance during the critical period from December 1 to March 15. 
 

Exception: An exception may be granted if the Forest Supervisor, in coordination with the Utah 

Division of Wildlife Resources, determines through analysis that the nature of the actions, as 
proposed or conditioned, could be fully mitigated. 
Modification: A modification may be granted if the Forest Supervisor determines through 

consultation with the U.S. Fish and Wildlife Service and coordination with the Utah Division of 
Wildlife Resources, that new habitat studies demonstrate a portion of the lease area affected by 
this stipulation no longer contains winter habitat. 
Waiver: A waiver may be granted if the Forest Supervisor determines through coordination with 
the Utah Division of Wildlife Resources, that new habitat studies demonstrate the entire lease 
area affected by this stipulation no longer contains winter habitat. 
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LEASE NOTICES 
 

Since lease notices transmit information about laws, regulations, or orders, the language in 
these lease notices may change if the underlying law, regulation, or order changes. 

 
APPLICABLE 

ALTERNATIVES 

LEASE NOTICE 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

B, C, D 

Notice for National Forest System Lands Under the Jurisdiction of Department of 
Agriculture 

 
In conducting operations associated with this lease, the lessee/operator must comply 
with all the rules and regulations of the Secretary of Agriculture set forth at Title 36, 
Chapter II, of the Code of Federal Regulations governing the use, occupancy, and 
management of National Forest System (NFS) lands when not inconsistent with existing 
lease rights granted by the Secretary of Interior. 

 
All matters related to this notice are to be addressed to the authorized representative of 
the Secretary of Agriculture: 

 
Forest Supervisor 
Fishlake National Forest 

115 E. 900 N. 
Richfield, Utah 84701 
Telephone: 435 896-9233 

 
CULTURAL RESOURCES (National Historic Preservation Act of 1966 (NHPA), P.L. 
89-665 as amended by P.L. 94-422, P.L. 94-458, and P.L. 96-515): 

 
The Forest Service authorized officer is responsible for ensuring that the leased lands 
are examined prior to the undertaking of any ground-disturbing activities to determine 
whether or not cultural resources are present, and to specify mitigation measures for 
effects on cultural resources that are found to be present. 

 
The lessee or operator shall contact the Forest Service to determine if a site-specific 
cultural resource inventory is required prior to undertaking any surface-disturbing 
activities on Forest Service lands covered by this lease. 

 
The lessee or operator may engage the services of a cultural resource specialist 
acceptable to the Forest Service to conduct any necessary cultural resource inventory of 
the area of proposed surface disturbance. In consultation with the Forest Service 
authorized officer, the lessee or operator may elect to conduct an inventory of a larger 
area to allow for alternative or additional areas of disturbance that may be needed to 
accommodate other resource needs or operations. 

 
The lessee or operator shall implement mitigation measures required by the Forest 
Service to preserve or avoid destruction of cultural resource values. Mitigation may 
include relocation of proposed facilities, testing, salvage, and recordation or other 
protective measures. 

 
During the course of actual surface operations on Forest Service lands associated with 
this lease, the lessee or operator shall immediately bring to the attention of the Forest 
Service the discovery of any cultural or paleontological resources. The lessee or 
operator shall leave such discoveries intact until directed to proceed by Forest Service. 

 
THREATENED OR ENDANGERED SPECIES (The Endangered Species Act. (ESA), 
P.L. 93-205 (1973), P.L. 94-359 (1974), P.L. 95-212 (1977), P.L. 95-632 (1978), P.L. 
96-159 (1979), P.L. 97-304 (1982), P.L. 100-653 (1988)). 

 
The Forest Service authorized officer is responsible for compliance with the Endangered 
Species Act. This includes meeting ESA Section 7 consultation requirements with the 
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 U.S. Fish and Wildlife Service prior to any surface disturbing activities associated with 
this lease with potential effects to species and/or habitats protected by the ESA. The 

results of consultation may indicate a need for modification of or restrictions on 
proposed surface disturbing activities. 

 
The lessee or operator may choose to conduct the examination at their cost. Results of 
the examination will be used in any necessary ESA consultation procedures.  This 
examination and any associated reports, including Biological Assessments, must be 
done by or under the supervision of a qualified resource specialist approved by the 
Forest Service. Any reports must also be formally approved by the USDA Forest Service 
biologist or responsible official. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
B, C, D 

Lease Notice – Mexican Spotted Owl 

 
The Lessee/Operator is given notice that the lands in this lease contain suitable habitat 
for Mexican spotted owl, a federally listed species.  Insert the following if lease contains 
Designated Critical Habitat: [The Lessee/Operator is given notice that the lands in this 
lease contain Designated Critical Habitat for the Mexican spotted owl, a federally listed 
species.  Critical habitat was designated for the Mexican spotted owl on August 31, 
2004 (69 FR 53181-53298).] Avoidance or use restrictions may be placed on portions of 
the lease.  Application of appropriate measures will depend on if the action is temporary 
or permanent, and whether it occurs within or outside the owl nesting season.  A 
temporary action is completed prior to the following breeding season leaving no 
permanent structures and resulting in no permanent habitat loss. A permanent action 
continues for more than one breeding season and/or causes a loss of owl habitat or 
displaces owls through disturbances, i.e. creation of a permanent structure. 

 
The following avoidance and minimization measures have been designed to ensure 
activities carried out on the lease are in compliance with the Endangered Species Act. 
Integration of and adherence to these measures will facilitate review and analysis of any 
submitted permits under the authority of this lease. Following these measures could 
reduce the scope of ESA Section 7 consultation at the permit stage. 

 
Current avoidance and minimization measures include the following: 

 
1)   Surveys following Forest Service approved protocol will be required prior to 

operations unless species occupancy and distribution information is complete 
and available. All surveys must be conducted by qualified individual(s). 

2)   Assess habitat suitability for both nesting and foraging using accepted habitat 

models in conjunction with field reviews. Apply the conservation measures 
below if project activities occur within 0.5 mile of suitable owl habitat. 
Determine potential effects of actions to owls and their habitat. 

3)   Document type of activity, acreage and location of direct habitat impacts, type 

and extent of indirect impacts relative to location of suitable owl habitat. 
Document if action is temporary or permanent. 

4)   Lease activities will require monitoring throughout the duration of the project. 
To ensure desired results are being achieved, minimization measures will be 
evaluated and, if necessary, Section 7 consultation reinitiated. 

5)   Produced water will be managed to ensure maintenance or enhancement of 
riparian habitat. 

6)   Where technically and economically feasible, use directional drilling or multiple 
wells from the same pad to reduce surface disturbance and eliminate drilling in 
canyon habitat suitable for Mexican spotted owl nesting. 

 
For all temporary actions that may impact owls or suitable habitat: 

 
1)   If the action occurs entirely outside of the owl breeding season (March 1- 

August 31), and leaves no permanent structure or permanent habitat 
disturbance, action can proceed without an occupancy survey. 

 
2)   If action will occur during a breeding season, survey for owls prior to 

commencing activity. If owls are found, consultation with USFWS must be 
reinitiated and activity must be delayed until consultation is completed. 
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 3)   Rehabilitate access routes created by the project through such means as 
raking out scars, revegetation, gating access points, etc. 

 
For all permanent actions that may impact owls or suitable habitat: 

 
1)   Survey two consecutive years for owls according to accepted protocol prior to 

commencing activities. 
2)   If owls are found, no actions will occur within 0.5 mile of identified nest site. If 

nest site is unknown, no activity will occur within the designated Protected 
Activity Center (PAC). 

3)   Avoid drilling and permanent structures within 0.5 mi of suitable habitat unless 
surveyed and not occupied. 

4)   Reduce noise emissions (e.g., use hospital-grade mufflers) to 45 dBA at 0.5 
mile from suitable habitat, including canyon rims. Placement of permanent 

noise- generating facilities should be determined by a noise analysis to ensure 
noise does not encroach upon a 0.5 mile buffer for suitable habitat, including 
canyon rims. 

5)   Limit disturbances to and within suitable habitat by staying on approved routes. 

6)   Limit new access routes created by the project. 
 

Additional measures to avoid or minimize effects to the species may be developed and 
implemented in consultation with the U.S. Fish and Wildlife Service between the lease 
sale stage and lease development stage to ensure continued compliance with the 
Endangered Species Act. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

B, C, D 

Lease Notice – California Condor 

 
The Lessee/Operator is given notice that the lands located in this parcel contain 
potential habitat for the California condor, a federally listed species. Avoidance or use 
restrictions may be placed on portions of the lease if the area is known or suspected to 
be used by condors. Application of appropriate measures will depend on whether the 
action is temporary or permanent, and whether it occurs within or outside potential 
habitat. A temporary action is completed prior to the following important season of use, 
leaving no permanent structures and resulting in no permanent habitat loss. This would 
include consideration for habitat functionality. A permanent action continues for more 
than one season of habitat use, and/or causes a loss of condor habitat function or 
displaces condors through continued disturbance (i.e. creation of a permanent structure 
requiring repetitious maintenance, or emits disruptive levels of noise). 

 
The following avoidance and minimization measures have been designed to ensure 
activities carried out on the lease are in compliance with the Endangered Species Act. 
Integration of and adherence to these measures will facilitate review and analysis of any 
submitted permits under the authority of this lease. Following these measures could 
reduce the scope of Endangered Species Act, Section 7 consultation at the permit 
stage. 

 
Current avoidance and minimization measures include the following: 

 
1)   Surveys will be required prior to operations unless species occupancy and 

distribution information is complete and available. All Surveys must be 
conducted by qualified individual(s) approved by the Forest Service, and must 
be conducted according to approved protocol. 

2)   If surveys result in positive identification of condor use, all lease activities will 
require monitoring throughout the duration of the project to ensure desired 
results of applied mitigation and protection. Minimization measures will be 

evaluated during development and, if necessary, Section 7 consultation may 
be reinitiated. 

3)   Temporary activities within 1.0 mile of nest sites will not occur during the 
breeding season. 

4)   Temporary activities within 0.5 miles of established roosting sites or areas will 
not occur during the season of use, August 1 to November 31, unless the area 
has been surveyed according to protocol and determined to be unoccupied. 

5)   No permanent infrastructure will be placed within 1.0 mile of nest sites. 
6)   No permanent infrastructure will be placed within 0.5 miles of established 
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 roosting sites or areas. 

7)   Lessee is responsible to remove big game carrion (which may be an unwanted 
attractant) to 100 feet from on lease roadways occurring within foraging range 
as feasible in coordination with the UDWR and the Forest Service. 

 
8)   Where technically and economically feasible, use directional drilling or multiple 

wells from the same pad to reduce surface disturbance and eliminate drilling in 
suitable habitat. 

 
Additional measures may also be employed to avoid or minimize effects to the species 
between the lease sale and lease development stages. These additional measures will 
be developed and implemented in consultation with the U.S. Fish and Wildlife Service to 
ensure continued compliance with the Endangered Species Act. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

B, C, D 

Lease Notice – Western Yellow-billed Cuckoo 

 
The Lessee/Operator is given notice that the lands located in this parcel contain 
potential habitat for the Western yellow-billed cuckoo, a federally listed species. In areas 
that contain riparian habitat within the range of the species, actions that may cause 

stress and disturbance during nesting and rearing of young would be avoided or 
restricted. Appropriate measures will depend on if the action is temporary or permanent, 
and whether it occurs within or outside the nesting season. A temporary action is 
completed prior to the breeding season leaving no permanent structures and resulting in 
no permanent habitat loss. A permanent action continues for more than one breeding 
season and/or causes a loss of habitat or displaces individuals through disturbances. 

 
Current avoidance and minimization measures include the following: 

 
1)   Surveys would be required prior to operations unless species occupancy and 

distribution information is complete and available. All surveys must be 
conducted by qualified individual(s) and be conducted according to protocol. 

 
2)   Activities would require monitoring throughout the duration of the project. To 

ensure desired results are being achieved, minimization measures would be 
evaluated and, if necessary, Section 7 consultation reinitiated. 

 
3)   Water production would be managed to ensure maintenance or enhancement 

of riparian habitat. 
 

4)   Where technically and economically feasible, use directional drilling or multiple 
wells from the same pad to reduce surface disturbance and eliminate drilling in 
suitable riparian habitat. Ensure that such directional drilling does not intercept 
or degrade alluvial aquifers. 

 
5)   Activities would maintain a 300 feet buffer from suitable riparian habitat year 

long. 
6)   Activities within ¼ mile of occupied breeding habitat would not occur during the 

breeding season of May 1 to August 15. 

 
7)   Ensure that water extraction or disposal practices do not result in change of 

hydrologic regime that would result in loss or degradation of riparian habitat. 

 
8)   Re-vegetate with native species all areas of surface disturbance within riparian 

areas and/or adjacent land. 
 

9)   Additional measures to avoid or minimize effects to the species may be 
developed and implemented in consultation with the USFWS between the 
lease sale stage and lease development stage to ensure continued compliance 
with the ESA. 

 

 
B, C, D 

Lease Notice – Migratory Birds 

 
The lessee/operator is given notice that surveys for nesting migratory birds may be 
required during migratory bird breeding season whenever surface disturbances and/or 
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 occupancy is proposed in association with fluid mineral exploration and development 
within priority habitats. Surveys should focus on identified priority bird species in Utah. 

Field surveys will be conducted as determined by the authorized officer of the USDA 
Forest Service.  Based on the result of the field survey, the authorized officer will 
determine appropriate buffers and timing limitations. This notice may be waived, 
excepted, or modified by the authorized officer if either the resource values change or 
the lessee/operator demonstrates that adverse impacts can be mitigated. 

 

 
 
 
 
 

B, C, D 

Lease Notice- Sensitive and MIS Species (Plants and Wildlife) 

 
The Lessee/Operator is given notice that the lands in this parcel contain suitable habitat 
for sensitive, and/or management indicator species.  The following avoidance and 
minimization measures have been developed to facilitate locating and designing 
operations to avoid adverse effects to the viability of these species. 

 
Prior to conducting any surface disturbing activities within suitable habitat for sensitive 
and Management Indicator Species (MIS), surveys would need to be completed. If 
sensitive or MIS are found, ground disturbing activities may be moved up to ½ mile to 
buffer around occupied habitat that is essential to the persistence of the species on the 
Fishlake National Forest. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

B, C, D 

Lease Notice- Utah Prairie Dog 

 
The lessee/operator is given notice that lands in this lease may contain historic and/or 
occupied Utah prairie dog habitat, a threatened species under the Endangered Species 
Act.  Avoidance or use restrictions may be placed on portions of the lease.  Application 
of appropriate measures will depend whether the action is temporary or permanent, and 
whether it occurs when prairie dogs are active or hibernating. A temporary action is 
completed prior to the following active season leaving no permanent structures and 
resulting in no permanent habitat loss.  A permanent action continues for more than one 
activity/hibernation season and/or causes a loss of Utah prairie dog habitat or displaces 
prairie dogs through disturbances, i.e. creation of a permanent structure. 

 
The following avoidance and minimization measures have been designed to ensure 
activities carried out on the lease are in compliance with the Endangered Species Act. 
Integration of, and adherence to these measures will facilitate review and analysis of 
any submitted permits under the authority of this lease. Following these measures 
could reduce the scope of Endangered Species Act, Section 7 consultation at the permit 
stage. 

 
Current avoidance and minimization measures include the following: 

 
1)   Surveys will be required prior to operations unless species occupancy and 

distribution information is complete and available.  All Surveys must be 
conducted by qualified individual(s) approved by the Forest Service (i.e., needs 
to have passed the USFWS Utah Prairie Dog survey course). 

2)   Lease activities will require monitoring throughout the duration of the project. 

To endure desired results are being achieved, minimization measures will be 
evaluated and, if necessary, Section 7 consultation reinitiated. 

3)   Where technically and economically feasible, use directional drilling or multiple 
wells from the same pad to reduce surface disturbance and eliminate drilling in 
prairie dog habitat. 

4)   Surface occupancy or other surface disturbing activity will be avoided within 0.5 
mile of active prairie dog colonies. 

5)   Permanent surface disturbance or facilities will be avoided within 0.5 mile of 

potentially suitable, unoccupied prairie dog habitat, identified and mapped by 
Utah Division of Wildlife Resources. 

6)   The lessee/operator should consider if fencing infrastructure on well pad, e.g., 
drill pads, tank batteries, and compressors, would be needed to protect 

equipment from burrowing activities. In addition, the operator should consider 
if future surface disturbing activities would be required at the site. 

7)   Within occupied habitat, set a 25 mph speed limit on operator-created and 
access roads and adhere to speed limit on maintained roads. The speed limit 
may have to be revisited on a site-specific basis and reduced. 

8)   Limit disturbances to and within suitable habitat by staying on designated 
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 routes. 
9)   Limit new access routes created by the project. 

10) Unavoidable impacts to the species will be mitigated through site-specific 
consultation with the US Fish and Wildlife Service. 

 
Additional measures to avoid or minimize effects to the species may be developed and 
implemented in consultation with the U.S. Fish and Wildlife Service between the lease 
sale stage and lease development stage to ensure continued compliance with the 
Endangered Species Act. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

B,C,D 

Lease Notice for Air Resources 

 
(Clean Air Act of 1963, as amended by P.L. 90-148, P.L. 91-604, and P.L. 
101-549; National and State of Utah Ambient Air Quality Standards, National Standards 
of Performance for New Stationary Sources, National Prevention of Significant 
Deterioration Standards, National Emissions Standards for Hazardous Air Pollutants, 
Utah Air Conservation Regulations (R446), and Utah State Implementation Plan) 

 
1. The operator shall comply with the following practices to control impacts to ambient 
air quality from oil and gas exploration and production activities: 

 
a. As appropriate, quantitative analysis of potential air quality impacts will be 
conducted for project-specific developments by the operator, in concert with 
direction from the Utah Department of Environmental Quality, Division of Air Quality 
(UDAQ), the Forest Service and cooperating federal land management agencies 
including but not limited to the National Park Service. The Forest Service will notify 
cooperating agencies as project specific proposals are received and additional air 
impact analyses are performed to ensure input from those agencies. Additional 
project specific air impact analyses would need to be conducted if the following 
project criteria are fulfilled: 

 
i. If an exploration drilling project is proposed within 5km of an adjacent Class I 
area, air quality related value (AQRV) impacts would need to be addressed 
utilizing at a minimum the VISCREEN screening tool. Additional air impact 

analyses may be necessary based on the review of the initial VISCREEN analysis. 
ii. If an oil and gas production project is proposed at a distance of over 60km from 
an adjacent Class I area and has emissions that exceed those utilized in the 
existing “Fishlake 12-well development scenario", A quantitative air quality impact 
analysis would need to be conducted for the project that follows the guidance 
found in the FLAG modeling guidelines. 
iii. If an oil and gas production project is proposed within 60km of an adjacent 
Class 
I area and has emissions that equal or exceed those utilized in the existing 
“Fishlake 12-well development scenario", a quantitative air quality impact 
analysis would need to be conducted for the project that follows the guidance 
found in the FLAG modeling guidelines. 
iv. If an exploratory drilling or oil and gas development project is proposed to 
occur within 60km of an adjacent Class I area and has emissions that are 
greater than those utilized in the existing "exploratory drilling scenario" but 
less than those utilized in the "Dixie 20-well development scenario", 
consultation with the Forest 
Service and cooperating Federal Agencies would be required to determine an 
appropriate assessment of air quality impacts. The level of additional analysis 
would be predicated on the size of the proposed project. 
b. Compliance with Utah Air Conservation (UAC) Regulation R446-1 would 
be necessary. The best air quality control technology, as per guidance from 
the UDAQ, will be applied to actions as needed to meet air quality standards. 
c. The operator will comply with UAC Regulation R446-1-4.5.3, which 
prohibits the 
use, maintenance, or construction of roadways without taking appropriate 
dust abatement measures. Compliance will be obtained through special 
stipulations as a requirement on new projects and through the use of dust 
abatement control techniques in problem areas. 
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d. The operator will manage authorized activities to maintain air quality within the 
thresholds established by the State of Utah Ambient Air Quality Standards and to 
ensure that those activities continue to keep the area in attainment, meet prevention 
of significant deterioration (PSD) Class II standards, and protect the Class I air shed 

of the National Parks (e.g. Zion, Bryce Canyon, and Capitol Reef National Parks). 
e. National Ambient Air Quality Standards will be enforced by the UDEQ, with EPA 
oversight. Special requirements to reduce potential air quality impacts will be 
considered on a case-by-case basis in processing land-use authorizations. 

f. The operator will utilize BMPs and site specific mitigation measures, when 
appropriate, based on-site specific conditions, to reduce emissions and enhance air 
quality. 
Examples of these types of measures can be found in the Four Corners Air Quality 

Task 
Force Report of Mitigation Options, November 1, 2007; EPA Natural Gas STAR 
Program 
(http://www.epa.gov/gasstar/); and US Forest Service Emission Reduction 
Techniques for Oil and Gas activities 2011 
(http://www.fs.fed.us/air/documents/EmissionReduction- 010711x.pdf). 
g. The operator will comply with a Condition of Approval for Applications for Permit 
to drill, which includes: (1) All new and replacement internal combustion diesel 
fired drilling engines must meet or exceed Tier II emissions limits as codified in 40 
CFR Part 89 - "Control of Emissions From New and In-Use Nonroad Compression-
Ignition Engines". 
h. Lease holders will need to conduct detailed volatile organic compound (VOC) 
emissions inventories for any proposed facilities to provide necessary data to the 
BLM 
Utah State Office for their regional photochemical modeling. 
i. Lease holders will need to examine the use of additional mitigations for ozone 
precursors. 

 
2. All new and replacement internal combustion diesel fired well pump engines must 
meet or exceed Tier II emissions limits for Particulate Matter and Tier III emissions limits 
for Oxides of Nitrogen and Carbon Monoxide as codified in 40 CFR Part 89 - "Control of 
Emissions From New and In-Use Nonroad Compression-Ignition Engines". 
 
3. All new and replacement spark ignited natural gas fired internal combustion well- 
pump engines must meet or exceed emissions limits for Oxides of Nitrogen, Carbon 

Monoxide and Volatile Organic Compounds from New Source Performance Standard 
Subpart JJJJ for Stationary Spark Ignition Internal Combustion Engines manufactured 
since 2008. 

 
4. All new and replacement internal combustion gas field engines of less than or equal 

to 300 design-rated horsepower must not emit more than 2 grams of NOx per 
horsepower-hour.  This requirement does not apply to gas field engines of 
less than or equal to 40 designated horsepower. 

 
5. All new and replacement internal combustion gas field engines of greater than 300 
design rated horsepower must not emit more than 1.0 grams of NOx per horsepower- 
hour. 
 
6. All diesel fuel fired internal combustion engines must utilize certified Ultra Low Sulfur 
Diesel fuel with a maximum sulfur content of 15 parts per million (PPM). 
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B, C, D 

Lease Notice - Drinking Water Source Protection Zone Condition of Approval (COA) 

The following is required language for approval for Oil and Gas activities with source water 

protections zones:  This lease (or a portion thereof) has been determined to be within a 

public Drinking Water Source Protection Zone. Prior to any surface-disturbing activity, the 

lessee/operator must contact the BLM field office and the public water system manager to 

determine any zoning ordinances, best management or pollution prevention measures, or 

physical controls that may be required within the protection zone(s). Compliance with 

Drinking Water Source Protection plans, developed by public water systems under the 

requirements of R309-600, Drinking Water Source Protection for Ground-Water Sources 

(Utah Administrative Code), is mandatory. Compliance with county ordinances to protect 

the source protection zones, as required by Section 19-4-113 of the Utah Code, is also 

mandatory. 

Some public water sources qualify for monitoring waivers which reduce their monitoring 

requirements for pesticides and volatile organic chemicals (VOCs). Exploration, drilling, 

and production activities within Source Protection zones could jeopardize these waivers, 

thus requiring increased monitoring. The operator must contact the public water system 

administrator to determine what effect their activities may have on the public water 

system’s monitoring waivers. Compliance with other Utah State rules to protect surface 

and ground water such as the Utah Division of Water Quality Rule R317 (Water Quality 

Rules) and Rule R649 (Rules of the Utah Division of Oil, Gas and Mining, Utah Oil and 

Gas Conservation) is required. 

Groundwater Protection Zones 1-4: 

This lease (or a portion thereof) is within one or more Drinking Water Source Protection 

Zones (DWSPZs) designated by the Utah Division of Drinking Water (DDW). Prior to a 

lease being offered up for sale that overlies a DWSPZ the BLM would attach IM No. UT 

2010-055, Attachment F (Utah Drinking Water Source Protection Zone Lease Notice). 

BLM’s rules and regulations outlined in 43 CFR §3162.4-2, §3162.5-1(a) and §3162.5-2 (d) 

Control of wells, Onshore Oil and Gas Orders Nos. 2 and 7, and the Gold Book have been 

developed to address potential impacts to ground water from the drilling and completion of 

oil and gas wells, including the construction and use of reserve and production pits. 

Specifically, §3162.5-2 (d) Protection of fresh water and other minerals requires that the 

operator shall isolate freshwater-bearing and other usable water containing 5,000 ppm or 

less dissolved solids and Onshore Order No. 2 increases the requirement by establishing a 

10,000 ppm total dissolved solids (TDS) threshold for protection of usable water. 

Concurrent with submittal of an application for a permit to drill (APD), or any proposed 

surface disturbing activity, the lessee/operator must provide the BLM Authorized Officer 

(AO) protective measures, which adequately address protection of the DWSPZ or other 

usable ground water zones. If operator proposed measures are considered insufficient to 

adequately protect the water zones, the AO will incorporate additional protective measures 

as condition(s) of approval (COAs). During further analysis at time of APD approval, the 

BLM would attach IM No. UT 2010-055, Attachment G (Utah Drinking Water Source 

Protection Zone COA). 

Geophysical logs will be required in order to determine cement integrity and subsequent 

protection /isolation of usable ground water resources. Upon well completion, additional 

testing may be required to verify well bore integrity for protection of usable ground water 

resources. Testing results will be evaluated to determine if effective implementation of 

mitigation measures has been achieved. 
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Existing Transient Non-Community Water Systems – Zones T2 and T4: 

This lease (or a portion thereof) is within Drinking Water Source Protection Zones 

designated as a transient non-community water system which does not serve 25 of the 

same nonresident persons per day for more than 6 months per year by the Utah Division 

of Drinking Water. The Transient System T2 protection zone for existing wells or springs is 

the area within a 250-day ground-water time of travel to the wellhead, spring or margin of 

the collection area, the boundary of the aquifer(s) which supplies water to the ground-

water source, or the ground-water divide, whichever is closer. The Transient System T4 

protection zone for existing wells or springs is the area within a 10-year ground-water time 

of travel to the wellhead, spring or margin of the collection area, the boundary of the 

aquifer(s) which supplies water to the ground-water source, or the ground-water divide, 

whichever is closer. Compliance with R309-600 is voluntary for existing transient non-

community water systems. However, all new ground water sources (including transient 

non-community systems) must submit to the DDW a Preliminary Evaluation Report (R309-

600-13(2)) and a Drinking Water Source Protection Plan (R309-600-7(1)) which 

designates ground water source protection zones 1 through 4. Protection of the zones T2 

and T4 must also comply with LEASE NOTICE – Groundwater Protection Zones 1-4.S 

Surface Water Protection Zones 1-4: 

There currently are no Surface Water Protection Zones within the lands being proposed for 

leasing. But if any are created then the following Lease Notice for these zones would 

apply.  This lease (or a portion thereof) is within public Drinking Water Source Protection 

Zones 1, 2, 3, and/or 4.  Before application for a permit to drill (APD) submittal or any 

proposed surface disturbing activity, the lessee/operator must contact the BLM field office 

and the public water system manager to determine any zoning ordinances, best 

management or pollution prevention measures or physical controls that may be required 

within the protection zone. Drinking Water Source Protection plans are developed by the 

public water systems under the requirements of R309-605-7, Drinking Water Source 

Protection for Surface Sources (Utah Administrative Code). There may also be county 

ordinances in place to protect the source protection zones, as required by Section 19-4-

113 of the Utah Code. Incorporated cities and towns may also protect their drinking water 

sources using Section 10-8- 15 of the Utah Code. Cities and town have the extraterritorial 

authority to enact ordinances to protect a source of drinking water ... "For 15 miles above 

the point from which it is taken and for a distance of 300 feet on each side of such 

stream..." Class I cities (greater than 100,000 population) are granted authority to protect 

their entire watersheds. 

Some public water sources qualify for monitoring waivers which reduce their monitoring 

requirements for pesticides and volatile organic chemicals (VOCs). Exploration, drilling and 

production activities within a Source Protection Zone could jeopardize these waivers, thus 

requiring increased monitoring. Contact the public water system to determine what effect 

your activities may have on their monitoring waivers. Please be aware of other state rules 

to protect surface and ground water, including Utah Division of Water Quality Rules R317 

Water Quality Rules; and Rules of the Utah Division of Oil, Gas and Mining, Utah Oil and 

Gas Conservation Rules R649.  

During further analysis at time of APD the BLM would attach IM No. UT 2010-055, 

Attachment G - Utah Drinking Water Source Protection Zone COA. 

At the time of development, drilling operators will additionally conform to the BLM 

operational regulations and Onshore Oil and Gas Order No. 7 (which prescribes measures 

required for the handling of produced water to ensure the protection of surface and ground 

water sources) and the Surface Operating Standards and Guidelines for Oil and Gas 

Development, The Gold Book, Fourth Edition-Revised 2007 (which provides information 

and requirements for conducting environmentally responsible oil and gas operations).   
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Sole Source Aquifers 

There currently are no Sole Source Aquifers within the lands being proposed for leasing. 

But if any are created then the following Lease Notice for these zones would apply.  This 

lease (or a portion thereof) is within Sole Source Aquifer Protection zone designated by the 

Environmental Protection Agency (EPA). BLM’s rules and regulations outlined in 43 CFR 

§3162.4-2, §3162.5-1(a) and §3162.5-2 (d) Control of wells, Onshore Oil and Gas Orders 

Nos. 2 and 7, and the Gold Book have been developed to address potential impacts to 

ground water from the drilling and completion of oil and gas wells, including the 

construction and use of reserve and production pits. Specifically, §3162.5-2 (d) Protection 

of fresh water and other minerals requires that the operator shall isolate freshwater-

bearing and other usable water containing 5,000 ppm or less dissolved solids and Onshore 

Order No. 2 increases the requirement by establishing a 10,000 ppm total dissolved solids 

(TDS) threshold for protection of usable water. 

During further analysis at time of APD the BLM would attach IM No. UT 2010-055, 

Attachment G - Utah Drinking Water Source Protection Zone COA. 

Concurrent with submittal of an application for a permit to drill (APD), or any proposed 

surface-disturbing activity, the lessee/operator must provide the BLM Authorized Officer 

(AO) protective measures, which adequately address protection of the Sole Source Aquifer 

and other usable ground water zones. If operator proposed measures are considered 

insufficient to adequately protect the water zones, the AO will incorporate additional 

protective measures as condition(s) of approval (COAs). 

Geophysical logs will be required in order to determine cement integrity and subsequent 

protection/isolation of usable ground water resources. Upon well completion, additional 

testing may be required to verify well bore integrity for protection of usable ground water 

resources. Testing results will be evaluated to determine if effective implementation of 

mitigation measures has been achieved. 

Floodplains and Wetland (EO 11988; EO 11990): 

The lessee is hereby notified that this lease may contain land within a riparian or wetland 

ecosystem. 

All activities within this area may be precluded or highly restricted in order to comply with 

Executive Order 11988 - Floodplain Management and Executive Order 11990 - Protection 

of Wetlands, in order to preserve and restore or enhance the natural and beneficial values 

served by floodplains and wetlands. 

Occupancy and use of lands within riparian or wetland areas, as proposed in a Surface 

Use Plan of Operations, will be considered in an environmental analysis and mitigation 

measures deemed necessary to protect these areas identified. These areas are to be 

avoided to the extent possible, or special measures such as road design, well pad size and 

location or directional drilling, may be made part of the permit authorizing the activity. 
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Supplemental Reasonably Foreseeable Development Scenario for the 

Fishlake National Forest Oil and Gas Leasing EIS 

April 22, 2011 
 

 
A reasonably foreseeable development scenario (RFDS) for oil and gas activity in the Fishlake 

National Forest was prepared in 2007 to be used in an oil and gas leasing Environmental Impact 

Statement (EIS). The EIS has not been completed and four years have elapsed since preparing 

the RFDS. This equates to almost one-third of the time period covered by the RFDS (15 years), 

and it seems appropriate to review and possibly update that document. More specifically, this 

review will clarify the time period covered by the RFDS, summarize oil and gas activity near the 

Forest since preparation of the original RFDS and project future activity.  As before, this baseline 

RFDS will be based on the assumption that all potentially productive areas are open for leasing 

under standard terms and conditions, except those areas designated as closed to leasing by law, 

regulation or executive order.  In practice, not all areas in the Forest will be open for leasing 

under standard terms and conditions due to restrictions and stipulations developed in the EIS. 
 

 
Geological relationships within the Forest and their influence on oil and gas occurrence and 

development potential were discussed in some detail in the original RFDS and need not be 

revised here. Maps 3 and 6 were developed from the geological data and display oil and gas 

occurrence and development potential respectively. No United States Geological Survey (USGS) 

oil and gas assessments or other studies have been conducted that would change the potential 

ratings depicted by the maps. 
 

 
The original RFDS was prepared shortly after discovery of the Covenant Oil Field in 2004 when 

development drilling was beginning. As of the first of April, 2011, 21 wells had been completed 

in the field and drilling was in progress on two other wells (Utah Division of Oil, Gas and Mining). 

One new application for permit to drill (APD) is pending.  Total production for the field through 

November, 2010, was 12,497,655 barrels of oil and 6,978,704 barrels of water. No gas was 

produced. 
 

 
Exploration activity continued within and around the Wolverine Unit Area along with 

development of the Covenant Field. Several seismic surveys were carried out and 21 

exploration/discovery wells were drilled in the general area resulting in the discovery of the 

Providence Field approximately 20 miles north of the Covenant Field. An exploratory well, 

turned discovery, along with a development well have been completed in the Providence Field, 

with cumulative production from the two wells through November, 2010, totaling 50,579 

barrels of oil, 377,264 thousand cubic feet of gas and 16,137 barrels of water.  A large 

percentage of the gas is carbon dioxide and small amounts of hydrogen sulfide are also present 

(BLM Files, 2011).  Several operators other than Wolverine Gas and Oil have drilled exploration 

wells during the past few years, but those wells, as well as some of Wolverine’s wells, have been 

plugged and abandoned. 



 

The 2007 RFDS projected that 45 exploration wells would be drilled in the following 15 years (3 

per year) with two new field discoveries. One of the new fields was predicted to be located in 

the Sevier Frontal Zone Play and the other was expected to be a smaller version of the Upper 

Valley Field in the Dixie National Forest and located in the Permo-Triassic Unconformity Play.  In 

the nearly 4 years since the RFDS was completed, 21 exploration wells were completed, which is 

equivalent to 5 wells each year, resulting in one new field.  During this 4-year period, 

exploration drilling progressed more rapidly than projected, but all the wells were plugged and 

abandoned except one which may cause the rate of drilling to slow. It also remains to be seen if 

the Providence discovery will become a viable oil field. Current testing of the two wells 

indicates that oil production rates decline fairly rapidly and a significant percentage of the 

produced gas is inert, largely carbon dioxide. 
 

 
During the four years since the RFDS was completed, exploration drilling has proceeded at a 

more rapid rate than projected (5 wells per year versus 3 wells per year), with one of the 

predicted fields being discovered. On the other hand, there have been no new discoveries 

comparable to the Covenant Field. With this mixed success in mind, it is likely that drilling rates 

will decrease to the lower rate projected in the 2007 RFDS during the 15 years following final 

approval of the leasing EIS.   Therefore, 45 exploration wells are projected for this time period 

resulting in 670 acres of surface disturbance (see 2007 RFDS). 
 

 
Although exploration drilling in the Sevier Frontal Zone Play has been somewhat disappointing 

during the past four years, opportunities for continued exploration still exist and it is likely that 

another field will be discovered in the play in the future.  Surface disturbance resulting from the 

development of this field is estimated to be 122 acres (see 2007 RFDS).  A second field 

discovery, probably in the Permo-Triassic Unconformity Play, still remains a possibility and 

would disturb 263 gross acres which could be reduced to 227 net acres with interim reclamation 

after the field is fully developed. 

Surface disturbance would be the same as in the 2007 RFDS and is summarized below: 

Geophysical Exploration 395 acres 

Exploration Drilling (45 wells*) 640 acres 

Development Drilling (30 wells*) 385 acres 

Total 1420 acres 

*Two of the 45 exploration wells will be discovery wells and thus become production wells. 

At the end of the 15 year period, approximately 350 acres will remain disturbed in the two 

producing fields and most, if not all, of the other disturbance will have been reclaimed. 
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Abbreviations 
 
 
 

AP-42           US EPA Guidance document on air pollution emission factors 

AQRV           Air Quality Related Value (as defined in FLAG guidance) 

bext                       Beta extinction; a measure of the propensity for air to scatter light 

EIS               US Environmental Impact Statement 

EPA              United States Environmental Protection Agency 

FLAG           Federal Land Managers’ Air Group 

FLM              Federal Land Manager 

ISCST3        US EPA Industrial Source Complex air quality model, version 3 

IWAQM        Interagency Workgroup on Air Quality Models 

lbs/hr           Pounds per hour 

MMbtu          Million British Thermal Units (btu); units of heat measurement 

Mscf             Million standard cubic feet; measurement unit for gas volume 

NOx              Oxides of nitrogen 

NAAQS        National Ambient Air Quality Standards 

NEPA           National Environmental Policy Act 

NF                National Forest 

NWS             National Weather Service 

O&G             Oil and Gas 

PM2.5                   Particulate matter less than 2.5 microns in diameter 

PM10                    Particulate matter less than 10 microns in diameter 

ROI Radius of Impact 

SO2                      Sulfur dioxide 

UDAQ           Utah Division of Air Quality 

UDEQ           Utah Department of Environmental Quality 

µg/m3 Micrograms per meter cubed 

USGS United States Geological Survey 

USFS United States Forest Service 

VOCs Volatile Organic Compounds 

WRAP Western Regional Air Partnership 
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1.0     PURPOSE 
 

 
This modeling report describes an air quality modeling analysis prepared in support of Oil & Gas 
(O&G) Leasing Environmental Impact Statements (EIS) for the Dixie and Fishlake National 
Forests (NF). The report uses emission factors required for newer tiered engines as 
recommended by the U.S. Environmental Protection Agency (EPA) and was performed in a 
manner consistent with a Modeling Protocol reviewed and commented upon by federal and 
State of Utah representatives  A screening methodology to quickly estimate potential impacts of 
O&G   development   emissions   at   the   leasing/exploration   stage   was   prepared   and   its 
conservatism  verified.    This  screening  methodology  will  help  Forest  Service  staff  in  their 
planning by identifying whether impacts from potential future development scenarios will safely 
be below impact thresholds, or if further analysis will be required before air quality impacts can 
be shown to be within acceptable ranges. 

 
The analyses described in this report will support the EIS process by preparing a simple 
screening tool that land managers may use to estimate air quality impacts associated with 
potential development.  The analyses are based upon conservative estimates of emissions from 
potential Oil & Gas activity and the atmospheric dispersion of those emissions.  As a result of 
this conservatism, projects shown by this screening method to have impacts within acceptable 
ranges would clearly meet air quality impact limits in a site specific impact analysis.   For all 
other potential future development of O&G activities identified in the leasing EISs, project 
specific air quality analyses would be required using appropriate project and site specific 
information in order to more closely identify potential impacts.  While the screening method 
provides a efficient tool for land managers making leasing decisions it does not represent a full 
regulatory air quality impact analyses that may be required to permit future, individual O&G 
activities under existing state and federal air quality regulations. 

 
The modeling analyses described in this report will not address two air quality issues:  ozone 
and secondary particulate formation.  Ozone and secondary particulates are pollutants that are 
not emitted directly but formed through atmospheric processes and the emissions of precursors. 
Although these issues are a regional concern, an assessment of their impact is beyond the 
scope of an analysis at the leasing/exploration stage. UDAQ and the Utah Governor’s Office 
recommend a region-wide cooperative approach would be more appropriate to assess impact 
risks associated with secondary pollutant precursor emissions, which include sulfates, nitrates, 
and volatile organic compounds (VOCs). 

 

 
2.0     BACKGROUND / OVERVIEW 

 

2.1        Oil & Gas Leasing Activity 
 
The Dixie and Fishlake NFs are evaluating O&G leasing across their domains in EISs under 
development.   The proposed actions and alternatives in these EISs will be structured to 
conservatively evaluate potential impacts from a range of O&G activities the United States 
Forest Service (USFS) considers reasonably foreseeable, and not any project specific 
development.   The EIS for each forest will provide specific definitions of proposed actions 
and/or alternatives.   The analyses in this modeling report will support the EIS reviews of 
potential air quality impacts and provide a method of estimating the potential impact of any 
potential exploration or subsequent development scenario.  If the conservative analyses in this 
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modeling  report  clearly  document  impacts  within  acceptable  ranges  set  by  air  quality 
regulations, Federal Land Manager’s Air Group (FLAG) guidance, or a leasing EIS, then 
additional modeling  or impact assessments may not be needed.   If a future development 
scenario is proposed which cannot be shown by the screening tables to meet those acceptable 
impact thresholds, then the proposed development could not be justified by these screening 
analyses.  Instead, any such development would require a follow-up NEPA analysis and refined 
air quality analyses that would include project and site specific information in order to further 
identify potential impacts. 

 

 

2.2        Initial Screening Model Analysis 
 
The initial aspect of the dispersion modeling analyses described here was to prepare a 
representative screening analysis that can be used by the USFS personnel to quantifiably 
estimate potential impacts of O&G exploration planning and leasing. The potential emissions 
associated with Oil & Gas exploration and possibly subsequent development of those resources 
are  conservatively  estimated.    The  dispersion  of  those  emissions  is  also  conservatively 
estimated using worst-case meteorological data.  The result is a screening analysis that shows 
maximum potential impacts associated with a given level of Oil & Gas activity.  The maximum 
potential impact estimates from the screening analyses can be compared to benchmark ambient 
air standards, increments, and thresholds in order to determine if the conservative screening 
analyses  shows  that  the  action  being  considered  meets  state  and  federal  impact  limits. 
Because  the  screening  analysis  is  based  upon  conservative  assumptions,  a  site  specific 
analysis of impacts associated with a specific proposal could show lower impacts than those 
conservatively estimated in the screening analyses presented here. 

 
The results of these analyses are normalized sets of conversion factors in tables for various 
source / receptor elevation differences at 22 graduated source / receptor distances.  The tables 

indicate the predicted impacts in µg/m3 for each 1 lb/hr of emissions.  The details of the 
conversion factor tables were described in the modeling protocol for this project after refinement 
with USFS Air Program Manager, Bud Rolofson.  The screening values can be applied to 
subsequent O&G development scenarios by estimating the air emissions (in lbs/hr) anticipated 
from those scenarios and multiplying them by the table screening values to determine a 
screening estimate of potential ambient air quality impacts.  Those impacts can be compared 
against applicable air quality standards, increments, and thresholds to provide an initial estimate 
of a range of management options based upon air quality impacts.  Ambient air potential impact 
information will allow land managers to estimate the potential for air quality impacts for 
subsequent levels of O&G development projects. 

 

 

2.3        Three Oil & Gas Development Scenarios for Evaluation of Initial Screening Table 
 
After initial development of the screening model runs, the reasonableness of the screening 
tables were confirmed with site specific analyses of USFS identified potential development 
scenarios to ensure their reasonableness for development scenarios consistent with forest 
service (FS) expectations.  The three potential development scenarios recommended to be 
considered are: 

 
1.  Scenario 1 -- Individual exploratory wells:  over the next 15 years, 60 wells are estimated 

on the Dixie NF and 45 wells on the Fishlake NF.  Each scenario spans a period of three 
weeks for construction, three months of drilling activity, and two weeks of reclamation, 
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2.  Scenario 2 -- A conventional 20-well oil field development featuring 20 well pads and 
associated  oil  extraction  and  processing  operations  over  an  area  estimated  at  3.5 
square miles, and 

 

3.  Scenario 3 -- A 10 to 15-well directional drilling development (primarily on the Fishlake 
NF) which features two to three well pads 

 
The USFS notes that primary energy development is expected to be for crude oil, however, 
natural gas could likely be found as well.  The USFS has surmised gas will not be found in 
volumes that would support commercial development.  Gas might be flared onsite or produced 
in quantities to either fuel onsite engines or support limited development, storage, and transport 
via trucks. 

 
Air quality modeling was performed for each of these development scenarios to assess potential 
criteria air quality pollutant (PM10, NOx, and SO2) concentrations and air quality related values 

(AQRV) as defined in FLAG guidance.   That information was used to confirm the 
representativeness, conservatism, and accuracy of the screening modeling analyses. Those 
specific development scenario model analyses confirmed the conservative nature of the 
screening runs by showing that predicted air quality impacts from actual development scenarios 
were lower than the conservative estimates from the screening tables prepared in this analysis. 
Therefore, impact estimates from the screening tables can be considered as conservative 
estimates based upon that level of activity as long as the activity occurs consistent with the 
assumptions included in the screening analyses.   The EIS plans to ensure that consistency 
and/or require a project specific analysis for any development it supports.  The screening table 
impact estimates are conservative (likely to overestimate actual impacts).  Therefore, activities 
whose impacts estimated from the screening tables are within applicable impact limits can be 
safely assumed to have no adverse impacts in a site and development specific impact analysis. 

 
Emission inventories were also compiled using estimates of VOC emissions and offsite 
particulate emissions from each development scenario.  However, no modeling or quantitative 
assessments were made of ambient air quality impacts associated with those emissions. 

 

 
3.0     MODELING METHODOLOGY 

 

3.1        Brief Description of CALPUFF and ISCST3 Modeling Programs 
 
The EPA-approved CALPUFF model was used in the screening mode for the long-range 
transport, deposition, and visibility analyses.  The ISCST3 model utilized by UDAQ to assess 
impacts for minor sources was used to conservatively estimate impacts in the near field (within 
50 kilometers of the activity being modeled).  CALPUFF modeling results were analyzed to 
assess long-range transport (beyond 50 kilometer) pollutant concentrations and impacts on air 
quality and air quality related values including deposition of nitrates, deposition of sulfates, and 
visibility. 

 
The ISCST3 modeling does not include any air chemistry analyses; it simply tracks emissions 
without chemical transformations during transport in the near field based upon meteorological 
data from local observation stations. 

 
The CALPUFF model allows for chemical reaction.  The modeling performed for this analysis 
utilized  the  MESOPUFF  II  chemical  transformation  process  recommended  for  screening 
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modeling by model developer Joseph Scire of Enviro-Tech, with relevant environmental 
parameters consistent with those proposed in the modeling protocol.   Minor adjustments to 
initial land surface and land use parameters were made based upon UDAQ comments on the 
modeling protocol.  CALPUFF model algorithms can account for the effects of changes in terrain 
from the meteorological data stations, which in the project area are generally located in valley 
bottoms, to receptors which could be at any elevation from valley bottom to mountain top. 

 

 

3.2        General Approach for this Analysis 
 
Figure 3.2-1 on the following page visually depicts the modeling approach for the ISCST3 runs. 
The CALPUFF dispersion model is more refined in that it tracks emissions as a continuous 
series of puffs (numerical representations of emissions over a short period of time), which can 
expand or change transport direction as meteorological conditions change. 

 
Impacts for each pollutant and AQRV were evaluated at a set of predetermined elevations in 
relation to the source and radius of impact (ROI, circles of increasing radius centered around 
the source).  In the screening table runs, seven elevation scenarios were considered - one more 
than proposed in the project’s modeling protocol based upon comments received from UDAQ. 
The 22 ROI utilized were unchanged from those proposed in the modeling protocol.  At the 
intersection  of  each  of  the  seven  elevations  and  the  22  ROIs,  a  receptor  is  identified. 
Receptors are defined as the locations where quantitative air quality impacts are predicted. 

 
Various types of receptor grids can be used by defining points on a polar coordinate system 
(see Figure 6.0-1), a Cartesian (x-y) coordinate system, or a combination of both systems.  The 
receptor locations are documented in the receptor network section below.  Maximum model 
predicted impact values on each radius from the source were reported and included in the 
screening tables (see Appendix A).  All US airsheds are defined as Class I (pristine areas 
deserving special regulatory protection), Class II (typical airsheds, including most of the US), 
and Class III (a rarely used classification for industrial zones allowing higher air quality impacts). 
The model predicted maximum impacts can be compared against applicable Class I or Class II 
impact limits, or any other applicable impact limits, including FLAG guidelines on acceptable 
AQRV impact limits for planning purposes or EIS specific impact thresholds. 
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Figure 3.2-1 Modeling Methodology (for ISCST3) 
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3.3      Testing Applicability of Initial Screening Table 

 
To evaluate applicability of the screening table results, ISCST3 and CALPUFF modeling was 
also performed for the specific development  scenarios  defined  in  Section 2.0 of this  report. 
Those specific development scenarios were modeled at locations the Dixie and Fishlake NFs 
identified as conceivable for O&G development. 

 
The  emission  sources  and  emission  rates  for   these  runs  were   identified  based  upon 
expectations  for future development provided  by the Dixie  and Fishlake  NFs.   The section 
below provides more detail on model emission sources.  The model emissions were distributed 
across the development area consistent with USFS descriptions of the development scenarios. 

 

 
 

4.0     MODEL SOURCE DATA 
 

4.1      Equipment Considerations for Preparing Emission Inventories 
 
Assessments of equipment needed to support oil exploration and/or oil field development 
with some possibility of gas resources were prepared generally, and also specifically, for the 
three development scenarios.  An inventory  of  emissions  from  all emission  sources  
identified  to support  the  potential  oil  (and  possibly  gas)  development  was  prepared.  
Conservative assumptions  were  made of the type, size, and number of pieces for each 
equipment  type, consistent  with  guidance  from  the USFS  and the US EPA.  Although 
natural gas was not expected to be found in economical quantities, a heated oil/gas/water 
separator, a compressor to move developable gas, and a gas flare were assumed in each oil 
field development scenario. 
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As recommended by the U.S. EPA, emissions from mobile and stationery combustion sources 
assume that engines associated with the potential development meet emission standards from 
recent EPA tiered emission limits.  Generally, equipment was assumed to meet the minimum 
tiered emission requirements from approximately the last five years, allowing flexibility to the 
operator because of the comparatively small size of potential development activity anticipated. 
EPA reviewed and approved the engine emission estimates before the modeling analyses were 
performed.  EPA indicated that more recent engines would likely be required for resource 
development larger in scale or concentration than the scenarios considered in this analysis. 

 
Emission estimates assume that all vehicular travel is on unpaved surfaces, and that there is no 
electrical power service onsite, so all major equipment onsite is fossil fuel fired. 

 
In the screening modeling analyses, all model sources were assumed to be collected at a 
central point, with grid origin with relative coordinates (0,0).  That gridding allowed the screening 
model results to be used to estimate impacts from a variety of development options, from simple 
projects like an individual exploratory well to more complicated ones like expansive well field 
developments. 

 
Table 4.1-1 below documents the types of equipment associated with air emissions under the 
screening model scenario.  The emission data from the screening modeling analyses includes 
the total onsite emissions associated with potential development normalized at 1.0 pound per 

hour.1   These emissions are allocated proportionally among equipment and emission stacks as 
point sources (stacks) or area sources (areas from which non-stack fugitive emissions like dust 
occur) consistent with regional development scenarios.   To be conservative, the emissions 
profile shown here assumes oil extraction efforts for each scenario, with a small component 
consistent with gas flaring or processing.   The screening model emissions were allocated in 
model  emissions  sources  listed  in  Table  4.1-1  with  associated  stack  parameters.    The 
emissions values found in Table 4.1-1 represent the normalized screening emission rates.  They 
represent the proportion of overall emissions of the pollutant from that source in the screening 
model, not the actual total emissions calculated for each piece of equipment. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1  
In the screening model, the emissions entry for each source represents the percentage of the emissions of that 

pollutant for that source. The sum of the normalized emissions for the entire development is 100%, or 1.00 lb/hr. 
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Table 4.1-1 Screening Model Sources and Source Parameters 
 

Point 
Source 

ID 

Source 
Description 

Easting 
(X) 

Northing 
(Y) 

Stack 
Height 

 
Temp 

Exit 
Velocity 

Stack 
Diam. 

 
PM10 

 
NOx 

 
SO2 

 
CO 

 (m) (m) (ft) (°F) (fps) (ft) (lb/hr) (lb/hr) (lb/hr) (lb/hr) 

Reciprocating Internal Combustion Engines (RICE) / Turbines 
 

DRE 
Drill Rig 
Engine 

 

0.0 
 

0.0 
 

15.0 
 

950.0 
 

75.0 
 

1 
 

0.1122 
 

0.2950 
 

0.0024 
 

0.0982 

WP1 Well Pump 0.0 0.0 10.0 775.0 45.0 0.667 0.4112 0.4610 0.9954 0.3494 

RICE / Turbine emission totals 0.5234 0.7561 0.9978 0.4476 
Use or flare NG 

 

Flare 
Exploration 

Flare 

 

0.0 
 

0.0 
 

85.0 
1000. 

0 

 

51.0 
 

1.5 
 

0.0000 
 

0.0384 
 

0.0000 
 

0.1284 

 

Flare 
Production 

Flare 

 

0.0 
 

0.0 
 

85.0 
1000. 

0 

 

51.0 
 

1.5 
 

0.0000 
 

0.0852 
 

0.0000 
 

0.2850 

 

HT1 
Heater 
Treater 

 

0.0 
 

0.0 
 

20.0 
 

180.0 
 

15.0 
 

0.67 
 

0.0307 
 

0.0332 
 

0.0014 
 

0.0171 

Use or Flare NG emission totals 0.0307 0.1568 0.0014 0.4305 
NG development 

DHY1 Dehydrator 0.0 0.0 30.0 200.0 8.0 1 0.0031 0.0033 0.0001 0.0017 

CM1 
Compressor 

Engine 0.0 0.0 25.0 760.0 95.0 1 
 

0.0189 
 

0.0768 
 

0.0007 
 

0.0944 
NG development emission totals 0.0220 0.0802 0.0008 0.0962 

Dust: Ground dist, 
vehicles, etc … 

   

Release 
Height 

Radius 
of 

Circle 

Number 
of 

Vertices 

 

Vertical 
Dimension 

   

 

Area Circle Source ID   
 

(ft) 
 

(ft)  
 

(ft)     

 Fugitives 0.0 0.0 10.0 300.0  20 0.4239 0.0070 0.0000 0.0257 
TOTAL EMISSIONS 1.000 1.000 1.000 1.000 

 

 

►   The  uppermost  shaded  table  section  includes  stack  emissions  from  reciprocating 
engines or turbines.  This emission category includes well pumps needed to extract oil as 
well  as  onsite  well  drilling  rigs  with  diesel  powered  drilling  engines.    Consistent  with 
emissions from regional oil development fields, the total onsite emissions from this source 
category represented the majority of emissions in the normalized screening model analysis. 
The emissions of SO2  from the well pumps, approved by EPA reviewers, are conservative 

because they are from EPA’s AP-42 emission factor guidance document from before recent 
efforts to reduce diesel fuel sulfur content.  This is unlike the AP-42 emission factors for the 
larger well drilling engine which accounted for the low sulfur fuel that will be required during 
the project’s operational phase. 

 
►  The first unhighlighted section includes emissions associated with processing or using 

natural gas expected to be found at least in small quantities in oil development fields.  The 
total onsite emissions from this category make up about 10 percent of total emissions for 
most pollutants, though flaring could make up a larger percentage of emissions of sulfur 
dioxide and related compounds. 

 
►  The second shaded section includes emissions that would be expected with low volumes 

of natural gas development.  Because developable natural gas is not expected in any 
appreciable volume, this category represents no more than two percent of the normalized 
1.0 lb/hr emissions in this screening analysis. 
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►  The lowest unhighlighted table section represents onsite fugitive emissions not vented 
through a stationary stack.   This category includes fugitive dust emissions from vehicular 
exhaust  and  road  dust,  wind  erosion  from  disturbed  ground  surfaces,  and  emissions 
including valve and tank leakage from handling resources and supplies.  This category 
represents the major component for particulate emissions, but includes lower percentages 
of emissions from the other criteria pollutants studied (NOx, SO2, and CO). 

 
► The bold red Total Emissions in the highlighted bottom section under each pollutant’s 

column show that cumulative screening model emissions for each pollutant were 1.0 pound 
per hour. 

 

 

4.2        Evaluating Applicability of Model Results Screening 
 
To evaluate applicability of the results from the screening modeling analyses, model source 
data sets were prepared for the specific well field development scenarios described as 
reasonable by local USFS personnel.  The Dixie NF development scenario described and 
modeled is understood to be based upon the only active energy development activity occurring 
on that NF.  Similarly, the development scenario proposed by the Fishlake NF and modeled for 
this analysis is understood to be based upon the one existing energy field development there. 

 
For the specific development scenario modeling analyses, model sources were identified and 
their emissions estimated based upon expected operating scenarios.  They were allocated 
across the development field consistent with descriptions of each scenario provided by the 
respective NFs.  Each of the well field development scenarios were assumed to cover three to 
three and a half square miles, include specified numbers of wells footprints, and be operated 
consistent with scenario information provided by each NF.  Each scenario included the volume 
of vehicular traffic expected to be needed to support those efforts. 

 

 

4.3        References 
 
References utilized in preparing the emission inventory included Utah State Government’s 
“Analysis of Emissions from Oil and Gas Wells in Utah,” the Oil & Gas Emission Inventory 
Workbook for the Uinta Basin Study, similar data from the Four Corners Oil & Gas Development 
Study,  information from  existing  oil  field  development  on  the  Dixie  and  Fishlake  NF,  and 
regional and national O&G field emission analyses and emission factors. 

 
The Uinta Basin Study was especially helpful in supplying county-wide cumulative inventories of 
air emissions from recent development of O&G field development in Uinta and Duchesne 
Counties, Utah.  That data, similar information from a Four Corners area study, and information 
about existing O&G field developments on the Dixie and Fishlake NFs provided the main basis 
for allocating the PM10, NOx, and SO2 emissions among source types and categories in the 

model.  This information was also used in the screening model runs to allocate the normalized 1 
lb/hr of emissions proportionally among a variety of emissions sources, each with representative 
stack parameters and model emissions scenarios.  This also helped in the quality assurance 
reviews of emissions inventories for the specific development scenario modeling analyses.  It 
ensured that the model emissions were allocated among likely sources consistent with emission 
inventories from existing regional and local O&G developments. 
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Vehicle traffic volume estimates were prepared consistent with the “Highway Freight Traffic 
Associated with Development of Oil and Gas Wells” document prepared in 2006 by Daniel Kuhn 
of the Utah Department of Transportation. 

 

 

4.4        Dixie National Forest Development Scenario Modeling (Scenario 2) 
 
The Dixie NF development scenario was prescribed to be one conventional 20-well oil field. 
Each well would be on a separate pad with ground disturbance per pad of 5.9 acres.  The total 
new actual ground disturbance including original discovery well, production well pads, new 
roads, reconstruction of existing roads, central production facility, water disposal well, overhead 
power line and substation, field pipeline/power line corridors, and truck loading area is estimated 
at 263 acres.   The general area within the perimeter of the field including pads, pad access 
roads, and interior pipelines and power lines, and undisturbed areas between, is estimated at 
approximately 3.5 square miles.  Well spacing of 160 acres around each well was used for this 
special estimate as recommend by Dixie NF. 

 
Table 4.4-1 on the following page documents the model emission sources used to simulate 
emissions from the 20- well field development scenario.  Note that the emission sources are 
distributed over 3.5 square miles in a manner consistent with the spread of the well field 
scenario at a typical location within the Dixie NF, with variations in elevations across the 
development field and across the receptor network.   This was performed to check the 
representativeness of the screening table results on actual field type development conditions. 
Figures 5.1-1 and 5.1-2 of this document provide a visual representation of their layout. 
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Table 4.4-1 Dixie National Forest 20-Well Oil Field Development Scenario 
Model Sources and Source Parameters 

 

Source 
ID 

Source 
Description 

Easting 
(X) 

Northing 
(Y) 

Base 
Elev 

Stk 
Ht 

 
Temp 

Exit 
Vel 

Stk 
Diam. 

 
PM10 

 
NOx 

 
SO2 

          (lb/hr 
) 

POINT SOURCES (m) (m) (ft) (ft) (°F) (fps) (ft) (lb/hr) (lb/hr) 

DRE Drill Rig Engine 427831 4209861 9448 15 950.0 75 1.0 0.26 8.47 0.01 

FLARE 
Production 

Flare 
427781 4209911 9480 100 1000.0 55 1.5 0.00 3.55 0.00 

CM1 
Compressor 

Engine 
427831 4209961 9455 25 760.0 95 1.0 0.04 2.20 0.00 

HT1 Heater Treater 426936 4208986 9472 20 180.0 15 0.7 0.004 0.05 0.00 

HT2 Heater Treater 427489 4208796 9416 20 180.0 15 0.7 0.004 0.05 0.00 

HT3 Heater Treater 428269 4208686 9431 20 180.0 15 0.7 0.004 0.05 0.00 

HT4 Heater Treater 428861 4208911 9486 20 180.0 15 0.7 0.004 0.05 0.00 

HT5 Heater Treater 429086 4209503 9524 20 180.0 15 0.7 0.004 0.05 0.00 

HT6 Heater Treater 429086 4210319 9462 20 180.0 15 0.7 0.004 0.05 0.00 

HT7 Heater Treater 428861 4210911 9542 20 180.0 15 0.7 0.004 0.05 0.00 

HT8 Heater Treater 428269 4211136 9472 20 180.0 15 0.7 0.004 0.05 0.00 

HT9 Heater Treater 427453 4211136 9538 20 180.0 15 0.7 0.004 0.05 0.00 

HT10 Heater Treater 426861 4210911 9425 20 180.0 15 0.7 0.004 0.05 0.00 

HT11 Heater Treater 426636 4210319 9409 20 180.0 15 0.7 0.004 0.05 0.00 

HT12 Heater Treater 426636 4209508 9381 20 180.0 15 0.7 0.004 0.05 0.00 

HT13 Heater Treater 427236 4209286 9383 20 180.0 15 0.7 0.004 0.05 0.00 

HT14 Heater Treater 428486 4209286 9440 20 180.0 15 0.7 0.004 0.05 0.00 

HT15 Heater Treater 428486 4210536 9527 20 180.0 15 0.7 0.004 0.05 0.00 

HT16 Heater Treater 427236 4210536 9447 20 180.0 15 0.7 0.004 0.05 0.00 

HT17 Heater Treater 427161 4209911 9373 20 180.0 15 0.7 0.004 0.05 0.00 

HT18 Heater Treater 427861 4209211 9386 20 180.0 15 0.7 0.004 0.05 0.00 

HT19 Heater Treater 428561 4209911 9464 20 180.0 15 0.7 0.004 0.05 0.00 

HT20 Heater Treater 427861 4210611 9554 20 180.0 15 0.7 0.004 0.05 0.00 

DHY1 Dehydrator 426906 4208956 9482 30 200.0 8 1.0 0.004 0.05 0.00 

DHY4 Dehydrator 428831 4208881 9488 30 200.0 8 1.0 0.004 0.05 0.00 

DHY7 Dehydrator 428831 4210881 9507 30 200.0 8 1.0 0.004 0.05 0.00 

DHY10 Dehydrator 426831 4210881 9420 30 200.0 8 1.0 0.004 0.05 0.00 

WP1 Well Pump 426906 4209016 9472 10 775.0 45 0.7 0.05 0.66 0.21 

WP2 Well Pump 427459 4208826 9418 10 775.0 45 0.7 0.05 0.66 0.21 

WP3 Well Pump 428239 4208716 9426 10 775.0 45 0.7 0.05 0.66 0.21 

WP4 Well Pump 428831 4208941 9482 10 775.0 45 0.7 0.05 0.66 0.21 

WP5 Well Pump 429056 4209533 9524 10 775.0 45 0.7 0.05 0.66 0.21 

WP6 Well Pump 429056 4210349 9462 10 775.0 45 0.7 0.05 0.66 0.21 

WP7 Well Pump 428831 4210941 9544 10 775.0 45 0.7 0.05 0.66 0.21 

WP8 Well Pump 428239 4211166 9471 10 775.0 45 0.7 0.05 0.66 0.21 

WP9 Well Pump 427423 4211166 9533 10 775.0 45 0.7 0.05 0.66 0.21 
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Source 
ID 

Source 
Description 

Easting 
(X) 

Northing 
(Y) 

Base 
Elev 

Stk 
Ht 

 
Temp 

Exit 
Vel 

Stk 
Diam. 

 
PM10 

 
NOx 

 
SO2 

          (lb/hr 
) 

POINT SOURCES (m) (m) (ft) (ft) (°F) (fps) (ft) (lb/hr) (lb/hr) 

WP10 Well Pump 426831 4210941 9422 10 775.0 45 0.7 0.05 0.66 0.21 

WP11 Well Pump 426606 4210349 9409 10 775.0 45 0.7 0.05 0.66 0.21 

WP12 Well Pump 426606 4209538 9380 10 775.0 45 0.7 0.05 0.66 0.21 

WP13 Well Pump 427206 4209316 9380 10 775.0 45 0.7 0.05 0.66 0.21 

WP14 Well Pump 428456 4209316 9440 10 775.0 45 0.7 0.05 0.66 0.21 

WP15 Well Pump 428456 4210566 9524 10 775.0 45 0.7 0.05 0.66 0.21 

WP16 Well Pump 427206 4210566 9447 10 775.0 45 0.7 0.05 0.66 0.21 

WP17 Well Pump 427131 4209941 9372 10 775.0 45 0.7 0.05 0.66 0.21 

WP18 Well Pump 427831 4209241 9390 10 775.0 45 0.7 0.05 0.66 0.21 

WP19 Well Pump 428531 4209941 9459 10 775.0 45 0.7 0.05 0.66 0.21 

WP20 Well Pump 427831 4210641 9551 10 775.0 45 0.7 0.05 0.66 0.21 

 
Source 

ID 
Source 

Description 
Easting 

(X) 
Northing 

(Y) 
Base 
Elev 

Release 
Height 

Horz. 
Dim. 

Vert. 
Dim. 

 
PM10 

 
NOx 

 
SO2 

VOLUME SOURCES (m) (m) (ft) (ft) (ft) (ft) (lb/hr) (lb/hr) (lb/hr) 

ORD1 outer road 427831 4208536 9414 2.0 100 6.0 0.04 0.01  
ORD2 outer road 427183 4208891 9445 2.0 75 6.0 0.04 0.01  

ORD3 outer road 426719 4209207 9476 2.0 75 6.0 0.04 0.01  

ORD4 outer road 426456 4209911 9427 2.0 100 6.0 0.04 0.01  

ORD5 outer road 426719 4210615 9413 2.0 75 6.0 0.04 0.01  

ORD6 outer road 427127 4211024 9483 2.0 75 6.0 0.04 0.01  

ORD7 outer road 427831 4211286 9477 2.0 100 6.0 0.04 0.01  

ORD8 outer road 428535 4211024 9469 2.0 75 6.0 0.04 0.01  

ORD9 outer road 428944 4210615 9469 2.0 75 6.0 0.04 0.01  

ORD10 outer road 429206 4209911 9471 2.0 100 6.0 0.04 0.01  

ORD11 outer road 428944 4209207 9495 2.0 75 6.0 0.04 0.01  

ORD12 outer road 428535 4208799 9460 2.0 75 6.0 0.04 0.01  

IRD1 inner road 427519 4209249 9391 2.0 75 6.0 0.04 0.01  

IRD2 inner road 427169 4209599 9367 2.0 75 6.0 0.04 0.01  

IRD3 inner road 427169 4210224 9392 2.0 75 6.0 0.04 0.01  

IRD4 inner road 427519 4210574 9511 2.0 75 6.0 0.04 0.01  

IRD5 inner road 428144 4210574 9567 2.0 75 6.0 0.04 0.01  

IRD6 inner road 428494 4210224 9521 2.0 75 6.0 0.04 0.01  

IRD7 inner road 428494 4209599 9452 2.0 75 6.0 0.04 0.01  

IRD8 inner road 428144 4209249 9393 2.0 75 6.0 0.04 0.01  
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Source ID 
 

Source Description 
Easting 

(X) 
Northing 

(Y) 
Base 
Elev 

Rel 
Ht 

Radius 
of 

Circle 

Vert. 
Dim 

 
PM10 

 
NOx 

 
SO2 

CIRCULAR AREA SOURCES (m) (m) (ft) (ft) (ft) (ft) (lb/hr) (lb/hr) (lb/hr) 

WELPAD1 Disturbed area - well pad 426831 4208911 9491 0.0 282.7 2.00 0.015   

WELPAD2 Disturbed area - well pad 427423 4208686 9430 0.0 282.7 2.00 0.015   

WELPAD3 Disturbed area - well pad 428239 4208686 9428 0.0 282.7 2.00 0.015   

WELPAD4 Disturbed area - well pad 428831 4208911 9485 0.0 282.7 2.00 0.015   

WELPAD5 Disturbed area - well pad 429056 4209503 9524 0.0 282.7 2.00 0.015   

WELPAD6 Disturbed area - well pad 429056 4210319 9462 0.0 282.7 2.00 0.015   

WELPAD7 Disturbed area - well pad 428831 4210911 9526 0.0 282.7 2.00 0.015   

WELPAD8 Disturbed area - well pad 428239 4211136 9474 0.0 282.7 2.00 0.015   

WELPAD9 Disturbed area - well pad 427423 4211136 9533 0.0 282.7 2.00 0.015   

WELPAD10 Disturbed area - well pad 426831 4210911 9422 0.0 282.7 2.00 0.015   

WELPAD11 Disturbed area - well pad 426606 4210319 9409 0.0 282.7 2.00 0.015   

WELPAD12 Disturbed area - well pad 426606 4209508 9385 0.0 282.7 2.00 0.015   

WELPAD13 Disturbed area - well pad 427206 4209286 9385 0.0 282.7 2.00 0.015   

WELPAD14 Disturbed area - well pad 428456 4209286 9437 0.0 282.7 2.00 0.015   

WELPAD15 Disturbed area - well pad 428456 4210536 9532 0.0 282.7 2.00 0.015   

WELPAD16 Disturbed area - well pad 427206 4210536 9442 0.0 282.7 2.00 0.015   

WELPAD17 Disturbed area - well pad 427131 4209911 9372 0.0 282.7 2.00 0.015   

WELPAD18 Disturbed area - well pad 427831 4209211 9386 0.0 282.7 2.00 0.015   

WELPAD19 Disturbed area - well pad 428531 4209911 9458 0.0 282.7 2.00 0.015   

WELPAD20 Disturbed area - well pad 427831 4210611 9550 0.0 282.7 2.00 0.015   

CENTPROC 50 acres dist center proc 427831 4209911 9453 0.0 832.6 2.00 0.1   

 
4.5        Fishlake National Forest Development Scenario Modeling (Scenario 3) 

 
The Fishlake NF development scenario model consisted of one, 10 to 15-well field on the 
Fishlake  NF  using  directional  drilling  technology.    The  scenario  described  two  or  three 
production pads with each pad hosting up to five wells each, using directional drilling technology 
and an offset distance of one-half mile.  The modeled scenario included 12 wells on three pads. 
Total actual ground disturbance including the discovery well, central production facilities pad, 
production pads, water disposal well, new access roads, reconstruction of existing roads, 
pipelines and power lines, and a truck loading facility is estimated at 122-acres.  The area within 
the perimeter of the field including pads, pad access roads, and interior pipelines and power 
lines, and undisturbed areas between could vary, but is estimated at approximately 3.0 square 
miles using a well spacing of 160 acres (or ½ mile distance between down-hole well termini 
(directional drilling). 

 
Table 4.5-1 on the following page documents the model emissions sources used to simulate 
emissions  from  this  well  field  development  scenario.    As  with  the  Dixie  NF  development 
scenario modeling analysis, on the ground considerations were added by distributing the model 
emission sources over three square miles.  The sources were distributed in a manner consistent 
with the anticipated spread of the well field scenario at a conceivable location in the Fishlake 
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NF, with variations in elevations across the development field and across the receptor network 
based upon actual topography in the modeled location.  Figures in the next section of this 
document will provide a visual representation of their layout. 

 
Table 4.5-1 Fishlake National Forest Directional Drilling Oil Field Development Scenario 

Model Sources and Source Parameters 
 

Source 
ID 

Source 
Description 

Easting 
(X) 

Northing 
(Y) 

Base 
Elev 

Stack 
Height 

 
Temp 

Exit 
Velocity 

Stk 
Diam 

 
PM10 

 
NOx 

 
SO2 

 POINT SOURCES  (m) (m) (ft) (ft) (°F) (fps) (ft) (lb/hr) (lb/hr) (lb/hr) 

 

DRE 
Drill Rig 
Engine 

 

381262 
 

4277427 
 

8200 
 

15 
 

950 
 

75 
 

1.00 
 

0.26 
 

8.47 
 

0.01 

PFLAR 
Production 

Flare 
381212 4277417 8184 100 1000 55 1.50 0.00 3.55 0.00 

COMPR 
Compressor 

Engine 
381312 4277417 8222 25 760 95 1.00 0.04 2.20 0.00 

HT1 
Heater 
Treater 

380332 4276797 8081 20 180 15 0.67 0.004 0.05 0.00 

HT2 
Heater 
Treater 

380392 4276797 8081 20 180 15 0.67 0.004 0.05 0.00 

HT3 
Heater 
Treater 

380392 4276737 8081 20 180 15 0.67 0.004 0.05 0.00 

HT4 
Heater 
Treater 

380332 4276737 8081 20 180 15 0.67 0.004 0.05 0.00 

HT5 
Heater 
Treater 

382332 4277497 8521 20 180 15 0.67 0.004 0.05 0.00 

HT6 
Heater 
Treater 

382392 4277497 8483 20 180 15 0.67 0.004 0.05 0.00 

HT7 
Heater 
Treater 

382392 4277437 8481 20 180 15 0.67 0.004 0.05 0.00 

HT8 
Heater 
Treater 

382332 4277437 8519 20 180 15 0.67 0.004 0.05 0.00 

HT9 
Heater 
Treater 

381032 4278147 8162 20 180 15 0.67 0.004 0.05 0.00 

HT10 
Heater 
Treater 

381092 4278147 8151 20 180 15 0.67 0.004 0.05 0.00 

HT11 
Heater 
Treater 

381092 4278087 8163 20 180 15 0.67 0.004 0.05 0.00 

HT12 
Heater 
Treater 

381032 4278087 8166 20 180 15 0.67 0.004 0.05 0.00 

DHY1 Dehydrator 381262 4277467 8213 30 200 8 1.00 0.004 0.05 0.00 

DHY2 Dehydrator 381262 4277367 8203 30 200 8 1.00 0.004 0.05 0.00 

WP1 Well Pump 380312 4276817 8081 10 775 45 0.67 0.05 0.66 0.21 

WP2 Well Pump 380412 4276817 8082 10 775 45 0.67 0.05 0.66 0.21 

WP3 Well Pump 380412 4276717 8081 10 775 45 0.67 0.05 0.66 0.21 

WP4 Well Pump 380312 4276717 8081 10 775 45 0.67 0.05 0.66 0.21 

WP5 Well Pump 382312 4277517 8531 10 775 45 0.67 0.05 0.66 0.21 

WP6 Well Pump 382412 4277517 8481 10 775 45 0.67 0.05 0.66 0.21 

WP7 Well Pump 382412 4277417 8472 10 775 45 0.67 0.05 0.66 0.21 

WP8 Well Pump 382312 4277417 8525 10 775 45 0.67 0.05 0.66 0.21 

WP9 Well Pump 381012 4278167 8164 10 775 45 0.67 0.05 0.66 0.21 

WP10 Well Pump 381112 4278167 8151 10 775 45 0.67 0.05 0.66 0.21 

WP11 Well Pump 381112 4278067 8166 10 775 45 0.67 0.05 0.66 0.21 

WP12 Well Pump 381012 4278067 8172 10 775 45 0.67 0.05 0.66 0.21 
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Source 
ID 

Source 
Description 

Easting 
(X) 

Northing 
(Y) 

Base 
Elevation 

Release 
Height 

Horiz 
Dim 

Vert 
Dim 

 
PM10 

 
NOx 

 
SO2 

VOLUME SOURCES (m) (m) (ft) (ft) (ft) (ft) (lb/hr) (lb/hr) 
 

(lb/hr) 

ORD1 outer road 381262 4276042 8116 2.0 100 6.0 0.04 0.075  
ORD2 outer road 380558 4276305 8097 2.0 75 6.0 0.04 0.075  

ORD3 outer road 380150 4276713 8072 2.0 75 6.0 0.04 0.075  

ORD4 outer road 379887 4277417 8052 2.0 100 6.0 0.04 0.075  

ORD5 outer road 380150 4278121 8283 2.0 75 6.0 0.04 0.075  

ORD6 outer road 380558 4278530 7977 2.0 75 6.0 0.04 0.075  

ORD7 outer road 381262 4278792 8219 2.0 100 6.0 0.04 0.075  

ORD8 outer road 381966 4278530 8318 2.0 75 6.0 0.04 0.075  

ORD9 outer road 382375 4278121 8527 2.0 75 6.0 0.04 0.075  

ORD10 outer road 382637 4277417 8468 2.0 100 6.0 0.04 0.075  

ORD11 outer road 382375 4276713 8450 2.0 75 6.0 0.04 0.075  

ORD12 outer road 381966 4276305 8200 2.0 75 6.0 0.04 0.075  

IRD1 inner road 380950 4276755 8184 2.0 75 6.0 0.04 0.075  

IRD2 inner road 380600 4277105 8144 2.0 75 6.0 0.04 0.075  

IRD3 inner road 380600 4277730 8225 2.0 75 6.0 0.04 0.075  

IRD4 inner road 380950 4278080 8194 2.0 75 6.0 0.04 0.075  

IRD5 inner road 381575 4278080 8334 2.0 75 6.0 0.04 0.075  

IRD6 inner road 381925 4277730 8439 2.0 75 6.0 0.04 0.075  

IRD7 inner road 381925 4277105 8321 2.0 75 6.0 0.04 0.075  

IRD8 inner road 381575 4276755 8249 2.0 75 6.0 0.04 0.075  

 
 

Source ID 
Source 

Description 
Easting 

(X) 
Northing 

(Y) 
Base 
Elev 

Rel 
Ht 

Radius of 
Circle 

Vert 
Dim 

 
PM10 

 
NOx 

 
SO2 

  (m) (m) (ft) (ft) (ft) (ft) (lb/hr) (lb/hr) (lb/hr) 

WELPAD1 
Disturbed area - 

well pad 
380362 4276767 8081 0 282.7 2.0 0.033   

WELPAD2 
Disturbed area - 

well pad 
382362 4277467 8498 0 282.7 2.0 0.033   

WELPAD3 
Disturbed area - 

well pad 
381062 4278117 8156 0 282.7 2.0 0.033   

CENTPROC 
50 acres dist 
center proc 

381262 4277417 8199 0 832.6 2.0 0.1   

 
4.6        Fugitive Emissions in the Development Scenario Modeling 

 
Actual development scenarios would include fugitive sources of VOCs and particulates; only 
particulates can be modeled.   The development  scenario model runs include area and/or 
volume sources to assess the impacts of particulate emissions from ground disturbance and 
criteria pollutant emissions from vehicular traffic.  The onsite emissions were evenly distributed 
around the facility in the model, with concentrations relatively even across the area.  This is 
considered conservative in this analysis, where the nearest receptors are 0.25 kilometers (0.155 
miles) away, closer to the center of activity than some of the wells.  The percentages of overall 
traffic emissions that occur within the project boundary, as opposed to outside that boundary, 
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were estimated high.   Road and disturbed area emissions occurring outside the identified 
project area are included in the emissions inventory, but their impacts were not modeled. 

 

 
5.0     MODEL FACILITY AND SOURCE LAYOUT 

 

 
The emissions scenarios for the screening table runs included eight model emission sources: 
seven point sources, and a fugitive area source. These runs were scaled to be representative of 
actual emissions from anticipated O&G development. 

 
The screening tables prepared from the screening runs were checked for accuracy. The results 
were compared to the development scenario runs with model emissions laid out using on the 
ground locations in the Dixie and Fishlake NFs.  Those model scenarios were based upon 
development scenarios determined by the USFS. The methodology for setting up and laying out 
these specific development scenario model runs is described below.  These runs also assisted 
in defining model source data for the screening table runs. 

 
Building downwash was not considered because the nearest receptors were well beyond all 
building  or  structure  cavities.    While  actual  locations  within  the  respective  NF,  both  sites 
selected were chosen at random, with a relatively flat area to locate the well field being the only 
criteria. 

 

 

5.1        Dixie National Forest Well Field Layout 
 
Figure 5.1-1 shows the representative ISCST3 model layout for the Dixie NF 20-well field that is 
used as one of the three specific development scenarios modeled.  The black circle represents 
a 3.5 square mile area boundary anticipated by the USFS.  The underlying topographic map 
shows the hypothetical location modeled at Big Swale on the Pollywog Lake United States 
Geological Survey (USGS) topographic map, approximately twelve miles ESE of Antimony, 
Utah.  Model emission sources are shown and labeled in red.  The layout shows 20 well pads 
located around a central processing area.  The central processing area includes one gas flare, 
storage tanks, one well drilling rig, and the potential gas compressor engine.  The fugitive 
emissions from roads and disturbed areas, other than well pads and the central processing 
area, were included in the model by a series of 20 area or volume sources distributed between 
the well pads.  They are shown as red dots labeled “ORDx” or “IRDx” (for inner or outer roads). 
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Figure 5.1-1 ISCST3 Model: Dixie National Forest 20-Well Oil Field Scenario 
Facility Layout 

 

 
 

 
 
For a representative set of well pads, Figure 5.1-2 shows details of what is located near each 
well pad.  Heater / treater separators for natural gas are included with some wells, but are 
assumed to operate at very low volumes.   Figure 5.1-2 shows the inner ring depicting the 
central processing area to the lower left and the outer ring showing the extent of the well field to 
the upper right.   Between the well pads, representative model inner and outer road sources 
seen in red are used to depict emissions conservatively estimated from onsite vehicular traffic. 



Dixie and Fishlake National Forests: Oil & Gas Leasing EISs, Air Quality  Modeling 

Report 

Appendix SIR-1 
Page 17  

 

Figure 5.1-2 ISCST3 Model Source Layout: Each Well Field, 

Either Oil Field Scenario 
 

 
 
 
 

5.2        Fishlake National Forest Well Field Layout 
 
Based on USFS development expectations, the 10 to 15 well Fishlake NF directional drilling oil 
field development model scenario featured fewer well pads over a slightly smaller area than the 
Dixie NF well field, with potentially more concentrated activity in the vicinity of each well.  Figure 
5.2-1 shows the representative ISCST3 model layout for the hypothetical 12-well directional 
drilling oil field that was used as one of the specific development scenarios.  The black circle 
represents a 3-square mile area boundary for the entire field.  The underlying topographic map 
shows the hypothetical location modeled at Big Bench on the Joseph Peak USGS topographic 
map, approximately eight miles WSW of Joseph, Utah in the Fillmore District. 
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Figure 5.2-1 ISCST3 Model: FNF 12-Well Directional, 
Drilling Field Scenario Facility Layout 

 

 
 

 

5.3        Exploratory Well Development Scenario (Scenario 1) Layout 
 
The exploration development scenario model includes all emissions within an area consisting of 
a 5.9 acre pad with 9 to 10.7 acres of road and other surface disturbances around or atop the 
pad.  Given that the nearest receptor was 250-meters away, the screening scenario with all 
sources collocated was assumed to be representative of an isolated exploratory oil well. 
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6.0      MODEL DOMAIN, MAPPING, AND RECEPTOR NETWORK 
 

 
The model receptor network  extends to 200 kilometers  (km) from  the area of activity.   The 
receptor network  for  the  analyses  includes  rings  of  receptors  around  the  activity  area  at 
distances of 0.25, 0.5, 1, 2.5, 5, 10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100, 120, 140, 160, 
180, and 200 km (Figure 6.0-1).   Receptors  were placed at 10 degree intervals around the 

receptor rings within 50 km and at 5 degree intervals around the long range transport receptor 
rings.  The expanded receptor  network at longer distances cut down the distance receptors at 
these  larger  outer  rings.   The figure below  shows  the model receptor  network. The model 
domain was set conservatively beyond the furthest extent of the receptor network. 

 

 
 

Figure 6.0-1  Model Receptor Network 
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The ISCST3 model was used for pollutant concentrations within 50 km (approximately 31 miles) 
of the activity area and the CALPUFF  model beyond that distance, consistent with EPA long 
range transport and UDAQ air quality modeling guidance.   All deposition and visibility 
AQRV impact  modeling  was  also  performed  using  CALPUFF  and  its  CALPOST  post  
processing system (version 6.12).  For the short term, 3-hour and 24-hour average standard, 
CALPUFF analyses  were  used  to  supplement  ISCST3  analyses  of  S02  dispersion  in  the  
near field. ISCST3 analyses extrapolated short term effects of low overnight inversion mixing 
heights from valley  observation sites  questionably  representative  of anticipated  development  
sites  and/or unlikely to persist for the duration ISCST3 applied them.  CALPUFF's enhanced 
boundary layer data  and  model calculations  allowed  a  more  realistic  estimate  of  
dispersion  of  the  S02 emissions, which were primarily from well pumps. 
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6.1        Receptor Network 
 
The receptor network for the screening modeling included seven source/receptor elevation 
differences.  Separate model runs for each elevation difference scenario were performed with 
receptors at 2500, 1000, 500, and 100 feet above the source elevation, at the same elevation as 
the source, and at 1,000 and 2,500 feet below the source.  These elevation difference scenarios 
include the five described in the modeling protocol, plus two more with receptors 500 feet and 
100 feet above the model sources.  Those added receptor elevations were based upon UDAQ 
comment that this elevation can often have highest impacts due to close proximity to the mean 
plume height.  The base elevation for the emission sources in the model was set at 6,000 feet, 
which is considered a reasonable approximation of likely development sites within the two NFs. 
This receptor network was used for both the ISCST3 and CALPUFF screening modeling runs 
for criteria pollutant impact, AQRV's and deposition impacts. 

 
In the case of the ISCST3 and CALPUFF specific development scenario model runs, receptors 
were set at actual elevations corresponding to the distance rings described for the screening 
runs.  The elevations of those receptors were calculated from USGS digital elevation model 
(DEM) data for receptors at each receptor ring distance, every 10 degrees around the inner 
rings and every 5 degrees around the outer rings (see Figure 6.0-1). 

 
The ambient air boundary (point beyond which the public has access) for the specific 
development scenario model runs in the June 2008 version of this modeling report was the 
edge of the activity area, the 3-square mile area for the Fishlake NF directional drilling scenario 
and the 3.5 square mile area for the Dixie NF conventional drilling scenario.  Based on agency 
comments, the analysis conducted in this current version of this modeling report refined the 
receptor network to begin at the fence surrounding the central processing area, assuming that 
the public could have access to areas beyond there including around the well pads. 

 

 

6.2        Visibility and Deposition Analyses 
 
The CALPUFF visibility and wet deposition analyses required extended hourly surface 
meteorological data sets including relative humidity.   The only site near the study area with 
EPA-approved surface meteorological data was Cedar City.    Therefore, Cedar City 
meteorological data prepared from SAMSON data sets with extended ISCST3 parameters was 
used for the visibility and deposition analyses.  Specific development scenario model runs for air 
pollutant concentrations for potential development scenarios on the two NFs utilized multiple 
meteorological data files for added conservatism.  The details of meteorological data used in 
specific development scenario model runs are described in Section 7.0. 

 
Light is scattered by particles in the air.  In clear weather, visibility decreases as light scattering 
increases.  The amount of light scattering is a function of the quantity and size of particulates in 
the air.  Light extinction is quantified as beta extinction (Bext).  Visibility model results calculated 

the visibility degradation measured by increases in Bext.  The predicted increase in Bext was 
calculated and interpreted for each scenario to conservatively estimate visibility degradation in 
the form of number of days with visibility degradation exceeding 0.5 and 1.0 deciviews (defined 
as a 5% or 10% increase in Bext respectively).  A 0.5 deciview visibility impact in Class I airsheds 

is defined by FLAG as a level of concern above which a cumulative visibility impact analysis is 
recommended if occurring with any frequency.  A 1 deciview or higher impact in Class I areas is 
set as the FLAG threshold at which Class I area land managers would be inclined to oppose the 

impacting project.  For conservatism, a background concentration of 15.6 mm-1 was assumed. 
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This is consistent with the most pristine background visibility in regional Class I airsheds, thus 
minimizing the impact that would result in the percentage change thresholds being triggered. 

 

 
7.0     METEOROLOGICAL DATA 

 

 
The normalized model analyses used to prepare the screening tables utilized ISCST3-based 
screening meteorological data files and/or regional ISCST3 meteorological data files.  The 
ISCST3 data files with extended meteorological data were needed for AQRV analyses (visibility 
and deposition) consistent with FLAG guidance.  The screening meteorological data file utilizes 
each dispersion scenario considered in the EPA dispersion model known as “SCREEN3,” 
blowing from each of 36 directions (every 10 degrees around the compass).  Those wind 
directions match the directions to the model receptors. 

 
For the near-field ISCST3 Dixie 20-well development scenario analyses used to evaluate the 
screening tables, Cedar City National Weather Service data was used along with one year of 
UDAQ-provided data during 2001 from the Sigurd Power Plant near Sigurd, as per the 
recommendation of UDAQ.  For the Fishlake 12-well directional drilling scenario analyses, the 
same Sigurd meteorological data was used along with five years of UDAQ-provided and 
recommended data between 1997 to 2002 from PacifiCorp’s Hunter Power Plant (Hunter) 
located outside Castle Dale.   A discontinuity was found in the Hunter data set that limited the 
usable Hunter meteorological data files to three years and nine months from 1997 through late 
November of 2000.   The Cedar City surface data was retrieved in SAMSON format along with 
associated upper air data and processed through the EPA PCRAMMET program consistent with 
UDAQ and EPA guidance. 

 
Cedar City National Weather Service (NWS) data, the only data available in the project area 
with the extended parameters needed for visibility and/or deposition analyses, was used for all 
long-range transport analyses except the criteria pollutant concentration screening analyses and 
all AQRV analyses.  Three years of Cedar City meteorological data, from 1988 to 1990, were 
used consistent with FLAG guidance.  National Weather Service upper air meteorological data 
from Salt Lake City, the nearest and most representative site with available data, was used to 
complete the Cedar City modeling meteorological data files. 

 

 
8.0     LAND USE CLASSIFICATION AND AREA PHYSICAL CHARACTERISTICS 

 

 
Rural dispersion coefficients are assumed to be appropriate for all locations where project 
development is anticipated.  Landforms across the CALPUFF modeling domain were judged to 
include primarily forested or barren land.  Upon the recommendation of UDAQ, barren land 
parameters were used in CALPUFF, with slight adjustments in roughness, length, albedo 
(reflectiveness) and leaf index toward forested land to account for the vegetation in the higher 
elevations. CALPUFF plume elements were modeled as puffs.   CALPUFF screening was 
prepared consistent with the “Guide for Applying the EPA Class 1 Screening Methodology with 
the  CALPUFF  Modeling  System”  prepared  in  2001  by  Joseph  Scire  of  Earth-Tech,  the 
developer of the CALPUFF modeling system.  Mr. Scire and David Strimaitis, his current TRC 
Companies, Inc. partner and contributor to the development of the CALPUFF modeling system, 
provided comments and guidance on the CALPUFF modeling applications.  No boundary influx 
was  included  in  the  CALPUFF  analysis.     The  mean  background  ozone  and  ammonia 
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concentrations  used  were  specifically  suggested  by  UDAQ  and  were  consistent  with 
recommend default values. 

 
In other areas not discussed, ISCST3 defaults, including regulatory default options, were used, 
except  for  allowing  for  missing  hours  in  non-NWS  meteorological  data  files.  CALPUFF 
Screening defaults recommended by FLAG and Interagency Workgroup on Air Quality Models 
(IWAQM) guidance or Mr. Scire or Strimaitis and/or incorporated in the ISC2PUFF translation 
program for ISCST3 input files were employed.  Table 8.0-1 documents the values used in the 
modeling, post-processing, or data preparation. 

 

 
 

Table 8.0-1 Proposed Physical Parameters for the Project Area 
 

 

Parameter 
 

Value 

Min. Obukhov length (m) 10.0 
Roughness length (m), met-data site 1.0 

Roughness length (m), receptor network 0.20 

Noon time albedo 0.30 

Bowen ratio 5.0 

Anthropogenic heat flux (W/m^2) 3.0 

Fraction net radiation absorbed by ground 0.160 

Mean monthly / annual ozone concentration (ppb) 80 

Mean monthly / annual ammonia concentration (ppb) 10 

 
Land use (CALPUFF) 

Barren Land, with leaf index and 
roughness length adjusted slightly 
toward Forest Land 

Leaf index 0.3 

RURAL / URBAN RURAL 
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9.0     MODELING RESULTS 
 

9.1        Screening Modeling 
 
The results of the screening modeling analyses were translated into a set of screening tables as 
described in the modeling protocol.  The pollutant concentration screening runs were prepared 
using  a  screening  meteorological  data file.    One-hour  average maximum model  predicted 
impacts were reported because the hourly data in those meteorological files was hypothetical; 
consecutive hours did not represent an actual time series.  Therefore, processing the results of 
the screening air concentration modeling runs consisted of taking model predicted maximum 
one-hour average impacts and applying UDAQ recommended persistence factors to estimate 
model predicted impacts at averaging periods consistent with ambient air quality standards, 
increments and thresholds.  Model output values from the CALPOST post-processing program 
associated with CALPUFF in that modeling system were copied directly into the screening and 
specific development scenario impact tables.  The resulting screening tables conservatively 
estimate the maximum impact per pound per hour of emissions of criteria air pollutants at a 
variety of distances from the proposed activity and elevations differences between the activity 
area and receptor. 

 
AQRV analyses (visibility impact and nitrogen and sulfur deposition) were performed with two or 
three years of measured met-data for each development scenario.  Visibility impact analyses 
provided a quantative estimate of the increase of beta extinction for the specific development 
proposed, and site specific deposition analyses provide estimates of deposition rates.  Site 
specific AQRV impact analyses confirm the reasonableness of deposition estimates from the 
screening analyses.  The resulting AQRV impact predictions for each development scenario 
should represent a conservative estimate of the magnitude of impacts. 

 
Model results from the specific development scenario runs were used to perform quality 
assurance checks on the screening table initially prepared from screening modeling results.  As 
a result of those quality assurance checks, specific recommendations were made for applying 
the screening table entries for near field short term SO2  concentrations (the reasoning behind 

those refinements is discussed in Section 9.1 of this report). 
 
The intention in preparing these criteria pollutant impact screening table and AQRV analyses is 
to conservatively estimate the potential impact and confirm, through the specific development 
scenario  model  analyses,  that  the  screening  process  would  not  underestimate  the  actual 
impacts.  With that verification, the screening table results and AQRV impact analyses can be 
used to make an initial check on compliance with applicable impact limits.  If screening impact 
estimates from a development action show compliance with applicable impact limits for all 
receptors, as long as that development action was planned consistent with the assumptions 
included in the screening analysis, it would not be expected to show any air quality impact 
concerns with a site and development specific air quality impact analysis.  If screening impact 
estimates from a development action do not show compliance with applicable impact limits for 
all receptors, that development action cannot be justified by the screening analysis.  That 
development action might require stronger emission control or mitigation conditions, or might be 
justified by a site and development specific air quality impact analysis (which would remove 
some of the conservatism inherent in the screening analysis). 
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Screening tables are presented in Appendix A for each parameter modeled: PM10, NOx, SO2, 

and visibility.  The details of the specific development scenario model runs, analyses of results, 
and refinements made to the original screening tables as a result of those specific development 
scenario model runs are described below. 

 
Each Appendix A table shows maximum predicted impacts at each receptor ring distance for 
each source / receptor elevation difference scenario.  The impacts included in the tables are 
normalized, based upon one pound per hour emissions.  The normalized impacts can be used 
to estimate the potential impact of various O&G development scenarios considered in either NF. 
Using the pound per hour emissions rate from any proposed project, the screening impact can 

be estimated by multiplying the screening table impact in Appendix A (in µg/m3 per pound per 
hour emission) by the projected emission rate (in pounds per hour) for the project under 
consideration.   The documentation clarifies that this is a screening tool for planning, leasing, 
and exploration estimates and conveys what level of development will require subsequent 
NEPA and/or air permitting action. 

 

 

9.2        Specific Development Scenario Model Runs 
 
As noted earlier, after the screening model runs, three potential development scenarios 
described by the Dixie and Fishlake NFs were modeled to assess concentrations of NOx, SO2, 

and PM10.  The activity was set at arbitrarily chosen, conceivably developable locations on each 

NF.   The locations were chosen based upon their O&G production potential, where such 
information was available; otherwise they were selected by air quality scientists as 
topographically representative sites where development could occur. 

 
Receptors were placed in 22 rings around each of these development scenarios, at intervals 
consistent with the screening modeling receptors.   Receptor elevations in the specific 
development scenario modeling used actual elevations from USGS digital elevation models. 
The primary goal was to estimate modeled impacts from the identified potential development 
scenario laid out in an area where it could conceivably occur.   Another goal was to check if 
modeled impacts, at receptors set at actual locations in rings surrounding that development, 
were consistent with those predicted at those locations by the screening tables developed.  As 
noted under the Model Receptor discussion, receptors were set assuming the outer edge of the 
developed area would be the ambient air boundary (the nearest location to which the public has 
access), which began at the fence of the central processing area. 

 
Figures 5.1-1, 5.1-2, and 5.2-1 above show the layout of the model for the multi-well scenarios, 
and  show  the  actual  locations  used  for  the  specific  development  scenario  modeling  run 
analyses.  Tables 4.4-1 and 4.5-1 above show the model source parameters used to simulate 
emissions from each scenario. 

 
As noted under the meteorological data description, the specific development scenario model 
runs were made for the Dixie NF 20-well development scenario with one year of meteorological 
data from Sigurd (NW of the site monitored) and five years of data from Cedar City 
(representative of the central Dixie NF).     The analytical verifications were performed by 
comparing the maximum model predicted impact at each receptor ring distance in the specific 
development  scenario  model  analyses  with  maximum  impacts  predicted  for  that  ring  and 
receptor elevation from the screening tables developed for this project. 
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Similarly, verifications for the Fishlake NF 12-well drilling scenario were performed using one 
year of meteorological data from Sigurd (located in the south-central area of the Fishlake NF in 
the Sevier River canyon that channels flow locally) and the useable three years and nine 
months of data from the Hunter Power Plant (representative of the northeastern areas of the 
Fishlake NF). 

 
For the above comparisons, the second maximum modeled impact from each meteorological 
data set was compared to the screening table result (see Appendix A) for the short term 
averaging periods (one day or less).  The highest second maximum value in any year is the one 
compared against NAAQS standards for regulatory impact analyses.  Model maximum impacts 
over the duration of the period modeled were used to verify longer term average impacts.  This 
approach is conservative for the multi-year meteorological data files because the second 
maximum concentration over the duration of the period modeled would likely be higher than the 
second highest concentration in any individual year. 

 
In regulatory air quality impact analyses, the first maximum impact, or increase in impacts, can 
be the value compared against incremental limit thresholds for major new sources or sources 
potentially affecting Class 1 airsheds.   Because model receptors in the specific development 
scenario analyses were placed at actual elevations for the distance and orientation from the well 
field development scenario, the specific development scenario model runs results provided an 
opportunity to check the reasonableness of the values on the screening table. 

 
These specific development scenario modeling runs were considered as a realistic test of 
potential maximum impacts from the scenarios modeled, even if the local wind patterns were 
not consistent with one of the meteorological data sets, since the results represent the 
conservative model predicted impacts from a variety of different wind flow patterns. 

 
The goal of the verification process was to ensure that the screening tables produced 
conservative estimates of potential impacts (that they did not under predict impacts, which could 
result in problems if they were used for planning purposes), and that they were reasonable 
enough in estimating possible impacts to be potentially valuable planning tools. 

 
“Model predicted maximum impacts” for each development scenario were prepared through the 
specific  development  scenario  model  runs  described.    For  each  meteorological  data  set 
modeled, the maximum impact for each pollutant and each regulatory averaging period was 
calculated at each receptor distance up to 40 kilometers.  The actual elevations of the receptors 
where the maximum model predicted impact occurred were documented and the source / 
receptor elevation difference calculated.  Those maximum predicted impacts at each receptor 
ring were compared to the impact value estimated from the screening tables for the source / 
receptor  elevation  difference.    Mean  source  elevations  were  used  for  each  development 
scenario, which included real world considerations of elevation variation across the well field. 
This data set provided quality assurance checks for a good percentage of the values on the 
screening table.  Receptors lower than the source elevation showed up a little more than those 
with higher elevations than the source during the screening table verification process, mostly 
because the locations chosen for the specific development scenario model analyses had 
comparatively high elevations.   There were still sufficient results to provide direct checks to 
almost half of the screening table results for receptors higher than the source elevation. 

 
A representative section of the comparisons of the specific development scenario results with 
screening table results is included in Appendix B.  Those verification analyses showed that the 
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results from the screening table were quite conservative (overestimated values from specific 
development scenario analyses) for the closer receptors (especially those less than five miles 
from the development activity), for long range transport (receptors more than 30 kilometers from 
the development activity),  and for the longer averaging periods.   In the near field, this is 
because the screening runs had all emissions in one location, while actual field development 
spread the emissions (and hence impacts) over a larger footprint.  This effect was minimized by 
starting the receptor network at the central processing area, and including the well fields in 
ambient air (accessible to public access). The screening scenario assumed very concentrated 
emissions that resulted in higher potential maximum impact predictions than those predicted 
from a well field scenario that spread activity over a few square miles.  That concentration of 
emissions in the assumed model runs supporting the screening table would seem to be 
appropriate for individual wells, as in an isolated exploratory well.   Nonetheless, it is potentially 
conservative when considering emissions spread over a well field. 

 
UDAQ recommended an annual average persistence factor (conversion factor to estimate long 
term average impacts from short term maximum impacts) of 0.08 for simple terrain and 0.03 for 
complex terrain (multipliers of maximum predicted one hour average impact).  The annual 
average impact persistence factor was set at 0.08 in these screening table results to be 
conservative.  The use of a lower persistence factor for converting screening model predicted 
maximum one hour average model results (to estimate maximum annual average impacts) is 
probably justified for much of the Dixie NF because of the complex terrain, even though it is not 
used in this report. 

 

 

9.3        Specific Development Scenario Model Results and Verification against Screening Table 
Estimates 

 
Results for the 20-well conventional drilling and 12-well directional drilling development scenario 
runs indicated that impacts within 2½ miles of the well field perimeter and annual average 
impact  predictions  at  all  receptors  rarely  exceeded  30  percent  of  those  predicted  by  the 
screening tables.  Screening table results for those analyses proved conservative because they 
were never exceeded by development scenario analysis results.  If the UDAQ recommended 
annual persistence factor of 0.03 for complex terrain were substituted for the 0.08 used in the 
tables, the screening table results would be lowered by 62.5%.  Specific development scenario 
model runs would still show that the screening tables would be conservative even for the lower 
persistence factor UDAQ recommends for complex terrain. 

 
As a result, we recommend that the distance from the source be measured only from the central 
fenced area where access is controlled, not the furthest extent of the well field development. 
We  also  recommend  that  some  added  conservatism  could  be  removed  by  lowering  the 
screening table annual average impact predictions by 62.5% in complex terrain. 

 
The specific development scenario model run comparisons against screening table predicted 
impacts for more distant receptors, and for PM10 short term 24-hour averaging period at all 
receptors, showed the screening table values to be conservative (never under-predicting). 

 
For SO2  short term average impacts, verification efforts showed conservatism in the screening 

tables for receptors within five kilometers and beyond 50 kilometers.  In the intermediate  5 – 50 
km range, for receptors well above or well below the mean source elevation, a concern related 
to the concentration of the SO2  emissions in a few sets of stack parameters in the screening 
model runs led to less conservative estimates from the screening tables.   In a few cases, 
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receptors well above or well below the model mean source base elevation had higher SO2 

impacts in the specific development scenario analyses than those estimated from the screening 
tables. 

 
Diesel emissions, primarily from well pumps, represented the vast majority of SO2  emissions. 

SO2  was potentially exaggerated because the EPA AP-42 emission factor guidance for large 
diesel engines (including the drill rig engine) took into account lower sulfur content in available 
diesel fuel during the project operational phase, but the AP-42 emission factors for small diesel 
engines (used for the well pumps) did not (assuming 1996 fuel sulfur content).  Because model 
SO2 emissions were 99.5% concentrated in one set of model sources (the well pumps), the 
screening model results were dominated by the impacts of the well pumps. 

 
Although screening model runs assume that all emissions occur at the same elevation, this 
rarely occurs in actual field locations in areas like the National Forests studied.  As a result, the 
projections of the screening tables showed a plume narrowly concentrated with significant 
concentrations at nearby elevations but limited impacts at other elevations.  Verification showed 
that  the  screening  tables  were  conservative  when  applied  using  the  elevation  difference 
between the receptor and the well site with the closest elevation rather than the mean well field 
elevation.  That method accounts for the actual difference between the receptor elevation and 
the elevation of a well pump plume. Therefore, to ensure conservatism (to make sure the 
screening table does not underestimate actual impacts), it is recommended that for short term 
SO2, the elevation difference to reference in the screening tables should be the difference in 

elevation between the receptor and well nearest in elevation (rather than the mean well field 
elevation recommended for all other screening table applications). 

 
Calculated  statistics  (shown  in  Appendix  B)  indicated  that  specific  development  scenario 
analysis SO2  short term predictions for receptors at elevations higher or lower than the mean 

source elevation were, for three 3-hour averages and one 24-hour average, slightly higher than 
maximum impacts calculated from the screening tables.   When the table was reinterpreted 
using the minimum elevation difference between the receptor and any project well pump instead 
of elevation difference between the receptor and the mean well field elevation, the screening 
table estimates of predicted impact never underestimated any impacts predicted in the specific 
development scenario analyses.  Therefore, it is recommended to use the minimum elevation 
difference  between  the  receptor  and  any  project  well  rather  than  the  elevation  difference 
between the receptor and the mean well field elevation for short term SO2 averaging period 

applications to ensure conservatism in applying the screening tables. 
 
Further quality assurance identified inconsistencies in some variables across the transition from 
the near-field analyses prepared primarily using ISCST3 and the long-range transport analyses 
prepared using the CALPUFF model.  Reviewers verified that there were inconsistencies across 
the 50km distance from the source where the recommended model changes from ISCST3 to 
CALPUFF.  Those inconsistencies are more likely an indication of differences of model internal 
calculation methodology between ISCST3 and CALPUFF than anything likely to be noticed in 
the field.  However, no adjustments were made to the initial screening results for this condition. 
While the inconsistencies in model predicted concentration trends noted are not likely to be 
observed in the field, the inconsistencies could occur when performing regulatory modeling, 
since they are a function of internal methodologies in the models that a permit applicant would 
be required to use during the regulatory process. 
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9.4        Screening Model Results Interpreted for US Forest Service Identified Potential Development 
Scenario Impacts 

 
For each of the three potential development scenarios described in Section 2.0, the equipment 
assumed to be operating to support the scenario development is described here.  Also, the 
screening table data is interpreted consistent with emissions from that equipment at anticipated 
operational levels to estimate maximum potential impacts.   Those impact projections are 
conservative because they are based upon conservative emission source layout and dispersion 
conditions.  The long term average impact projections are conservative because they are based 
upon short term emission rates that would likely be higher than those anticipated on an annual 
basis. 

 
The visibility impact projections are considered to be conservative because the normalized runs 
featured low emission rates.  Low rate normalized runs do not account for the depletion of 
ammonia or competition between nitrates and sulfates for ammonia that occur with higher 
emission rates.  These scenarios represent the high end of potential impacts found in a refined 
air quality impact analysis, which are required for most development actions beyond initial 
exploration. 

 

 

9.4.1     Scenario 1: Exploratory Drilling (Dixie and Fishlake National Forests) 
 
This scenario is assumed to include the following activities that affect air quality: 

Construction of 5.5-acre drilling locations. 

A diesel fuel fired drill rig engine with emissions based upon 13.5 tons NOx per well 
reported in the Western Regional Air Partnership (WRAP) Oil & Gas Emission Inventory 
prepared in December 2005 by Environ and the 2005 Wyoming field survey from which 
that data was developed, with actual emissions adjusted downward to be compliant with 
recent tiered engine requirements, and SO2  emissions consistent with AP-42 assuming 

the 15ppm sulfur content in diesel scheduled to be required during the operational 
phase. 

o The WRAP study indicated the mean drilling time is approximately 90 days per 
well,  continuously around the clock  except for maintenance.   Therefore, the 
longer term average impact predictions effectively assume four wells drilled back 
to back in relatively close proximity to each other. 

Construction of 1.1 miles of new access roads. 

Support traffic to supply, maintain, and staff the drilling effort. 

A low volume of flaring of natural gas during exploration, equal to 100 Mscf per year. 
 
Table 9.4-1 below documents the predicted criteria pollutant NO2, SO2, and PM10 concentration, 

nitrate and sulfate deposition, and visibility impairment impacts at a variety of distances for three 
elevation difference scenarios.   A more complete set of tables featuring more elevation 
differences and more receptor rings are included in Appendix A. 
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Table 9.4-1 Screening Impacts Predicted with the Exploratory Drilling Scenario 
 

Distance from Operating Area to Receptor (km) 

 1 
(km) 

2.5 
(km) 

5 
(km) 

10 
(km) 

15 
(km) 

20 
(km) 

30 
(km) 

40 
(km) 

50 
(km) 

70 
(km) 

100 
(km) 

140 
(km) 

200 
(km) 

Receptors 2500 feet above source 

NO2 annual 4.42 1.11 0.38 0.13 0.07 0.04 0.03 0.02 0.05 0.01 0.01 0.01 0.01 

 
SO2 

3 hour 0.07 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

24 hour 0.03 0.02 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

annual 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

 
PM-10 

24 hour 8.18 3.41 1.48 0.61 0.36 0.26 0.16 0.11 0.46 0.11 0.10 0.07 0.01 

annual 2.05 0.85 0.37 0.15 0.09 0.06 0.04 0.03 0.11 0.03 0.02 0.05 0.00 

N Dep kg/hect/yr 0.0356 0.0127 0.0056 0.0022 0.0012 0.0008 0.0004 0.0002 0.0001 0.0001 0.0000 0.0000 0.0000 

S Dep kg/hect/yr 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

 
Visibility 

Days ∆dv 
>0.5 

6 3 2 2 2 1 0 0 0 0 0 0 0 

Days ∆dv 
>1.0 

0 0 0 0 0 0 0 0 0 0 0 0 0 

 
Receptors 500 feet above source 

NO2 annual 7.59 2.27 0.90 0.35 0.20 0.14 0.08 0.06 0.05 0.01 0.01 0.00 0.00 

 
 

SO2 

3 hour 0.08 0.02 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

24 hour  0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

annual 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

 
PM-10 

24 hour 10.44 4.06 1.73 0.71 0.42 0.30 0.18 0.13 0.46 0.21 0.10 0.07 0.01 

annual 2.61 1.01 0.43 0.18 0.10 0.07 0.05 0.03 0.11 0.05 0.02 0.02 0.00 

N Dep kg/hect/yr 0.0356 0.0127 0.0056 0.0022 0.0012 0.0008 0.0004 0.0002 0.0001 0.0000 0.0000 0.0000 0.0000 

S Dep kg/hect/yr 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

 
Visibility 

Days ∆dv 
>0.5 

6 3 2 2 2 1 0 0 0 0 0 0 0 

Days ∆dv 
>1.0 

0 0 0 0 0 0 0 0 0 0 0 0 0 

 
Receptors at same  elevation as source 

NO2 annual 10.10 6.51 3.39 1.63 1.04 0.77 0.50 0.37 0.05 0.01 0.01 0.00 0.00 

 
 

SO2 

3 hour 0.16 0.10 0.05 0.02 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 

24 hour 0.07 0.05 0.02 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

annual 0.02 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

 
PM-10 

24 hour 12.35 6.00 2.77 1.20 0.73 0.53 0.33 0.24 0.31 0.07 0.06 0.04 0.00 

annual 3.09 1.50 0.69 0.30 0.18 0.13 0.08 0.06 0.08 0.02 0.02 0.01 0.00 

N Dep kg/hect/yr 0.0262 0.0107 0.0050 0.0020 0.0011 0.0007 0.0003 0.0002 0.0001 0.0000 0.0000 0.0000 0.0000 

S Dep kg/hect/yr 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

 
Visibility 

Days ∆dv 
>0.5 

4 1 1 1 1 1 0 0 0 0 0 0 0 

Days ∆dv 
>1.0 

0 0 0 0 0 0 0 0 0 0 0 0 0 
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Receptors 1000 feet below source 

NO2 annual 0.51 0.30 0.23 0.13 0.09 0.08 0.07 0.06 0.01 0.00 0.00 0.00 0.00 

 
 

SO2 

3 hour 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

24 hour 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

annual 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

 
PM-10 

24 hour 8.18 3.41 1.48 0.61 0.36 0.26 0.16 0.11 0.01 0.00 0.00 0.00 0.00 

annual 2.05 0.85 0.37 0.15 0.09 0.06 0.04 0.03 0.00 0.00 0.00 0.00 0.00 

N Dep kg/hect/yr 0.0001 0.0002 0.0001 0.0001 0.0001 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

S Dep kg/hect/yr 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

 
Visibility 

Days ∆dv 
>0.5 

0 0 0 0 0 0 0 0 0 0 0 0 0 

Days ∆dv 
>1.0 

0 0 0 0 0 0 0 0 0 0 0 0 0 

Units for NOx, SO2, and PM10 concentrations are µg/m3 

 
Screening table and model results show air quality impacts concentrated in the near proximity of 
an isolated exploratory well drilling operation.  Visibility impacts potentially reach the FLAG 5% 
degradation level of concern out to 20 kilometers (12.4 miles) above which a cumulative impact 
analysis could be requested, and never reach the 10% visibility degradation FLAG recommends 
and Federal Land Managers (FLM) would likely oppose.  Air concentrations of all pollutants fall 
below EPA defined significant impact levels by five kilometers (3.1 miles).   Screening tables 
show that compliance with NAAQS would be assured with the background concentrations 
expected in potential development areas. 

 

 

9.4.2     Scenario 2:  20-Well Conventional Drilling Development Consistent with the Dixie National 
Forest Development Scenario 

 
This scenario is assumed to include the following activities that affect air quality: 

Construction of twenty 5.5-acre drilling locations. 

One diesel fuel fired drill rig engine with emissions based upon the 13.5 tons NOx per 
well reported in the WRAP Oil & Gas Emission Inventory prepared by Environ and the 
2005 Wyoming field survey from which that data was developed, with actual emissions 
adjusted downward to be compliant with recent tiered engine requirements.   SO2 

emissions are consistent with AP-42 assuming the 15ppm sulfur content in diesel 
scheduled to be required during the operational phase. 

o The WRAP study indicated the mean drilling time is approximately 90 days per 
well,  continuously around the clock  except for maintenance.   Therefore, the 
longer term average impact predictions effectively assume four wells drilled back 
to back in relatively close proximity. 

Construction of eight miles of new access roads. 

Support traffic to supply, maintain, and staff the drilling and pumping effort. 

Twenty 0.5 MMbtu/hr  heater / treater separators, two at each well pad. 

Twenty diesel powered 100 hp well pumps to extract oil, one for each well. 

One 1.0 MMbtu dehydrator and one 500 HP compressor processing a low volume of 
natural gas at partial capacity. 
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Diesel well pumps are assumed because the development sites are expected to be remote from 
the electric power grid. Though a slight amount of natural gas production is included, producible 
natural gas is not likely assumed by the USFS and is not anticipated in sufficient quantity to 
power the well pumps. 

 
Table 9.4-2 documents the predicted criteria pollutant NO2, SO2, and PM10 concentration, nitrate 
and sulfate deposition, and visibility impairment impacts at a variety of distances for three 
elevation difference scenarios. 

 
Table 9.4-2 Screening Impacts Predicted with the 20-Well Conventional Drilling Scenario 

 

Distance From Operating Area to receptor (km) 

  1 
(km) 

2.5 
(km) 

5 
(km) 

10 
(km) 

15 
(km) 

20 
(km) 

30 (km) 
40 

(km) 
50 

(km) 
70 

(km) 
100 
(km) 

140 
(km) 

200 
(km) 

Receptors 2500 feet above source 

NO2 annual 13.04 3.28 1.12 0.38 0.20 0.13 0.07 0.05 0.15 0.04 0.02 0.01 0.00 

 
SO2 

3 hour 27.62 6.41 2.12 0.70 0.37 0.24 0.14 0.10 0.19 0.04 0.02 0.01 0.00 

24 hour 12.28 9.38 4.88 2.17 1.33 0.95 0.60 0.48 0.11 0.02 0.01 0.01 0.00 

annual 3.07 0.71 0.24 0.08 0.04 0.03 0.02 0.01 0.03 0.01 0.00 0.00 0.00 

 
PM-10 

24 hour 16.57 6.90 3.00 1.24 0.74 0.52 0.32 0.23 0.92 0.43 0.20 0.14 0.00 

annual 4.14 1.73 0.75 0.31 0.18 0.13 0.08 0.06 0.23 0.11 0.05 0.03 0.00 

N Dep 
kg/hect/ 

yr 
0.1051 0.0375 0.0167 0.0065 0.0036 0.0023 0.0011 0.0006 0.0004 0.0002 0.0001 0.0000 0.0000 

S Dep 
kg/hect/ 

yr 
0.0383 0.0150 0.0059 0.0029 0.0017 0.0011 0.0005 0.0003 0.0002 0.0001 0.0000 0.0000 0.0000 

 

 
Visibility 

Days 
∆dv 
>0.5 

 
82 

 
75 

 
73 

 
60 

 
49 

 
40 

 
27 

 
15 

 
10 

 
4 

 
2 

 
1 

 
0 

Days 
∆dv 
>1.0 

 
49 

 
43 

 
40 

 
31 

 
25 

 
18 

 
6 

 
3 

 
2 

 
0 

 
0 

 
0 

 
0 

 
Receptors 500 feet above source 

NO2 annual 22.41 6.71 2.65 1.04 0.60 0.41 0.25 0.17 0.15 0.04 0.02 0.01 0.00 

 
SO2 

3 hour 34.08 9.49 3.57 1.35 0.77 0.53 0.31 0.22 0.18 0.04 0.02 0.01 0.00 

24 hour 15.15 4.22 1.59 0.60 0.34 0.23 0.14 0.10 0.10 0.02 0.01 0.01 0.00 

annual 3.79 1.05 0.40 0.15 0.09 0.06 0.03 0.02 0.03 0.01 0.00 0.00 0.00 
 

PM-10 
24 hour 21.15 8.22 3.50 1.43 0.85 0.60 0.37 0.26 0.92 0.43 0.20 0.14 0.03 

annual 5.29 2.05 0.88 0.36 0.21 0.15 0.09 0.07 0.23 0.11 0.05 0.03 0.01 

N Dep kg/hect/yr 0.1051 0.0375 0.0167 0.0065 0.0036 0.0023 0.0011 0.0006 0.0004 0.0002 0.0001 0.0000 0.0000 

S Dep kg/hect/yr 0.0383 0.0150 0.0059 0.0029 0.0017 0.0011 0.0005 0.0003 0.0002 0.0001 0.0000 0.0000 0.0000 

 
Visibility 

Days ∆dv 
>0.5 

82 75 73 60 49 40 27 15 10 4 2 1 0 

Days ∆dv 
>1.0 

49 43 40 31 25 18 6 3 2 0 0 0 0 
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Receptors at same elevation as source 

NO2 annual 29.83 19.21 10.01 4.80 3.08 2.27 1.47 1.09 0.14 0.04 0.02 0.01 0.00 

 
SO2 

3 hour 67.92 44.37 22.15 10.03 6.19 4.46 2.80 2.03 0.18 0.04 0.02 0.01 0.00 

24 hour 30.19 19.72 9.84 4.46 2.75 1.98 1.24 0.90 0.10 0.02 0.01 0.01 0.00 

annual 7.55 4.93 2.46 1.11 0.69 0.50 0.31 0.23 0.03 0.01 0.00 0.00 0.00 
 

PM-10 
24 hour 25.01 12.16 5.62 2.44 1.49 1.06 0.67 0.48 0.62 0.15 0.13 0.09 0.03 

annual 6.25 3.04 1.40 0.61 0.37 0.27 0.17 0.12 0.16 0.04 0.03 0.02 0.01 

N Dep kg/hect/yr 0.0774 0.0315 0.0148 0.0059 0.0033 0.0022 0.0010 0.0006 0.0004 0.0001 0.0001 0.0000 0.0000 

S Dep kg/hect/yr 0.0314 0.0135 0.0055 0.0027 0.0016 0.0011 0.0004 0.0003 0.0002 0.0000 0.0000 0.0000 0.0000 

 
Visibility 

Days ∆dv 
>0.5 

77 69 70 57 47 38 25 14 9 3 2 1 0 

Days ∆dv 
>1.0 

46 39 37 31 23 17 5 2 1 0 0 0 0 

 

 
 

Receptors 1000 feet below source 

NO2 annual 1.50 0.88 0.67 0.38 0.27 0.23 0.20 0.16 0.02 0.01 0.01 0.01 0.00 

 
SO2 

3 hour 2.78 1.62 1.23 0.71 0.49 0.41 0.37 0.30 0.05 0.01 0.01 0.01 0.00 

24 hour 1.24 0.72 0.55 0.31 0.22 0.18 0.16 0.14 0.03 0.01 0.00 0.00 0.00 

annual 0.31 0.18 0.14 0.08 0.05 0.05 0.04 0.03 0.01 0.00 0.00 0.00 0.00 
 

PM-10 
24 hour 16.57 6.90 3.00 1.24 0.74 0.52 0.32 0.23 0.02 0.01 0.01 0.00 0.00 

annual 4.14 1.73 0.75 0.31 0.18 0.13 0.08 0.06 0.00 0.00 0.00 0.00 0.00 

N Dep kg/hect/yr 0.0003 0.0005 0.0004 0.0002 0.0002 0.0002 0.0001 0.0001 0.0001 0.0001 0.0000 0.0000 0.0000 

S Dep kg/hect/yr 0.0004 0.0003 0.0002 0.0002 0.0001 0.0001 0.0001 0.0001 0.0001 0.0000 0.0000 0.0000 0.0000 

 
Visibility 

Days ∆dv 
>0.5 

5 6 5 6 4 5 3 3 2 2 2 0 0 

Days ∆dv 
>1.0 

1 1 1 1 1 1 1 0 0 0 0 0 0 

Units for NOx, SO2, and PM10 concentrations are µg/m3 

 
The results show potential increases in bext over the FLAG limit for Class I areas threshold of 10 

percent out to almost 55 kilometers (34.2 miles), and over the FLAG level of concern of 0.5 
deciviews (5% increase in bext) above which FLMs could request a cumulative visibility impact 

analysis  out  to  100  kilometers  (62  miles).    Potential  deposition  rates  drop  below  FLAG 
screening thresholds of 0.005 kg/hect/year within 45 km (27.9 miles). 

 
Criteria pollutant impacts conservatively estimated from the screening table are shown to 
approach but not exceed the NAAQS with anticipated background concentrations added in the 
immediate vicinity of development activity.  Criteria pollutants are well below NAAQS within a 
few hundred kilometers and everywhere beyond.  Air pollutant impacts are predicted to drop off 
to levels defined as insignificant in Class II areas within 41.5 km (25.8 miles) for NOx and in less 
than 13 km (8.1 miles) for all other pollutants.  Compared against Class I area impact limits, 
criteria pollutant impacts are predicted to be insignificant within 60 kilometers (37.3 miles) for all 
pollutants.  When predicted impacts are below Class I impact limits, cumulative incremental 
degradation impact analyses are not likely necessary.  Therefore, this screening analysis cannot 
rule out the need to perform a cumulative impact analysis for criteria pollutants if Class I areas 
exist within 60 km (37.3 miles) of this type of development activity. 

 
The conservatism in the screening tables is shown by the results of the verifications prepared 
from modeling runs for potential development operational scenarios.  Specific development 
scenario modeling analyses with realistic layout of equipment in potentially sensible locations 
and  representative  meteorological  data  indicate  low  probability  of  exceeding   NAAQS, 
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increments and/or thresholds nearby, and show distances to those impact thresholds two to 
three times lower than predicted by the screening modeling.  Using our assumed layout of 
equipment, locations, and regional meteorological data, the results indicate a low probability of 
exceeding ambient air quality standards, increments and/or thresholds. 

 
The emission inventory for this analysis was conservative in that it assumed one new well was 
being drilled while the full field is operating, and also assumed that diesel pumps would be used 
at each well head.   Predicted impacts would decrease by up to 20 percent if either no well 
drilling occurred simultaneously with the operation of the wells, or if enough natural gas was 
recovered onsite to fuel the well pumps.  NOx, SO2, and visibility impacts would be lowered 

significantly (SO2 by 90 percent or more) if electric power lines brought power onsite and no fuel 

was needed to operate the well pumps. 
 

 

9.4.3     Scenario 3: 12-Well Directional Drilling Development Consistent with the Fishlake National 
Forest Development Scenario 

 
This scenario is assumed to include the following activities that affect air quality: 

Construction of three 5.5-acre drilling locations. 

One diesel fuel fired drill rig engine with emissions based upon the 13.5 tons NOx per 
well reported in the WRAP Oil & Gas Emission Inventory prepared by Environ and the 
2005 Wyoming field survey from which that data was developed, with actual emissions 
adjusted downward to be compliant with recent tiered engine requirements, and SO2 

emissions consistent with AP-42 assuming the 15ppm sulfur content in diesel scheduled 
to be required during the project’s operational phase. 

o The WRAP study indicated the mean drilling time is approximately 90 days per 
well,  continuously around the clock  except for maintenance.   Therefore, the 
longer term average impact predictions effectively assume four wells drilled back 
to back in relatively close proximity. 

Construction of five miles of new access roads. 

Support traffic to supply, maintain, and staff the drilling and pumping effort. 

Six 1.0 MMbtu/hr heater / treater separators, two at each well pad. 

Twelve diesel powered 100 hp well pumps to extract oil, one for each well. 

One 0.5 MMbtu/hr dehydrator and one 500 HP compressor processing a low volume of 
natural gas at partial capacity. 

 
Diesel well pumps are assumed because the development sites are expected to be remote from 
the electric power grid. Though a slight amount of natural gas production is included, producible 
natural gas is not routinely expected and is not anticipated in sufficient quantity to power the 
well pumps. 

 
Table 9.4-3 on the following page documents the predicted criteria pollutant NO2, SO2, and 
PM10 concentration, nitrate and sulfate deposition, and visibility impairment impacts at a variety 
of distances for three elevation difference scenarios. 
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Table 9.4-3 Screening Impacts Predicted with the 12-Well Directional Drilling Scenario 
 

Distance From Operating Area to receptor (km) 

 1 
(km) 

2.5 
(km) 

5 
(km) 

10 
(km) 

15 
(km) 

20 
(km) 

30 
(km) 

40 
(km) 

50 
(km) 

70 
(km) 

100 
(km) 

140 
(km) 

200 
(km) 

Receptors 2500 feet above source 

NO2 annual 10.29 2.59 0.88 0.30 0.16 0.10 0.06 0.04 0.12 0.03 0.02 0.01 0.00 

 
SO2 

3 hour 16.60 3.85 1.27 0.42 0.22 0.14 0.08 0.06 0.11 0.02 0.01 0.01 0.00 

24 hour 7.38 5.63 2.93 1.30 0.80 0.57 0.36 0.29 0.07 0.01 0.01 0.00 0.00 

annual 1.84 0.43 0.14 0.05 0.02 0.02 0.01 0.01 0.02 0.00 0.00 0.00 0.00 

 
PM-10 

24 hour 12.76 5.31 2.31 0.95 0.57 0.40 0.25 0.18 0.71 0.33 0.15 0.10 0.00 

annual 3.19 1.33 0.58 0.24 0.14 0.10 0.06 0.04 0.18 0.08 0.04 0.03 0.00 

N Dep kg/hect/yr 0.0829 0.0296 0.0132 0.0051 0.0028 0.0018 0.0009 0.0005 0.0003 0.0001 0.0001 0.0000 0.0000 

S Dep kg/hect/yr 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

 
Visibility 

Days ∆dv 
>0.5 

24 21 23 26 23 17 11 7 3 1 0 0 0 

Days ∆dv 
>1.0 

6 6 7 8 7 4 1 0 0 0 0 0 0 

 

 
Receptors 500 feet above source 

NO2 annual 17.68 5.30 2.09 0.82 0.47 0.33 0.19 0.14 0.12 0.03 0.02 0.01 0.00 

 
SO2 

3 hour 20.48 5.70 2.15 0.81 0.46 0.32 0.19 0.13 0.11 0.02 0.01 0.01 0.00 

24 hour 9.10 2.53 0.95 0.36 0.21 0.14 0.08 0.06 0.06 0.01 0.01 0.00 0.00 

annual 2.28 0.63 0.24 0.09 0.05 0.04 0.02 0.01 0.02 0.00 0.00 0.00 0.00 

 
PM-10 

24 hour 16.29 6.33 2.70 1.10 0.65 0.46 0.28 0.20 0.71 0.33 0.15 0.10 0.02 

annual 4.07 1.58 0.67 0.28 0.16 0.12 0.07 0.05 0.18 0.08 0.04 0.03 0.01 

N Dep kg/hect/yr 0.0829 0.0296 0.0132 0.0051 0.0028 0.0018 0.0009 0.0005 0.0003 0.0001 0.0001 0.0000 0.0000 

S Dep kg/hect/yr 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

 
Visibility 

Days ∆dv 
>0.5 

 
24 

 
21 

 
23 

 
26 

 
23 

 
17 

 
11 

 
7 

 
3 

 
1 

 
0 

 
0 

 
0 

Days ∆dv 
>1.0 

 
6 

 
6 

 
7 

 
8 

 
7 

 
4 

 
1 

 
0 

 
0 

 
0 

 
0 

 
0 

 
0 

 

 
 

Receptors at same elevation as source 

NO2 annual 23.54 15.16 7.90 3.79 2.43 1.79 1.16 0.86 0.11 0.03 0.01 0.01 0.00 

 
SO2 

3 hour 40.81 26.66 13.31 6.02 3.72 2.68 1.68 1.22 0.11 0.02 0.01 0.01 0.00 

24 hour 18.14 11.85 5.91 2.68 1.65 1.19 0.75 0.54 0.06 0.01 0.01 0.00 0.00 

annual 4.53 2.96 1.48 0.67 0.41 0.30 0.19 0.14 0.02 0.00 0.00 0.00 0.00 

 
PM-10 

24 hour 19.26 9.37 4.32 1.88 1.14 0.82 0.51 0.37 0.48 0.11 0.10 0.07 0.00 

annual 4.81 2.34 1.08 0.47 0.29 0.21 0.13 0.09 0.12 0.03 0.03 0.02 0.00 

N Dep kg/hect/yr 0.0610 0.0248 0.0116 0.0047 0.0026 0.0017 0.0008 0.0005 0.0003 0.0001 0.0001 0.0000 0.0000 

S Dep kg/hect/yr 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

 
Visibility 

Days ∆dv 
>0.5 

23 20 22 23 20 16 9 6 2 1 0 0 0 

Days ∆dv 
>1.0 

6 6 7 7 6 4 1 0 0 0 0 0 0 
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Receptors 1000 feet below source 

NO2 annual 1.19 0.69 0.52 0.30 0.21 0.18 0.16 0.13 0.02 0.01 0.01 0.00 0.00 

 
SO2 

3 hour 1.67 0.97 0.74 0.43 0.30 0.25 0.22 0.18 0.03 0.01 0.00 0.00 0.00 

24 hour 0.74 0.43 0.33 0.19 0.13 0.11 0.10 0.08 0.02 0.00 0.00 0.00 0.00 

annual 0.19 0.11 0.08 0.05 0.03 0.03 0.02 0.02 0.00 0.00 0.00 0.00 0.00 

 
PM-10 

24 hour 12.76 5.31 2.31 0.95 0.57 0.40 0.25 0.18 0.01 0.01 0.00 0.00 0.00 

annual 3.19 1.33 0.58 0.24 0.14 0.10 0.06 0.04 0.00 0.00 0.00 0.00 0.00 

N Dep kg/hect/yr 0.0002 0.0004 0.0003 0.0002 0.0001 0.0001 0.0001 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 

S Dep kg/hect/yr 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

 
Visibility 

Days ∆dv 
>0.5 

1 1 1 2 1 2 1 0 0 0 0 0 0 

Days ∆dv 
>1.0 

0 0 0 0 0 0 0 0 0 0 0 0 0 

Units for NOx, SO2, and PM10 concentrations are µg/m3 

 
The screening results show visibility degradation potentially reaching the FLAG level of concern 
of 0.5 deciviews (5% increase in bext) potentially requiring a cumulative visibility impact analysis 

out to 50 kilometers (31 miles), and reaching the FLAG suggested 1 deciview impact limit (10% 
increase in bext) out to 30 kilometers (18.6 miles).  Deposition rates drop below FLAG screening 

thresholds of 0.005 kg/hect/year within 35 km (21.7 miles). 
 

Criteria pollutant (NOx, SO2, and PM10) impacts conservatively estimated from the screening 

table are shown to approach but not exceed the NAAQS with anticipated background 
concentrations added in the immediate vicinity of development activity.  However, impacts are 
estimated by screening to be well within NAAQS standards within a few hundred kilometers and 
everywhere beyond.   Air pollutant impacts are predicted to drop off to levels defined as 
insignificant in Class II areas within 10 km (6.2 miles) for NOx and in less than 4 km (2.5 miles) 
for all other pollutants.  Criteria pollutant impacts are conservatively predicted by screening to 
be insignificant compared against Class I area significance levels within 55 kilometers (34.1) 
miles) for NOx and 50 kilometers (31 miles) for all other pollutants.  When predicted impacts are 
below Class I impact limits, impact analyses for cumulative incremental degradation are not 
likely necessary.  Therefore, this screening analysis cannot rule out the need to perform a 
cumulative impact analysis for criteria pollutants if Class I areas exist within 55 km (34.1 miles). 

 
The conservatism in the screening tables is shown by the results of the verifications prepared 
from modeling runs for potential development operational scenarios.  Specific development 
scenario modeling analyses with realistic layout of equipment in potentially sensible locations 
and  representative  meteorological  data  indicate  low  probability  of  exceeding   NAAQS, 
increments and/or thresholds nearby, and show distances to those impact thresholds two to 
three times lower than predicted by the screening modeling.   These results assume reasonable 
dust control consistent with anticipated dust control efforts and requirements.   The larger 
percentage differences from screening modeling estimates were generally for long term 
averaging periods and for the visibility analyses, where the screening assumptions were 
especially conservative.   Specific development scenario modeling results show that actual 
development scenarios that do not pass the screening tests could be shown to have air quality 
impacts within acceptable limits with refined air quality modeling.  The specific development 
scenario model analyses give only an indication of the extent to which impacts from refined 
modeling could be lower than those estimated from the screening tables. 

 
The emission inventory for this analysis was conservative in that it assumed one new well was 
being drilled while the full field is operating, and also assumed that diesel pumps would be used 
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at each well head.   NOx, SO2, and visibility impacts would decrease by approximately 20 
percent if either no well drilling occurred simultaneously with the operation of 12-wells, or if 
enough natural gas was recovered onsite to fuel the well pumps.  NOx, SO2, and visibility 
impacts would be approximately 90 percent lower if electric power lines brought power onsite, 
and no fuel was needed to operate the well pumps. 

 

 
9.5     Screening Table Summary 

 

 
These estimates of potential impacts are based upon emission profiles consistent with the 
recommendations of the affected NFs, the US EPA, and the UDEQ, and with the NEPA analysis 
and associated requirements or mitigation measures defined in the EIS.  These predicted 
distances to regulatory threshold impact limits are only for gauging if a more detailed analysis or 
a cumulative impact analysis should be considered.  The model and screening tables can be 
used as in the examples given in Tables 9.4-2 and 9.4-3 to gauge the need for cumulative 
impact analysis. 

 

 

9.5.1     Screening Table Values Do Not Under Predict Full Modeling values 
 
In summary, the verification process described above and documented in Appendix B resulted 
in demonstrating that the results in the screening tables were conservative. 

 
These analyses reveal that screening tables can be used to prepare conservative assessment 
of  impacts  of  any  specific  action  or  alternative  consistent  with  the  assumptions  included. 
Specific development scenario analyses confirm that when applied to representative potential 
development  scenarios  (consistent  with  the  assumptions  documented  for  the  screening 
analysis), the screening tables do not under predict impacts predicted by site and project impact 
analyses 

 

 

9.5.2     Elevation Difference for Sulfur Dioxide 
 
There is, however, one caveat for short term average SO2 impact estimates.  For receptors at a 

distance of between 5 and 40 kilometers from the source, the elevation difference between the 
receptor and the source used in applying the screening tables should be based upon the 
elevation difference between the receptor and the well nearest in elevation to it rather than 
between the receptor location and the mean well field elevation. 

 

 

9.5.3     Class I Cumulative Impact Analyses 
 
The screening analysis for a single exploration well (Scenario 1), shows the need to perform a 
cumulative impact analysis for criteria pollutants if Class I areas exist within 3.1 miles of the 
drilling location. 

 
The screening analysis for the Dixie NF “typical 20-well field” scenario (Scenario 2), using a set 
of reasonable assumptions, shows the need to perform a cumulative impact analysis for criteria 
pollutants if Class I areas exist within 37.3 miles 
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The screening analysis for the Fishlake NF “typical 12-well field” scenario (Scenario 3), using a 
set of reasonable assumptions, shows the need to perform a cumulative impact analysis for 
criteria pollutants if Class I areas exist within 34.1 miles. 

 
. 

 
 
 

9.5.4     Visibility Analysis 
 
The visibility analyses for the three development scenarios showed that isolated exploratory 
wells were not likely to have any significant impact.  However, the development scenarios could 
have visibility impacts potentially reaching the FLAG limit of 1 deciview impact out to 35 
kilometers (21.7 miles) for the Fishlake well development scenario and up to 55 kilometers (34.1 
miles) for the Dixie NF well development scenario.  Those analyses also indicate that the FLMs 
could request a cumulative visibility impact analysis for receptors out to 50 kilometers (31 miles) 
from the location for the Fishlake well development scenario and of 100 kilometers (62 miles) for 
the Dixie well development scenario. 

 
Similarly, EPA FLAG recommended deposition impact thresholds for Class 1 areas could be 
reached out to from 21.7 kilometers (13.5 miles) for the Fishlake well development scenario and 
to 45 kilometers (27.9 miles) for the Dixie NF well development scenario.  Those estimates are 
driven by the assumption of diesel well pumps.  If natural gas could be recovered in sufficient 
quantity to power the well pumps, the extent of potential visibility and deposition impacts would 
drop, probably by at least one third, mainly due to sulfur deposition.  If electric power was 
available, emissions of pollutants affecting visibility impacts would be considerably lower than 
those  used for  the visibility impact  analyses reported here.    Comparably lower  deposition 
impacts could be estimated using the screening tables. 
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Dixie and Fishlake National Forests Screening 

Tables for Prompt Initial Estimates of Likely 

Impacts from Oil and& Gas Development 
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PM-10 Distance from Operations to Receptor  (km) 
0.25 0.5 1 2.5 5 10 15 20 25 30 40 

2500 50.32384 26.8344 17.56129 7.31399 3.17475 1.31329 0.78223 0.55418 0.42402 0.34089 0.24535 

24hr ave (ug/m3) 20.129536 10.73376 7.024516 2.925596 1.2699 0.525316 0.312892 0.221672 0.169608 0.136356 0.09814 

annual ave (ug/m3) 5.032384 2.68344 1.756129 0.731399 0.317475 0.131329 0.078223 0.055418 0.042402 0.034089 0.024535 

1000 50.29826 31.89816 19.80081 7.96315 3.42648 1.41083 0.83828 0.59279 0.45291 0.36368 0.26123 

24hr ave (ug/m3) 20.119304 12.759264 7.920324 3.18526 1.370592 0.564332 0.335312 0.237116 0.181164 0.145472 0.104492 

annual ave (ug/m3) 5.029826 3.189816 1.980081 0.796315 0.342648 0.141083 0.083828 0.059279 0.045291 0.036368 0.026123 

500 55.87007 37.83875 22.41453 8.70793 3.71187 1.5204 0.90097 0.63589 0.48512 0.38906 0.27889 

24hr ave (ug/m3) 22.348028 15.1355 8.965812 3.483172 1.484748 0.60816 0.360388 0.254356 0.194048 0.155624 0.111556 

annual ave (ug/m3) 5.587007 3.783875 2.241453 0.870793 0.371187 0.15204 0.090097 0.063589 0.048512 0.038906 0.027889 

100 61.09971 40.80658 23.69103 9.11097 3.90355 1.62038 0.97187 0.69158 0.53133 0.4287 0.3099 

24hr ave (ug/m3) 24.439884 16.322632 9.476412 3.644388 1.56142 0.648152 0.388748 0.276632 0.212532 0.17148 0.12396 

annual ave (ug/m3) 6.109971 4.080658 2.369103 0.911097 0.390355 0.162038 0.097187 0.069158 0.053133 0.04287 0.03099 

0 41.67584 32.36237 26.50401 12.88897 5.95183 2.58255 1.57396 1.12865 0.87163 0.70584 0.51276 

24hr ave (ug/m3) 16.670336 12.944948 10.601604 5.155588 2.380732 1.03302 0.629584 0.45146 0.348652 0.282336 0.205104 

annual ave (ug/m3) 4.167584 3.236237 2.650401 1.288897 0.595183 0.258255 0.157396 0.112865 0.087163 0.070584 0.051276 

-1000 35.01107 26.8344 17.56129 7.31399 3.17475 1.31329 0.78223 0.55418 0.42402 0.3409 0.24537 

24hr ave (ug/m3) 14.004428 10.73376 7.024516 2.925596 1.2699 0.525316 0.312892 0.221672 0.169608 0.13636 0.098148 

annual ave (ug/m3) 3.501107 2.68344 1.756129 0.731399 0.317475 0.131329 0.078223 0.055418 0.042402 0.03409 0.024537 

-2500 35.01107 26.83433 17.56129 7.31399 3.17475 1.31329 0.78223 0.55418 0.42402 0.34089 0.24535 

24hr ave (ug/m3) 14.004428 10.733732 7.024516 2.925596 1.2699 0.525316 0.312892 0.221672 0.169608 0.136356 0.09814 

annual ave (ug/m3) 3.501107 2.683433 1.756129 0.731399 0.317475 0.131329 0.078223 0.055418 0.042402 0.034089 0.024535 
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PM-10 Distance from Operations to Receptor  (km) 
50 60 70 80 90 100 120 140 160 180 200 

2500 0.97686 0.6216 0.45188 0.32265 0.2863 0.20693 0.16562 0.1431233 0.082724 0.0038202 0.0027561 

24hr ave (ug/m3) 0.390744 0.24864 0.180752 0.12906 0.11452 0.082772 0.066248 0.0572493 0.0330896 0.0015281 0.0011024 

annual ave (ug/m3) 0.097686 0.06216 0.045188 0.032265 0.02863 0.020693 0.016562 0.0143123 0.0082724 0.000382 0.0002756 

1000 0.97686 0.6216 0.45188 0.32265 0.2863 0.20693 0.16562 0.1431233 0.082724 0.0038202 0.027561 

24hr ave (ug/m3) 0.390744 0.24864 0.180752 0.12906 0.11452 0.082772 0.066248 0.0572493 0.0330896 0.0015281 0.0110244 

annual ave (ug/m3) 0.097686 0.06216 0.045188 0.032265 0.02863 0.020693 0.016562 0.0143123 0.0082724 0.000382 0.0027561 

500 0.97686 0.6216 0.45188 0.32265 0.2863 0.20693 0.16562 0.1431233 0.082724 0.0038202 0.027561 

24hr ave (ug/m3) 0.390744 0.24864 0.180752 0.12906 0.11452 0.082772 0.066248 0.0572493 0.0330896 0.0015281 0.0110244 

annual ave (ug/m3) 0.097686 0.06216 0.045188 0.032265 0.02863 0.020693 0.016562 0.0143123 0.0082724 0.000382 0.0027561 

100 0.97686 0.6216 0.45188 0.32265 0.2863 0.20693 0.16562 0.1431233 0.082724 0.0038202 0.027561 

24hr ave (ug/m3) 0.390744 0.24864 0.180752 0.12906 0.11452 0.082772 0.066248 0.0572493 0.0330896 0.0015281 0.0110244 

annual ave (ug/m3) 0.097686 0.06216 0.045188 0.032265 0.02863 0.020693 0.016562 0.0143123 0.0082724 0.000382 0.0027561 

0 0.65816 0.418365 0.15384 0.21623 0.19158 0.13887 0.110765 0.0956967 0.056077 0.0038192 

24hr ave (ug/m3) 0.263264 0.167346 0.061536 0.086492 0.076632 0.055548 0.044306 0.0382787 0.0224308 0.0015277 0.0005234 

annual ave (ug/m3) 0.065816 0.0418365 0.015384 0.021623 0.019158 0.013887 0.0110765 0.0095697 0.0056077 0.0003819 0.0001309 

-1000 0.016114 0.0139815 0.010585 0.0079131 0.0069109 0.0059443 0.0052236 0.0043376 0.0063923 0.0033757 0.0032181 

24hr ave (ug/m3) 0.0064456 0.0055926 0.004234 0.0031652 0.0027644 0.0023777 0.0020894 0.001735 0.0025569 0.0013503 0.0012872 

annual ave (ug/m3) 0.0016114 0.0013982 0.0010585 0.0007913 0.0006911 0.0005944 0.0005224 0.0004338 0.0006392 0.0003376 0.0003218 

-2500 0.016114 0.013509 0.010585 0.0054339 0.0038224 0.0030064 0.0033813 0.0038901 0.0032047 0.0018069 0.0018321 

24hr ave (ug/m3) 0.0064456 0.0054036 0.004234 0.0021736 0.001529 0.0012026 0.0013525 0.001556 0.0012819 0.0007228 0.0007328 

annual ave (ug/m3) 0.0016114 0.0013509 0.0010585 0.0005434 0.0003822 0.0003006 0.0003381 0.000389 0.0003205 0.0001807 0.0001832 



 

 

SO2 Distance from Operations to Receptor  (km) 
0.25 0.5 1 2.5 5 10 15 20 25 30 40 

2500 58.25466 23.023200 7.451800 1.728420 0.570870 0.188630 0.100270 0.064600 0.046720 0.036510 0.025850   
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3hr ave (ug/m3) 52.429194 20.720880 6.706620 1.555578 0.513783 0.169767 0.090243 0.058140 0.042048 0.032859 0.023265 

24hr ave (ug/m3) 23.301864 9.209280 2.980720 2.276573 1.185994 0.525834 0.322890 0.231814 0.179296 0.145424 0.116706 

annual ave (ug/m3) 5.825466 2.302320 0.745180 0.172842 0.057087 0.018863 0.010027 0.006460 0.004672 0.003651 0.002585 

dep(kg/hect/yr) 0.015008 0.015008 0.010123 0.005446 0.003082 0.001736 0.001280 0.000922 0.000719 0.000557 0.000375 

1000 58.25411 23.023200 7.451800 1.728420 0.570870 0.188630 0.100270 0.064600 0.047050 0.037010 0.025850 

3hr ave (ug/m3) 52.428699 20.720880 6.706620 1.555578 0.513783 0.169767 0.090243 0.058140 0.042345 0.033309 0.023265 

24hr ave (ug/m3) 23.301644 9.209280 2.980720 0.691368 0.228348 0.075452 0.040108 0.025840 0.018820 0.014804 0.010340 

annual ave (ug/m3) 5.825411 2.302320 0.745180 0.172842 0.057087 0.018863 0.010027 0.006460 0.004705 0.003701 0.002585 

dep(kg/hect/yr) 0.015008 0.015008 0.010123 0.005446 0.003082 0.001736 0.001280 0.000922 0.000719 0.000557 0.000375 

500 58.25017 23.023200 9.194330 2.559310 0.964280 0.365210 0.207690 0.142360 0.106160 0.083510 0.058010 

3hr ave (ug/m3) 52.425153 20.720880 8.274897 2.303379 0.867852 0.328689 0.186921 0.128124 0.095544 0.075159 0.052209 

24hr ave (ug/m3) 23.300068 9.209280 3.677732 1.023724 0.385712 0.146084 0.083076 0.056944 0.042464 0.033404 0.023204 

annual ave (ug/m3) 5.825017 2.302320 0.919433 0.255931 0.096428 0.036521 0.020769 0.014236 0.010616 0.008351 0.005801 

dep(kg/hect/yr) 0.015008 0.015008 0.010123 0.005446 0.003082 0.001736 0.001280 0.000922 0.000719 0.000557 0.000375 

100 61.52403 30.505470 16.461850 6.814500 2.877620 1.164260 0.686020 0.470080 0.357040 0.285160 0.200030 

3hr ave (ug/m3) 55.371627 27.454923 14.815665 6.133050 2.589858 1.047834 0.617418 0.423072 0.321336 0.256644 0.180027 

24hr ave (ug/m3) 24.609612 12.202188 6.584740 2.725800 1.151048 0.465704 0.274408 0.188032 0.142816 0.114064 0.080012 

annual ave (ug/m3) 6.152403 3.050547 1.646185 0.681450 0.287762 0.116426 0.068602 0.047008 0.035704 0.028516 0.020003 

dep(kg/hect/yr) 0.015008 0.015008 0.010123 0.005446 0.003082 0.001736 0.001280 0.000922 0.000719 0.000557 0.000375 

0 51.17817 31.135090 18.323190 11.969190 5.974450 2.705270 1.669830 1.202320 0.930460 0.754080 0.547840 

3hr ave (ug/m3) 46.060353 28.021581 16.490871 10.772271 5.377005 2.434743 1.502847 1.082088 0.837414 0.678672 0.493056 

24hr ave (ug/m3) 20.471268 12.454036 7.329276 4.787676 2.389780 1.082108 0.667932 0.480928 0.372184 0.301632 0.219136 

annual ave (ug/m3) 5.117817 3.113509 1.832319 1.196919 0.597445 0.270527 0.166983 0.120232 0.093046 0.075408 0.054784 

dep(kg/hect/yr) 0.015008 0.011088 0.006974 0.004178 0.002537 0.001359 0.001050 0.000785 0.000623 0.000493 0.000340 

-1000 0.00037 1.302550 0.750530 0.437680 0.331700 0.191070 0.133360 0.110570 0.106620 0.098800 0.082080 

3hr ave (ug/m3) 0.000333 1.172295 0.675477 0.393912 0.298530 0.171963 0.120024 0.099513 0.095958 0.088920 0.073872 

24hr ave (ug/m3) 0.000148 0.521020 0.300212 0.175072 0.132680 0.076428 0.053344 0.044228 0.042648 0.039520 0.032832 

annual ave (ug/m3) 0.000037 0.130255 0.075053 0.043768 0.033170 0.019107 0.013336 0.011057 0.010662 0.009880 0.008208 

dep(kg/hect/yr) 0.015008 0.000081 0.000141 0.000189 0.000226 0.000160 0.000127 0.000112 0.000103 0.000098 0.000089 

-2500 0.01408 1.302550 0.968680 0.646910 0.358620 0.225760 0.152000 0.112090 0.088510 0.073200 0.056390 

3hr ave (ug/m3) 0.012672 1.172295 0.871812 0.582219 0.322758 0.203184 0.136800 0.100881 0.079659 0.065880 0.050751 

24hr ave (ug/m3) 0.005632 0.521020 0.387472 0.258764 0.143448 0.090304 0.060800 0.044836 0.035404 0.029280 0.022556 

annual ave (ug/m3) 0.001408 0.130255 0.096868 0.064691 0.035862 0.022576 0.015200 0.011209 0.008851 0.007320 0.005639 

dep(kg/hect/yr) 0.015008 0.000052 0.000063 0.000079 0.000100 0.000100 0.000088 0.000074 0.000062 0.000054 0.000047 



 

 

SO2 Distance from Operations to Receptor  (km) 
 

50 60 70 80 90 100 120 140 160 180 200 

2500 0.066117 0.026400 0.014281 0.011983 0.010736 0.006716 0.004895 0.003856 0.003365 0.001691   
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3hr ave (ug/m3) 0.046282 0.018480 0.009997 0.008388 0.007515 0.004701 0.003426 0.002699 0.002356 0.001184 0.001097 

24hr ave (ug/m3) 0.026447 0.010560 0.005712 0.004793 0.004294 0.002686 0.001958 0.001542 0.001346 0.000676 0.000627 

annual ave (ug/m3) 0.006612 0.002640 0.001428 0.001198 0.001074 0.000672 0.000489 0.000386 0.000337 0.000169 0.000157 

dep(kg/hect/yr) 0.000238 0.000173 0.000126 0.000094 0.000074 0.000063 0.000050 0.000041 0.000034 0.000029 0.000025 

1000 0.066117 0.026400 0.014281 0.011983 0.010736 0.006716 0.004895 0.003856 0.003365 0.001691 

3hr ave (ug/m3) 0.046282 0.018480 0.009997 0.008388 0.007515 0.004701 0.003426 0.002699 0.002356 0.001184 0.001097 

24hr ave (ug/m3) 0.026447 0.010560 0.005712 0.004793 0.004294 0.002686 0.001958 0.001542 0.001346 0.000676 0.000627 

annual ave (ug/m3) 0.006612 0.002640 0.001428 0.001198 0.001074 0.000672 0.000489 0.000386 0.000337 0.000169 0.000157 

dep(kg/hect/yr) 0.000259 0.000186 0.000135 0.000099 0.000075 0.000064 0.000050 0.000041 0.000035 0.000030 0.000026 

500 0.066117 0.026400 0.014281 0.011983 0.010736 0.006716 0.004895 0.003856 0.003365 0.001691 0.001567 

3hr ave (ug/m3) 0.043664 0.018360 0.009705 0.008217 0.007269 0.004607 0.003337 0.002657 0.002125 0.001165 0.001097 

24hr ave (ug/m3) 0.024951 0.010491 0.005546 0.004696 0.004154 0.002632 0.001907 0.001518 0.001214 0.000666 0.000584 

annual ave (ug/m3) 0.006238 0.002623 0.001386 0.001174 0.001038 0.000658 0.000477 0.000380 0.000304 0.000166 0.000161 

dep(kg/hect/yr) 0.000259 0.000186 0.000135 0.000099 0.000075 0.000064 0.000050 0.000041 0.000035 0.000030 0.000026 

100 0.066117 0.026400 0.014281 0.011983 0.010736 0.006716 0.004895 0.003856 0.003365 0.001691 0.001567 

3hr ave (ug/m3) 0.043664 0.018360 0.009705 0.008217 0.007269 0.004607 0.003337 0.002657 0.002125 0.001165 0.001097 

24hr ave (ug/m3) 0.024951 0.010491 0.005546 0.004696 0.004154 0.002632 0.001907 0.001518 0.001214 0.000666 0.000584 

annual ave (ug/m3) 0.006238 0.002623 0.001386 0.001174 0.001038 0.000658 0.000477 0.000380 0.000304 0.000166 0.000161 

dep(kg/hect/yr) 0.000259 0.000186 0.000135 0.000099 0.000075 0.000064 0.000050 0.000041 0.000035 0.000030 0.000026 

0 0.065249 0.026072 0.014236 0.011945 0.010703 0.006696 0.004880 0.003845 0.003365 0.001691 0.001587 

3hr ave (ug/m3) 0.043664 0.018360 0.009705 0.008217 0.007269 0.004607 0.003337 0.002657 0.002125 0.001165 0.001097 

24hr ave (ug/m3) 0.024951 0.010491 0.005546 0.004696 0.004154 0.002632 0.001907 0.001518 0.001214 0.000666 0.000584 

annual ave (ug/m3) 0.006238 0.002623 0.001386 0.001174 0.001038 0.000658 0.000477 0.000380 0.000304 0.000166 0.000161 

dep(kg/hect/yr) 0.000259 0.000186 0.000135 0.000099 0.000075 0.000064 0.000050 0.000041 0.000035 0.000030 0.000026 

-1000 0.007124 0.008049 0.004601 0.003429 0.003067 0.002636 0.002315 0.001916 0.002940 0.001495 0.001420 

3hr ave (ug/m3) 0.011974 0.005435 0.003292 0.002451 0.002050 0.001762 0.001563 0.001311 0.001857 0.001021 0.000977 

24hr ave (ug/m3) 0.006842 0.003106 0.001881 0.001401 0.001171 0.001007 0.000893 0.000749 0.001061 0.000584 0.000558 

annual ave (ug/m3) 0.001711 0.000776 0.000470 0.000350 0.000293 0.000252 0.000223 0.000187 0.000265 0.000146 0.000140 

dep(kg/hect/yr) 0.000079 0.000069 0.000062 0.000056 0.000050 0.000046 0.000039 0.000033 0.000029 0.000026 0.000023 

-2500 0.007124 0.008049 0.004601 0.002350 0.001705 0.001306 0.001504 0.001732 0.001468 0.000800 0.000808 

3hr ave (ug/m3) 0.004921 0.005435 0.003292 0.001776 0.001156 0.000935 0.001025 0.001179 0.000927 0.000541 0.000550 

24hr ave (ug/m3) 0.002812 0.003106 0.001881 0.001015 0.000660 0.000534 0.000586 0.000673 0.000530 0.000309 0.000314 

annual ave (ug/m3) 0.000703 0.000776 0.000470 0.000254 0.000165 0.000134 0.000146 0.000168 0.000132 0.000077 0.000079 

dep(kg/hect/yr) 0.000041 0.000037 0.000034 0.000032 0.000030 0.000028 0.000024 0.000021 0.000019 0.000018 0.000017 
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NOx Distance from Operations to Receptor  (km) 
0.25 0.5 1 2.5 5 10 15 20 25 30 40 

2500 31.72979 12.89185 4.5462 1.14293 0.38994 0.13104 0.07007 0.04531 0.03285 0.02573 0.01825 

annual ave (ug/m3) 3.172979 1.289185 0.45462 0.114293 0.038994 0.013104 0.007007 0.004531 0.003285 0.002573 0.001825 

dep(kg/hect/yr) 0.000017 0.090955 0.044116224 0.015461231 0.00672431 0.00237311 0.0012384 0.00078234 0.00051307 0.00036363 0.00020592 

1000 31.66254 12.89185 4.5462 1.20546 0.48103 0.19008 0.11025 0.07639 0.05741 0.04544 0.03184 

annual ave (ug/m3) 3.166254 1.289185 0.45462 0.120546 0.048103 0.019008 0.011025 0.007639 0.005741 0.004544 0.003184 

dep(kg/hect/yr) 0.000017 0.09095493 0.044116224 0.015461231 0.00672431 0.00237311 0.0012384 0.00078234 0.000513 0.00036363 0.00020592 

500 34.86917 17.41156 7.81069 2.33967 0.9222 0.36134 0.20872 0.14424 0.1082 0.0855 0.05976 

annual ave (ug/m3) 3.486917 1.741156 0.781069 0.233967 0.09222 0.036134 0.020872 0.014424 0.01082 0.00855 0.005976 

dep(kg/hect/yr) 0.000017 0.09095493 0.044116224 0.015461231 0.00672431 0.00237311 0.0012384 0.00078234 0.000513 0.00036363 0.00020592 

100 32.84705 17.47867 9.22212 4.08719 1.8475 0.80894 0.49954 0.35355 0.27371 0.22589 0.16917 

annual ave (ug/m3) 3.284705 1.747867 0.922212 0.408719 0.18475 0.080894 0.049954 0.035355 0.027371 0.022589 0.016917 

dep(kg/hect/yr) 0.000017 0.09095493 0.044116224 0.015461231 0.00672431 0.00237311 0.0012384 0.00078234 0.000513 0.00036363 0.00020592 

0 26.7054 16.63214 10.39713 6.69593 3.48906 1.67308 1.07256 0.79021 0.62297 0.51275 0.38034 

annual ave (ug/m3) 2.67054 1.663214 1.039713 0.669593 0.348906 0.167308 0.107256 0.079021 0.062297 0.051275 0.038034 

dep(kg/hect/yr) 0.000017 0.07579314 0.035281596 0.013872326 0.00626266 0.00225979 0.00118749 0.00075328 0.00049476 0.00035174 0.0001998 

-1000 0.57815 0.44312 0.52369 0.30632 0.23185 0.13284 0.09272 0.07863 0.07468 0.06871 0.05679 

annual ave (ug/m3) 0.057815 0.044312 0.052369 0.030632 0.023185 0.013284 0.009272 0.007863 0.007468 0.006871 0.005679 

dep(kg/hect/yr) 0.000017 4.46443E-05 0.000117996 0.000218785 0.00014951 0.000085 0.000071 0.000067 0.000061 0.000055 0.000045 

-2500 0.57815 0.79422 0.60759 0.45244 0.248 0.19429 0.14012 0.10856 0.08891 0.0756 0.05868 

annual ave (ug/m3) 0.057815 0.079422 0.060759 0.045244 0.0248 0.019429 0.014012 0.010856 0.008891 0.00756 0.005868 

dep(kg/hect/yr) 0.000017 0.000017 0.000033 0.000037 0.000050 0.000036 0.000029 0.000024 0.000022 0.000021 0.000019 
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n
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NOx Distance from Operations to Receptor  (km) 
50 60 70 80 90 100 120 140 160 180 200 

2500 0.051342 0.029421 0.012732 0.011128 0.0093333 0.0072414 0.0065569 0.00406365 0.002535 0.0016235 

annual ave (ug/m3) 0.0051342 0.0029421 0.0012732 0.0011128 0.00093333 0.00072414 0.00065569 0.00040637 0.0002535 0.00016235 0.00010215 

dep(kg/hect/yr) 0.000124886 0.000079 0.000052 0.000036 0.000030 0.000026 0.000020 0.000016 0.000013 0.000011 0.000010 

1000 0.051342 0.029421 0.012732 0.011128 0.0093333 0.0072414 0.0065569 0.00406365 0.002535 0.0016235 

annual ave (ug/m3) 0.0051342 0.0029421 0.0012732 0.0011128 0.00093333 0.00072414 0.00065569 0.00040637 0.0002535 0.00016235 0.00010215 

dep(kg/hect/yr) 0.000124886 0.000079 0.000052 0.000036 0.000030 0.000026 0.000020 0.000016 0.000013 0.000011 0.000010 

500 0.051342 0.029421 0.012732 0.011128 0.0093333 0.0072414 0.0065569 0.00406365 0.002535 0.0016235 

annual ave (ug/m3) 0.0051342 0.0029421 0.0012732 0.0011128 0.00093333 0.00072414 0.00065569 0.00040637 0.0002535 0.00016235 0.00010215 

dep(kg/hect/yr) 0.000124886 0.000079 0.000052 0.000036 0.000030 0.000026 0.000020 0.000016 0.000013 0.000011 0.000010 

100 0.051342 0.029421 0.012732 0.011128 0.0093333 0.0072414 0.0065569 0.00406365 0.002535 0.0016235 

annual ave (ug/m3) 0.0051342 0.0029421 0.0012732 0.0011128 0.00093333 0.00072414 0.00065569 0.00040637 0.0002535 0.00016235 0.00010215 

dep(kg/hect/yr) 0.000124886 0.000079 0.000052 0.000036 0.000030 0.000026 0.000020 0.000016 0.000013 0.000011 0.000010 

0 0.048582 0.025029 0.012482 0.010898 0.0091722 0.0060981 0.0046478 0.00284045 0.0024689 0.0016209 0.0015462 

annual ave (ug/m3) 0.0048582 0.0025029 0.0012482 0.0010898 0.00091722 0.00060981 0.00046478 0.00028405 0.00024689 0.00016209 0.00015462 

dep(kg/hect/yr) 0.000121 0.000077 0.000051 0.000036 0.000030 0.000025 0.000019 0.000016 0.000013 0.000011 0.000009 

-1000 0.006946 0.0066168 0.0049089 0.0033354 0.0026393 0.0023069 0.0020763 0.00179 0.0018261 0.0013937 0.0013397 

annual ave (ug/m3) 0.0006946 0.00066168 0.00049089 0.00033354 0.00026393 0.00023069 0.00020763 0.000179 0.00018261 0.00013937 0.00013397 

dep(kg/hect/yr) 0.000038 0.000032 0.000028 0.000025 0.000022 0.000020 0.000016 0.000014 0.000012 0.000010 0.000009 

-2500 0.006946 0.0066168 0.0049089 0.0033354 0.0021519 0.0017726 0.0014484 0.0015269 0.0012695 0.00089795 0.00073072 

annual ave (ug/m3) 0.0006946 0.00066168 0.00049089 0.00033354 0.00021519 0.00017726 0.00014484 0.00015269 0.00012695 8.9795E-05 7.3072E-05 

dep(kg/hect/yr) 0.000017 0.000016 0.000014 0.000012 0.000011 0.000011 0.000010 0.000009 0.000008 0.000007 0.000007 



 

 

 
 
 
 
 
 
 
 
 
 

APPENDIX SIR-1B 
 

 
 

Dixie and Fishlake National Forests Statistics 

Comparing Verification Run Results With 

Initial Screening Table Results 



negative % diff shows screening tables predictions are conservatively high as compared to verification analyses 
 

Dixie NF 20 Well Drilling Scenario 
NO2 Verification Annual Average: Refined Modeling Results vs. Screening Table 

 

 
 

 
 
 

Cedar  
2nd max 

City 
over 5 

met.  
years 

data 

NO2 annual 
average 

refined 
model 

predicted 
impact 

 

ug/m3 

 

 
A pred impact per 

lb/hr emission 
 
 

/lb/hr 

 
 
 
 
 
 

elev 

 
source 

receptor 
elev diff 

 

 
del ht 

B scr table 
results for 
src/red ht 

diff 
 

Scr table 

 
 

(A-B)/B 
 

 
 

% dif 
 

0.25 

0.5 

1 

2.5 

5 

10 

15 

20 

25 

30 

40 

 

9.8431 
 

0.343084699 
 

9566.9 
 

146.9 
 

3.284705 

1.747867 

0.922212 

 

-89.6% 

10.58238 0.368852562 9567.9 147.9 -78.9% 

6.76497 0.235795399 9490.2 70.2 -74.4% 

1.94944 0.067948414 9560.4 140.4 0.408719 -83.4% 

0.84572 0.029477867 9511.8 91.8 0.18475 -84.0% 

0.25096 0.008747299 9482.9 62.9 0.080894 -89.2% 

0.10233 0.003566748 9331.0 -89.0 0.049954 -92.9% 

0.07949 0.002770652 9342.8 -77.2 0.079021 -96.5% 

0.07265 0.002532241 9399.6 -20.4 0.062297 -95.9% 

0.05862 0.002043221 9697.2 277.2 0.022589 -91.0% 

0.00966 0.000336703 7982.6 -1437.4 0.005679 -94.1% 

 

Sigurd 2nd max 
met. over 1 
data year 

 

 
 

ug/m3 

 

 
 

/lb/hr 

 

 
 

elev 

 

 
 

del ht 

 

 
 

Scr Tab 

 

 
 

%diff 

0.25 

0.5 

1 

2.5 

5 

10 

15 

20 

25 

30 

40 

16.96058 0.591166957 9545.3 125.3 3.284705 

1.747867 

0.922212 

-82.0% 

13.33981 0.46496375 9567.9 147.9 -73.4% 

12.21057 0.425603695 9531.2 111.2 -53.8% 

3.76716 0.131305681 9684.4 264.4 0.408719 -67.9% 

1.77419 0.061840014 9562.3 142.3 0.18475 -66.5% 

0.82065 0.028604043 9482.9 62.9 0.080894 -64.6% 

0.33588 0.011707215 9610.9 190.9 0.049954 -76.6% 

0.20432 0.007121645 9533.8 113.8 0.035355 -79.9% 

0.11849 0.00413001 9445.5 25.5 0.062297 -93.4% 

0.16216 0.005652144 9528.9 108.9 0.022589 -75.0% 

0.02505 0.000873127 9190.9 -229.1 0.038034 -97.7% 



negative % diff shows screening tables predictions are conservatively high as compared to verification analyses 
 

 

 

Dixie NF 20 Well Drilling Scenario 
PM-10 24 hour Average Verification: Refined Modeling Results vs. Screening Table 

 

 
 
 

Cedar  
2nd max 

City 
over 5 

met.  
years 

data 

PM-10 24 hour average 

refined 
model 

predicted 
impact 

 

ug/m3 

 

 
A pred impact per 

lb/hr emission 
 

 
/lb/hr 

 

 
 
 
 
 

elev 

 
source 

receptor 
elev diff 

 
del ht 

B scr table 
results for 
src/red ht 

diff 
 

Scr Tab 

 
 

(A-B)/B 
 

 
%diff 

0.25 

0.5 

1 

2.5 

5 

10 

15 

20 

25 

30 

40 

3.22152 1.365050847 9508.2 88.2 24.43988 -94.4% 

2.62721 1.113224576 9567.9 147.9 16.32263 -93.2% 

1.92472 0.815559322 9531.2 111.2 9.476412 -91.4% 

0.74613 0.31615678 9487.9 67.9 3.644388 -91.3% 

0.40585 0.171970339 9447.2 27.2 2.380732 -92.8% 

0.17673 0.074885593 9482.9 62.9 0.648152 -88.4% 

0.10558 0.044737288 9331.0 -89.0 0.629584 -92.9% 

0.09035 0.038283898 9342.8 -77.2 0.45146 -91.5% 

0.07044 0.029847458 6437.0 -2983.0 0.169608 -82.4% 

0.0622 0.026355932 7654.9 -1765.1 0.136356 -80.7% 

0.04966 0.021042373 7851.4 -1568.6 0.098148 -78.6% 

 

Sigurd 2nd max 
met.  over 1 
data    year 

 
 
 

ug/m3 

 
 
 

/lb/hr 

 
 
 

elev 

 
 
 

del ht 

 
 
 

Scr Tab 

 
 
 

%diff 

0.25 

0.5 

1 

2.5 

5 

10 

15 

20 

25 

30 

40 

5.25581 2.227038136 9564.6 144.6 24.43988 -90.9% 

3.88428 1.645881356 9567.9 147.9 16.32263 -89.9% 

3.52142 1.492127119 9531.2 111.2 9.476412 -84.3% 

1.21486 0.514771186 9668.3 248.3 3.644388 -85.9% 

0.66231 0.280639831 9511.8 91.8 1.56142 -82.0% 

0.34464 0.146033898 9320.9 -99.1 1.03302 -85.9% 

0.25026 0.106042373 9122.0 -298.0 0.629584 -83.2% 

0.1824 0.077288136 8871.7 -548.3 0.221672 -65.1% 

0.14563 0.061707627 8363.5 -1056.5 0.169608 -63.6% 

0.12743 0.053995763 7857.3 -1562.7 0.13636 -60.4% 

0.09531 0.040385593 6952.4 -2467.6 0.09814 -58.8% 



negative % diff shows screening tables predictions are conservatively high as compared to verification analyses 
 

 

 

Dixie NF 20 Well Drilling Scenario 
PM-10 Annual Average Verification: Refined Modeling Results vs. Screening Table 

 

 
 
 

Cedar  
2nd max 

City 
over 5 

met.  
years 

data 

PM-10 annual average 

refined 
model 

predicted 
impact 

 

ug/m3 

 

 
A pred impact per 

lb/hr emission 
 

 
/lb/hr 

 

 
 
 
 
 

elev 

 
source 

receptor 
elev diff 

 
del ht 

B scr table 
results for 
src/red ht 

diff 
 

Scr Tab 

 
 

(A-B)/B 
 

 
%diff 

0.25 

0.5 

1 

2.5 

5 

10 

15 

20 

25 

30 

40 

      

2.71 1.148305085 9586.7 166.7 5.389365 -78.7% 

1.81 0.766949153 9636.2 216.2 3.500076 -78.1% 

0.82991 0.35165678 9490.2 70.2 1.450883 -75.8% 

0.39448 0.167152542 9475.4 55.4 0.629172 -73.4% 

0.19076 0.080830508 9396.0 -24 0.260148 -68.9% 

0.0784 0.033220339 9310.4 -109.6 0.154907 -78.6% 

0.0559 0.023686441 9299.2 -120.8 0.109719 -78.4% 

0.05772 0.024457627 9555.1 135.1 0.083933 -70.9% 

0.04682 0.019838983 9523.0 103 0.067466 -70.6% 

0.03537 0.014987288 9821.5 401.5 0.049028 -69.4% 

 

Sigurd 
2nd max 

met.  
over 1 

data    
year

 

 
 
 

ug/m3 

 
 
 

/lb/hr 

 
 
 

elev 

 
 
 

del ht 

 
 
 

Scr Tab 

 
 
 

%diff 

0.25 

0.5 

1 

2.5 

5 

10 

15 

20 

25 

30 

40 

1.96332 0.831915254 9564.6 144.6 5.389365 -84.6% 

1.68205 0.712733051 9567.9 147.9 3.500076 -79.6% 

1.2175 0.515889831 9531.2 111.2 1.450883 -64.4% 

0.34604 0.146627119 9684.4 264.4 0.629172 -76.7% 

0.15586 0.066042373 9613.8 193.8 1.56142 -95.8% 

0.06891 0.029199153 9482.9 62.9 0.648152 -95.5% 

0.0319 0.013516949 9415.0 -5.0 0.629584 

0.45146 

-97.9% 

0.01713 0.007258475 9411.7 -8.3 -98.4% 

0.01113 0.004716102 9445.5 25.5 0.348652 -98.6% 

0.01293 0.005478814 9528.9 108.9 0.17148 -96.8% 

0.00366 0.001550847 6952.4 -2467.6 0.09814 -98.4% 



negative % diff shows screening tables predictions are conservatively high as compared to verification analyses 
 

 

 

Dixe NF 20 Well Drilling Scenario 
SO2 3 hour Average Verification: Refined Modeling Results vs. Screening Table 

 

 
 

 
Cedar 

City 
2nd max 

met. 
over 5 

data 
years

 

SO2 3 hour average 
 

refined 
model 

predicted 
impact 

 

 
A pred impact per 

lb/hr emission 

  
source 

receptor 
elev diff 

B scr 
table 

results for 
src/red ht 

diff 

 
 

(A-B)/B 

ug/m3 /lb/hr elev del ht Scr Tab %diff 

0.25 

0.5 

1 

2.5 

5 

10 

15 

20 

25 

30 

40 

16.45 3.992718447 9398.0 -22.0 46.060353 -91.3% 

16.673 4.04684466 9564.0 144.0 27.4549 -85.3% 

16.211 3.934708738 9531.2 111.2 14.8157 -73.4% 

4.9243 1.195218447 9682.1 262.1 2.3034 -48.1% 

3.182 0.772330097 10206.4 786.4 0.867852 -11.0% 

1.7232 0.418252427 10257.2 837.2 0.3287 27.2% 

0.9838 0.238786408 9948.5 528.5 0.1869 27.7% 

0.63558 0.15426699 9342.8 -77.2 1.0821 -85.7% 

0.42098 0.102179612 9399.6 -20.4 0.837414 -87.8% 

0.29997 0.072808252 9697.2 277.2 0.2566 -71.6% 

0.16323 0.039618932 7365.2 -2054.8 0.0508 -21.9% 

 

Sigurd 2nd max 
met.  over 1 
data    year 

 
 
 

ug/m3 

 
 
 

/lb/hr 

 
 
 

elev 

 
 
 

del ht 

 
 
 

Scr Tab 

 
 
 

%diff 

0.25 

0.5 

1 

2.5 

5 

10 

15 

20 

25 

30 

40 

16.059 3.897815534 9386.2 -33.8 46.060353 -91.5% 

18.793 4.561407767 9564.0 144.0 27.4549 -83.4% 

19.243 4.670631068 9531.2 111.2 14.8157 -68.5% 

7.5264 1.826796117 9760.2 340.2 2.3034 -20.7% 

4.9081 1.191286408 9697.2 277.2 2.5899 -54.0% 

3.2921 0.799053398 9676.2 256.2 1.0478 -23.7% 

1.7188 0.417184466 9415.0 -5.0 1.5028 -72.2% 

1.1983 0.290849515 9411.7 -8.3 1.0821 -73.1% 

0.43614 0.105859223 7302.5 -2117.5 0.0797 32.9% 

0.43194 0.104839806 9528.9 108.9 0.2566 -59.1% 

0.22018 0.053441748 7769.7 -1650.3 0.0739 -27.7% 



negative % diff shows screening tables predictions are conservatively high as compared to verification analyses 
 

 

 

Dixe NF 20 Well Drilling Scenario 
SO2 24 hour Average Verification: Refined Modeling Results vs. Screening Table 

 

 
 
 

Cedar  
2nd max 

City 
over 5 

met.  
years 

data 

SO2 24 hour average 

refined 
model 

predicted 
impact 

 

 
A pred impact per 

lb/hr emission 

  
source 

receptor 
elev diff 

B scr table 
results for 
src/red ht 

diff 

 
 

(A-B)/B 

ug/m3 /lb/hr elev del ht Scr Tab %diff 

0.25 

0.5 

1 

2.5 

5 

10 

15 

20 

25 

30 

40 

5.18 1.257281553 9387.5 -32.5 20.47127 -93.9% 

5.3597 1.300898058 9567.9 147.9 12.202188 -89.3% 

6.1717 1.497985437 9531.2 111.2 6.58474 -77.3% 

1.2352 0.299805825 9560.4 140.4 2.7258 -89.0% 

0.81505 0.19782767 9447.2 27.2 2.38978 -91.7% 

0.35351 0.085803398 9806.4 386.4 0.146084 -41.3% 

0.20126 0.048849515 10245.1 825.1 0.040108 21.8% 

0.1367 0.033179612 9342.8 -77.2 0.480928 -93.1% 

0.086177 0.020916748 9399.6 -20.4 0.372184 -94.4% 

0.073134 0.017750971 9697.2 277.2 0.114064 -84.4% 

0.03772 0.00915534 7056.1 -2363.9 0.022556 -59.4% 

 

Sigurd 2nd max 
met.  over 1 
data    year 

 
 
 

ug/m3 

 
 
 

/lb/hr 

 
 
 

elev 

 
 
 

del ht 

 
 
 

Scr Tab 

 
 
 

%diff 

0.25 

0.5 

1 

2.5 

5 

10 

15 

20 

25 

30 

40 

4.7554 1.154223301 9386.2 -33.8 20.47127 -94.4% 

6.4729 1.571092233 9567.9 147.9 12.202188 -87.1% 

6.1576 1.494563107 9531.2 111.2 6.58474 -77.3% 

2.5361 0.615558252 9668.3 248.3 2.7258 -77.4% 

1.3122 0.318495146 9613.5 193.5 1.151048 -72.3% 

0.65085 0.157973301 9482.9 62.9 0.465704 -66.1% 

0.39608 0.096135922 9610.9 190.9 0.274408 -65.0% 

0.1816 0.04407767 9411.7 -8.3 0.480928 -90.8% 

0.11062 0.026849515 7473.4 -1946.6 0.05268 -49.0% 

0.081532 0.01978932 9528.9 108.9 0.114064 -82.7% 

0.062753 0.015231311 7591.2 -1828.8 0.022556 -32.5% 



negative % diff shows screening tables predictions are conservatively high as compared to verification analyses 
 

 

 

Dixe NF 20 Well Drilling Scenario 
SO2 Annual Average Verification: Refined Modeling Results vs. Screening Table 

 

 
 

 
Cedar 

City 
2nd max 

met. 
over 5 

data 
years

 

SO2 annual average 
 

refined 
model 

predicted 
impact 

 

ug/m3 

 

 
A pred impact per 

lb/hr emission 
 
 

/lb/hr 

 
 
 
 
 
 

elev 

 
source 

receptor 
elev diff 

 
del ht 

B scr 
table 

results for 
src/red ht 

diff 

Scr Tab 

 
 

(A-B)/B 
 

 
 

%diff 

0.25 

0.5 

1 

2.5 

5 

10 

15 

20 

25 

30 

40 

1.36203 0.330589806 9386.2 -33.8 5.117817 

3.050547 

-93.5% 

1.95213 0.473817961 9567.9 147.9 -84.5% 

1.30358 0.316402913 9490.2 70.2 1.646185 -80.8% 

0.33406 0.081082524 9560.4 140.4 0.68145 -88.1% 

0.12932 0.03138835 9511.8 91.8 0.287762 -89.1% 

0.03607 0.008754854 9482.9 62.9 0.116426 -92.5% 

0.01785 0.004332524 9331.0 -89.0 0.166983 -97.4% 

0.01356 0.003291262 9342.8 -77.2 0.120232 -97.3% 

0.01253 0.003041262 9399.6 -20.4 0.093046 -96.7% 

0.00892 0.002165049 9697.2 277.2 0.028516 -92.4% 

0.00163 0.000395631 7982.6 -1437.4 0.008208 -95.2% 

 

Sigurd 2nd max 
met.  

over 1 
data    

year
 

 
 
 

ug/m3 

 
 
 

/lb/hr 

 
 
 

elev 

 
 
 

del ht 

 
 
 

Scr Tab 

 
 
 

%diff 

0.25 

0.5 

1 

2.5 

5 

10 

15 

20 

25 

30 

40 

      

1.36 0.330097087 9719.2 299.2 2.079332 -84.1% 

0.97159 0.235822816 9742.1 322.1 0.880569 -73.2% 

0.58605 0.142245146 9608.3 188.3 4.344336 -96.7% 

0.34898 0.084703883 9536.6 116.6 0.541491 -84.4% 

0.14926 0.036228155 9536.4 116.4 0.245899 -85.3% 

0.07499 0.018201456 9599.4 179.4 0.152399 -88.1% 

0.03263 0.007919903 9482.9 62.9 0.110078 -92.8% 

0.02219 0.005385922 9555.1 135.1 0.085433 -93.7% 

0.01805 0.004381068 9523.0 103.0 0.069418 -93.7% 

0.00846 0.002053398 9962.6 542.6 0.005807 -64.6% 



 

 

 

Fishlake NF 12 Well Drilling Scenario 
NO2 Annual Average Verification: Refined Modeling Results vs. Screening Table 

 

 
 
 
 
 

Hunter 2nd max 
met. data over 5 years 

 

 
NO2 

 

refined model 
predicted 

impact 

 
ug/m3 

 

A pred impact 
per lb/hr 
emission 

 
/lb/hr 

 

 
 
 
 
 

elev 

 

source 
receptor 
elev diff 

 
del ht 

 

B scr table 
results for 

src/red ht diff 

 
Scr table 

 
 

(A-B)/B 
 

 
% dif 

0.5 

1 

2.5 

5 

10 

15 

20 

25 

30 

40 

3.74457 0.165417444 8232.3 33.2 1.663214 -90.1% 

1.35899 0.06003377 8175.7 -23.4 1.039713 -94.2% 

0.73904 0.032647302 8146.6 -52.5 0.669593 -95.1% 

0.31294 0.013824213 8119.6 -79.5 0.348906 -96.0% 

0.08239 0.003639602 7889.3 -309.8 0.167308 -97.8% 

0.16516 0.00729599 8482.3 283.2 0.049954 -85.4% 

0.11555 0.005104454 8367.9 168.8 0.035355 -85.6% 

0.08655 0.003823371 7969.9 -229.2 0.062297 -93.9% 

0.07715 0.003408123 7750.4 -448.7 0.051275 -93.4% 

0.06694 0.002957094 7808.4 -390.7 0.038034 -92.2% 

 

Sigurd 2nd max 
met. data over 1 year 

 
 

ug/m3 

 
 

/lb/hr 

 
 

elev 

 
 

del ht 

 
 

Scr Tab 

 
 

%diff 

0.5 

1 

2.5 

5 

10 

15 

20 

25 

30 

40 

4.78104 0.211203801 8251.6 52.5 1.747867 -87.9% 

3.6615 0.161747803 8284.9 85.8 0.922212 -82.5% 

1.78453 0.07883212 8345.1 146 0.408719 -80.7% 

0.79307 0.035034093 8473.1 274 0.18475 -81.0% 

0.17741 0.007837137 8064 -135.1 0.167308 -95.3% 

0.26046 0.011505895 7951 -248.1 0.107256 -89.3% 

0.25778 0.011387505 8015.2 -183.9 0.079021 -85.6% 

0.14316 0.006324134 8503.6 304.5 0.01082 -41.6% 

0.09354 0.004132156 8070.9 -128.2 0.051275 -91.9% 

0.09609 0.004244803 8467.6 268.5 0.016917 -74.9% 
 

negative % diff shows screening tables predictions are conservatively high as compared to verification analyses 



 

 

 

Fishlake NF 12 Well Drilling Scenario 
PM-10 24 hour Average Verification: Refined Modeling Results vs. Screening Table 

 

 
 

 
 

Hunter 2nd max 
met. data over 5 years 

PM-10 24 hour average 
 

refined model 
predicted 

impact 
 

ug/m3 

 

A pred impact 
per lb/hr 
emission 

 
/lb/hr 

 
 
 
 

 
elev 

 

source 
receptor 
elev diff 

 
del ht 

 

B scr table 
results for 

src/red ht diff 
 

Scr Tab 

 
 

(A-B)/B 
 
 

%diff 

0.5 

1 

2.5 

5 

10 

15 

20 

25 

30 

40 

1.49482 0.604096648 8326.8 127.7 16.322632 -96.3% 

1.01863 0.411655563 8141.1 -58 10.601604 -96.1% 

0.57499 0.232368801 8216 16.9 5.155588 -95.5% 

0.36337 0.146847513 8074.7 -124.4 2.380732 -93.8% 

0.29139 0.117758474 7889.3 -309.8 1.03302 -88.6% 

0.26289 0.106240864 8482.3 283.2 0.388748 -72.7% 

0.20166 0.081496187 8367.9 168.8 0.276632 -70.5% 

0.19624 0.07930582 8408.5 209.4 0.212532 -62.7% 

0.15954 0.064474371 7750.4 -448.7 0.282336 -77.2% 

0.13123 0.053033545 7808.4 -390.7 0.205104 -74.1% 

 

Sigurd 2nd max 
met. data over 1 year 

 

 
ug/m3 

 

 
/lb/hr 

 

 
elev 

 

 
del ht 

 

 
Scr Tab 

 

 
%diff 

0.5 

1 

2.5 

5 

10 

15 

20 

25 

30 

40 

1.58985 0.642500807 8699.8 500.7 15.1355 -95.8% 

1.04858 0.423759157 8296.9 97.8 9.476412 -95.5% 

0.65056 0.262908655 8345.1 146 3.644388 -92.8% 

0.40528 0.163784462 8473.1 274 1.56142 -89.5% 

0.27389 0.110686257 8130.8 -68.3 1.03302 -89.3% 

0.16665 0.067347712 8004.2 -194.9 0.629584 -89.3% 

0.13258 0.053579116 8015.2 -183.9 0.45146 -88.1% 

0.12409 0.05014808 7914.5 -284.6 0.348652 -85.6% 

0.10305 0.041645255 7818.3 -380.8 0.282336 -85.2% 

0.07306 0.029525495 7933.3 -265.8 0.205104 -85.6% 
 

negative % diff shows screening tables predictions are conservatively high as compared to verification analyses 



 

 

 

Fishlake NF 12 Well Drilling Scenario 
PM-10 Annual Average Verification: Refined Modeling Results vs. Screening Table 

 

 
 

 
 

Hunter 2nd max 
met. data over 5 years 

PM-10 annual average 
 

refined model 
predicted 

impact 
 

ug/m3 

 

A pred impact 
per lb/hr 
emission 

 
/lb/hr 

 
 
 
 

 
elev 

 

source 
receptor 
elev diff 

 
del ht 

 

B scr table 
results for 

src/red ht diff 
 

Scr Tab 

 
 

(A-B)/B 
 
 

%diff 

 
0.5 

1 

2.5 

5 

10 

15 

20 

25 

30 

40 

 
0.37387 

 
0.151090843 

 
8326.8 

 
127.7 

 
4.080658 

- 
0.96297 

0.18559 0.075001871 8141.1 -58 2.650401 -97.2% 

0.06265 0.025318537 8216 16.9 1.288897 -98.0% 

0.02977 0.012030851 8074.7 -124.4 0.595183 -98.0% 

0.00822 0.003321921 7889.3 -309.8 0.258255 -98.7% 

0.01569 0.006340748 8482.3 283.2 0.097187 -93.5% 

0.01076 0.004348403 8367.9 168.8 0.069158 -93.7% 

0.00869 0.003511861 8408.5 209.4 0.053133 -93.4% 

0.00732 0.002958207 7750.4 -448.7 0.070584 -95.8% 

0.00629 0.002541957 7808.4 -390.7 0.051276 -95.0% 

 

Sigurd 2nd max 
met. data over 1 year 

 

 
ug/m3 

 

 
/lb/hr 

 

 
elev 

 

 
del ht 

 

 
Scr Tab 

 

 
%diff 

0.5 

1 

2.5 

5 

10 

15 

20 

25 

30 

40 

0.43787 0.176954951 8298 98.9 4.080658 -95.7% 

0.33231 0.134295338 8284.9 85.8 2.369103 -94.3% 

0.17052 0.068911682 8345.1 146 0.911097 -92.4% 

0.07605 0.030733834 8473.1 274 0.390355 -92.1% 

0.02087 0.008434124 8064 -135.1 0.258255 -96.7% 

0.02364 0.009553555 7951 -248.1 0.157396 -93.9% 

0.01941 0.007844099 8015.2 -183.9 0.112865 -93.1% 

0.01189 0.004805066 8503.6 304.5 0.048512 -90.1% 

0.00884 0.00357248 8070.9 -128.2 0.070584 -94.9% 

0.0081 0.003273426 7933.3 -265.8 0.051276 -93.6% 
 

negative % diff shows screening tables predictions are conservatively high as compared to verification analyses 



 

 

 

Fishlake NF 12 Well Drilling Scenario 
SO2 3 hour Average Verification: Refined Modeling Results vs. Screening Table 

 

 
 
 
 
 

Hunter 2nd max 
met. data over 5 years 

SO2 3 hour 
average 

 

refined model 
predicted 

impact 

 

A pred impact 
per lb/hr 
emission 

  

source 
receptor 
elev diff 

 

B scr table 
results for 

src/red ht diff 

 
 

(A-B)/B 

ug/m3 /lb/hr elev del ht Scr Tab %diff 

0.5 

1 

2.5 

5 

10 

15 

20 

25 

30 

40 

9.41507 3.80488101 8325.9 126.8 27.454923 -86.1% 

6.10321 2.466470013 8175.7 -23.4 16.490871 -85.0% 

3.92929 1.587930934 7898.6 -300.5 10.772271 -85.3% 

2.26171 0.91401736 7882.4 -316.7 5.377005 -83.0% 

1.75134 0.707763225 7792.5 -406.6 2.434743 -70.9% 

1.38627 0.560228697 7456.2 -742.9 1.502847 -62.7% 

1.17354 0.474258828 8157.5 -41.6 1.082088 -56.2% 

1.00662 0.406802002 7750.2 -448.9 0.837414 -51.4% 

0.88059 0.355869916 7799.4 -399.7 0.678672 -47.6% 

0.70485 0.284848693 7618.3 -580.8 0.073872 285.6% 

 

Sigurd 2nd max 
met. data over 1 year 

 

 
ug/m3 

 

 
/lb/hr 

 

 
elev 

 

 
del ht 

 

 
Scr Tab 

 

 
%diff 

0.5 

1 

2.5 

5 

10 

15 

20 

25 

30 

40 

8.79908 3.555943014 8305.8 106.7 27.454923 -87.0% 

6.93435 2.802355865 8310.4 111.3 14.815665 -81.1% 

3.81426 1.541444242 8204 4.9 10.772271 -85.7% 

2.19613 0.887514732 8273.7 74.6 2.589858 -65.7% 

1.14014 0.460760996 8115.4 -83.7 2.434743 -81.1% 

1.05792 0.427533701 7951 -248.1 1.502847 -71.6% 

0.638 0.257832824 7274.1 -925 0.099513 159.1% 

0.71547 0.289140518 8120.9 -78.2 0.837414 -65.5% 

0.59722 0.241352538 8112.2 -86.9 0.678672 -64.4% 

0.39028 0.157722562 7470.5 -728.6 0.073872 113.5% 
 

negative % diff shows screening tables predictions are conservatively high as compared to verification analyses 



 

 

 

Fishlake NF 12 Well Drilling Scenario 
SO2 24 hour Average Verification: Refined Modeling Results vs. Screening Table 

 

 
 

 
 

Hunter 2nd max 
met. data over 5 years 

SO2 24 hour average 
 

refined model 
predicted 

impact 

 

A pred impact 
per lb/hr 
emission 

  

source 
receptor 
elev diff 

 

B scr table 
results for 

src/red ht diff 

 
 

(A-B)/B 

ug/m3 /lb/hr elev del ht Scr Tab %diff 

0.5 

1 

2.5 

5 

10 

15 

20 

25 

30 

40 

2.16975 0.876853871 8326.8 127.7 12.202188 -92.8% 

1.2319 0.497843661 8185.8 -13.3 7.329276 -93.2% 

0.59774 0.241562684 7813.1 -386 4.787676 -95.0% 

0.39002 0.157617489 7867.9 -331.2 2.38978 -93.4% 

0.25199 0.101835883 7748.6 -450.5 1.082108 -90.6% 

0.18794 0.075951569 8187.8 -11.3 0.667932 -88.6% 

0.14669 0.059281343 8157.5 -41.6 0.480928 -87.7% 

0.13305 0.053769055 8153.5 -45.6 0.372184 -85.6% 

0.11007 0.044482224 7799.4 -399.7 0.301632 -85.3% 

0.08811 0.035607602 7618.3 -580.8 0.032832 8.5% 

 

Sigurd 2nd max 
met. data over 1 year 

 

 
ug/m3 

 

 
/lb/hr 

 

 
elev 

 

 
del ht 

 

 
Scr Tab 

 

 
%diff 

0.5 

1 

2.5 

5 

10 

15 

20 

25 

30 

40 

2.12579 0.859088462 8237.6 38.5 12.454036 -93.1% 

1.71395 0.692652928 8310.4 111.3 6.58474 -89.5% 

0.78418 0.316908062 8091 -108.1 4.787676 -93.4% 

0.43967 0.177682379 8199.1 0 2.38978 -92.6% 

0.22266 0.089982847 8115.4 -83.7 1.082108 -91.7% 

0.20174 0.081528517 7951 -248.1 0.667932 -87.8% 

0.12162 0.049149887 8165.4 -33.7 0.480928 -89.8% 

0.1504 0.060780653 8120.9 -78.2 0.372184 -83.7% 

0.13183 0.053276021 8112.2 -86.9 0.301632 -82.3% 

0.08507 0.034379057 8193.4 -5.7 0.219136 -84.3% 
 

negative % diff shows screening tables predictions are conservatively high as compared to verification analyses 



 

 

 

Fishlake NF 12 Well Drilling Scenario 
SO2 Annual Average Verification: Refined Modeling Results vs. Screening Table 

 

 
 
 
 
 

Hunter 2nd max 
met. data over 5 years 

SO2 annual 
average 

 

refined model 
predicted 

impact 
 

ug/m3 

 

A pred impact 
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elev diff 

 
del ht 

 

B scr table 
results for 

src/red ht diff 
 

Scr Tab 

 
 

(A-B)/B 
 
 

%diff 

0.5 

1 

2.5 

5 

10 

15 

20 

25 

30 

40 

0.52496 0.212150344 8326.8 127.7 3.050547 -93.0% 

0.25114 0.101492375 8141.1 -58 1.832319 -94.5% 

0.07642 0.030883361 8216 16.9 1.196919 -97.4% 

0.03784 0.015292154 8074.7 -124.4 0.597445 -97.4% 

0.01147 0.004635333 7889.3 -309.8 0.270527 -98.3% 

0.01902 0.00768649 8482.3 283.2 0.068602 -88.8% 

0.01187 0.004796984 8367.9 168.8 0.047008 -89.8% 

0.00936 0.003782626 8408.5 209.4 0.035704 -89.4% 

0.00838 0.003386582 7750.4 -448.7 0.075408 -95.5% 

0.0077 0.003111775 7808.4 -390.7 0.054784 -94.3% 

 

Sigurd 2nd max 
met. data over 1 year 

 

 
ug/m3 

 

 
/lb/hr 

 

 
elev 

 

 
del ht 

 

 
Scr Tab 

 

 
%diff 

0.5 

1 

2.5 

5 

10 

15 

20 

25 

30 

40 

0.48265 0.195051744 8316.1 117 3.050547 -93.6% 

0.37982 0.153495397 8349 149.9 1.646185 -90.7% 

0.22143 0.089485771 8294.5 95.4 0.68145 -86.9% 

0.09927 0.040117656 8473.1 274 0.287762 -86.1% 

0.02298 0.009286831 8064 -135.1 0.270527 -96.6% 

0.03047 0.01231374 7951 -248.1 0.166983 -92.6% 

0.02068 0.00835734 8015.2 -183.9 0.120232 -93.0% 

0.01353 0.005467834 8503.6 304.5 0.035704 -84.7% 

0.01086 0.004388816 8070.9 -128.2 0.075408 -94.2% 

0.01062 0.004291825 7933.3 -265.8 0.054784 -92.2% 
 

negative % diff shows screening tables predictions are conservatively high as compared to verification analyses 
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Appendix E 

Climate Change 



 

Fishlake N.F. Rationale for Use of Supplemental Information Reports 2 and 2A 
Prepared 1/13/2012 by Rob Hamilton 

 
While preparing their oil and gas leasing Environmental Impact Statements, the Dixie and Fishlake 

National Forests employed JBR Consultants to analyze and model the potential effects of oil and gas 

leasing on air quality and climate change.  As a result, Supplemental Information Reports (SIR) 1, 1A, 1B, 

2, and 2A were prepared to analyze the potential effects.  This rationale is intended to clarify and 

compare the differences in potential effects on climate change between the Dixie National Forest (DNF) 

and Fishlake National Forest (FNF) as presented in SIR-2 and SIR-2A.  

The following should be noted:  

 The FNF RFDS is based on the assumption that all potentially productive areas are open for leasing 
under standard terms and conditions, except those areas designated as closed to leasing by law, 
regulation or executive order.  However, it is anticipated that all potentially productive areas would 
not be open for leasing under standard terms and conditions due to restrictions and stipulations 
that will likely be needed to conserve sensitive resources.  (Supplemental RFDS – 4/22/2011). 

 The RFDS for the FNF estimated two plays or fields.  Each field would have 2 to 3 pads with up to 5 
wells per pad using directional drilling technology for a total estimated 30 wells. 
 

 The distance from Richfield, Utah to Salt Lake City, Utah is approximately 160 miles.  The distance 
from Cedar City, Utah to Salt Lake City, Utah is approximately 250 miles.  Therefore, the distance 
from Cedar City to Salt Lake City is approximately 34% further than from Richfield to Salt Lake City.  

 

 Both Forests are located in the same geographic area, experience similar climatic effects and have 

similar vegetation types and quantity.   

 

Dixie and Fishlake National Forests RFDS Comparison 

 

 Dixie N.F. Fishlake N.F. 

Number of exploration wells 60 45 

Number of plays 1 2 

Number of production wells 20 30 

Total gross surface disturbance 1,673 ac 1,421 

Seismic exploration impact 422 ac  

Total disturbance 2,095 ac  

Total disturbance at end of 15 year analysis period  573.0 

 

  



 

Appendix SIR-2 

 

Page Dixie Reference Fishlake Reference or Comparison 

vi …summarize the body of scientific knowledge and 
professional opinion of global warming/climate 
change, in order to provide a context for 
evaluation of global warming effects 

The report provides context for evaluating global 
warming effects for the FNF as well as the Dixie. 

27 Total emissions estimates for each predicted oil 
and gas activity (i.e., connected action) are 
summarized in Table 3.2-1. 

Comparative emission estimates for the FNF are 
shown in the table below.  Estimates are explained in 
SIR 2-A discussion below. 

 

Table 3.2-1 (Dixie) 

Oil & Gas Activity CO2e 

Exploration 9,993 

Production 43,443 

Transportation of Crude 2,161 

Refining 21,019 

Trans. of Refined 868 

Product end use 268,312 

TOTAL 345,796 

 

Fishlake Estimates (based on 30 wells)  

Oil & Gas Activity CO2e 

Exploration 7,495 

Production 58,214 

Transportation of Crude 2,161 

Refining 28,286 

Trans. of Refined 868 

Product end use 268,312 

TOTAL 365,336 

Appendix SIR-2 cont. 

 

Page Dixie Reference Fishlake Reference or Comparison 

 
28 

The estimate of production GHG emissions sought 
to predict maximum potential GHG emissions and 
therefore assumed that a full 20-well production 
field  

The RFDS for the FNF estimated two plays or fields.  
Each field would have 2 to 3 pads with up to 5 wells 
per pad using directional drilling technology for a 
total estimated 30 wells. 

28 Exploration … The number of exploratory wells predicted on the 
FNF is 45 compared to 60 on the DNF.   

28 Production … The number of production wells predicted on the FNF 
is 30 compared to 20 on the DNF.   

28 Transportation of crude … likely destination for 
the crude oil would be a refinery in the Salt Lake 
City area. 

Predicted effects of transporting oil from random 
points on the FNF to Salt Lake City would be smaller 
as FNF is closer to Salt Lake City.  However, the FNF 
RFDS predicted more producing wells thus more 
crude to be transported.  The FNF RFDS also 
proposed using a refinery in Utah Valley.  With these 
points in mind, we predict that impacts of 
transporting the crude will be similar to the DNF. 

29 Refining … Any oil and gas produced on the FNF would also have 
to be refined.  It is assumed that since the FNF would 
have more producing wells more products would be 
realized with more refining required. 

29 Transportation of Refined Product Impact estimates for the FNF Scenario would be 
similar to those of the DNF. 

 



 

Appendix SIR-2 cont. 

 
 

Page Dixie Reference Fishlake Reference or Comparison 

29 … Product end use also assumes a demand for 
refined oil and gas products, which would be 
independent of any Dixie National Forest oil and 
gas production. However, product end use must 
be taken into account in the emission scenario 
because the demand does exist, due to the need 
for these fuels and the relatively low price of 
refined oil and gas products compared to 
alternative fuels currently available. It can 
reasonably be assumed, therefore, that if the 
Dixie National Forest were to discover and 
produce oil and gas products, they would be used. 

It can also be assumed that if the FNF were to 
discover and produce oil and gas products, they too 
would be used and this use would also be the largest 
contributor to the oil and gas predicted activities 
emissions.  The amount of emissions produced by the 
end use of oil and gas products on the FNF and 
adjacent areas would be the same or slightly less 
than on the DNF as the local population base is less. 

30 3.2.2 Baseline Conditions of the Dixie are 
reviewed 

Baseline conditions on the FNF are similar to those on 
the DNF.  However, there is currently one active O & 
G lease of 301.7 acres on the Forest. (See Section 
1.12.1, page 23 of the FNF O & G leasing EIS).  
Demands for O & G. 
Estimates of carbon sequestration and emissions for 
the FNF would be similar to that of the DNF and 
would also follow the national trend  

31 Green house gas emissions inventory The FNF has not conducted a greenhouse gas 
emissions inventory of its own operations.  However, 
it is likely within the range included in the emissions 
estimates for the six national forests in the Greater 
Yellowstone Area also. 

32 GHG Emissions from Forest Fires The FNF has also and will continue to experience 
forest fires.  The resultant green house gasses from 
future forest fires cannot be predicted though they 
too would contribute to GHG emissions.  However, 
about 40% fewer acres are impacted by wildfires on 
the FNF than the DNF.  

 

 

Dixie and Fishlake National Forest Wildland Fires Comparison 
(Average of fires reported and acres burned) 

 

 5 yr # of 
fires 

5 yr # of 
acres 

10 yr # of 
fires 

10 yr # of 
acres 

2011 #of 
fires 

2011 # of 
acres 

Dixie N.F. 57 5464 83 14,564 45 388 

Fishlake N.F. 32 10920 50 8,980 36 239 

FNF % of DNF   60 62   

 

 

 



 

Appendix SIR-2 cont. 

 

Page Dixie Reference Fishlake Reference or Comparison 

38 Table 3.2-15 summarizes the information in 
Sections 3.2.1 through 3.2.5, showing total CO2 
emissions for the Dixie National Forest Oil and Gas 
Activities … 

Predicted CO2 emissions for the FNF would be very 
comparable to the DNF at 0.365 MMT.  Refer to the 
discussion throughout this document for rationale. 

38 4.1.1 Connected Actions GHG Emissions 
Compared to Existing US and Global emissions 

Predicted oil and gas activities on the FNF would 
increase U.S. and world emissions but at that scale 
the amount would be negligible.   As with the DNF, 
on a State of Utah scale the increase would be minor. 

39 4.1.2 Effects of Connected Actions on Foreseeable 
Impacts of Climate Change 

The effects of oil & gas production on the FNF would 
be comparable to that of the DNF 

39 4.2 Effects of Climate Change on the Dixie NF and 
the Cumulative Effects Area 

Climate change would have similar effects on the FNF 
and the oil & gas cumulative effects area as it would 
have on the DNF.  

 

Appendix SIR-2 A 

 

Page Dixie Reference Fishlake Reference or Comparison 

2 Exploratory Drilling The number of exploratory wells predicted on the 
FNF is 45 compared to 60 on the DNF.  Therefore, 
using the same assumptions, about 25% less 
greenhouse gasses would be produced from 
exploratory drilling on the FNF 

3 Production Operations – Drilling and Pumping The number of production wells predicted on the FNF 
is 30 compared to 20 on the DNF.  Therefore, using 
the same assumptions, about 34% more greenhouse 
gasses would be produced from pumping and drilling 
on the FNF. 

4 Transportation from Field to Refinery The distance of transporting crude from random 
points on the DNF to Salt Lake City is further than 
from random points on the FNF to Salt Lake City.    
The FNF RFDS assumed a destination refinery in Utah 
Valley so transportation distance is even less than a 
refinery in Salt Lake City.  However,  more production 
wells are predicted on the FNF so the same impact 
value will be used for the FNF.   

4 Refining into Final Product Since the number of production wells predicted on 
the FNF is 30 compared to 20 on the DNF, it can be 
assumed that 34% more product is produced and 
34% more greenhouse gas would be produced from 
refining that product. 

4 Transportation of Final Product to End User The source of the refined product would not change 
the amount of greenhouse gasses produced in 
transporting the final product to the end user.  
Therefore, the predicted amount of greenhouse 
gasses would be the same for both the FNF & DNF. 

 

 

 



 

Appendix SIR-2 A continued 

 

Page Dixie Reference Fishlake Reference or Comparison 

5 End Use The source of the refined product would not change 
the amount of greenhouse gasses produced in the 
end use.  Therefore, the predicted amount of 
greenhouse gasses would be the same for both the 
FNF and the DNF. 

 

 

Summary of Greenhouse Gas Emission for FNF Proposed EIS Activities 
(compare to DNF SIR-2A Table 3.2.1) 

 

GHG Emissions 

Process CO2 (metric tons) Total GHG Emissions, 
CO2 (metric tons CO2e) 

Exploration 7,495 7,495 

Production 58,214 58,214 

Transportation of Crude 2,161 2,161 

Refining 28,286 28,286 

Transportation of Refined 
Products 

868 868 

Product End Use 268,312 268,312 

Total 365,336 365,336 

 
 
In summary, the effects of oil and gas leasing and development on the Fishlake would be slightly more than 

those of the Dixie.  Comparatively, they would also be negligible on a national and global scale and minor on 

a state and regional scale.  
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Introduction 
On  January  16,  2009, the  Deputy Chief  of  the  Forest Service  sent  a  memo  to Regional 
Foresters   and   Directors   containing   guidance   for   considering   climate   change   in   land 
management and project planning.  As part of the Forest Service Strategic Framework for 
Responding to Climate Change (USFS 2008), established by the Chief Gail Kimball in a letter to 
the National Leadership Team on February 15, 2008, two documents were provided in the 
memo to guide field units on how to treat climate change: Climate Change Considerations in 
Project  Level  NEPA  Analysis  and  Climate  Change  Considerations  in  Land  Management 
Planning Revisions. These documents frame two fundamental challenges: how management 
may influence climate change through greenhouse gas (GHG) emissions, and how climate 
change may affect National Forests and Grasslands. 

 

This paper is intended to summarize the body of scientific knowledge and professional opinion 
of global warming/climate change, in order to provide a context for evaluation of global warming 
effects under the US Forest Service (USFS) action alternatives of the Dixie National Forest Oil 
and Gas Leasing Environmental Impact Statement (EIS). It is provided as an overview of 
climate change, associated science, and projected impacts. Potential global effects to resources 
as a result of climate change, and potential global impacts of continuing anthropogenic 
contributions of greenhouses gases to climate change, are also summarized. Regional 
information on effects to resources is also presented, where available. 

 

Information provided here summarizes current studies by the Intergovernmental Panel on 
Climate Change (IPCC) and other peer-reviewed publications. The growing level of international 
attention to climate change has resulted in a high level of ongoing scientific study and analysis. 
The body of scientific knowledge of the issue is evolving relatively rapidly. The information 
contained herein may become out-dated quickly, but serves as a “snapshot” of the state-of- 
knowledge at the time of the analyses conducted under this EIS. The reports referenced herein, 
and any subsequent reports provided by IPCC or other governmental bodies, should be 
consulted for more detailed or the most up-to-date information. 
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1.0    Climate Change Literature Overview 
 
1.1     The Greenhouse Effect (Science / Process) 

Joseph Fourier is credited with the discovery in 1824 that gases in the atmosphere might 
increase the surface temperature of the Earth. Fourier referred to an experiment by M. de 
Saussure, who exposed a black box to sunlight; he noted that when a thin sheet of glass is put 
on top of the box, the temperature inside of the box increases. In 1859 John Tyndall identified 
several gases that could trap heat waves, specifically water vapor and carbon dioxide (CO2) 

(Weart 2007). 
 

The energy from the Sun powers the natural systems on earth. Energy is emitted from the Sun in 
the form of short wavelengths such as light and other electromagnetic rays. However, shortwave 
energy is not sensible (sensation of heat). Of the shortwave energy that reaches the Earth‟s 
atmosphere from the Sun, approximately one-third is reflected back into space, while the 
remaining two-thirds reaches the Earth‟s surface or is absorbed by the Earth‟s atmosphere. 
Shortwave energy reaching the earth‟s surface is either absorbed by the Earth or reflected back 

into the atmosphere (Le Treut et al. 2007). 
 

To balance the absorbed incoming energy, the Earth must, on average, radiate the same amount 
of energy back to space. Because the Earth is much colder than the Sun, it radiates at much 
longer wavelengths, primarily in the infrared part of the spectrum. Much of this thermal radiation 
emitted by the land and ocean is absorbed by the atmosphere, including clouds, and reradiated 
back to Earth. This is called the greenhouse effect. The Earth‟s greenhouse effect warms the 
surface of the planet (Le Treut et al. 2007). Without the natural greenhouse effect, the average 
temperature at Earth‟s surface would be approximately 60 degrees F colder. The greenhouse 
effect creates a climate on Earth that is conducive to life. Therefore, the greenhouse effect is a 
natural process, upon which life on Earth depends. 

Several factors affect the amount of the Sun‟s energy that reaches the Earth, and thus affect the 

climate of Earth. The Sun itself has a cycle and fluctuates in the amount of energy emitted. The 
tilt of the Earth‟s axis controls the amount of the Sun‟s energy reaching various parts of the Earth 
at different times of the year, creating seasons on Earth. The elliptical nature of the Earth‟s orbit 
around the Sun means that at times the Earth is closer to the Sun, resulting in increased energy 
levels reaching the Earth. Finally, the composition of the Earth‟s atmosphere controls how much 
of the Sun‟s energy reaches the surface of the Earth, versus energy that is reflected back into 

space. 
 

The two primary gases in the atmosphere responsible for the greenhouse effect are water vapor 
and carbon dioxide. Methane, nitrous oxide, ozone and several other gases present in the 
atmosphere in small amounts also contribute to the greenhouse effect (Le Treut et al. 2007). 
Taken together, these are referred to as “greenhouse gases.” In addition to reflecting the Sun‟s 
energy back into space, greenhouse gases also control the amount of heat radiated by the Earth 
that is trapped beneath the atmosphere. Fluctuations in greenhouse gases in the atmosphere 
are partially responsible for variances in the Earth‟s climate along with other influences. The 

concentrations of these gases in the atmosphere are affected by complex natural systems that 
tend to either emit or sequester these gases. Man-made (anthropogenic) influences and 
emissions also affect the prevalence of these gases in the atmosphere, particularly CO2  which 

has been emitted in relatively large and growing quantities since the dawn of the Industrial 
Revolution when coal and later petroleum were burned for energy. 
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1.2     Historical Study of and Concern for Earth’s Climate Change 

A major curiosity for scientists in the late 1800s and early 1900s was solving the mystery of 
prehistoric ice ages. Svante Arrhenius postulated that by cutting in half the amount of CO2 in the 
atmosphere, the temperature in Europe could be lowered some 4-5 degrees C. Arvid Hogbom 
was the first to attempt to calculate the amounts of CO2 emitted by factories and other industrial 

sources, and found that human activities were adding CO2  to the atmosphere at a rate roughly 
comparable to the natural geochemical processes that emitted or absorbed the gas. Arrhenius 
figured it would take thousands of years for burning of fossil fuels to contribute enough CO2  to 
the  atmosphere  to  result  in  raising  Earth‟s temperature.  Arrhenius‟ theory  was  dismissed 
because  it  was  perceived  to  over  simplify  the  climate  system,  and  because  of  faulty 
experimentation and reasoning used to refute the theory (Weart 2007). 

 
In the early 1900s, the prevailing theory regarding the greenhouse effect and global warming 
was that the Earth automatically regulated itself in a “balance of nature”, specifically that the 
oceans would absorb any excess of CO2 in the atmosphere, and if the oceans didn‟t absorb the 

excess, biological systems would (Weart 2007). 
 

Guy Stewart Callendar, also interested in solving the mystery of the ice ages and pursued 
meteorology as a hobby, decided to scientifically investigate popular opinion that a warming 
trend was underway. Around 1938 he gathered old data on temperatures and atmospheric 
concentrations of CO2, and found a warming trend was underway, and the concentration of CO2 

had increased by 10 percent over the previous 100 years. He postulated that the warming trend 
could be explained by the increase in CO2. Through the 1940s and into the 1950s the scientific 

community regarded the old data used by Callendar as untrustworthy, and the idea of the Earth 
being in a natural balance persisted (Weart 2007). 

 

In 1952 theoretical physicist Lewis D. Kaplan showed that in the upper atmosphere, adding more 
CO2 must change the balance of radiation significantly. Building on this, physicist Gilbert N. Plass 
performed  calculations  and  theorized  that  human  activity  would  raise  the  average  global 
temperature at the rate of 1.1 degree C per century (Weart 2007). Plass‟ calculations were 
dismissed by the scientific community because, once again, they over simplified the climate 
system, not taking into account the influence of various components of the system (Weart 2007). 

 

During the 1950s, discovery of the radioactive isotope carbon-14 enabled scientists to distinguish 
fossil carbon in the atmosphere. Measurements of carbon in the atmosphere in conjunction with 
calculations estimating the carbon being taken up by the oceans led to the realization that 
although sea water did rapidly absorb CO2, most of the added gas would promptly evaporate 

back into the air. By the late 1950s, a few scientists began to warn that greenhouse warming 
might become a problem, even within the foreseeable future (Weart 2007). 

 

In the late 1950s and early 1960s, a baseline level of CO2 measured in the atmosphere of 

Antarctica and the Mauna Loa volcano in Hawaii established that the level of CO2 in the 

atmosphere was rising. The baseline data supported the theory that the oceans were not taking 
up most industrial emissions. Through the 1960s, interdisciplinary sharing of information resulted 
in the first reasonably solid estimate of the global temperature change that was likely if the 
amount of CO2  in the atmosphere doubled. However, the scientific community continued to 
persist with the assumption that “…the Earth‟s geochemistry was dominated by stable mineral 
processes, operating on a planetary scale over millions of years.” (Weart 2007) The debate 
continued into the 1970s; the veracity of old data was questioned, and historical temperature 
shifts could not be tied to CO2  levels in the atmosphere, casting doubt on theories connecting 
human activity with CO2  levels in the atmosphere and possible climactic effects. By the end of 
the 1970s, however, measurements of CO2 levels in the atmosphere showed a clear rise, global 
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temperatures began to rise again, and computer models were resulting in agreement on the 
future warming to be expected from increased CO2 (Weart 2007). 

 

The 1980s brought a remarkable discovery. Chemical analysis of air trapped in ice cores drilled 
from the Greenland and Antarctic ice caps produced a record of temperature variations and 
provided air samples spanning hundreds of thousands of years. Testing of ice samples from the 
time of the last ice age showed CO2 levels in the atmosphere were as much as 50 percent lower 
than in current warmer times. Researchers working with these and other data found that the level 
of atmospheric CO2 had gone up and down in remarkably close step with temperature. The 

modern air above the ice had reached levels of CO2  concentrations far above anything seen in 
the geological era represented in the ice cores. Data from studies of paleontology and water 
temperatures in ocean basins mirrored trends linking temperature fluctuations with CO2 

concentrations, ultimately affirming computer modeling techniques (Weart 2007). 
 
1.3     Global Community Action 

 
1.3.1   Establishment of the Intergovernmental Panel on Climate Change 

Concerns about human impacts on world climate led to efforts to organize and mobilize the 
scientific community world-wide. The first World Climate Conference organized by the World 
Meteorological Organization in 1979 called for, “global cooperation to explore the possible future 
course of global climate and to take this new understanding into account in planning for the 
future development of human society” (IPCC 2004). 

 

The Advisory Group on Greenhouse Gases was established by the United Nations Environment 
Programme (UNEP), World Meteorological Organization (WMO), and International Council for 
Science as a result of a joint 1985 conference to assess the role of carbon dioxide and of other 
greenhouse  gases  in  climate  variations  and  associated  impacts.  The  Advisory  Group  on 
Greenhouse Gases was established, “… to ensure periodic assessments of the state of scientific 
knowledge on climate change and its implications” (IPCC 2004). 

 
The Intergovernmental Panel on Climate Change  (IPCC)  by the UNEP  was established in 
concert with the WMO in 1988. The role of the panel is to, “assess on a comprehensive, 

objective, open and transparent basis the best available scientific technical and socio-economic 
information  on  climate  change  from  around  the  world.  The  assessments  are  based  on 
information contained in peer-reviewed literature and, where appropriate documented, in industry 
literature and traditional practices” (IPCC 2007a). 

 

The United Nations General Assembly endorsed the action of the WMO and UNEP to establish 
the IPCC in 1988. Assessments produced by the IPCC are discussed in the following section. 

 

The IPCC (2004) provides the following definition for climate change: 
 

Climate change refers to a statistically significant variation in either the mean state 
of the climate or in its variability, persisting for an extended period (typically 
decades or longer). Climate change may be due to natural internal processes or 
external forcings, or to persistent anthropogenic changes in the composition of the 
atmosphere or in land use. 

 
1.3.2   First Assessment Report 

“In conjunction with endorsing the IPCC, in 1988 the General Assembly requested as soon as 
possible a comprehensive review and recommendations with respect to: 

 

The state of knowledge of the science of climate and climatic change. 
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   Programs and studies on the social and economic impact of climate change, including 
global warming. 

 

   Possible response strategies to delay, limit, or mitigate the impact of adverse climate 
change. 

 

   The identification and possible strengthening of relevant existing international legal 
instruments having a bearing on climate. 

   Elements for inclusion in a possible future international convention on climate.” (IPCC 

2004). 
 

In 1989, the 44th session of the General Assembly requested the report by the IPCC to be 

submitted to its 45th Session. Responding to this request, the IPCC adopted its First Assessment 
Report on August 30, 1990 (IPCC 2004). The report consisted of three components: 

 

   Working Group I: Addressed a broad range of topics including greenhouse gases and 
aerosols,  radiative  forcing  (defined  by  UNEP  (2008)  as  the  change  in  the  balance 
between radiation coming into the atmosphere and radiation going out.), processes and 
modeling, observed climate variations and change, and detection of greenhouse effect in 
the observations. Key findings included: 

 

o Experts  were  certain  that  emissions from  human  activities  were  substantially 
increasing the atmospheric concentrations of greenhouse gases and that this will 
enhance the greenhouse effect resulting in additional warming of the Earth‟s 
surface. 

 

o Under  business  as  usual,  a  predicted  rate  of  increase  of  the  global  mean 

temperature during the 21st  century of 0.3 degrees C per decade with an 
uncertainty range of 0.2 degrees C to 0.5 degrees C; 

 

o Under business as usual, a predicted increase of the global mean sea level of 6 
cm per decade with an uncertainty range of 3 to 10 cm per decade 

 

o A  number  of  uncertainties  were  identified,  including  sources  and  sinks  of 
greenhouse gases and the role of clouds, oceans and polar ice sheets. 

 

   Working Group II: Summarized the scientific understanding of climate change impacts on 
impacts to agriculture and forestry, natural terrestrial ecosystems, hydrology and water 
resources, human settlements, oceans and coastal zones and seasonal snow cover, ice 
and permafrost. 

 

o Predicted impacts would be felt most severely in regions already under stress, 
mainly developing countries 

 

o Highlighted important uncertainties with regard to timing, magnitude and regional 
patterns of climate change. 

 

   Working Group III: Defined mitigative and adaptive response options in the areas of 
energy and industry; agriculture, forestry and other human activities; coastal zone 
management, emissions scenarios and the implementation of mitigation measures. 

 

o Presented  a  flexible  and  progressive  approach  comprising  of  shorter-term 
mitigation and adaptation measures and proposals for more intensive action over 
the longer-term. 

 

o Developed possible elements for inclusion in a framework convention on climate 
change. 
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o Presented  proposals  to  promote  as  rapidly  as  possible  full  participation  of 
developing countries (IPCC 2004). 

 
1.3.3   Supplementary Reports 

The General Assembly established the Intergovernmental Negotiating Committee in 1990 in 
order to initiate negotiations of an effective framework convention on climate change. In 1992 the 
IPCC prepared supplementary reports to meet the need for up-to-date information of the 
negotiating process. Six tasks addressed by the Supplementary Reports included: 

 

   Assessment of national net greenhouse gas emissions (which eventually became the 
national greenhouse gas inventories program) 

 

   Predictions of regional distributions of climate change and associated impact studies, 

   Energy and industry related issues, 

   Agriculture and forestry related issues, 

   Vulnerability to sea level rise, and 

   Emissions scenarios (IPCC 2004) 
 
1.3.4   United Nations Framework Convention on Climate Change and Conference of the 
Parties 

The United Nations Framework Convention on Climate Change was adopted and opened for 
signature in June 1992, and entered into force in 1994 (IPCC 2004). “The Convention on Climate 
Change sets an overall framework for intergovernmental efforts to tackle the challenge posed by 
climate change. It recognizes that the climate system is a shared resource whose stability can be 
affected by industrial and other emissions of carbon dioxide and other greenhouse gases. The 
convention enjoys near universal membership, with 192 countries having ratified. Under the 
Convention, governments: 

 

   Gather and share information on greenhouse gas emissions, national policies and best 
practices 

 

   Launch national strategies for addressing greenhouse gas emissions and adapting to 
expected impacts, including the provision of financial and technological support to 
developing countries 

   Cooperate in preparing for adaptation to the impacts of climate change.” (UNFCCC 2008) 

The Convention defines climate change as, “a change of climate which is attributed directly or 

indirectly to human activity that alters the composition of the global atmosphere and which is in 
addition to natural climate variability observed over comparable time periods.” (IPCC 2004) 

 
1.3.5   Second Assessment Report 

The Second IPCC Assessment Report was issued in 1995. The report differed from the First 
Assessment Report in that it included as a new subject area socioeconomic aspects of climate 
change. New findings from the Second Assessment include: 

 

Working Group I 
 

   Greenhouse gas concentrations have continued to increase; 
 

   Anthropogenic aerosols tend to produce negative radiative forcing; 

Climate has changed over the past century; 
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   The balance of evidence suggests a discernible human influence on global climate; 

   Climate is expected to continue to change in the future; and 

   There are still many uncertainties 
 

Working Group II 
 

   Human induced climate change adds an important new stress; 

   Most systems are sensitive to climate change 

   Impacts are difficult to quantify, and existing studies are limited in scope; 
 

   Successful adaptation depends on technological advances, institutional arrangements, 
availability of financing and information exchange; 

 

   Vulnerability increases as adaptive capacity decreases 
 

   Detection will be difficult, and unexpected changes cannot be ruled out 
 

   Further research and monitoring are essential. 

Working Group III 

   A prudent way to deal with climate change is through a portfolio of actions aimed at 
mitigation, adaptation, and improvement of knowledge 

 

   Earlier  mitigation  action  may  increase  flexibility  in  moving  toward  stabilization  of 
atmospheric concentrations of greenhouse gases; 

   Significant “no-regrets” opportunities are available in most countries and that the risk of 

aggregate net damage due to climate change, consideration of risk aversion and 
application of the precautionary principle provide rationales for action beyond no regrets. 

 

   The value of better information about climate processes, their impacts and responses and 
the need for more research and analysis of economic and social issues related to climate 
change are highlighted. (IPCC 2004) 

 

Another change between the First and Second reports was the development of the Synthesis 
Report. The Synthesis Report provided scientific, technical and socioeconomic information that 
can  be  used  in  evaluating  whether  the  projected  range  of  plausible  impacts  constitutes 
“dangerous anthropogenic interference with the climate system,” and in evaluating adaptation 
and mitigation options that could be used in progressing towards the ultimate objective of the 
Convention on Climate Change (IPCC 2004). 

 
1.3.6   Second Conference of the Parties 

In 1996 the Second Conference of the Parties recognized and endorsed the Second Assessment 
Report, and believed the report would provide a scientific basis, and called on parties for the 
development of a protocol or other legal instrument. The Second Conference noted the following 
findings: 

 

   The balance of evidence suggests a discernible human influence on global climate. 
Without mitigation, the global average surface temperature relative to 1990 is projected to 
increase by about 2 degrees C (between 1 and 3.5 degrees C) by 2100; average sea 
level is projected to rise by about 50 centimeters (between 15 and 95 centimeters) above 
present levels by 2100. Stabilization of atmospheric concentrations at twice pre-industrial 
levels will eventually require global emissions to be less than 50 percent of 1996 levels; 
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   The projected changes in climate will result in significant, often adverse, impacts on many 
ecological systems and socioeconomic sectors, including food supply and water 
resources, and on human health. In some cases, the impacts are potentially irreversible; 
developing countries and small island countries are typically more vulnerable to climate 
change; 

 

   Significant reductions in net greenhouse gas emissions are technically possible and 
economically feasible by utilizing an array of technology policy measures that accelerate 
technology development, diffusion and transfer; and significant no-regrets opportunities 
are available in most countries to reduce net greenhouse gas emissions. (IPCC 2004) 

 

1.3.7   Kyoto Protocol 

As greenhouse gas emissions continued to rise around the world, the Parties determined that a 
firm and binding commitment would be needed to reduce emissions. The 1997 Kyoto Protocol 
shares the objective and institutions of the Convention; however the Protocol commits the parties 
to stabilize greenhouse gas emissions. The Protocol requires developed countries to reduce their 
emissions below levels specified for each of them in the Treaty, resulting in a total cut in 
greenhouse gas emissions of at least 5 percent against the baseline of 1990. The Kyoto Protocol 
was ratified by 141 nations in February 2005 (IPCC 2004). However, the Treaty places a heavier 
burden on developed nations, which is why Australia and the United States refused to join. “Bush 
administration  officials  said  the  treaty  would  hurt  the  economy  and  is  ineffective  and 
discriminatory because large, rapidly industrializing countries such as China and India escape 
the limits.” (Washington Post 2005) 

 

In 2000 the IPCC released the Special Report on Emissions Scenarios. The new scenarios 
offered alternative images of how the future might unfold in order to analyze how driving forces 
may influence future emissions outcomes and assess the associated uncertainties (IPCC 2000). 

 
1.3.8   Third Assessment Report 

The Third IPCC Assessment Report was issued in 2001. Key findings included: 

Working Group I 

   An increasing body of observations gives a collective picture of a warming world and 
other changes in the climate system. 

 

   Emissions of greenhouse gases and aerosols due to human activities continue to alter 
the atmosphere in ways that are expected to affect the climate. 

 

   Confidence in the ability of models to project future climate has increased. 
 

   There is new and stronger evidence that most of the warming over the last 50 years is 
attributable to human activities. 

 

   Human influences will continue to change atmospheric composition throughout the 21st
 

century. 
 

   Global average temperature and sea level are expected to rise under all IPCC Special 
Report on Emission Scenarios. 

 

   Atmospheric climate change will persist for many centuries. 

Working Group II 

   Recent  regional  climate  changes,  particularly  temperature  increases,  have  already 
affected many physical and biological systems. 



Appendix SIR-2- Climate Change 
Dixie National Forest Oil and Gas Leasing EIS 

8  

 

   There are preliminary indications that some human systems have been affected by recent 
increases in floods and droughts. 

 

   Natural  systems  are  vulnerable  to  climate  change,  and  some  will  be  irreversibly 
damaged. 

 

   Many human systems are sensitive to climate change and some are vulnerable. 

   Projected changes in climate extremes could have major consequences. 

   The potential for large scale and possibly irreversible impacts poses risks that have yet to 
be reliably quantified. 

 

   Adaptation is a necessary strategy at all scales to compliment climate change mitigation 
efforts. 

 

   Those with  the  least  resources  have the  least  capacity to  adapt  and  are the most 
vulnerable. 

 

   Adaptation,  sustainable  development,  and  enhancement  of  equity  can  be  mutually 
reinforcing. 

 

Working Group III 
 

   Alternative development paths can result in very different greenhouse gas emissions. 
 

   Climate change mitigation will both be affected by, and have impacts on, broader 
socioeconomic policies and trends, such as those relating to development, sustainability 
and equity. 

 

   Significant progress relevant to greenhouse gas emissions reduction has been made 
since the Second Assessment Report in 1995 and has been faster than anticipated. 

 

   Forests,  agricultural  lands,  and  other  terrestrial  ecosystems  offer  significant  carbon 
mitigation potential. Although not necessarily permanent, conservation and sequestration 
of carbon may allow time for other options to be further developed and implemented. 

 

   Most model results indicate that known technological options could achieve a broad 
range of atmospheric CO2 stabilization levels, such as 550ppmv, 450ppmv or below over 
the next 100 years or more, but implementation would require associated socioeconomic 
and institutional changes. 

 

   Some sources of greenhouse gas emissions can be limited at no or negative social costs 
to the extent that policies can exploit no regrets opportunities. 

   Emission constraints in Annex I countries have well established, albeit varied “spillover” 

effects on non-Annex I countries. 
 

   The effectiveness of climate change mitigation can be enhanced when climate policies 
are integrated with the non-climate objectives of the national and sectoral policy 
development. 

 

Synthesis Report 
 

The Synthesis Report provided a synthesis and integration of information contained in the Third 
Assessment Report and previous IPCC Reports. Nine relevant scientific technical and 
socioeconomic questions were addressed: 
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   Scientific technical information relevant for the ultimate objective of the UNFCCC (IPCC 
2004).  The  Synthesis  Report  identified  what  would  become  referenced  as  the  five 
reasons for concern: 

 

o Risks to unique and threatened systems. 
 

o Risks associated with extreme weather events. 

o The distribution of impacts. 
 

o Aggregate impacts. 

o Risks of large-scale, high-impact events (IPCC 2001a). 
 

   Attribution of observed changes in climate and ecological systems since the pre-industrial 
era. 

 

   The impact of future emissions of greenhouse gases on climate, including changes in 
variability and extreme events and in ecological and the socioeconomic systems. 

 

   Inertia in the climate, ecological systems and socioeconomic sectors, and the implications 
for mitigation and adaptation. 

 

   Near and long term implications of stabilizing atmospheric concentrations of greenhouse 
gases. 

 

   Technologies, policies, and costs of near and long term mitigation. 
 

   Interaction between climate change and other environmental issues and development. 
 

Robust findings and key uncertainties (IPCC 2004). 
 

1.3.9 Fourth Assessment Report 

The Fourth IPCC Assessment Report was developed with an aim to emphasize new findings 
(IPCC 2004), and was issued in 2007. Key findings included: 

 

Working Group I 
 

   Global atmospheric concentrations of carbon dioxide, methane and nitrous oxide have 
increased markedly as a result of human activities since 1750 and now far exceed pre- 
industrial values determined from ice cores spanning many thousands of years. The 
global increases in carbon dioxide concentration are due primarily to fossil fuel use and 
land  use  change,  while  those  of  methane  and  nitrous  oxide  are  primarily  due  to 
agriculture. 

 

   The understanding of anthropogenic warming and cooling influences on climate has 
improved since the Third Assessment Report, leading to very high confidence that the 
globally averaged net effect of human activities since 1750 has been one of warming, 
with radiative forcing. 

 

   Warming of the climate system is unequivocal, as is now evident from observations of 
increases in global average air and ocean temperatures, widespread melting of snow and 
ice, rising global average sea level, changes in Arctic temperatures and ice, widespread 
changes in precipitation amounts, ocean salinity, wind patterns and aspects of extreme 
weather including droughts, heavy precipitation, heat waves and intensity of tropical 
cyclones. 

 

   Paleoclimate  information  supports  the  interpretation  that  the  warmth of  the  last  half 
century is unusual compared to at least the previous 1,300 years. The last time the Polar 
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Regions were significantly warmer than present for an extended period (about 125,000 
years ago), predictions in polar ice volume led to 4 to 6 meters of sea level rise. 

 

   Most of the observed increase in globally averaged temperatures since the mid-20th 

century is very likely due to the observed increase in anthropogenic greenhouse gas 
concentrations. 

 

   Analysis  of  climate  models  together  with  constraints  from  observations  enables  an 
assessed range to be given for climate sensitivity for the first time and provides increased 
confidence in the climate system response to radiative forcing. 

 

   For the next two decades a warming of about 0.2 degrees C per decade is projected for a 
range of Special Report on Emission Scenarios. Even if the concentrations of all 
greenhouse gases and aerosols has been kept constant at year 2000 levels, a further 
warming of about 0.1 degrees C per decade would be expected. 

 

   Continued greenhouse gas emissions at or above current rates would cause further 
warming and induce many changes in the global climate system during the 21st  century 
that would very likely be larger than those observed during the 20th century. 

 

   Anthropogenic  warming  and  sea  level  rise  would  continue  for  centuries  due  to  the 
timescales associated with climate processes and feedbacks, even if greenhouse gas 
concentrations were to be stabilized (IPCC 2007b). 

 

Working Group II 
 

   With regard to changes in snow, ice and frozen ground (including permafrost), there is 
high confidence that natural systems are affected. 

 

   Based on growing evidence, there is high confidence that increased and earlier spring 
runoff is occurring in many glacier and snow-fed rivers, and lakes are warming in many 
regions. 

 

   There is very high confidence, based on more evidence from a wider range of species, 
that recent warming is strongly affecting terrestrial biological systems, including earlier 
timing of spring events and poleward and upward elevation shifts in ranges in plant and 
animal species. 

 

   Based on satellite observations since the early 1980s, there is high confidence that there 
has been a trend in many regions toward earlier „greening‟  of vegetation in the spring 
linked to longer thermal growing seasons due to recent warming. 

 

   There is high confidence, based on substantial new evidence, that observed changes in 
marine and freshwater biological systems are associated with rising water temperatures, 
as well as related changes in ice cover, salinity, oxygen levels and circulation. 

 

   The uptake of anthropogenic carbon since 1700 has led to the oceans becoming more 
acidic, with an average decrease in pH of 0.1 units. However the effects of observed 
ocean acidification on the marine biosphere are as yet undocumented (IPCC 2007c). 

 

Working Group III 
 

   Global greenhouse gas emissions have grown since pre-industrial times, with an increase 
of 70 percent between 1970and 2004. 

 

   With current climate  change mitigation policies and  related sustainable development 
practices, global greenhouse gas emissions will continue to grow over the next few 
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decades.  In order to stabilize the concentration of greenhouse gases in the atmosphere, 
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emissions would need to peak and decline thereafter. Mitigation efforts over the next two 
to three decades will have a large impact on opportunities to achieve lower stabilization 
levels. 

 

   Both bottom-up and top-down studies indicate that there is substantial economic potential 
for  the mitigation of global greenhouse gas emissions over the coming decades, that 
could offset the projected growth of global emissions or reduce emissions below current 
levels. 

 

   In  2030  macroeconomic  costs  for  multi-gas  mitigation,  consistent  with  emissions 
trajectories towards stabilization between 445 and 710 parts per million (ppm) CO2-eq,, 

are estimated at between a 3 percent decrease of global GDP and a small increase, 
compared to the baseline. However, regional costs may differ significantly from global 
averages. 

 

   While studies use different methodologies, in all analyzed world regions near-term health 
co-benefits from reduced air pollution as a result of actions to reduce greenhouse gas 
emissions can be substantial and may offset a substantial fraction of mitigation costs. 

 

   New energy infrastructure investments in developing countries, upgrades of energy 
infrastructure in industrialized countries, and policies that promote energy security, can, in 
many cases, create opportunities to achieve greenhouse gas emission reductions 
compared to baseline scenarios. 

 

   Agricultural  practices  collectively  can  make  a  significant  contribution  at  low  cost  to 
increasing soil carbon sinks, to greenhouse gas emission reductions, and by contributing 
biomass feedstocks for energy use. 

 

   Forest-related mitigation activities can considerably reduce emissions from sources and 
increase CO2  removals by sinks at low costs, and can be designed to create synergies 
with adaptation and sustainable development 

 

   Geo-engineering options, such as ocean fertilization to remove CO2 directly from the 

atmosphere, or blocking sunlight by bringing material into the upper atmosphere, remain 
largely speculative and unproven, and with the risk of unknown side-effects. 

 

   Policies  that  provide  a  real  or  implicit  price  of  carbon  could  create  incentives  for 
producers and consumers to significantly invest in low-greenhouse gas products, 
technologies and processes. 

 

   There are still relevant gaps in currently available knowledge regarding some aspects of 
mitigation of climate change, especially in developing countries. Additional research 
addressing those gaps would further reduce uncertainties and thus facilitate decision- 
making related to mitigation of climate change (IPCC 2007d). 

 

Synthesis Report 
 

   Warming of the climate system is unequivocal, as is now evident from observations of 
increases in global average air and ocean temperatures, widespread melting of snow and 
ice, and rising global average sea level. 

 

   There is medium confidence that other effects of regional climate change on natural and 
human environments are emerging, although many are difficult to discern due to 
adaptation and non-climatic drivers. 

 

   Anthropogenic warming over the last three decades has likely had a discernible influence 
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at the global scale on observed changes in many physical and biological systems. 
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   There is high agreement and much evidence that with current climate change mitigation 
policies and related sustainable development practices, global greenhouse gas emissions 
will continue to grow over the next few decades. 

 

   Anthropogenic  warming  could  lead  to  some  impacts  that  are  abrupt  or  irreversible, 
depending upon the rate and magnitude of climate change. 

 

   A wide array of adaptation options is available, but more extensive adaptation than is 
currently occurring is required to reduce vulnerability to climate change. There is high 
confidence that neither adaptation nor mitigation alone can avoid all climate change 
impacts; however, they can complement each other and together can significantly reduce 
the risks of climate change. 

 

   Many impacts can be reduced, delayed or avoided by mitigation. Mitigation efforts and 
investments over the next two to three decades will have a large impact on opportunities 
to achieve lower stabilization levels. Delayed emission reductions significantly constrain 
the opportunities to achieve lower stabilization levels and increase the risk of more 
severe climate change impacts (IPCC 2007e). 

 

1.3.10 Fifteenth Conference of the Parties 

The publication of the IPCC Fourth Assessment Report in 2007, containing the most definitive 
science to date about climate change and its consequences, as well as the 2012 expiration of 
the Kyoto Protocol, spurred the global community to take definitive steps toward negotiating a 
new global climate agreement by the end of 2009.The Fifteenth Conference of the Parties is 
where the Convention hoped to establish a new global climate treaty to replace the Kyoto 
Protocol. Copenhagen did see a political accord that provides for explicit emission pledges by all 
the major economies for the first time, including China. However, a treaty with binding 
commitments was not reached. Key elements of the Copenhagen accord (as described by the 
Pew Center for Global Climate (PCGCC 2010) include: 

 

   Setting the goal of limiting global temperature increase to 2 degrees Celsius, 
 

   A process for countries to enter their specific mitigation pledges by 13 January 2010, 

   Broad terms for the reporting and verification of countries‟ actions, 

   A collective commitment by developing countries for $30 billion in “new and additional” 

resources in 2010-2012 to help developing countries reduce emissions, preserve forests, 
and adapt to climate change, 

 

   A goal of mobilizing $100 billion a year by 2020 to address developing country needs, 
 

   Establishment of a Copenhagen Green Climate Fund, a High Level Panel to examine 
ways of meeting the 2020 finance goal, a new Technology Mechanism, and a mechanism 
to channel incentives for reduced deforestation. 

 
1.3.11 Fifth Assessment Report 

The decision to prepare a Fifth Assessment Report was made by the IPCC at its 28th Session in 
April 2008. The preparation of the Fifth Assessment Report pursues the overall mandate of the 
IPCC, which is to prepare comprehensive assessment reports about climate change at regular (5 
to  7-year)  intervals.  Working  Group  (I-III)  structures  will  remain  the  same  for  the  Fifth 
Assessment Report as in past Reports. The Working Group I Report (physical science basis) is 
to be finalized in 2013, and the Working Group II (impacts, adaptation and vulnerabilities) and 
Working Group III (mitigation) reports are to be finalized in early 2014. 
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The most recent IPCC meeting (31st Session; 26-29 October 2009 in Bali, Indonesia) focused on 
defining the scope of the Fifth Assessment Report, and specifically the decision was made that 
Article Two of the United Nations Framework Convention on Climate Change would be a major 
theme (see IPCC 1995). 

 
1.4     Anthropogenic Contributions and Relationship to Climate Change 

Human-induced increases in greenhouse gases in the atmosphere increase the radiant heat 
from Earth that is trapped in the atmosphere, resulting in increased temperatures on Earth. In 
this way, anthropogenic effects on climate have resulted from humans increasing the levels of 
carbon dioxide and other greenhouse gases in the atmosphere, resulting in increased 
temperatures on Earth. 

 

Overall, the electric power industry was the single largest contributor to greenhouse gas 
emissions in 2007, responsible for approximately 34 percent of all greenhouse gas emissions 
from  the  U.S.  in  2005  (EPA  2009a).  The  second  and  third  highest  contributors  were 
transportation and industry, emitting 28 percent and 19 percent respectively. 

 

Concentrations of CO2 in the atmosphere has been the main focus of scientific investigation with 
regard to anthropogenic effects on Earth‟s climate, largely because CO2  is the second highest 
concentration  of  greenhouse  gas  in  the  atmosphere  behind  water  vapor.  However,  other 
atmospheric components lend themselves to anthropogenic forcing including methane, nitrous 
oxide, and halocarbons. In addition, aerosols are now believed to also play a key role. 

 

On December 7, 2009, the EPA signed two distinct findings regarding greenhouse gases under 
Section 202(a) of the Clean Air Act as defined by the Supreme Court in 2007 (Massachusetts v. 
EPA, 549 U.S. 497). The first, an “endangerment” finding, determines that greenhouse gases are 
a threat to human health and welfare. The second, a “cause or contribute” finding, determines 

 

that the combined emissions of greenhouse gases from motor vehicles contribute to the 
greenhouse gas pollution that threatens public health and welfare. At this stage, EPA‟s findings 

do not impose any requirements on industry or other entities. 
 
1.4.1   Carbon Dioxide 

Testing of the air in bubbles trapped in ice cores has revealed that atmospheric carbon dioxide 
levels are 36 percent higher than before the Industrial Revolution (EPA 2009a). The atmospheric 
concentration of carbon dioxide in 2005 exceeded the natural range over the last 650,000 years 
(Le Treut et al. 2007). From 1990 to 2007 the U.S. CO2  emissions increased by 20.2 percent 

(EPA 2009a). 
 

Approximately 85 percent of the 2007 greenhouse gas emissions from the United States were 
CO2 (EPA 2009a). The main anthropogenic source of CO2 in the atmosphere is the consumption 

of energy from fossil fuels (IPCC 2001b). Other factors include burning of solid waste, trees and 
wood products, and also as a result of other chemical reactions including production of cement. 
CO2  from fossil fuel combustion accounted for 80 percent of CO2  emissions in 2005. Electricity 

generators consumed 36 percent of the U.S. energy from fossil fuels and emitted 42 percent of 
the CO2 from fossil fuel combustion in 2007. Of the fossil fuel CO2 emissions in the United States 

in 2005, approximately 42 percent was from petroleum, 34 percent was from coal, and 20 
percent was from natural gas (EPA 2009a). 

 

A carbon sink is defined as a place where carbon accumulates and is stored, such as in plants 
as they accumulate carbon dioxide during the process of photosynthesis and store it in their 
tissues as carbohydrates and other organic compounds (Australian Greenhouse Office 2007). 
Changes to or reductions in plant cover result in a reduction in the ability of biological processes 
to  remove  CO2   from  the  atmosphere.  This  contributes  to  increasing  CO2   levels  in  the 
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atmosphere. Thus changes in land use are the other major contributor to CO2 concentrations in 

the atmosphere, primarily through deforestation, the effects of fire and grazing on savannahs and 
grasslands; reductions in peats and wetlands; and conversion of natural vegetation to agriculture 
(IPCC 2001b). 

 
1.4.2   Methane 

The global atmospheric concentration of methane is over 148 percent higher than pre-industrial 
levels (EPA 2009a). The atmospheric concentration of methane in 2005 exceeded the natural 
range over the last 650,000 years (Le Treut et al. 2007). Proportionally, methane makes up a 
much smaller part of greenhouse gases in the atmosphere than CO2. However, methane is more 

than 20 times as effective as CO2  at trapping heat in the atmosphere (IPCC 2001b; Hofmann 
2004 in EPA 2009a). 

 

The primary anthropogenic source of methane in the United States in 2007 was enteric 
fermentation (i.e., cattle ruminants). Other anthropogenic sources of methane in the atmosphere 
include  landfills,  natural  gas  systems,  manure  management,  petroleum  systems,  waste 
treatment, and coal mining (EPA 2009a). In 2007, methane represented 8.2 percent of all U.S. 
emissions (EPA 2009a). 

 
1.4.3   Nitrous Oxide 

Atmospheric concentrations of nitrous oxide are 18 percent higher than pre-industrial levels (EPA 
2009a). While total nitrous oxide emissions are lower than CO2 emissions, nitrous oxide is 
approximately 300 times more powerful than CO2 at trapping heat in the atmosphere. 

 

The primary anthropogenic source of nitrous oxide in the atmosphere is agricultural soil 
management.  Nitrous  oxide  is  a  primary  ingredient  in  many  common  fertilizers  used  in 
agricultural operations. Other anthropogenic sources include mobile combustion, nitric acid 
production, manure management, and stationary combustion (EPA 2009a). In 2007, nitrous 
oxide represented 4.4 percent of all U.S. emissions (EPA 2009a). 

 
1.4.4   Halocarbons 

Halocarbons are any of various compounds of carbon and one or more halogens (such as 
chlorine or fluorine). Chlorofluorocarbons (CFCs), hydrochlorofluorocarbons (HCFCs) and halons 
(halocarbons containing bromine) are ozone depleting substances covered under the Montreal 
Protocol on Substances that Deplete the Ozone Layer. Since implementation of the Montreal 
Protocol, production of ozone depleting substances is being phased out, and these substances 
are being replaced by hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), and sulfur 
hexafluoride (SF6), as they do not deplete stratospheric ozone. They are, however, powerful 

greenhouse gases with high global warming potentials and extremely long atmospheric lifetimes. 
Emissions resulting from the substitution of ozone depleting substances have been increasing, 
and are both the largest and fastest growing source of HFC, PFC, and SF6  emissions (EPA 
2009a). 

 
1.4.5   Indirect Greenhouse Gases and Aerosols 

There are also several gases that do not have a direct global warming effect but indirectly affect 
terrestrial and/or solar radiation absorption by influencing the formation or destruction of 
greenhouse gases, including tropospheric and stratospheric ozone. These gases include carbon 
monoxide (CO), oxides of nitrogen (NOx), non-CH4 volatile organic compounds (NMVOCs), and 

sulfur dioxide (SO2). Aerosols, which are extremely small particles or liquid droplets, such as 

those produced by sulfur dioxide (SO2) or elemental carbon emissions, absorb and emit heat, 
reflect light and, depending on their properties, can either cool or warm the atmosphere (EPA 
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2009a). However, an important characteristic of aerosols is that they have short atmospheric 
lifetimes and for this reason any cooling effect cannot be considered as a long-term offset to the 
warming influence of greenhouse gases (IPCC 2001b). Indirect greenhouse gases may also 
react with other chemical compounds in the atmosphere to form compounds that are greenhouse 
gases (EPA 2009a). 

 
The primary source of aerosols in the atmosphere is dust. Dust may be naturally entrained in the 
atmosphere  from  volcanic  eruptions  or  wind  erosion  of  the  earth‟s surface.  A  significant 
proportion of this dust may be anthropogenic in that it results from human ground disturbance. 
Other sources of aerosols include biomass burning and fossil fuels (IPCC 2001b). 

 
Oil and gas activities emit all four indirect greenhouse gases that contribute to the formation of 
aerosols. In 2007, oil and gas activities emitted 2 percent of all U.S. NOx emissions, 0.5 percent 
of all U.S. CO emissions, 4 percent of all U.S. NMVOC emissions, and 2 percent of all US SO2 

emissions (EPA 2009a). 

 
1.5     Effects of Anthropogenic Contributions to Climate 

 
1.5.1   Temperature 

“Global temperature is a popular metric for summarizing the state of global climate.” (Hansen et 
al. 2006). Measurement of temperatures of nearly all regions of the world was in place by the 
early 20th  century. Temperature measurements for the Polar Regions began in the 1940s and 
1950s (NCDC 2008). 

 

The global average surface temperature of the Earth increased about 0.7 degrees C (1.26 
degrees F) between the late 1800s and 2000. Most of this warming occurred in the past three 
decades, during which time the Earth had been warming at a rate of about 0.2 degrees C/decade 
(0.36 degrees F/decade) (Hansen n.d.). 

 

The  highest  global  surface  temperature  in  more  than  a  century  of  instrumental  data  was 
recorded in the 2005 calendar year in the Goddard Institute for Space Studies (GISS) annual 
analysis (GISS 2005). Calendar year 2008 was the coolest year since 2000, and the ninth 
warmest year since 1880, the period of instrumental measurements (GISS 2009). Including 2005 
data, total global warming has been 0.6 degrees C in the past three decades and 0.8 degrees C 
in the past century. After 1975, there has been rapid warming of almost 0.2 degrees C per 
decade (GISS 2009). 

 
1.5.2   Climate 

More intense and longer droughts have been observed over wider areas since the 1970s, 
particularly in the tropics and subtropics. Increased drying linked with higher temperature and 
decreased precipitation has contributed to changes in drought. Changes in sea surface 
temperatures, wind patterns, and decreased snowpack and snow cover have also been linked to 
droughts (IPCC 2007a). 

 
1.5.3   El Niño/La Niña 

The El Niño phenomenon occurs in the equatorial Pacific Ocean and is characterized by an 
increase in ocean surface temperature of 0.5 degrees Celsius (0.9 degrees F) or greater than the 
normal temperature, averaged over a three month period (NOAA 2005). The warmer ocean 
surface temperatures tend to generate storm clouds, resulting in unusual weather patterns and 
increased  precipitation.  These  temperature  fluctuations  also  influence  mid-latitude  westerly 
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winds that flow from the Pacific across the United States. These winds tend to favor the Pacific 
Southwest during El Niño years. 

 

Conversely, La Niña is characterized by a decrease of at least 0.5 degree Celsius (0.9 degrees 
F), resulting in a lower than normal sea surface temperature, averaged over a three month 
period (NOAA 2005). The mid-latitude westerly winds favor the Pacific Northwest during La Niña. 
The cool water impedes the formation of clouds and tropical thunderstorms, therefore leading to 
dry conditions. 

 

These phenomena are not caused by global warming. However it has been hypothesized that 
warmer global sea surface temperatures can enhance the El Niño phenomenon, and El Niños 
have been more frequent and intense in recent decades. 

 

General affects of El Niño in the American Southwest (WRCC 1998) include: 

   The period from October through March tends to be wetter than usual 

   Winter temperatures tend to be cooler than normal 

   Higher elevation snowpack tends to be deeper 
 

   Spring and summer stream flow is greater 
 

   Likelihood of flooding is increased 
 

La Niña affects on climate in the Southwest are nearly the opposite of El Niño (WRCC 1998). 
 
1.5.4   Tropical Storms 

There is observational evidence for an increase of intense tropical cyclone activity in the North 
Atlantic since about 1970, correlated with increases of tropical sea surface temperatures. There 
are also suggestions of increased tropical cyclone activity in some other regions where concerns 
over data quality are greater. Multi-decadal variability and the quality of the tropical cyclone 
records prior to routine satellite observations in about 1970 complicate the detection of long-term 
trends in tropical cyclone activity. There is no clear trend in the annual numbers of tropical 
cyclones (IPCC 2007a). 

 
In the North Atlantic, for which there are the best records, there has been a clear increase in the 
number and intensity of tropical storms and major hurricanes. From 1850-1990, the overall 
average number of tropical storms was about 10, including about 5 hurricanes. Since 1995, the 
10-year average has risen dramatically, with the 1997-2006 average at about 14 tropical storms, 
including about 8 hurricanes. This increase in frequency correlates strongly with the rise in North 
Atlantic  sea  surface  temperature,  and  recent  peer-reviewed  scientific  studies  link  this 
temperature increase to global warming (PCGCC 2008). 

 
There is an ongoing scientific debate about the link between increased North Atlantic hurricane 
activity and global warming. The 2007 report of the Intergovernmental Panel on Climate Change 
rates the probability of such a link as “more likely than not” (PCGCC 2008). 
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Confidence Terminology 
Degree of Confidence 

in being correct 

Very high confidence At least 9 out of 10 chanc 

High confidence About 8 out of 10 chance 

Medium confidence About 5 out of 10 chance 

Low confidence About 2 out of 10 chance 

Very low confidence Less than 1 out of 10 cha 

 

 

Likelihood Terminology 
Likelihood of the 

occurrence/outcom 

Virtually certain Greater than 99% p 

Extremely likely Greater than 95% p 

Very likely Greater than 90% p 

Likely Greater than 66% p 

More likely than not Greater than 50% p 

About as likely as not 33 to 66% probabilit 

Unlikely Less than 33% prob 

Very unlikely Less than 10% prob 

Extremely unlikely Less than 5% proba 

Exceptionally unlikely Less than 1% proba 

 

2.0     Potential   Environmental   Impacts   of   Climate   Change   on 
Resources 

 

 
The Strategic Plan for the U.S. Climate Change Science Program (www.climatescience.gov or 
http://www.globalchange.gov; US CCSP 2003) defines uncertainty as: 

 

An expression of the degree to which a value (e.g., the future state of the climate system) is 
unknown. 

 

Uncertainties  can  generally  be  classified  into  two  primary  types:  value  uncertainties  and 
structural uncertainties. Value uncertainties are those that result from the incomplete 
determination of particular values or results, while structural uncertainties are those from an 
incomplete understanding of the processes that control particular values or results (Solomon et 
al. 2007). The Fourth Assessment Report of the IPCC provides uncertainty guidance with a 
careful distinction between levels of confidence in scientific understanding and the likelihoods of 
specific results (Solomon et al. 2007). The standard terms used to define levels of confidence as 
given in the IPCC Uncertainty Guidance note follow: 

 

 
 
 
 
 

e 
 
 
 
 
 

nce 
 
 
The standard terms used by IPCC (Solomon et al. 2007) to define the likelihood of an outcome 
or result where it can be estimated probabilistically are: 

 

 
 
 

e 

robability 

robability 

robability 

robability 

robability 

y 

ability 

ability 

bility 

bility 
 

 
Further discussion and clarification of these standard terms and their uses is available in the 
2007 IPCC Technical Summary (Solomon et al. 2007). 

http://www.climatescience.gov/
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2.1     Global 

The IPCC predicts global average surface air temperatures to increase by 1.8 to 4.0 degrees C 
(3.2 to 7.2 degrees F) relative to current conditions over the next century. The greatest 
temperature increases are expected to take place over land (roughly twice the global average 
temperature increases) and at high northern latitudes, with less warming over the southern 
oceans and North Atlantic (Meehl et al. 2007, p.749). Additionally, the IPCC predicts that it is 
very likely that heat waves would be more intense, more frequent, and longer-lasting in a future 
warmer climate. Decreases in frost days are projected to occur almost everywhere in the middle 
and high latitudes, with a comparable increase in growing season length (Meehl et al. 2007, 
p.750). 

 

Precipitation is predicted to generally increase in areas of regional tropical precipitation maxima 
and over the tropical Pacific in particular, with general decreases in the subtropics, and increases 
at high latitudes. Globally averaged mean water vapor, evaporation, and precipitation are 
projected to increase. The intensity of precipitation events is projected to increase, particularly in 
tropical and high latitude areas that experience increases in mean precipitation. In areas where 
mean precipitation is predicted to decrease, precipitation intensity is projected to increase, with 
longer periods between rainfall events. A tendency is predicted for drying of the mid-continental 
areas during summer, indicating a greater risk of droughts in those regions (Meehl et al. 2007, p. 
750). 

 

According to the IPCC Fourth Assessment Report (Confalonieri et al. 2007), climate change 
related exposures of importance to human health include: 

 

   Increase in malnutrition and consequent disorders, including those relating to child growth 
and development (high confidence) 

 

   Increase in number of people suffering from death, disease, and injury from heatwaves, 
floods, storms, fires, and droughts (high confidence) 

 

   Change in the range of some infectious disease vectors (high confidence) 
 

   Contraction  or  expansion  of  the  geographical  range  of  malaria  and  change  in 
transmission season (very high confidence) 

 

   Increase in burden of diarrheal diseases (medium confidence) 
 

   Increase in cardio-respiratory morbidity and mortality associated with ground-level ozone 
(high confidence) 

 

   Increase in number of people at risk of dengue (low confidence) 
 

   Some health benefits including fewer deaths from cold, although it is expected that this 
will be outweighed by negative effects of rising temperatures worldwide, especially in 
developing countries (high confidence) 

 
2.2     North America 

North America consists of Canada and the United States south of the Arctic Circle. Vulnerability 
to and impacts of climate change vary significantly from subregion to subregion and sector to 
sector within North America (IPCC 1997). Therefore climate change projections are discussed 
qualitatively. 

 
2.2.1   Climate 

Large-scale  projections  indicate  a  positive  temperature  change  everywhere  during  the  21st
 

century. This would be greatest over land and in otherwise geographically similar areas; warming 
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is typically greater in arid as opposed to moist regions (Solomon et al. 2007, p.71). The IPCC 
states that North America is projected to warm between 2 to 10 degrees C (3.6 to 18 degrees F) 
by 2100, depending on the subregion (Christensen et al. 2007, p.889). Projected increases in 
Arctic  temperatures  in  northern  Alaska  and  Canada,  uncertainties  in  future  emissions,  the 
climate‟s response to those emissions, and the difficulty of projecting future climate change at 
the regional level results in the large range in projected warming (EPA 2009b). 

 

According to IPCC (Solomon et al. 2007, p.75), a robust pattern of increased subpolar and 

decreased subtropical precipitation dominates the projected precipitation pattern for the 21st 

century over North America with nearly all models projecting increased precipitation over most of 
northern North America with most of the continental U.S. in a more uncertain transition zone that 
moves north and south following the seasons. 

During  the  21st   century,  cities  in  North  America  that  currently  experience  heatwaves  are 
expected to be further challenged by an increased number, intensity, and duration of heatwaves 
(IPCC 2007c). 

 
2.2.2   Water Resources 

Evaluating  the  impacts  of  climate  change  on water  resources  is  difficult;  water  availability, 
quality, and streamflow are sensitive to changes in temperature and precipitation; however water 
resources are also impacted by factors such as increased demand due to population growth, 
changes in the economy, new technologies, changes in watershed characteristics, and water 
management (EPA 2009b). In the U.S., water resources are strictly managed and water supply is 
scarce in some regions of the country. 

 

According to IPCC (Christensen et al. 2007), a general increase in precipitation over most of the 
North American continent is projected, except in the most southwesterly region. In the western 
region, modest changes in annual precipitation are projected with an increase in winter 
precipitation and a decrease in summer. Further, it is projected that a decrease in snow depth 
could result from delayed autumn snowfall and earlier spring snowmelt. 

 
2.2.3   Ecosystem 

Changes in precipitation amounts and patterns can affect background soil erosion rates and soil 
moisture. The retreat of snow and ice cover, subsequent earlier spring snowmelt, and earlier 
reduction in soil moisture are important in the discussion of warming continental climates 
(Christensen et al. 2007). 

 

Climate change is likely to alter the geographic distribution of North American forests (EPA 
2009b). Further, effects on forests are likely to include changes in forest health and productivity. 
Factors affecting forest health include temperature, rainfall (amount and seasonal distribution), 
atmospheric levels of CO2  and other greenhouse gases, extreme weather events, insect 

outbreaks, and fire. In turn these effects to forest health can alter timber production, outdoor 
recreation activities, water quality, wildlife, and rates of carbon storage (EPA 2009b). Land use, 
especially when dependant on natural resources, may be restricted or altered by climate change 
impacts. 

 
2.2.4   Socioeconomics and Health 

Generally, agriculture in the U.S. is projected to benefit from warming temperatures; however 
there will be strong regional affects with some areas losing productivity (EPA 2009b). Changes in 
water supply and soil moisture could make it less feasible to continue crop production in certain 
regions. Increased potential for extreme weather events such as droughts, floods, and heat 
waves will pose challenges to farmers. 



Appendix SIR-2- Climate Change 
Dixie National Forest Oil and Gas Leasing EIS 

22  

The general health affects described in Section 2.1 would be applicable to North America, but 
developed countries such as the U.S. should be able to minimize impacts of disease through 
existing disease prevention and control methods (EPA 1998). As noted in Confalonieri et al. 
(2007), based on data from the U.S., occupations most at risk of heatstroke include construction 
and agriculture/forestry/fishing work. 

 
2.3     Regional (Southwest / Arid West / Rocky Mountains) 

The project area is located in south central Utah. In available regional data regarding climate 
change,  this  area  falls  into  discussions  of  the  many  regional  descriptions,  including  the 
southwest U.S. (Nevada, Utah, Colorado, New Mexico, Arizona, southeastern California), the 
arid west (mainly Arizona, New Mexico, Nevada, and Utah), the intermountain west (mainly 
Idaho, Utah, and Nevada), the Colorado Plateau (parts of Colorado, Utah, Arizona, and New 
Mexico), and the Great Basin/Rocky Mountains (western and northern Utah, most of Nevada, 
Idaho, and Wyoming, and parts of Oregon,  Montana, Colorado, and New Mexico). The IPCC 
climate modeling in Regional Climate Projections (Christensen et al. 2007) was done at a 
continental scale but the maps produced in that work can be evaluated for regional predictions. 
Two region-specific studies are available: Preparing for A Changing Climate: The Potential 
Consequences of Climate Variability and Change, Southwest (Sprigg and Hinkley 2000) and 
Preparing for A Changing Climate: The Potential Consequences of Climate Variability and 
Change, Rocky Mountain/Great Basin Regional Climate-Change Assessment (Wagner 2003). 
These reports, and any subsequent region-specific report, should be consulted for more detailed 
information such as scenarios, methodology, and modeling. The following is a summary of 
potential impacts of climate change on environmental resources of the project area obtained 
from these reports. 

 
2.3.1   Climate 

The climate of the regions named above can be generalized as hot and dry at the low elevations 
to cool and moist at the high elevations. The southwest region of the U.S., which includes 
southern Utah, is unique in that it is under the influence of a subtropical ridge of high pressure 
associated with the thermal contrast between land and adjacent ocean, and as a result is very 
arid for most of the year. 

 

The   IPCC   continental-scale   modeling   conducted   for   North   America   indicates   warmer 
temperatures and generally less precipitation in the southwest U.S. on an annual basis 
(Christensen et al. 2007, p.850, p.887-888).  For the western U.S., the IPCC modeling suggests 
modest changes in average annual precipitation ranging from slightly less than normal in the 
south to slightly greater than normal in the north. Change in winter precipitation is predicted to be 
variable with more winter precipitation in the northern part of the western U.S. and less in the 
Southwest.  Summer precipitation is predicted to be less throughout the West.  However, it is 
also noted that the continental-scale regions encompass a broad range of climates and are too 
large to be used as a basis for conveying quantitative regional climate change information. 

 

The IPCC projection of less warming over the ocean than the land, and amplification and 
northward displacement of the subtropical anticyclone is likely to cause a decrease in annual 
precipitation in the southwestern U.S. (Christensen et al. 2007). According to the Fourth 
Assessment Report of the IPCC (Christensen et al. 2007), the following general climate change 
projections were made for the southwest U.S.: 

 

   Seasonally, warming is likely to be largest in summer. 
 

   Maximum summer temperatures are likely to increase more than the average summer 
temperature. 
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   Annual mean precipitation is likely to decrease. 
 

   Snow season length and snow depth are very likely to decrease. 

Wagner et al. (2003) reviewed the work of a number of climatologists, evaluated 20th century 
climate records for trends, and conducted two large computer models with the assumption that 

CO2  concentrations would double in the 21st  century to predict climate change effects in the 

Great Basin/Rocky Mountain (GBRM) region. They noted that use of global-scale models cannot 
be expected to project climate changes at localized areas with highly variable climates and great 
topographic variation like the GBRM area.  Their modeling results showed year-round increases 
in temperature with the greatest increases occurring in winter.  They also showed that annual 
precipitation was predicted to increase with the greatest increase occurring in winter. 

 
2.3.2   Water Resources 

According to the IPCC Summary for Policymakers of the Synthesis Report of the IPCC Fourth 
Assessment Report (IPCC 2007e, p.8), there is high confidence that by mid-century annual river 
runoff and water availability are projected to decrease in some dry regions in the mid-latitudes 
and tropics and that many semi-arid areas (i.e. southwestern United States) would experience an 
overall decrease in water resources due to climate change. 

 

In most of the regions named above, stream flow largely results from spring and summer 

snowmelt in the mountains. Large quantities of water accumulate as snow during the historically 

typical winter at high mountain elevations and this water is stored as snowpack from early fall 

until summer.   Gradual and prolonged spring and summer melting of the snowpack and 

movement of this water as surface streams out of the high elevations supports agricultural and 

urban uses of surface water.  This pattern of runoff and use is supported by current water 

management regulations and practices including reservoirs that store spring runoff for use later 

in the year. In addition to surface water uses, riverbeds and mountain front alluvial fan areas are 

major  groundwater  recharge  sites.  The  melting  snow  in  the  mountain  ranges  of  the  West 

provides prolonged springtime stream flows to mountain front recharge areas that recharge 

groundwater resources in the intervening valleys. 
 

Changes in climate that result in overall warming of temperatures, particularly winter 
temperatures, can impact the hydrologic pattern described above by causing more precipitation 
to fall as rain instead of snow and increasing evaporation which reduces the availability of 
surface water and increases the summer demand for irrigation water.  Increased temperatures 
and decreased overall precipitation would decrease the annual replenishment of surface water 
resources  and  decrease  groundwater  recharge.  Increased  temperatures  combined  with 
increased annual precipitation can still result in overall decreased water availability if less water 
is stored as snow and more winter precipitation occurs as rain.  Under these conditions, surface 
water normally available later in the season from snowmelt would not be available without 
changes in water management practices. Lenart (2006) reviewed research by a number of 
hydrologists working in the western U.S. that showed the importance of prolonged stream flows 
from melting snowpack for groundwater recharge along the mountain fronts of the West and 
Southwest.  The overall conclusion was that changing winter precipitation from snow to rain and 
reducing snowpack volume by retreating snowlines has the potential to decrease the amount of 
prolonged stream flow and groundwater recharge. 

 

Udall and Bates (2007) reviewed five studies on the topics of snow water equivalent (SWE), 

streamflow, temperature and precipitation trends, and the proportion of rain vs. snowfall in the 

western states published between 2004 and 2006. The five studies were consistent in their 

findings of widespread warming in the West and declining snowpacks in milder climates (e.g., 
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Pacific Northwest). Findings for the Intermountain West, however, showed few consistent, 

statistically significant trends. Although the Intermountain West has warmed considerably, low 

mean winter temperatures and increases in precipitation have protected snowpack from losses, 

as of 2000 (studies were done prior to the drought of 2000-2004; Udall and Bates 2007). 
 

Wagner et al (2003) evaluated three scenarios of potential climate change effects on water 
availability in the GBRM area: 1) increased temperature and uniformly increased precipitation, 2) 
increased temperature with increased precipitation in the north and no precipitation increase in 
the  south,  and  3)  increased  temperature  with  no  change  or  a  decrease  in  precipitation 
throughout the region.  Under the first scenario, they predicted a 50 to 100 percent increase in 
water resources which would support more urban and agricultural use but reduced snowpacks 
would require significant changes in water management regulations and practices, mitigation of 
flooding  problems,  and  changes  in  reservoir  capacities.    Under  the  second  scenario  the 
conditions in the northern portion of the region would be the same as the first scenario but the 
southern area would experience exacerbation of the current water scarcity in that area.  With the 
third scenario they predicted overall xerification of the region and decline in water resources 
forcing more conservation measures and transfer of water rights from agricultural uses to urban. 
Due to scarcity of water in the GBRM region, and because it is already fully appropriated, any 
climate change affecting water availability could have social, economic, and ecological affects, 
either positive or negative (Wagner 2003). 

In a simulation of the impacts of several „business-as-usual‟ climate scenarios on the hydrology 

of the Colorado River Basin, Christensen et al. (2004) showed, using a water management 
model, that average total basin storage would be reduced by 7 percent under a control climate 
(1995 GHG  levels)  and  reduced  by up  to 40 percent  in  2098  under a  „business-as-usual‟ 
scenario. The authors also discuss the high sensitivity of reservoir system performance under 
future climate  warming  due to its current „fragile  equilibrium‟  with current  system demands 
(Christensen et al. 2004). 

 

By contrast, studies sponsored by the USDA Agricultural Research Service on the rate at which 
water filters through the vadose zone found elevated temperature and CO2 concentrations 
increased the rate of groundwater recharge (USDA 2007). 

 
2.3.3   Ecosystem 

Changes in precipitation amounts and patterns (i.e., extreme weather events, flooding) can affect 
soil erosion rates and soil moisture. Projected increases in temperature would increase 
evaporation and shorten the snow season in the mountains, causing earlier spring runoff and 
reduced summer stream flow. Wetland habitat essential for migrating and breeding birds and fish 
could become reduced or degraded. Cold water aquatic species indigenous to western streams 
could be affected by warming temperatures as the southern limits of the species range would be 
forced to contract northward (Wagner 2003). Trout habitat in particular could be affected directly; 
some simulations predict a 50 percent reduction in Rocky Mountain trout habitat by the end of 
the century (NRDC 2008). The most recent Global Change Research Program Report states that 
about 90 percent of bull trout are projected to be lost due to warming in the coming decades 
(USGCRP 2009). In general, available wildlife habitat and populations could be reduced as a 
result of elevational and geographic contractions due to warming temperatures. Conversely, 
some animal populations could benefit from the warmer temperatures, including those that 
hibernate, which would have a longer activity period, and avian multiple-clutch species (Wagner 
2003). 

 

Changes in climate patterns such as drought, temperature, frost occurrence and duration, snow 
cover (or lack thereof), soil moisture, and fire occurrence and intensity can affect plant species in 



Appendix SIR-2- Climate Change 
Dixie National Forest Oil and Gas Leasing EIS 

25  

different ways depending on species tolerances (DeGomez and Lenart 2006). These factors 
directly influence seedling survival, plant growth, and seed/fruit production; therefore changes in 
these factors due to climate change could alter the composition of plant communities within the 
western U.S. Reductions in plant cover combined with intense rainfall events can cause soil 
erosion resulting in declines in vegetation system capacity and lags in recovery after drought 
(Sprigg and Hinkley 2000). 

 

Increases in temperature can reduce water availability to forests through increasing evaporation 
rates, and further reductions in precipitation can cause increased susceptibility of forests to 
wildfire (DeGomez and Lenart 2006). The lengthening of the frost-free season can also impact 
the development and survival rates of insects, which can in turn change the frequency of insect 
outbreaks and effects on forests and vegetation. 

 

Increases in temperature and precipitation could result in subalpine forest moving upward into 
alpine tundra, pinyon-juniper extending out into the shrub steppe, and the area of shrub-steppe 
declining (Wagner 2003). Marked changes in community composition would be probable. 

 
2.3.4   Socioeconomics and Health 

Natural-resource based economic activities are particularly sensitive to natural variations in 
temperature and precipitation. Livestock ranching, agriculture, and tourism/recreation are some 
of the major land uses in rural areas of the West. Agriculture and farm productivity are highly 
sensitive to weather extremes (droughts, floods, severe storms) and climate variability. Under 
drier or drought conditions, ranchers could face higher costs in supplemental feed, water hauling, 
and cattle relocation (Sprigg and Hinkley 2000). In addition, increases in carbon dioxide are 
reducing the quality of forage such that more acreage is needed to provide animals with the 
same nutritional value (US GCRP 2009). Conversely, increases in precipitation could increase 
yields benefiting agriculture and socio-economic stability (Wagner 2003). Recreation and tourism 
dependant on natural resources could be positively or negatively impacted by climate change 
depending on the impact to the specific resource. For example, decreased stream flow could 
negatively impact fishing and other water sports; decreased snowpack and early snowmelt could 
negatively impact the ski industry; warmer temperatures and longer warm seasons could 
positively impact sightseeing, hiking, and other outdoor activities. 

 

Incidence of diseases such as Hantavirus and valley fever has been linked to weather and 
precipitation patterns. Sequences of rain-drought-rain can produce outbreaks of Hantavirus and 
cases of valley fever are reported to increase in unusually wet seasons (Sprigg and Hinkley 
2000). 

 
2.4     Utah 

The Blue Ribbon Advisory Council (BRAC) on Climate Change was organized by Governor Jon 
M. Huntsman, Jr. on August 25, 2006, to provide a forum where government, industry, 
environment, and community representatives could identify proactive measures that Utah might 
take to mitigate the impacts of GHG. The following is taken largely from a Scientific Consensus 
Report (BRAC 2007: Appendix A), as part of the BRAC report, that summarizes present scientific 
understanding of climate change and its potential impacts on Utah and the western United 
States. The Scientific Consensus Report was prepared by scientists from the University of Utah, 
Utah State University, Brigham Young University, and the U.S. Department of Agriculture, and 
emphasizes the consensus view of the national and international scientific community with 
discussion of confidence and uncertainty as defined by the BRAC (BRAC 2007: Appendix A). 
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2.4.1   Climate 

In Utah, the average temperature during the past decade was higher than observed during any 
comparable period of the past century, and roughly 2º F higher than the 100-year average.  Utah 
is projected to warm more than average for the entire globe and more than coastal regions of the 
contiguous United States. The expected consequences of this warming are fewer frost days, 
longer growing seasons, and more heat waves (BRAC 2007: Appendix A). 

 
2.4.2   Water Resources 

Most of Utah's water resources originate in mountainous areas above 6,500 feet in elevation, 
which cover about 19 percent of the state (BRAC 2007). The primary source of this water is 
snowpack, which releases months of stored precipitation in about 4 to 8 weeks during spring and 
summer, as described in Section 2.3.2. Clear and robust long-term snowpack declines have yet 
to emerge in Utah‟s mountains, as they have in low-elevation mountains in other states (i.e., in 
the Pacific Northwest and California). In addition, recent temperature increases in Utah appear to 
have  had  little  impact  on  snowpack  in  the  high  mountains  of  the  Intermountain  West. 
Streamflows in Utah and the Intermountain West also do not show clear trends over the past 50 
years. Dai et al. (2009), who studied flow history of 925 of the world‟s largest rivers, including the 
Colorado River in southern Utah, pointed out that flow data included changes induced by human 
activities, such as the withdrawal of stream water and building dams (Dai et al. 2009). High water 
usage in Utah and its effect on flow data thus complicates the relationship that can be deduced 
between flow and climate change.  Regardless, studies of precipitation and runoff over the past 
several centuries and climate model projections for the next century indicate that ongoing GHG 
emissions at or above current levels will likely result in a decline in Utah‟s mountain snowpack, 
thus the threat  of  severe and prolonged episodic drought  in Utah is real (BRAC 2007).  If 
temperatures increase as projected, it is likely that a greater fraction of precipitation will fall as 
rain instead of snow, the length of seasonal snow accumulation will decrease, and snowpack 
loss due to evaporation will increase, as predicted for the region (Section 2.3.2). 

 
Precipitation in Utah during the 20th century was unusually high, but also fluctuates dramatically, 
further complicating the identification of long term trends. Using geologic records and tree rings, 
Woodhouse and others (Woodhouse and Lukas 2006; Woodhouse et al. 2006) have 
reconstructed  river  flow  and  precipitation  in  the  Colorado  River  Basin  for  the  last  several 
centuries. Their estimates show that sustained droughts are a defining feature of the upper 
Colorado River Basin, which has experienced far more prolonged and severe drought than 
observed during the comparatively wet 20th century. The drought of 1999-2004 was a severe 

event, but there have been even longer and more severe droughts in the past, such as in the 16th 

century (BRAC 2007). However,  if  average precipitation remains similar to that  of the 20th 

century, changes in snowpack will result in a declining water supply. Current climate models 
project a decline in summer precipitation across all of Utah (BRAC 2007). 

 
2.4.3   Ecosystem 

Forests are generally adapted to recent climatic conditions and variability (see Hamrick 2004), 
but the rate of temperature change expected during the next century will greatly exceed that 
produced naturally over the past several thousand years. Apart from other human-related factors 
such as forest management practices and land-use changes, future climate change is likely to 
contribute to drier conditions in Utah forests as well as increased wildfire intensity, more insect 
outbreaks and reduced forest health. 

 

Droughts in Utah have exacerbated declining forest health across the state, and consequently 
Utah‟s forests have become more susceptible to intense wildfire, insects, and disease (UDNR 
2003). The ecological impacts of wildfires as well as forest pests and diseases are expected to 
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rise with climate warming, with extended periods of high fire risk and large increases in area 
burned (IPCC 2007b; USGCRP 2009). A study of historical spruce beetle outbreaks on the 
Markagunt Plateau revealed that small-scale disturbances have been the norm over the past 
century, and that large-scale outbreaks occurring in recent history (in the early 1990s, in this 
study) are an unprecedented phenomenon (DeRose and Long 2007). 

 

The Forest Service also reports that rising levels of atmospheric carbon dioxide could help the 
spread of invasive weeds such as Canada thistle, yellow starthistle, leafy spurge, spotted 
knapweed, field bindweed, and perennial sowthistle (Ziska 2003). 

 

Utah soils are expected to dry more rapidly due to increasing temperatures, which will likely 
increase soil vulnerability to wind erosion. This will increase dust transport during high wind 
events, particularly from salt flats and dry lake beds such as Sevier Lake. Dust deposited on 
mountain snowpack also accelerates spring snowmelt (BRAC 2007). 

 
2.4.4   Socioeconomics and Health 

The population of the Intermountain West (eight states including Utah) is projected to increase by 
65 percent from 2000 to 2030, representing one-third of all U.S. population growth (USGCRP 
2009). Between 2000 and 2005, Utah was among the five fasted growing states in the U.S. (US 
GCRP 2008). Projections of decreased snowpack and earlier spring melting suggest lower 
stream flows in the future, particularly during the high-demand period of summer (USGCRP 
2008). There is a high likelihood that water shortages will limit power plant electricity production 
in many regions, and constraints in production by 2025 are projected in ten states including Utah 
(USGCRP 2009). 

 

Poor air quality in Utah is currently and has been a historic problem (data at UDAQ 2009), and 
as forest fires increase in frequency, severity, distribution, and duration, so may their associated 
adverse pulmonary effects (USGCRP 2008). 

 

As discussed in Section 2.3.4, climate warming impacts on agriculture may be both adverse and 
beneficial. Based solely on climate change, per-acre crop yields in Utah will likely increase on 
irrigated fields provided: (1) water remains available for irrigation, and (2) temperatures do not 
increase beyond crop tolerance levels. Pasture yields and livestock forage will likely decline on 
non-irrigated  fields.  Climate  change  may  also  have  indirect  effects  on  crop  yields  through 
changes in the distribution and population of insects and animals, which affects pollination and 
crop damage. 

 

3.0    Emissions   Estimates   for   Anthropogenic   Greenhouse   Gas 

Emissions 
This section provides a quantitative analysis of projected GHG emissions that could occur as a 
result of the connected actions associated with a leasing decision and the Reasonable 
Foreseeable Development Scenario (RFDS; i.e., hypothetical oil and gas activities projected for 
the next 30 years).  In addition to the quantitative analysis it describes some of the uncertainties 
inherent in calculating these quantities, and demonstrates the additional difficulties caused by the 
lack of a universally sanctioned methodology for determining emissions and the atmosphere‟s 
sensitivity to GHG emissions. Despite these uncertainties, the quantitative analysis puts the 
project in perspective compared with other areal and temporal scales. 

 
3.1     Methodology and Uncertainty 

Calculating or measuring greenhouse gas emissions is not a simple task. Smoke stack emission 
tests are reasonably accurate, but vary over time depending on climate, production, and other 
variables. Emissions from non-point sources, such as motor vehicles, vary based on the octane, 
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additives, catalytic converters, operating temperature, and other variables. Data for older point 
sources may be available for emissions included under National Ambient Air Quality Standards 
(NAAQS), such as sulfates and nitrates, but not for greenhouse gases, such as nitrous oxide and 
methane. As an example, in its Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990- 
2007  (EPA  2009a),  the  Environmental  Protection  Agency  (EPA)  estimates  the  range  of 
uncertainty in its 2007 data for GHG emissions from “fossil fuel combustion” to be only -2 percent 
to 5 percent for CO2, but -34 percent to 128 percent for “stationary combustion” of methane and - 

24 percent to 187 percent for “stationary combustion” of nitrous oxide. Ambient air samples can 
be affected by uneven mixing, upwind sources, deposition, and other variables. 

 

One of the most widely used methods for estimating emissions is the use of emission factors. 
Used by EPA, Department of Energy (DOE), the IPCC and others, emission factors are based on 
test data of emissions meeting certain testing quality standards. Emission factors represent the 
average emission rate for a given source, and are generally expressed as a mass or volume of 
emissions per source type or measure of activity related to the source (API 2009). Published 
emission  factors  (by  regulators)  are  based  on  the  “average”  fuel  carbon  content  (when 
measuring  CO2)  or  the  average  equipment  characteristics  (when  measuring  CH4   or  N2O). 
Equipment manufacturer emission factors are based on engine type, air/fuel ratios and fuel type 
(when measuring CO2) or are closely related to equipment characteristics (in the case of CH4 

and N2O; API 2009). Emission factors are source-specific and thus are summed, according to 
the rate of activity (i.e., consumption) for each, to calculate the total emissions of a proposed 
action or set of actions. 

 

In addition to the uncertainties inherent in estimates of emissions to the atmosphere from 
anthropogenic sources, including both greenhouse gases and aerosols, there is the additional 
uncertainty of how the earth‟s climate will react to “radiative forcing,” or “global mean change in 
energy balance imposed over time by changes in atmospheric composition and other influences 
such as land use” (Schwartz et al. 2007a). The current uncertainty estimate by the IPCC (2007b) 
has been criticized by Schwartz et al. (2007a) for not accounting for the full range of radiative 
forcing; however, see responses by IPCC (Forster et al. 2007) and Schwartz et al. (2007b). 
Oppenheimer et al. (2007) also criticize the IPCC for excluding in their uncertainty calculation the 
so-called “wild cards” of climate change, or highly tentative but potentially catastrophic events 
(e.g.,  melting  of  West  Antarctic  ice  sheets).    However,  the  IPCC  estimate  in  the  Fourth 
Assessment Report makes use of clearly defined levels of confidence in scientific understanding 
and the likelihoods of specific results in their predictions, such that processes which have limited 
data or poor predictability would not be included (Le Treut et al. 2007). 

 

A protocol for determining greenhouse gas emissions and their effect has been developed by the 
World Resources Institute and the World Business Council for Sustainable Development,. The 
“GHG Protocol for Project Accounting” (GHG Protocol Initiative 2005) has a companion, 17-page 
protocol titled “GHG Protocol guidance on uncertainty assessment in GHG inventories and 
calculating statistical parameter uncertainty.” (GHG Protocol Initiative 2003) 

 

To summarize, quantification and estimation of greenhouse gas emissions and their effect is 
influenced by uncertainty encountered and compounded at multiple levels, from measurement of 
emissions  to  predicting  the  long-term  effects  of  future  emissions  or  the  possibilities  of 
catastrophic events. This is not to say that there is no value in attempting to quantify the 
emissions and their effects, but rather a caution against drawing definite conclusions from 
indefinite data and science.  In addition, uncertainty estimates are conservative due to the use of 
only well-established science. 
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3.2     Quantitative Analysis 

At the national and world levels the most recent available data are for 2007, so 2007 data are 
shown for most tables. Where available, methane and nitrous oxide emissions are shown as CO2 

equivalent, but in most cases, only CO2  is available in published data. In all cases, units and 
sources are provided. 

 
3.2.1   Dixie NF Oil and Gas Activities: Greenhouse Gas Emission Profile 

This section contains an estimate of the yearly greenhouse gas emissions that could result from 
connected actions to the leasing decision and the RFDS, under any of the Dixie National Forest 
Oil and Gas Leasing EIS action alternatives. Annual emissions estimates for these predicted oil 
and gas activities are described in Appendix SIR-2A. This section contains a summary of the 
assumptions and methods used to arrive at these estimates. 

 

The specific oil and gas activities predicted in the RFDS that could contribute to GHG emissions 
are listed below: 

 

Exploration drilling 

Production operations- drilling and pumping 

Transportation of crude oil from field to refinery 

Refining of crude oil into final product 

Transportation of final product to end user 

End use of product 
 
Emissions from seismic exploration are not analyzed due to the relatively small contribution of 
these emissions to the total, and because seismic exploration could occur outside of the action 
alternatives. Transportation of rigs to and from the exploration and production sites (unknown 
distances), as well as average daily traffic related to exploration and production activities 
(discussed in Section 4.10.3 of the EIS), were not included in emission calculations. Including 
emissions from refining, transportation of refined product, and product end use is a conservative 
impact estimate because these emissions may occur regardless of the product source in order to 
satisfy current and future market conditions, and it could be argued that these actions are not 
necessarily related to oil and gas production on the Dixie National Forest. 

 

Total emissions estimates for each predicted oil and gas activity (i.e., connected action) are 
summarized in Table 3.2-1. Emissions are reported in metric tons of Carbon Dioxide Equivalent 
(CO2e) which is the standard unit of measure established by the EPA for GHG emissions.  Non- 

CO2 gases were converted to CO2e by multiplying by the Global Warming Potential for each gas. 
 

Table 3.2-1    Estimated Emissions for Connected Actions to Leasing (Metric Tons) 
 

Oil and Gas Activity CO2e 

Exploration 9,993 

Production 43,443 

Transportation of Crude 2,161 

Refining 21,019 

Transportation of Refined 868 

Product End Use (off-site) 268,312 

TOTAL 345,796 
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The general calculation method used to determine the emissions (i.e., emission rate) from each 
individual activity (source) was the following: 

 

Emission factor * Rate of Use = Emission Rate (metric tons of CO2 per year) 
 

Detailed calculations and assumptions are described for each predicted oil and gas activity in 
Appendix SIR-2A. The general approach and assumptions made for each connected action are 
summarized below. 

 

Exploration 
 

Exploratory drilling is predicted to occur at unspecified locations in the Forest as part of the 
RFDS.  GHG emissions estimates were developed utilizing the impacts of a single diesel fueled 
drill rig operation that will be able to drill and complete three exploratory wells per year.  Each 
well was assumed to take approximately 90 days to drill and assumed 24 hour per day operation. 
In addition to direct drill rig emissions, a conservative assumption was made that natural gas 
encountered during drilling would be flared at the drill site.  GHG flare emissions were calculated 
assuming a flare combustion efficiency of 98 percent, and the 2 percent of non-combusted 
natural gas was estimated to be composed of 90 percent methane. The emissions from this non- 
combusted portion were also reported. 

 

Emissions  were  calculated  utilizing  emission  factors  from  the  Mandatory  Greenhouse  Gas 
Reporting final rule, 40 CFR Chapter I Subchapter C Part 98 Subpart C Table C-1. 

 

Production 
 

The estimate of production GHG emissions sought to predict maximum potential GHG emissions 
and therefore assumed that a full 20-well production field was already in place for the production 
emissions scenario (a theoretical 20-well production field is used in other analyses for the EIS). 
The theoretical production field was comprised of 20 active oil well pumps fueled by diesel fuel. 
Emissions for natural gas and electric-fueled well pumps were also developed, but diesel was 
utilized  during  this  analysis  as  it  produced  the  highest  GHG  emissions  per  barrel  of  oil 
developed.  For conservatism, the field was assumed to contain 20 heater/treater apparatus (one 
for each well location), a central natural gas fired compressor, two natural gas dehydrators, and 
a single production flare.  The field also included ongoing drilling operations for either exploration 
or additional production well development.  In addition to combustion GHG emissions during the 
production phase, fugitive methane emissions from production equipment were also estimated. 

 

The  emission  factors  inherent  to  the  calculations  were  sourced  from  40  CFR  Chapter  I 
Subchapter C Part 98 Subpart C Table C-1. 

 

Transportation of Crude 
 

It is assumed that a likely destination for the crude oil would be a refinery in the Salt Lake City 
area.  The RFDS predicts that the oil field would produce about 2,000 barrels per day of crude 
oil.    A 365 day per  year  production would  yield  an estimated 730,000 bbl annually.    The 
distances from several random points on the Dixie National Forest (the location of a predicted 
well is unknown) to the nearest Salt Lake City refinery were calculated, and the numerical 
average of these distances was 300 miles.   A total of 2,491 trips per year by a “heavy-duty 
vehicle” were estimated (see Appendix SIR-2A). The primary GHG emissions resulting from 
transport of crude oil to the refinery is CO2.  In addition to the GHG emissions caused by mobile 
combustion during transport, fugitive methane emissions from loading and unloading tanker 
trucks as well as tanker truck vents were estimated. 

 

Transportation emission factors were taken from the World Resources Institute GHG Protocol 
tool for mobile combustion. 
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Refining 
 

Emissions were estimated based on a crude oil life cycle case study published in the Oil and Gas 
Journal. 

 

An average emission factor from five crude oil life cycle case studies was used to estimate 
refining emissions. 

 

Transportation of Refined Product 
 

After the crude oil is refined into a final product, it is assumed to be transported via tanker truck 
to terminals for final distribution and end use. The average one-way distance from the 
representative Salt Lake City refinery to the end user is assumed to be 150 miles.  The majority 
of the product is assumed to be gasoline, distillate (diesel) fuel, jet fuel and residual fuel oil that 
would be transported to market in tanker trucks. Assuming a lead tank truck with pull trailer 
configuration with an average capacity of 13,400 gallons equates to a total of 2,066 trips per year 
by a “heavy-duty vehicle.” 

 

Transportation emission factors were taken from the World Resources Institute GHG Protocol 
tool for mobile combustion. 

 

Product End Use 
 

Product end use is the largest contributor to the Dixie National Forest oil and gas predicted 
activities emissions (>75 percent of total; see Table 3.2-1). Product end use also assumes a 
demand for refined oil and gas products, which would be independent of any Dixie National 
Forest oil and gas production. However, product end use must be taken into account in the 
emission scenario because the demand does exist, due to the need for these fuels and the 
relatively low price of refined oil and gas products compared to alternative fuels currently 
available. It can reasonably be assumed, therefore, that if the Dixie National Forest were to 
discover and produce oil and gas products, they would be used. 

 

For the analysis of product end use, only CO2  emissions estimates are included because N2O 
and CH4 emissions comprise a relatively small proportion of overall combustion or oxidation 
emissions of the subject products. 

 

The following product mix was assumed: 
 

49.2% motor gasoline 

24.9% distillate fuel 

7.8% jet fuel 

5.1% residual fuel oil 

3.3% liquid petroleum gas 

3.2% still gas 

6.5% other, mostly unfinished oil and coke (not burned) 
 
 
The end use emission calculations utilized 40 CFR Part 86 equation MM-1 and emission factors 
from Table MM-1. 
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3.2.2   Baseline Condition 

No new leasing decisions and no new oil and gas leasing are currently occurring on the Dixie 
National Forest. Due to the current demand for refined oil and gas products, it is reasonable to 
assume that under the current management scenario (i.e., no new leasing) an approximation of 
the emission scenario described in Section 3.2.1 would occur in another location off the Dixie 
National Forest, as oil and gas resources are produced for refinement and use. 

 

This section describes the GHG emissions and sinks associated with baseline conditions and 
management activities on the Dixie National Forest. These conditions and activities would also 
occur regardless of any leasing, thus the following carbon emissions scenario is independent of 
the leasing decision. 

 

Estimates of carbon stock (sequestration) and carbon emissions on the Dixie National Forest 
have not been calculated. However, some estimates have been made for other National Forests 
in the west, and the EPA has estimated carbon output from “forest ecosystems” in the U.S. and 
as well as from forest fires. These data are presented below to provide a rough approximation of 
the  Dixie  National  Forest  carbon  stock,  and  GHG  emissions  from  Dixie  National  Forest 
operations and forest fires under normal (i.e., baseline) management. 

 

Forest Carbon Stock Estimates 
 

Estimates of carbon sequestration or carbon sinks have not been prepared for the Dixie National 
Forest.  Such estimates have been prepared by the EPA for forest ecosystems in the U.S. (EPA 
2008a) and are discussed in a document released by the USFS Northern Research Station 
(NRS 2009).  These estimates include the overall carbon stock balance of carbon sequestered in 
forest media, wood products in use, and wood in solid waste disposal facilities.  These estimates 
are shown in Table 3.2-2. 

 

 
Table 3.2-2    Carbon Stocks in the U.S. Forest and Harvested Wood Pools (Million Metric 

Tons) 
 

Carbon Pool 1990 1995 2000 2005 2006 2007 

Forest 40,106 40,810 41,535 42,308 42,481 42,654 

Above Ground Biomass 14,547 14,955 41,535 42,308 42,481 42,654 

Below Ground Biomass 2,896 2,974 3,063 3,167 3,189 3,211 

Dead Wood 2,453 2,515 2,592 2,664 2,679 2,695 

Litter 4,557 4,641 4,680 4,738 4,753 4,769 

Soil Organic Carbon 15,652 15,725 15,795 15,817 15,826 15,835 

Harvested Wood 1,862 2,033 2,193 2,332 2,362 2,392 

Products in Use 1,231 1,311 1,382 1,436 1,448 1,461 

Solid Waste 631 722 810 896 913 931 

Total Carbon Stock 41,968 42,843 43,728 44,640 44,843 43,376 

 

 

When the carbon stock information is combined with the estimated GHG emissions from forest 
ecosystems, EPA (2008a) estimated the amount of CO2 that is sequestered annually in the U.S., 
as shown in Table 3.2-3. 
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Table 3.2-3 Net Annual Changes in U.S. Carbon Stocks (Metric Tons CO2/year) 
 

Carbon Pool 1990 1995 2000 2005 2006 

Forest (489.1) (540.5) (436.8) (635.1) (635.1) 

Harvested Wood (132.6) (119.4) (113.9) (108.5) (110.0) 

Total Net Flux (621.7) (659.9) (550.7) (697.3) (698.7) 

 

 

It is assumed that the overall carbon stock balance for the Dixie National Forest follows the 
national trend described by the EPA, in that carbon is being sequestered in both the Forest 
ecosystem and harvested wood obtained from the Forest, and that this is resulting in a net 
sequestration of CO2 on an annual basis. 

 

GHG Emissions from Forest Operations 
 

The Dixie National Forest has not conducted a Forest-specific estimate of GHG emissions from 
normal forest management activities.  In July 2009 the USFS published its first estimates of GHG 
emissions for six national forests in the Greater Yellowstone Area (USFS 2009). The inventory 
only addressed anthropogenic emissions during fiscal year 2007 from the six National Forests, 
and did not include carbon sequestration or carbon sinks. The inventory estimated GHG 
emissions generated by Forest Service activities in Fiscal Year 2007 on the following six National 
Forests in the Greater Yellowstone Area: Bridger-Teton, Beaverhead-Deerlodge, Caribou- 
Targhee, Custer, Gallatin, and Shoshone. The results of the inventory are shown in Table 3.2-4. 

 

 
Table 3.2-4    Fiscal   Year   2007   Emissions   by   Source   Category   for   Each   Greater 

Yellowstone Area Forest (Metric Tons CO2e) 
 

Source Beaverhead- 
Deerlodge 

Bridger- 
Teton 

Caribou- 
Targhee 

Custer Gallatin Shoshone 

Mobile 
Sources 

526 1,050 1,270 170 772 797 

Purchased 
Electricity 

457 558 326 128 275 170 

Stationary 
Sources 

322 287 247 69 218 123 

Employee 
Commuting 

13 164 245 39 184 91 

Business  Air 
Travel 

13 22 28 11 21 11 

Total 1,332 2,080 2,117 417 1,469 1,190 

 

 

Although the Dixie National Forest has not conducted a greenhouse gas emissions inventory of 
its own operations, it is likely within the range included in the emissions estimates for the six 
national forests in the Greater Yellowstone Area. 
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GHG Emissions from Forest Fires 
 

A significant amount of GHG is emitted from forest fires.  EPA (2008b) estimated GHG emissions 
from forest fires in the U.S., at shown in Table 3.2-5. 

 

Table 3.2-5 GHG Emissions from Forest Fires in the U.S. (Million Metric Tons) 
 

GHG 1990 1995 2000 2003 2004 2005 2006 

CO2 48.8 51.3 207.2 95.4 75.5 134.3 267.9 

CH4 4.5 4.7 19.0 8.7 6.9 12.3 24.6 

N2O 0.5 0.5 1.9 0.9 0.7 1.2 2.5 

 

 

In California, Bonnicksen (2008) used the Forest Carbon and Emissions Model to estimate GHG 
emissions from forest fires (Bonnicksen 2008).  Bonnicksen studied four California wild fires that 
burned a total of 144,825 acres and were found to have released about 9.5 million tons of GHG 
emissions from combustion, or about 63 tons per acre.   This was based on a tree density of 
about 273 trees per acre.   It was calculated that this GHG emission rate would have been 
lowered to about 12 tons per acre for a tree density of about 60 trees per acre.  However, GHG 
emissions from eventual decay of wood and plant materials caused by the fires was calculated to 
be roughly three times that of combustion alone, increasing the total GHG emissions from the 
fires to about 38 million tons over the next 50 to 100 years. This is because forests emit more 
GHG when they decay than when they burn because large quantities of biomass remain in the 
forest after combustion.   The total GHG emissions from these four fires was calculated to be 
roughly equivalent to about seven million cars driving in California for one year. 

 

The Dixie National Forest has experienced forest fires in the past and will continue to do so in 
the future.  The extent and severity of wildfires on the Forest cannot be predicted, and neither 
can the GHG emissions from these events.  However, GHG emission estimates that have been 
made nationally and in other states have shown that forest fires are significant sources of GHG 
emissions, and forest fires on the Dixie National Forest would also produce large quantities of 
GHG emissions. 

 
3.2.3   Greenhouse Emissions in Utah and Regionally 

This section presents GHG emissions data for the State of Utah and regionally as a means of 
putting estimated emissions from connected actions to the leasing decision in context. Where 
available, data include both GHGs from all major sources (electricity generation, transportation, 
agriculture, industry, and landfills). 

 

Utah 
 

The largest source of GHG emissions in Utah is electric power generation (CCS 2007). Over 90 
percent of electric power emissions in Utah are from burning coal (Table 3.2-6). The largest 
(coal-fired) power plant and producer of CO2 emissions in Utah is Intermountain [i.e., 

Intermountain Power Project in Delta, Utah] (EIA 2009; EPA 2008b). Intermountain accounts for 
about  40  percent  of  Utah‟s  GHG  emissions  on  a  production  basis  (EPA  2008b).  The  top 
producer of electricity in Utah is PacificCorp, an electric power company, which produced 80 
percent of total electricity generated in Utah in 2007 (22,353,159 megawatt hours; EIA 2009). 
Table 3.2-6 shows CO2 emissions from the Utah electric power industry by fuel source for 2007. 

Note that these estimates may differ slightly from the U.S. Inventory data (i.e., 38.44 vs. 37.09 for 
Electric Power in Table 3.2-7) due to methodological differences, including scope of coverage, 
underlying data, and assumptions (see EPA 2009c). 
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Table 3.2-6 Utah Electric Power Industry CO2 Emissions by Fuel Source 
 

Fuel Source 2007 CO2 

(MMTCO2) 

2007 Percent of 
Total 

Coal 35.10 91 

Petroleum 0.03 <0.1 

Natural Gas 3.30 9 

Geothermal 0.004 <0.1 

Total 38.44 100 

Source: (EIA 2009) 
 

Table 3.2-7 shows CO2  emissions from fossil fuel combustion in all consumption sectors for 

Utah, given in million metric tons of CO2 (MMTCO2) by sector (EPA 2009c). Note that this table 
does not show all greenhouse gas emissions, only CO2, which EPA estimates to “represent 80 
percent of total U.S. greenhouse gas emissions” (EPA 2009a). 

 

Table 3.2-7    Emissions from Fossil Fuel Combustion by Consumption Sector for Utah 
 

 
Sector 

1995 
(MMTCO2) 

2000 
(MMTCO2) 

2007 
(MMTCO2) 

2007 
Percent of Total 

Commercial 1.41 2.05 2.22 3 

Industrial 3.06 10.30 8.03 12 

Residential 1.33 3.28 3.61 5 

Transportation 11.42 15.63 18.28 26 

Electric Power 18.19 32.51 37.09 54 

Total 35.40 63.78 69.23 100 

Source: (EPA 2009c) 

Based  on  EPA‟s  estimate  that  CO2   emissions  represent  80  percent  of  greenhouse  gas 

emissions, it can be estimated that total greenhouse gas emissions for 2007 in Utah were 86.5 
million  metric  tons  GHG  (69.2  MMT  CO2   ÷  0.80  =  86.5  MMT).  Note  that  this  is  not  CO2 

equivalent, which cannot be determined without knowing the relative proportions of the non-CO2 

gases, which vary not only by fuel type but the specific source of the fuel (e.g. subituminous coal 
from different states). 

 

Region 
 
In the atmosphere, pollutants can accumulate in stationary air masses, then move with the air 
mass to another location. The American Meteorological Society (AMS) defines “regional air 
pollution” as follows: 

 

Pollutants that have been emitted from all sources in a region and have had time to mix, 
diffuse from their peak concentration, and undergo physical, chemical, and photochemical 
reactions. The size of a region is indeterminate, but usually incorporates one or more 
cities, and is on the order of 100 to 10 000 km2. (AMS 2008) 

An air mass is a “widespread body of air, the properties of which can be identified as 1) having 

been established while that air was situated over a particular region of the earth‟s surface, and 2) 
undergoing specific modifications while in transit away from the source of origin. (AMS 2008)  Air 
masses relatively homogeneous horizontally, particularly with respect to temperature and 
humidity. Vertically, temperature and moisture variations are approximately the same over the 
horizontal extent of the air mass. 

 

Air masses form through prolonged contact with a relatively uniform region, such as an ocean or 
flat  land  area;  these  are  classified  as marine or  continental  air masses  (Whiteman  2000). 
Regional air masses are also classified as tropical or polar, among others. Whiteman notes “in 
the United States, the topography is too varied (for air masses to form). Instead, the midlatitudes 
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2007 CO2 Emissions (MMT) 

Sector Utah NV ID WY CO NM AZ Region 

Commercial 2.2 1.7 1.0 0.8 3.8 1.5 2.1 13.2 

Industrial 8.0 2.8 3.4 11.0 13.1 8.6 4.9 51.9 

Residential 3.6 2.3 1.6 0.9 7.7 2.2 2.3 20.7 

Transportation 18.3 18.1 9.5 8.8 31.1 15.4 37.5 138.7 

Electric Power 37.1 16.6 0.7 43.1 42.4 30.8 54.7 225.4 

Total 69.2 41.6 16.3 64.6 98.1 58.6 101.5 449.9 

% of Region 15 9 4 14 22 13 23 100 

Population 
(2008 est) 

 

2,736,424 
 

2,600,167 
 

1,523,816 
 

532,668 
 

4,939,456 
 

1,984,356 
 

6,500,180 
 

20,817,067 

CO2   Emission 
per Capita 

25.3 
metric 
tons 

16.0 
metric 
tons 

10.7 
metric 
tons 

121.2 
metric 
tons 

19.9 
metric 
tons 

29.5 
metric 
tons 

15.6 
metric 
tons 

21.6 
metric 
tons 

 

are a region where clashing air masses meet.” (Whiteman 2000)  In Utah, those air masses are 
most often either continental tropical (summer only; from Mexico) or continental polar (from the 
Northwest Territory in Canada) (Whiteman 2000). 

Utah is part of several “regions,” including the Great Basin, the Rocky Mountains, and the 

Colorado Plateau. For the purposes of analysis in this section, the following states will be 
compared and defined as the “seven-state region”: Utah, Nevada, Idaho, Wyoming, Colorado, 

New  Mexico,  and  Arizona.  These  states  share  many  climatic,  ecological,  and  population 
attributes. 

 

Table 3.2-8 shows 2007 emissions from fossil fuel combustion by sector for the seven-state 
region described above, as well as their regional total CO2 emissions. The table also shows 

population (2008 estimate) and per capita CO2 emissions from fossil fuel combustion from these 
data. The data show that Utah, at 25.3 metric tons per capita, has the third highest emission per 
capita of CO2 from combustion of fossil fuel in the region. The national per capita rate was 19.2 
metric tons for 2008 (see Table 3.2-14 below). As of 2005, Utah‟s  gross CO2  emissions are 
rising  at  a faster  rate  than  those  of  the  nation  (EPA  2008b).  By 2020,  Utah‟s  gross  CO2 

emissions are projected to climb to 96.1 MMt CO2, which is 95 percent above 1990 levels (53.8 
MMt CO2 in 1990, EPA 2009c; gross emissions=69.2 MMt CO2 in 2007; Table 3.2-8). 

 

 

Table 3.2-8    Regional CO2 Emissions from Fossil Fuel Combustion 2007 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source: EPA 2009c; U.S. Census Bureau 2009 

 
3.2.4   United States 

The EPA tracks GHG emissions in the U.S. by source sector (e.g., industrial, land use, electricity 
generation, etc), fuel source (e.g., coal, natural gas, geothermal, petroleum, etc), and economic 
sector (e.g., residential, transportation, commercial, agriculture, etc). Data are further refined by 
the emissions (e.g., carbon dioxide, methane, nitrous oxide, etc) and their CO2 equivalent. With 

so many GHG emission sources nationally, from cows to tailpipes to electric power generators, 
no  single  source  is  likely  to  represent  a  significant  percentage  of  national  emissions. 
Nevertheless, in the context of NEPA and disclosure of potential impacts, GHG emissions for the 
U.S. are provided here in several ways. Table 3.2-9 shows GHG emissions (in CO2 equivalent) 

by economic sectors for 1995, 2000, and 2007. Table 3.2-10 shows total U.S. emissions in 1995, 
2000 and 2007 by gas and source and by CO2 equivalent, only the largest sources/sinks are 
shown for each gas.  Note that for CO2 “Land Use, Land-Use Change, and Forestry represents 

a sink rather than a source, and is therefore in parentheses. 
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Table 3.2-9 U.S. Greenhouse Gas Emissions Allocated to Economic Sectors (MMT CO2e) 
 

Implied Sectors 1995 
(MMT CO2e ) 

2000 
(MMT CO2e) 

2007 
(MMT CO2e) 

Electric Power Industry 1,989.0 2,329.3 2,445.1 

Transportation 1,685.2 1,919.7 1,995.2 

Industry* 1,524.5 1,467.5 1,386.3 

Agriculture 453.7 470.2 502.8 

Commercial 401.0 388.2 407.6 

Residential 368.8 386.0 355.3 

U.S. Territories 41.1 47.3 57.7 

Total Emissions 6,463.3 7.008.2 7,150.1 

Land Use, Land-Use Change, and 
Forestry (Sink) 

(851.0) (717.5) (1,062.6) 

Net Emissions (Sources and Sinks) 5,612.3 6,290.7 6,087.5 

Source: EPA 2009a; *includes Natural Gas Systems and Petroleum Systems. 
 

Table 3.2-10  U.S. Greenhouse Gas Emissions and Sinks (MMT CO2e) 
 

Gas/Source 1995 
(MMT CO2e) 

2000 
(MMT CO2e) 

2007 
(MMT CO2e) 

CO2 5,407.9 5,955.2 6,103.4 

Fossil Fuel Combustion 5,013.9 5,561.5 5,735.8 

Non-Energy Use of Fuels 137.5 144.5 133.9 

Cement Manufacture 36.8 41.2 44.5 

Iron and Steel Production and Metallurgical 
Coke Production 

103.1 95.1 77.4 

Natural Gas Systems* 33.8 29.4 28.7 

Petroleum Systems* 0.3 0.3 0.3 

Land Use, Land-Use Change, and Forestry 
(Sink) 

(851.0) (717.5) (1,062.6) 

CH4 615.8 591.1 585.3 

Landfills 144.3 122.3 132.9 

Enteric Fermentation 143.6 134.4 139.0 

Natural Gas Systems 132.6 130.8 104.7 

Coal Mining 67.1 60.5 57.6 

Manure Management 34.5 37.9 44.0 

Petroleum Systems 32.0 30.3 28.8 

N2O 334.1 329.2 311.9 

Agricultural Soil Management 202.3 204.5 207.9 

Mobile Combustion 53.7 52.8 30.1 

Nitric Acid Production 22.3 21.9 21.7 

Stationary Combustion 13.3 14.5 14.7 

Manure Management 12.9 14.0 14.7 

HFCs, PFCs, and SF6 105.5 132.8 149.5 

Substitution of Ozone Depleting 
Substances 

28.5 71.2 108.3 

HCFC-22 Production 33.0 28.6 17.0 

Electrical Transmission and Distribution 21.6 15.1 12.7 

Total Emissions 6,463.3 7.008.2 7,150.1 

Net Emissions (Sources and Sinks) 5,612.3 6,290.7 6,087.5 

Source: EPA 2009a; *Combusted CO2 emissions from Natural Gas and Petroleum Systems are accounted 
for in the Fossil Fuels Combustion source category. 
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Non-combustion CO2 and CH4 emissions for Natural Gas Systems (as shown in Table 3.2-10) 

are generally process-related, with normal operations (e.g., from natural gas engines and turbine 
uncombusted exhaust), routine maintenance (i.e., from pipelines, equipment, and wells during 
maintenance), and system upsets (e.g., from pressure surge relief systems and accidents) being 
the primary contributors (EPA 2009a). Emissions from the four major stages of Natural Gas 
Systems are shown in Table 3.2-11. 

 
Non-combustion CO2 emissions for Petroleum Systems (as shown in Table 3.2-10) are primarily 

associated with crude oil production and are negligible in the transportation and refining 
operations. Non-combustion CH4 emissions are associated with all three activities, during which 

CH4 emissions are released as fugitive emissions, vented emissions, and emissions from 

operational upsets (EPA 2009a). Emissions from the three major stages of Petroleum Systems 
are shown in Table 3.2-11. 

 
 
Table 3.2-11  U.S.  GHG  Emissions  Related  to  Natural  Gas  Systems,  and  Petroleum 
Systems 

 

Gas/Source GHG 1995 
(MMT CO2e) 

GHG 2000 
(MMT CO2e) 

GHG 2007 
(MMT CO2e) 

CO2 5,407.9 5,955.2 6,103.4 

Natural Gas Systems 33.8 29.4 28.7 

Field Production 9.1 6.0 7.4 

Processing 24.6 23.3 21.2 

Transmission and Storage 0.1 0.1 0.1 

Distribution -- -- -- 

Petroleum Systems 0.3 0.3 0.3 

Production Field Operations 0.3 0.3 0.3 

Crude Oil Transportation -- -- -- 

Refining -- -- -- 

CH4 615.8 591.1 585.3 

Natural Gas Systems 132.6 130.8 104.7 

Field Production 38.7 40.3 22.4 

Processing 15.1 14.5 12.3 

Transmission and Storage 46.4 44.6 40.4 

Distribution 32.4 31.4 29.6 

Petroleum Systems 32.0 30.3 28.8 

Production Field Operations 31.3 29.6 28.1 

Crude Oil Transportation 0.1 0.1 0.1 

Refining 0.5 0.6 0.6 

Source: EPA 2009a 

 
Indirect greenhouse gases do not have a direct global warming effect, but indirectly affect 

terrestrial radiation absorption by influencing the formation and destruction of tropospheric and 

stratospheric ozone, or in the case of SO2, the absorptive characteristics of the atmosphere. 

Additionally, some of these gases may react with other chemical compounds in the atmosphere 

to form compounds that are greenhouse gases (EPA 2009a). Oil and gas activities are among 

the energy sources that contribute indirect GHG emissions to the atmosphere; these amounts 

are listed in Table 3.2-12. 
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Table 3.2-12  Indirect U.S. GHG Emissions Related to Oil and Gas Activities 
 

Gas/Source GHG 1995 (MMT) GHG 2000 (MMT) GHG 2007 (MMT) 

    
NOx 21.07 19.00 14.25 

Oil and gas activities 0.1 0.11 0.31 

co 109.03 92.78 63.88 
Oil and gas activities 0.32 0.15 0.32 

NMVOCs 19.52 15.23 13.75 

Oil and gas activities 0.58 0.39 0.53 

so2 16.89 14.83 11.73 
Oil and gas activities 0.34 0.29 0.21 

Source: EPA 2009a 

 
3.2.5   Global 

Data available for global emissions of GHGs  is based  less on measurements, in some 

countries, and   more  on   estimates.  In addition,  the   most   comprehensive  data   is for   

C02  from the "consumption and flaring of fossil fuels," and does  not  include CH4, N20, or 

other  gases.  Table 

3.2-13 shows estimated C02  emissions for  1995, 2000, 2005,  and  2008  by  IPCC  region,  and 

percent   of the  total. Table 3.2-14 shows   similar  information  for  the  ten  highest  consuming 

countries  and  the  ten  highest  per  capita consuming countries. The  tables were  derived  from  

Energy Information Administration data (EIA 2010). 
 

Table 3.2-13  World C02 Emissions from the Consumption and Flaring of Fossil Fuels by 

IPCC  Region (MMT C02) 
 

 
IPCC Region 

 

C02 1995 
(MMT C02) 

 

C02 2000 
(MMT C02) 

 

C02 2005 
(MMT C02) 

 

C02 2008 
(MMT C02) 

2008 
Percent 
of Total 

North America 6,158.5 6,823.1 7,028.8 6,852.3 23 

Central & South America 858.2 992.6 1,110.3 1,247.8 4 
Europe 4,323.5 4,476.1 4,693.1 4,662.0 15 

Eurasia 2,474.3 2,332.8 2,506.3 2,651.9 9 

Middle East 901.5 1,094.2 1,448.0 1,678.4 6 

Africa 827.0 891.7 1,056.0 1,108.3 4 
Asia & Oceania 6,675.5 7,266.2 10,628.6 12,176.6 40 

World Total 22,218.5 23,876.6 28,471.0 30,377.3 100 

Source: EIA 2010 
 

Table 3.2-14  World C02 Emissions from the Consumption and Flaring of Fossil Fuels by 

Largest Consuming Countries and Largest Per Capita Consuming Countries 
 

 
IPCC Region 

 

C02 1995 
(MMT C02) 

 

C02 2000 
(MMT C02) 

 

C02 2008 
(MMT C02) 

2008 (Metric 
Tons  C02 Per 

Capita) 

TEN lARGEST CONSUMING COUNTRIES 

China 2,885.42 2,871.53 6,533.55 4.91 

United States 5,325.90 5,863.81 5,832.82 19.18 

Russia 1,607.09 1,560.42 1,729.38 12.29 

India 876.39 1,009.76 1,494.88 1.31 

Japan 1,118.96 1,205.07 1,214.19 9.54 

Germany 894.27 857.98 828.76 10.06 

Canada 509.94 574.78 573.50 17.27 

United Kingdom 561.79 561.66 571.80 9.38 
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IPCC Region 

 

CO2 1995 
(MMT CO2) 

 

CO2 2000 
(MMT CO2) 

 

CO2 2008 
(MMT CO2) 

2008 (Metric 
Tons CO2 Per 

Capita) 

Korea, South 382.48 440.29 542.09 11.21 

Iran 262.25 320.67 511.12 7.76 

TEN LARGEST PER CAPITA CONSUMING COUNTRIES 

Gibraltar 3.24 7.30 4.64 161.57 

Virgin Islands, U.S. 8.56 9.85 13.89 126.49 

Qatar 30.31 34.70 61.14 74.13 

Netherlands Antilles 11.41 11.62 12.29 54.55 

Bahrain 15.88 20.26 31.08 43.21 

United Arab Emirates 100.94 115.72 199.20 43.10 

Trinidad & Tobago 22.63 27.51 50.48 41.00 

Singapore 82.97 107.64 159.48 34.61 

Kuwait 39.99 59.50 82.10 31.60 

Brunei 3.52 3.79 10.40 27.28 

World Total 22,284.01 24,010.66 30,377.31 4.54 

Source: EIA 2010 
 
3.2.6   Summary 

Table 3.2-15 summarizes the information in Sections 3.2.1 through 3.2.5, showing total CO2 

emissions for the Dixie National Forest Oil and Gas Activities, Utah, the seven-state region in 
Section 3.2.3, the United States, and the World. Data are for CO2 emissions only and have the 
same caveats and conditions as described for the tables (above) from which they are derived. 

 

Table 3.2-15  Summary Table 
 

 

IPCC Region 
CO2 1995 

(MMT CO2) 

CO2 2000 

(MMT CO2) 

CO2 2007 

(MMT CO2) 

Dixie NF Oil and Gas 

Activities 

 

-- 
 

-- 
0.35 

(Predicted) 

Utah 35.40 63.78 69.23 

Region (7-state) -- -- 449.9 

United States 5,323.97 5,860.38 5,902.75 
 

World Total 
 

22,284.01 
 

24,010.66 
30,377.31 

(2008) 

 

4.0    Impacts Analysis 
 
4.1     Connected Actions on Global Warming 

The following summarizes Dixie National Forest oil and gas activities emissions, assuming all 
connected actions to the leasing decision were to occur, as related to U.S. and Global emissions. 

 
4.1.1   Connected   Actions   GHG  Emissions  Compared  to   Existing  US  and   Global 
emissions 

Without taking carbon sinks (Section 3.2.2) into account, CO2  emissions from predicted oil and 

gas activities on the Dixie National Forest (i.e., connected actions to leasing) would increase 
U.S. and world CO2  emissions. At the national and global scales, this would be a negligible 
impact. On a state scale, CO2 emissions from connected actions on the Dixie would constitute a 
minor increase in CO2 emissions for Utah in 2007.  Because the increases reported here are so 
small, the difference between CO2e and CO2 is overlooked. It should also be noted that the GHG 
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emission estimate for connected actions has included emissions from refining, transportation of 
refined product, and product end use. This is a conservative impact estimate because it could be 
argued that the emissions from the refinery and later activities are not connected actions to 
potential Dixie National Forest oil and gas production and may occur regardless of the product 
source in order to satisfy current and future market conditions. 

 
4.1.2   Effects of Connected Actions on Foreseeable Impacts of Climate Change 

Section 2.0, above, describes the potential effects of climate change on Utah, the U.S., and the 
world, with emphasis on resources. The GHG emission impacts from predicted Dixie National 
Forest oil and gas activities (connected actions) would incrementally contribute a relatively small 
amount to the total volume of GHG released to the atmosphere and consequently could be 
responsible for an increment  of the predicted effects of climate change. The incremental impact 
from connected actions would be negligible to minor and its duration and would likely be long 
term. 

 
4.2     Effects of Climate Change on the Dixie NF and the Cumulative Effects Area 

The  potential  direct,  indirect,  and  cumulative  effects  of  the  connected  actions  on  the 
environmental resources of the Forest and cumulative effects area are described in the Oil and 
Gas Leasing EIS. These effects are predicted based on information describing past and existing 
baseline conditions. These baseline conditions have, to some degree, already been affected by 
climate change and thus these past and current climate change effects are already included in 
the impact analysis of the EIS. Future climate change has the potential to further impact many of 
the same environmental resources in ways that are described in Section 2.0. It is difficult to 
predict with any certainty the cumulative effects of future climate change along with the 
environmental impacts already described in the EIS. 
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5.0    Foreseeable Future Responses 
The concept of responses to address global warming has evolved since they were first discussed 
in  the  First  Assessment  Report.  This  report  dealt  with  available  cost-effective  response 
measures in terms of “mitigation,” mainly in the form of carbon taxes without much concern for 
equity  issues.  For  the  Second  Assessment  Report,  the  socio-institutional  context  was 
emphasized as well as the issues of equity, development and sustainability. In the Third 
Assessment Report, the concept of mitigative capacity was introduced, and the focus of attention 
was shifted to sustainability concerns (Rogner et al. 2007). 

The discussion of foreseeable future “responses” to climate change herein will focus on Fourth 

Assessment Report. The report summarizes the information contained in previous IPCC reports 
– including the IPCC special reports on Carbon Dioxide Capture and Storage, on Safeguarding 
the Ozone Layer and on the Global Climate System published since the Third Assessment 
Report – and assesses the scientific literature published since 2000 (Rogner et al. 2007). 

 

The main anthropogenic source of CO2  in the atmosphere is the consumption of energy from 

fossil  fuels  (IPCC  2001b).  Electricity  generation  and  transportation  accounted  for  the  vast 
majority of CO2  emissions from fossil fuel combustion in 2005 (EPA 2007a). In order to reduce 

carbon in the atmosphere, meaningful reductions of greenhouse gas emissions will have to be 
made in these sectors. For this reason, this section will focus on responses to climate change for 
these two segments of the economy. Brief explanations of responses related to residential and 
commercial buildings, industry, agriculture, forestry, waste management, and sustainable 
development will be included as well. 

 

The Third Assessment Report indicates that no single technology option will provide all of the 
emission reductions needed to achieve stabilization, but a portfolio of responses will be needed 
(IPCC 2005a). 

 
5.1     Electric Energy Supply 

Most scenarios project that the supply of primary electric energy will continue to be dominated by 
fossil fuels until at least the middle of the century (IPCC 2005a). Within the energy sector, 
reductions in CO2 emissions can be accomplished through increased use of nuclear and 

renewable energy sources, through increased efficiency of existing sources, and through 
implementation of new technology to existing sources (carbon capture, etc.). 

 
5.1.1   Nuclear Energy 

In 2005, 16 percent of the world total electricity supply was generated by nuclear power. Total 
life-cycle greenhouse gas emissions per unit of electricity are similar to those for renewable 
energy sources. Proposed and existing fossil fuel power plants could be partly replaced by 
nuclear power plants to provide electricity and heat. Since the nuclear plant and fuel system 
consumes only small quantities of fossil fuels in the fuel cycle, net CO2 emissions could be 

lowered significantly. The IPCC estimates that 18 percent of total global power generation 
capacity  could  come  from  existing  nuclear  power  plants  as  well  as  new  plants  displacing 
proposed new coal, gas and oil plants in proportion to their current share of the baseline (Sims et 
al. 2007). Increased use of nuclear energy at this rate would result in approximately 1.88 Gt CO2- 

eq/yr reduction in emissions. 
 
5.1.2   Renewable Energy 

Renewable energy accounted for over 15 percent of the world primary energy supply in 2004, 
including traditional biomass (7 to 8 percent), large hydroelectric (5.3 percent), and other 
renewables (2.5 percent). Fossil fuels can be partly replaced by renewable energy sources to 
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provide heat or electricity, or through combined heat and power plants.  The following discussion 
is summarized from the IPCC (2005a). 

 

Hydroelectric 
 

Large  hydroelectric  systems  provided  16  percent  of  global  electricity  and  90  percent  of 
renewable electricity in 2004. However, where hydro expansion is occurring, major social 
disruptions,  ecological  impacts  on  existing  river  ecosystems  and  fisheries  and  related 
evaporative water losses are stimulating public opposition. These and other environmental 
concerns may mean that obtaining resource permits is a constraint in future development. It is 
assumed that enough existing and new sites will be available to contribute approximately 17 
percent of total electricity generation by 2030 as a result of displacing coal, gas and oil plants 
based on their current share of the base load. Increased use of hydroelectric power would result 
in 0.87 Gt CO2-eq/yr reduction in emissions. 

 

Wind 
 

Wind provided approximately 0.5 percent of the total electricity production in 2004. New wind 
installation capacity has grown at an average of 28 percent per year since 2000, with a record 40 
percent increase in 2005. Issues such as noise, electromagnetic force interference, airline flight 
paths, land use, protection of areas with high landscape value, and bird and bat strike remain 
constraints. On- and offshore wind power is assumed to reach a 7 percent share by 2030, and to 
displace new and existing fossil fuel power plants according to the relevant shares of coal, oil 
and gas in the baseline for each region. Increased use of wind power is project to result in 0.93 
Gt CO2-eq/yr reduction in emissions. 

 

Bioenergy 

Biomass continues to be the world‟s major source of food, stock fodder and fiber as well as a 

renewable resource of hydrocarbons for use as a source of heat, electricity, liquid fuels and 
chemicals. Bioenergy carriers range from a simple firewood log to a highly refined gaseous fuel 
or liquid biofuel. Globally, biomass is estimated to be over 10 percent of global primary energy, 
but with over two thirds consumed in developing countries as traditional biomass for household 
use. Biomass can be combined with fossil fuel technologies by co-firing solid biomass particles 
with coal; mixing synthesis gas, landfill gas or biogas with natural gas prior to combustion. There 
has been rapid progress since the Third Assessment Report in the development of the co- 
utilization of biomass materials in coal-fired boiler plants. 

 

Large  global  resources  of  biomass  could  exist  by  2030,  but  confidence  in  estimating  the 
bioenergy heat and power potential is low since there will be competition for these feedstocks for 
biomaterials,  chemicals  and  biofuels.  The  potential  contribution  to  the  electricity  mix  from 
biomass by 2030 is 7 percent, resulting in net emissions reductions of 1.22 Gt CO2-eq/yr (for 

energy production only; not including transportation). 
 

Geothermal 
 

Geothermal resources have long been used for direct heat extraction for building and district 
heating, industrial processing, domestic water and space heating, and leisure applications. In 
2004 installed geothermal generation capacity produced 0.3 percent of global electricity in 2004. 
Production is growing at around 20 percent per year, with an estimated total of 2 percent of 
generation by 2030. Increased use of geothermal resources is estimated to result in reduced 
emissions of 0.43 Gt CO2-eq/yr. 

 

Solar 
 

Solar energy contributes to the total energy scenario through concentrating solar power (CSP) 
plants, solar photovoltaics (PV), and through solar heating and cooling. Solar PV and CSP plants 
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accounted for less than 0.2 percent of the 2005 share of total supply of global energy sources. 
These sources could potentially account for 2 percent of the global electricity mix by 2030, 
resulting in emissions reductions of 0.25 Gt CO2-eq/yr. 

 

Ocean Energy 
 

The potential marine-energy resource of wind-driven waves, gravitational tidal ranges, thermal 
gradients between warm surface water and colder water, salinity gradients, and marine currents 
is huge, but the amount that is currently exploitable economically is low. All the related 
technologies are at an early stage of development. The marine-energy industry is now in a 
similar stage of development to the wind industry in the 1980s. Ocean energy is immature and 
assumed unlikely to make a significant contribution to overall power needs by 2030. 

 
5.1.3   Increased Efficiency 

Reductions in CO2 emissions can be gained by improving the efficiency of existing power 

generation plants by employing more advanced technologies using the same amount of fuel. For 
example, a 27 percent reduction in emissions is possible by replacing a 35 percent efficient coal- 
fired steam turbine with a 48 percent efficient plant using advanced steam, pulverized-coal 
technology. Replacing a natural gas single-cycle turbine with a combined cycle of similar output 
capacity helps reduce CO2 emissions per unit of output by around 36 percent. 

 
5.1.4   Carbon Dioxide Capture and Storage (CCS) 

CO2 capture and storage (CCS) is a process consisting of the separation of CO2 from industrial 
and energy-related sources, transport to a storage location and long-term isolation from the 
atmosphere (IPCC 2005a). 

 

Capture of CO2  can best be applied to large carbon point sources including coal-, gas- or 

biomass-fired electric power-generation or cogeneration facilities, major energy-using industries, 
synthetic fuel plants, natural gas fields and chemical facilities for producing hydrogen, ammonia, 
cement and coke. Potential storage methods include injection into underground geological 
formations, in the deep ocean or industrial fixation as inorganic carbonates. Application of CCS 
for biomass sources could result in the net removal of  CO2  from the atmosphere. Storage 

capacity in oil and gas fields, saline formations and coal beds is considered to be large but 
currently uncertain. Clarification of the nature and scope of long-term environmental 
consequences of ocean storage requires further research. Concerns around geological storage 
include rapid release of CO2  as a consequence of seismic activity and the impact of old and 

poorly sealed well bores. Overall capacity estimates for CCS are still under debate. In absence 
of explicit government policies requiring CCS, it is unlikely to be deployed on a large scale by 
2030 (Sims et al. 2007). CCS in underground geological formations is a new technology with 
potential to make an important contribution to mitigation by 2030. Technical, economic and 
regulatory developments will affect the actual contribution (IPCC 2007d). 

 

Despite anticipated reductions in emissions from expanded use of nuclear and renewable energy 
sources, increased efficiency, and increased use of sustainable design, the world is not on 
course to achieve a sustainable energy future. The global energy supply will continue to be 
dominated by fossil fuels for several decades to come. To reduce the resultant GHG emissions 
will  require  a  transition  to  zero-  and  low-carbon  technologies,  which  will  require  policy 
intervention on an international scale (Sims et al. 2007). 

 
5.2     Transportation 

In 2004, transport was responsible for 23 percent of world energy-related GHG emissions with 
about three quarters coming from road vehicles. In 2004, the transport sector produced 6.3 Gt of 
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CO2  emissions. Over the past decade, transport‟s  GHG emissions have increased at a faster 
rate than any other energy using sector. Transport activity, a key component of economic 
development and human welfare, is increasing around the world as economies grow. Transport 
activity is expected to grow robustly over the next several decades. Unless there is a major shift 
away from current patterns of energy use, world transport energy use is projected to increase at 
the rate of about 2 percent per year, and the total transport energy use and carbon emissions is 
projected to be about 80 percent higher than current levels by 2030 (Kahn et al. 2007). 

 
5.2.1   Road Transport 

GHG emissions associated with vehicles can be reduced by four types of measures: 
 

1.  Reducing the loads (weight, rolling and air resistance and accessory loads on the vehicle, 
thus reducing the work needed to operate it). 

 

2.  Increasing the efficiency of converting the fuel energy to work by improving drive train 
efficiency and recapturing energy losses; 

 

3.  Changing to a less carbon-intensive fuel; and 
 

4.  Reducing emissions of non-CO2  greenhouse gases from vehicle exhaust and climate 
controls. 

Carbon emissions from „new‟ light-duty road vehicles could be reduced by up to 50 percent by 

2030 assuming continued technological advances and strong government policies to ensure that 
technologies are applied to increasing fuel economy rather than on increased horsepower and 
vehicle mass. Material substitution and advanced design could reduce the weight of light-duty 
vehicles by 20 to 30 percent. The use of hybrid technology with heavy intercity trucks could 
reduce fuel use by 10 to 20 percent. Road vehicle efficiency might be improved by 5 to 20 
percent through strategies such as eco-driving styles, increased load factors, improved 
maintenance, in-vehicle technological aids, more efficient replacement tires, reduced idling and 
better traffic management and route choice. Total mitigation potential in 2030 of the energy 
efficiency options applied to light duty vehicles would be around 0.7 – 0.8 Gt CO2-eq (Kahn et al. 
2007). 

 
5.2.2   Rail Transport 

Although rail transport is one of the most energy efficient modes today, substantial opportunities 
for further efficiency improvements remain. Reduced aerodynamic drag, lower train weight, 
regenerative breaking and higher efficiency propulsion systems can make significant reductions 
in rail energy use. Shipping, also one of the least energy intensive modes of transport, still has 
some potential for increased energy efficiency. Studies assessing both technical and operational 
approaches have concluded that energy efficiency opportunities of a few percent up to 40 
percent are possible (Kahn et al. 2007). 

 
5.2.3   Aircraft 

Passenger jet aircraft produced today are 70 percent more fuel efficient than the equivalent 
aircraft produced 40 years ago and continued improvement is expected. A 20 percent 
improvement over 1997 aircraft efficiency is likely by 2015 and possibly a 40 to 50 percent 
improvement is anticipated by 2050. Still greater efficiency gains will depend on the potential of 
novel designs such as blended wing body, or propulsion systems such as the unducted turbofan. 
For 2030 the estimated mitigation potential is 150 Mt CO2. However, without policy intervention, 

projected annual improvements in aircraft fuel efficiency of the order of 1 to 2 percent will be 
surpassed by annual traffic growth of around 5 percent each year, leading to an annual increase 
of CO2 emissions of 3 to 4 percent per year (Kahn et al. 2007). 
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5.2.4   Biofuels 

Biofuels have the potential to replace a substantial part but not all petroleum use by transport. A 
recent analysis estimates that biofuels‟ share of transport fuel could increase to about 10 percent 
in 2030. The global potential for biofuels will depend on the success of technologies to utilize 
cellulose biomass (Kahn et al. 2007). 

 
5.2.5   Public Transportation 

Providing public transports systems and their related infrastructure and promotion non-motorized 
transport can contribute to greenhouse gas responses. However, local conditions determine how 
much transport can be shifted to less energy intensive modes. Occupancy rates and primary 
energy sources of the transport mode further determine the response impact. The energy 
requirements for urban transport are strongly influenced by the density and spatial structure of 
the built environment, as well as by location, extent and nature of transport infrastructure. 

 

While transport demand certainly responds to price signals, the demand for vehicles, vehicle 
travel and fuel use are significantly price inelastic. As a result, large increases in prices or taxes 
are required to make major changes in greenhouse gas emissions. Since currently available 
response  options  will  probably  not  be  enough  to  prevent  growth  in  transport‟s  emissions, 
technology research and development is essential in order to create the potential for future, 
significant reductions in transport greenhouse gas emissions (Kahn et al. 2007). 

 
5.3     Residential and Commercial Buildings 

There is a broad array of accessible and cost-effective technologies and know-how which can 
abate GHG emissions in buildings to a significant extent. These include passive solar design, 
high-efficiency lighting and appliances, highly efficient ventilation and cooling systems, solar 
water  heaters,  insulation  materials  and  techniques,  high-reflectivity  building  materials  and 
multiple  glazing.  The  largest  savings  in  energy  use  (75  percent  or  higher)  occur  for  new 
buildings, through designing and operating buildings as complete systems. Realizing these 
savings requires an integrated design process involving architects, engineers, contractors and 
clients, with full consideration of opportunities for passively reducing building energy demands. 
Over the whole building stock the largest portion of potential carbon savings by 2030 is in 
retrofitting existing buildings and replacing energy-using equipment due to the slow turnover of 
the stock (Levine et al. 2007). 

 
5.4     Industry 

Many options exist for responding to GHG emissions from the industrial sector. These options 
can be divided into three categories: 

 

   Sector-wide options, for example more efficient electric motors and motor-driven systems; 
high efficiency boilers and process heaters; fuel switching, including the use of waste 
materials; and recycling. 

 

   Process-specific options, for example the use of the bioenergy contained in food and pulp 
and paper industry wastes turbines to recover the energy contained in pressurized blast 
furnace gas, and control strategies to minimize PFC emissions from aluminum 
manufacture. 

 

   Operating procedures, for example control of steam and compressed air leaks, reduction 
of air leaks into furnaces, optimum use of insulation, and optimization of equipment size 
to ensure high capacity utilization. 
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Full use of available response options is not being made in either industrialized or developing 
nations. In many areas of the world, GHG responses are not demanded by either the market or 
government regulations. Industrial GHG investment decisions will continue to be driven by 
consumer  preferences,  costs,  competitiveness  and  government  regulation.  Achieving 
sustainable development will require the implementation of cleaner production processes without 
compromising employment potential (Bernstein et al. 2007). 

 

Industry is vulnerable to the impacts of climate change, particularly to the impacts of extreme 
weather. Companies can adapt to these potential impacts by designing facilities that are resistant 
to projected changes in weather and climate, relocating plants to less vulnerable locations, and 
diversifying raw material sources, especially agricultural or forestry inputs. Industry is also 
vulnerable to the impacts of changes in consumer preference and government regulation in 
response to the threat of climate change. Companies can respond to these by mitigating their 
own emissions and developing lower-emission products (Bernstein et al. 2007). 

 
5.5     Agriculture 

A variety of options exists as possible responses to GHG emissions in agriculture. The most 
prominent options are improved crop and grazing land management (e.g., improved agronomic 
practices, nutrient use, tillage, and residue management), restoration of organic soils that are 
drained  for  crop  production  and  restoration  of  degraded  lands.  Lower  but  still  significant 
responses are possible with improved water and rice management; set-asides, land use change 
(e.g., conversion of cropland to grassland) and agro-forestry; as well as improved livestock and 
manure management. Many opportunities use current technologies and can be implemented 
immediately,  but  technological  development  will  be  a  key  driver  ensuring  the  efficacy  of 
additional measures in the future. Soil carbon sequestration (enhanced sinks) is the mechanism 
responsible for most of the response potential, with an estimated 89 percent contribution to the 
technical potential (Smith et al. 2007). 

 

Greenhouse gas emissions could also be reduced by substituting fossil fuels with energy 
produced from agricultural feed stocks (e.g., crop residues, dung, energy crops), which would be 
counted in sectors using the energy. Deployment of new practices for livestock systems and 
fertilizer applications will be essential to prevent an increase in emissions from agriculture after 
2030 (Smith et al. 2007). 

 
5.6     Forestry 

The carbon response potentials from reducing deforestation, forest management, afforestation 
(establishment of a new forest by seeding or planting on nonforested land), and agro-forestry 
differ greatly by activity, regions, system boundaries and the time horizon over which the options 
are compared. In the short term, the carbon response benefits of reducing deforestation are 
greater than the benefits of afforestation. That is because deforestation is the single most 
important source, with a net loss of forest area between 2000 and 2005 of 7.3 million ha/yr 
(Naburrs et al. 2007). 

 

Response options by the forestry sector include extending carbon retention in harvested wood 
products, product substitution, and producing biomass for bioenergy. This carbon is removed 
from the atmosphere and is available to meet society‟s needs for timber, fiber, and energy. In the 
long term, a sustainable forest management strategy aimed at maintaining or increasing forest 
carbon stocks, while producing an annual sustained yield of timber, fiber or energy from the 
forest, will generate the largest sustained benefit. The combined effects of reduced deforestation 
and  degradation,  afforestation,  forest  management,  agro-forestry  and  bioenergy  have  the 
potential to increase from the present to 2030 and beyond (Naburrs et al. 2007). 
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5.7     Waste Management 

Existing waste-management practices can provide effective responses to GHG emissions from 
this sector: a wide range of mature, environmentally effective technologies are available to 
provide public health, environmental protection, and sustainable development co-benefits. 
Collectively,  these  technologies  can  directly  reduce  GHG  emissions  (through  landfill  gas 
recovery, improved landfill practices, engineered wastewater management) or avoid significant 
greenhouse gas generation (through controlled composting of organic waste, state-of-the-art 
incineration and expanded sanitation coverage). In addition, waste minimization, recycling and 
re-use represent an important and increasing potential for indirect reduction of GHG emissions 
through the conservation of raw materials, improved energy and resource efficiency and fossil 
fuel avoidance (Bogner et al. 2007). 

 
5.8     Sustainable Development 

The concept of sustainable development is defined as, “development that meets the needs of the 
present without compromising the ability of future generations to meet their own needs.” 

 

There is growing emphasis in the literature on the two-way relationship between responses to 
climate change and sustainable development. The relationship may not always be mutually 
beneficial. In most instances, responses can have ancillary benefits or co-benefits that contribute 
to other sustainable development goals (climate first). Development that is sustainable in many 
other   respects   can   create   conditions   in   which   responses   can  be  effectively  pursued 
(development first). Climate policy alone will not solve the climate problem. Making development 
more sustainable by changing development paths can make a major contribution to climate goals 
(Sathaye et al. 2007). 

 
5.9     Natural Biological Sinks 

Natural sinks for CO2  already play a significant role in determining the concentration of CO2  in 

the atmosphere. They may be enhanced to take up carbon from the atmosphere. Examples of 
natural sinks that might be used for this purpose include forests and soils. Enhancing these sinks 
through agricultural and forestry practices could significantly improve their storage capacity but 
this may be limited by land use practice, and social or environmental factors. Carbon stored 
biologically already includes large quantities of emitted CO2  but storage may not be permanent 

(IPCC 2005b). 
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November 11, 2009 
 

Memorandum 
 

TO: Brian Buck 
 

FROM: Dan Heiser, Dave Strohm, and Melissa Armer 
 

RE: Dixie National Forest Greenhouse Gas Emission Annual Estimates 
 
 
 

Overview 
 

The purpose of this memo is to address greenhouse gas (GHG) emissions as part of the Dixie 
National Forest's (Dixie) Oil and Gas Environmental Impact Statement (EIS).   The activities 
which are anticipated to contribute to GHG emissions are listed below: 

 

 
 

Exploration drilling 

Production operations- drilling and pumping 

Transportation of crude oil from field to refinery 

Refining of crude oil into final product 

Transportation of final product to end user 

End use of product 
 
 
This  memo  provides  emissions  estimates  for  each  activity  listed  above  and  includes 
assumptions, methods, sources of information, and calculations used to develop the emissions. 
Detailed emission calculations are included in the Attachment.  Emissions are reported in metric 
tons of Carbon Dioxide Equivalent (CO2e) which is the standard unit of measure established by 

the Environmental Protection Agency (EPA) for GHG emissions.  Carbon dioxide equivalency 
allows all GHGs to be compared on a common basis.  Non-CO2 gases are converted to CO2e by 

multiplying by the Global Warming Potential (GWP) for each gas. 
 

Exploration Drilling 
 

Exploratory drilling is predicted to occur at unspecified locations in the Forest as part of the 
Reasonably Foreseeable Development Scenario (RFDS).   GHG emissions estimates were 
developed utilizing the impacts of a single diesel fueled drill rig operation that will be able to drill 
and complete three exploratory wells per year.  Each well was assumed to take approximately 90 
days to drill and assumed 24 hour per day operation.  Emissions were calculated utilizing 
emission factors from the Mandatory Greenhouse Gas Reporting final rule, 40 CFR Chapter I 
Subchapter C Part 98 Subpart C Table C-1.  The factors utilized were for "Distillate Fuel Oil #2" 
which is consistent with the diesel fuel used during drilling. 

 

In addition to direct drill rig emissions, a conservative assumption was made that natural gas 
encountered during drilling would be flared at the drill site.  GHG flare emissions were calculated 
assuming  a  flare  combustion  efficiency  of  98%,  which  is  consistent  with  the  combustion 
efficiency listed in the mandatory GHG reporting rule.  The flare combustion emissions were then 
calculated using emission factors from 40 CFR Chapter I Subchapter C Part 98 Subpart C Table 
C-1 for "Natural Gas."  The 2% of non-combusted natural gas was estimated to be composed of 
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90% methane1 and the emissions from this non-combusted portion were also reported.  The total 
amount of natural gas used to calculate the exploration flare emissions was assumed to be 100 
mmscf/yr.  This value is consistent with the volume of natural gas used to calculate the criteria 
pollutant emissions for the project. 

 

The combination of these emission sources were calculated and reported as total exploratory 
drilling  emissions.    The  result  was  estimated  at  9,993  metric  tons  of  CO2e/yr.    This  total 

represents the emissions that would occur during any single year of drilling during the exploration 
phase. 

 

Production Operations - Drilling and Pumping 
 

Once exploratory drilling leads to developable liquid mineral resources, the RFDS will move into 
extraction/production.  The production field will be developed over many years utilizing the same 
drilling process (and resultant GHG emissions) as that expressed during the exploratory drilling 
phase.   Once a complete well field is developed, full production will commence.   This GHG 
analysis sought to predict maximum potential GHG emissions and therefore assumed that a full 
20 well production field was already in place for the production emissions scenario (a theoretical 
20 well production field is used in other analyses for the EIS).  The theoretical production field 
was comprised of 20 active oil well pumps fueled by diesel fuel.  Emissions for natural gas and 
electric fueled well pumps were also developed, but diesel was utilized during this analysis as it 
produced the highest GHG emissions per barrel of oil developed.   In addition to the oil well 
pumps,  the  theoretical  field  included  equipment  for  the  recovery,  treatment  and  flaring  of 
reasonably foreseeable amounts of natural gas. 

 

For conservatism, the field was assumed to contain 20 heater/treater apparatus (one for each 
well location), a central natural gas fired compressor, two natural gas dehydrators and a single 
production flare.  Finally, the field also included ongoing drilling operations for either exploration 
or additional production well development.  The emissions for these pieces of equipment were 
included in a fashion analogous to that described in the exploration drilling section and directly 
mirrors the scenario used during the modeling and emissions development of criteria pollutants 
for the project.  The emission factors inherent to the combustion calculations were sourced from 
40 CFR Chapter I Subchapter C Part 98 Subpart C Table C-1. 

 

In addition to combustion GHG emissions during the production phase, fugitive methane 
emissions from production equipment were also estimated.  Typical sources of fugitive methane 

emissions in oil systems include the following:2 
 

Leaks from system components- connections, valves, flanges and instruments 

Process vents- glycol dehydrators and storage tanks 

Emissions from starting and stopping reciprocating engines 

Emissions during drilling activities, e.g., gas migration from reservoirs through wells. 
 
 
Detailed emission calculations associated with each piece of well field equipment as well as 
fugitive methane emissions are included in Attachment A.  The combination of all production well 
field emissions were calculated and reported as total production emissions.  The result was 
estimated at 43,443 metric tons of CO2e/yr. 

 

 
 
 
 
 

1 NaturalGas.org- Overview and Background of natural gas- Typical composition is 70-90% methane 
2 

Methods for Estimating Methane Emissions from Natural Gas and Oil Systems, 1999 Vol 8. Ch.3. 
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Transportation from Field to Refinery 
 

After the crude oil is extracted, it will be transported via tanker truck to a refinery.  It is assumed a 
likely destination for the crude oil would be a refinery in the Salt Lake City, Utah area.  There are 
five oil refineries located in the north Salt Lake City (SLC) area with a combined refining capacity 
of 167,700 barrels per day (bpd) crude oil.  The RFDS for the DNF EIS analysis is that the oil 
field would produce about 2,000 bpd of crude oil.  It is assumed this amount of crude oil could be 
refined at one of the SLC refineries.  Assuming 365 day/yr production the project would yield an 
estimated 730,000 bbl annually. 

 

In order to determine the greenhouse gas emissions associated with trucking of the produced 
crude, a distance needed to be calculated from the extraction point to the refinery.  Since no well 
locations have been selected at this time, numerous extraction points located throughout the 
DNF were selected.  The distance from these points to the nearest SLC refinery were calculated 
and the numerical average of these distances was used for the transport emission calculations. 
The average distance from the extraction points to the refinery was calculated to be 300 miles. 
Assuming a lead tank truck and pull trailer configuration with an average capacity of 293 bbl 

(12,300 gallons) this results in a total of 2,491 trips per year.3
 

 

The primary GHG emissions resulting from transport of crude oil to the refinery is CO2. 

Transportation emission factors were taken from the World Resources Institute GHG Protocol4 

tool for mobile combustion.  This tool utilizes default emission factors from the EPA based on 
vehicle class, fuel combusted, and distance traveled.  The same emission factors were also used 
to calculate the emissions caused by the return of empty tanker trucks from the refinery back to 
the oil field.  In addition to the GHG emissions caused by mobile combustion during transport, 
fugitive methane emissions from loading and unloading tanker trucks as well as tanker truck 
vents were estimated. 

 

The total emissions resulting from roundtrip crude oil transport from the Forest to the refinery as 
well as fugitive releases are estimated to be 2,161 metric tons CO2e/yr. 

 

Refining into Final Product 
 

Emission estimates were also completed for the emissions which would result from refining the 
crude into final products.  Emissions were estimated based on a crude oil life cycle case study 

published in the Oil and Gas Journal.5   An average emission factor from five crude oil life cycle 
case studies was used to estimate refining emissions.   The refinery modeling used in the life 
cycle analyses was based on a selected truncated version of T.J. McCann & Associates Ltd.‟s 
refinery capital planning model programs.   The emissions from refining are estimated to be 
21,019 metric tons CO2e/yr. 

 

Transportation of Final Product to End User 
 

After the crude oil is refined into a final product it is assumed to be transported via tanker truck to 
terminals for final distribution and end use. 

 
 
 
 
 
 

3 Per phone conversation on 10/27/09 with Beall, trailers and parts representative Brett Durfee located in SLC, Utah. 
4 World Resources Institute (2008). GHG Protocol tool for mobile combustion. Version 2.0 
5 

McCann, Tom, Magee, Phil (1999). Crude Oil Greenhouse Gas Life Cycle Analysis Helps Assign Values 
For CO 2 

 

Emissions. Oil and Gas Journal, 97 (8). 
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In 2008 Utah‟s  petroleum product consumption was in excess of in-state production so it is 

assumed  that  all  refinery  products  will  be  consumed  within  Utah.6      The  average  one-way 
distance from the representative SLC refinery to the end user is assumed to be 150 miles.  It was 
assumed that the total crude refined produces 682,550 bbl/yr of the following products: gasoline, 
distillate fuel, jet fuel, residual fuel oil, LPG and still gas.  All of the products are assumed to be 
transported to market in tanker trucks except the small amount of still gas which is assumed to 
be consumed at the refinery. 

 

Assuming a lead tank truck with pull trailer configuration with an average capacity of 319 bbl 
(13,400 gallons) equates to a total of 2,066 trips per year.  Emission calculations were completed 
as described above for Transportation from the Field to the Refinery.  Emission calculations were 
completed based on the total round-trip distance for transport from the refinery to the end user. 
The emissions resulting from roundtrip product transport from the refinery to the end user are 
estimated to be 868 metric tons CO2e/yr. 

 

End Use 
 

Emission estimates were also completed for the emissions that are caused by the complete 
combustion or oxidation of each petroleum product produced at the refinery from the subject 
crude oil during the calendar year.   According to the Mandatory Greenhouse Gas Reporting 

Rule7  suppliers of petroleum products are required to report the CO2  emissions associated with 
the  final  use  of  the  products.    Since  N2O  and  CH4   emissions  comprise  a  relatively  small 
proportion of overall combustion or oxidation emissions of the subject products, only CO2 

emissions estimates are included for this analysis. 

The following product mix was assumed, based on 2008 Utah overall refinery production data.4
 

 

49.2% motor gasoline 

24.9% distillate fuel 

7.8% jet fuel 

5.1% residual fuel oil 

3.3% LPG 

3.2% still gas 

6.5% other, mostly unfinished oil and coke (not burned) 

 
The end use emission calculations utilized 40 CFR Part 86 equation MM-1 and emission factors 
from Table MM-1.  Below is a list of assumptions made in selecting the emission factors for end 
use emission calculations. 

 

   Emission factors for motor gasoline assume the average of various products blend 
formulations 

Jet fuel emission factor assumed to be "Kerosene-Type Jet Fuel" 

Residual Fuel Oil:  Emission factor assumes average of "Residual Fuel Oil No. 5 and 
Residual Fuel Oil No.6" 

   LPG emission factor assumes 60% propane;  40% butane mix 

 
The emissions resulting from the complete combustion or oxidation of each petroleum product 
produced during the calendar year are estimated to be 268,312 metric tons CO2e/yr. 

 
 
 

6 Utah Geological Survey: Utah Energy and Mineral Statistics http://geology.utah.gov/emp/energydata/index.htm 
7 

“EPA Final Mandatory Greenhouse Gas Reporting Rule.” 40 CFR Part 86 Subpart MM Suppliers of Petroleum 
Products (September 22, 2009). 

http://geology.utah.gov/emp/energydata/index.htm
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Conclusion 

 

The overall estimated GHG emissions as part of the Dixie Oil and Gas EIS from the activities 
outlined in this memo are 345,796 metric tons CO2e/yr. 
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Attachment 
 

Detailed Emission Calculations 
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Summary of Greenhouse Gas Emission for Proposed EIS Activities 
 

 
 GHG Emissions  
 

 
 
 

Process 

 
 
 

CO2 

(metric tons) 

 
 
 

Total GHG Emissions, CO2 

(metric tons CO2e) 

Exploration
1

 9,993 9,993 

Production
2

 43,443 43,443 

Transportation of Crude 2,161 2,161 

Refining 21,019 21,019 

Transportation of Refined Products 868 868 

Product End Use 268,312 268,312 

Total  345,796 metric tons 
 

Assumptions: 

1   
Assumes highest emissions associated with a single exploratory well and associated exploratory flare. 

2   
Assumes  20 production wells with natural gas burning engines as well as natural gas recovery equipment 

and a diesel fueled exploratory drill rig engine. 
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EXPLORATION AND PRODUCTION SUMMARY 
 

 

Source Name  
Number of Units 

Exploration Drill Scenario 

Number of Units 20 

Well Scenario 1  
Size  Unit

 

CO2e  (Metric  
Notes/Status 

Tons/Year) 
 

EXPLORATION 

 
 

Drill Rig Engine  1  1  800.00  Hp  2,683.86 

Diesel engine operating 90 days/well & 24 

hr/day. 

 
 

Mud Degassing  No significant greenhouse gas emissions. 

 

 
Exploration Flares  1  1  100  mmscf/yr  7,309.23  Operating hours same as drill rig. 

PRODUCTION 

 
 

Heater Treater  20  0.50  mmbtu/hr  4,644.55 

 

 
Dehydrator  2  0.50  mmbtu/hr  464.46 

Assume 20 Treaters @ 0.5 (No Suggestions)/hr 

one for each wells. 

Assume 2 Dehydrators @ 0.5 MMBtu/hr one 

for each 10 wells.  NG combustion, for low 

volume gas production 

 
 

Production Flare  1  300.0  mmscf/yr  18,273.07  One production flare per well field. 

Assumed (1) NG compressors @ 500 Hp each 

operating for 3,000 hrs/yr.  Used to transport oil 

Compressor Engine  1  300  Hp  747.58 through lines. 

 
 

Well Pumps (NG)  20  100  Hp  8,731.76 

With 20 NG pumps 1 for each well @ 100 Hp 

each.  Operating continuously. 

 
 

Well Pumps (diesel)  20  100  Hp  9,070.45 

With 20 diesel pumps 1 for each well @ 100 Hp 

each.  Operating continuously. 

 
 

Well pumps(electric)  20  100  Hp  0.00 

With 20 electric pumps 1 for each well @ 100 

Hp each.  Operating continuously. 

 
 

Production Fugitives  250.01 
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EXPLORATION AND PRODUCTION SUMMARY CONT. 
 

 
Exploration 

 
Single Exploratory Well Being Drilled with Exploratory Flare  9,993.09 

 
Highest Exploratory Scenario Reported For 

GHG Summary 

 
Production with On-Going Exploration 

 
while drilling one well, NG well pumps  43,104.51 

 
 

while drilling one well, diesel well pumps                                                                                                                                          43,443.20 

while drilling one well, electric well pumps                                                                                                                                        34,372.75 

without any drilling, diesel well pumps                                                                                                                                              33,450.12 

without any drilling, NG well pumps                                                                                                                                                  33,111.42 

without any drilling, electric well pumps                                                                                                                                            24,379.66 

 
1 A 20 well oil field is proposed for the reasonably foreseeable development scenario for the production of oil on the forest. 

 
Highest Production Scenario Reported For 

GHG Summary 
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ENGINE EMISSION CALCULATIONS 

 
Calculation Formula for Drill Rig Engine Emissions 

Emission factor (kg/mmbtu) * Fuel Heating Value (mmbtu/gal) * (gal/yr) * 0.001 = Emission Rate (metric tons/yr) 

 

Source Name  # Wells per Year  HP Rating  Op Hours
1

 

Drill Rig Engine  3  800  6,480 

Fuel 

Diesel Fuel 

Brake-Specific Fuel Consumption:  Fuel Heat Value  Annual Fuel Usage 

7,000  Btu/hp-hr3  
138,000 Btu/gal  262,957  gallons 

 

 
Constituent 

 
CO 

2
 

 

Emission Factor 

(kg/mmbtu) 

 
7.40E+01 

 

Potential Emission Rate 

(Metric tons/yr) 

 
2,684 

1Based on each w ell taking 90 days to drill and 24 hrs of operation per day 
2 CO2 emission f actor f rom 40 CFR Chapter I Subchapter C Part 98 Subpart C Table C-1 f or "Distillate Fuel Oil #2" 

CO2 emissions assume a f uel heat value of 0.138mmbtu/gal. Since N2O and CH4 emissions comprise a relatively small 

proportion of overall combustion emissions, only CO2 emissions estimates are included 
3Brake-Specif ic Fuel Consumption AP-42 Table 3.3-1 

 

 
Calculation Formula for Diesel W ell Pump Emissions 

Emission factor (kg/mmbtu) * Fuel Heating Value (mmbtu/gal) * (gal/yr) * 0.001 = Emission Rate (metric tons/yr) 

 
Source Name # Wells per Year HP Rating Op Hours

1
 Fuel 

Well Pumps 1 100 8,760 Diesel 

Brake-Specific Fuel Consumption: 

7,000 Btu/hp-hr
3

 

Fuel Heat Value 

138,000 Btu/gal 

Annual Fuel Usage 

44,435  gallons 

Emission Factor  Potential Emission Rate 

Constituent  (kg/mmbtu)  (Metric tons/yr) 

 
CO 2  

7.40E+01  454 
2 

1 Based on each w ell taking 90 days to drill and 24 hrs of operation per day 
2 CO2 emission f actor f rom 40 CFR Chapter I Subchapter C Part 98 Subpart C Table C-1 f or "Distillate Fuel Oil #2" 

CO2 emissions assume a f uel heat value of 0.138mmbtu/gal. Since N2O and CH4 emissions comprise a relatively small 

proportion of overall combustion emissions, only CO2 emissions estimates are included 
3Brake-Specif ic Fuel Consumption AP-42 Table 3.3-1 

 

 
Calculation Formula for Natural Gas W ell Pump Emissions 

Emission factor (kg/mmbtu) * Fuel Heating Value (mmbtu/scf) * (mmscf/yr) * 10 6̂ * 0.001 = Emission Rate (metric tons/yr) 

 
Source Name  # Wells per Year  HP Rating  Op Hours 

Well Pumps  1  100  8,760 

Fuel 

Natural Gas 

Brake-Specific Fuel Consumption: Fuel Heat Value Annual Fuel Usage 

9,400  Btu/hp-hr 2  
1,028 Btu/scf  8.01  mmscf 

 
Constituent 

 
CO 

1
 

Emission Factor 

(kg/mmbtu) 

 
5.30E+01 

Potential Emission Rate 

(Metric tons/yr) 

 
437 

1 CO emission f actor f rom 40 CFR Chapter I Subchapter C Part 98 Subpart C Table C-1 f or "Natural Gas" 

CO2 emissions assume a f uel heat value of 1.028x10-3 mmbtu/scf f rom 40 CFR Chapter I Subchapter C Part 98 Subpart C Table C-1 f or "Natural Gas" 

Since N2O and CH4 emissions comprise a relatively small proportion of overall combustion emissions, only CO2 emissions estimates are included 

2 
Brake-Specif ic Fuel Consumption w as based on def ault BSFC value f or natural gas f rom the June 2003 edition of the American Oil and Gas Reporter 

article "Artif icial Lif t Technology" by Kavas Mistry 
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COMPRESSOR EMISSION CALCULATIONS 

 
Calculation Formula 

Emission factor (kg/mmbtu) * Fuel Heating Value (mmbtu/scf) * (mmscf/yr) * 10 6̂ * 0.001 = Emission Rate (metric tons/yr) 

 
Source Name # Compressors HP Rating Op Hours 

Compressors 1 500 3,000 

Fuel 

Natural Gas 

Brake-Specific Fuel Consumption: Fuel Heat Value Annual Fuel Usage 

9,400 Btu/hp-hr2  
1,028 Btu/scf 13.72 mmscf 

 
Emission Factor Emission Factor Emission Ra te   Potential Emission Rate 

Constitue nt (kg/mmbtu) (lb/hp-hr) (lb/hr) (Me tric tons/yr) 
 

CO 1
 5.30E+01 498.39 748 

1 CO  emission f actor f rom 40 CFR Chapter I Subchapter C Part 98 Subpart C Table C-1 f or "Natural Gas" 

CO2  emissions assume a f uel heat value of 1.028x10 mmbtu/scf f rom 40 CFR Chapter I Subchapter C Part 98 Subpart C Table C-1 f or "Natural Gas" 

Since N2O and CH4  emissions comprise a relatively small proportion of overall combustion emissions, only CO2  emissions estimates are included 

2 
Brake-Specif ic Fuel Consumption w as based on def ault BSFC value f or natural gas f rom the June 2003 edition of the American Oil and Gas 

Reporter article "Artif icial Lif t Technology" by Kavas Mistry 

 
 
 
 
 
 
 
 

HEATER EMISSIONS 

 
Average Saturated Gas Heating Value (btu/scf) = 1,028 

 
Calculation Formula 

Emission factor (kg/mmbtu) * Fuel Heating Value (mmbtu/scf) * (mmscf/yr) * 10 6̂ * 0.001 = Emission Rate (metric tons/yr) 

 
Emissions per unit 

 
 

Source Name 

 
Annual 

Hours of 

Operation 

 

 
Heat Input 

(mmbtu/hr) 

 
Annual 

Fuel Usage 

(mmscf) 

CO 
1 

Emission Factor 2 

53.02 

(kg/mmbtu) 

Metric Tons/yr 

Heater Treater 8,760 0.50 4.26 232.23 

Dehydrator/ Reboiler 8,760 0.50 4.26 232.23 

     
Totals 8.52 464.46 

1 CO2  emission f actor f rom 40 CFR Chapter I Subchapter  C Part 98 Subpart C Table C-1 f or "Natural Gas" 

CO2  emissions assume a f uel heat value of 1.028x10-3 mmbtu/scf  f rom 40 CFR Chapter I Subchapter  C Part 98 Subpart C Table C-1 f or "Natural Gas" 

Since N2O and CH4  emissions comprise a relatively small proportion of overall combustion emissions, only CO2  emissions estimates are included 
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FLARE EMISSIONS 

 
Calculation Formula 

Emission factor (kg/mmbtu) * Fuel Heating Value (mmbtu/scf) * Flared Volume (mmscf/yr) * 10 6̂ * 0.001 = Emission Rate (metric tons/yr) 

 
Methane Fugitives 

Total methane released (MMscf/yr) *Density CH4 (0.7 kg/m3) ÷ 35.3 ft3/m3 * 10 6̂ * 0.001 = metric tons methane/yr 

 
 

 
Source Name 

 
Annual 

Hours of 

Operation 

 
Heating 

Value 

(Btu/scf) 

 

 
Annual 

MMscf 

 
Volume 

Flared 

(mmscf/yr)1
 

 
Fugitive 

Releases 

(mmscf/yr) 

 
Average 

Heat Input 

(mmbtu/hr) 

CO2
3 Emission Factor 2 

CH4   Fugitives 
 

Total CO2 

4 
Equivalent 53.02  

kg/mmbtu   
Metric tons/yr Metric tons/yr Metric tons/yr 

Exploration Flare 6,480 1050.0 100 98.00 2.00 16.20 5,341 35.69 6,091 

Exploration Blooie Line 6,480 1050.0 20 19.60 0.40 3.24 1,068 7.14 1,218 

          
Production Flare 8,760 1050.00 300 294.00 6.00 35.96 16,024 107.08 18,273 

          
Totals 420    22,434 149.92 25,582 

1 
Assume a f lare combustion ef f iciency of 98%.  98% of natural gas is combusted and 2% is released as f ugitives. 

2 
Assume methane is 90% of the natural gas f ugitives released.  Assume a CH  density of 0.7 kg/m3 

3 
CO  emission f actor f rom 40 CFR Chapter I Subchapter C Part 98 Subpart C Table C-1 f or "Natural Gas" 

CO2 emissions assume a f uel heat value of 1.028x10 mmbtu/scf f rom 40 CFR Chapter I Subchapter C Part 98 Subpart C Table C-1 f or "Natural Gas" 

Since N2O and CH4  emissions comprise a relatively small proportion of overall combustion emissions, only CO2  emissions estimates are included 
4 

Assume GWP of CH4 = 21 
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4 

 

 

FUGITIVE METHANE EMISSIONS 

 
Methane Fugitives 

Annual Production (bbl/yr) * Heating Value (mmbtu/bbl) * Emission Factor (lb CH4/mmbtu) ÷ 2.2 lb/kg * 0.001 = metric tons methane/yr 

 
 

 
 

Source Name 

 
 

Annual  Production 

(bbl) 

 
 

Heating Value 

(mmbtu/bbl)
2

 

 
1 

CH4   Fugitive 

Emission Factor 

(lb CH4/mmbtu) 

 
 
Total CH4 Emissions 

(metric tons/yr) 

 
Total CO2 

Equivalent
3

 

(metric tons/yr) 

Oil Production Operation 730,000 5.8 0.0062 12 250 

Crude Oil Transportation 730,000 5.8 0.0017 3 69 

      
Totals 15 319 

 

1 Methods f or Estimating Methane Emissions From Natural Gas and Oil Systems, 1999 Vol 8. Ch.3.  Assumes median emission f actor f rom Table 3.4-4 f rom oil production 
2 

Energy Inf ormation Administration (EIA), (1997), Annual Energy Review : 1996, US Department of Energy, Washington, DC, July 1997, p. 354. 
3 

Assume GWP of CH  = 21 
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Transportation Emission Calculations 
 

 
 

Source Description 

 
Mode of 

Transport 

 
 
Type of Activity Data 

 
Activity Data 

GHG Emission 

Factors 

 
GHG Emissions 

 
Vehicle Type 

Distance 

Traveled 

Unit of 

Distance 

 
Fuel Used 

CO2 

(gm CO2/km) 

Total GHG Emissions, 

CO2 (Metric Tons/Year) 

 

Transportation of crude oil from 

field to refinery 

 
Road 

 

Fuel Use and Vehicle 

Distance 

Heavy Duty Vehicle - 

Rigid - Diesel - Year 

1960-present 

 
747,300 

 
Mile 

 
On-Road Diesel Fuel 

 
870 

 
1,046 

 

Transportation of empty trucks 

from refinery back to field 

 
Road 

 

Fuel Use and Vehicle 

Distance 

Heavy Duty Vehicle - 

Rigid - Diesel - Year 

1960-present 

 
747,300 

 
Mile 

 
On-Road Diesel Fuel 

 
870 

 
1,046 

 

Transportation of final refined 

product to end user 

 
Road 

 

Fuel Use and Vehicle 

Distance 

Heavy Duty Vehicle - 

Rigid - Diesel - Year 

1960-present 

 
309,959 

 
Mile 

 
On-Road Diesel Fuel 

 
870 

 
434 

 

Transportation of empty trucks 

from terminals back to refinery 

 
Road 

 

Fuel Use and Vehicle 

Distance 

Heavy Duty Vehicle - 

Rigid - Diesel - Year 

1960-present 

 
309,959 

 
Mile 

 
On-Road Diesel Fuel 

 
870 

 
434 

 Total Total 2,960 

Assumptions: 

 
1.  Since N2O and CH4  emissions comprise a relatively small portion of overall transportation emissions, only CO 2 emissions estimates are included 

 
2.  Assume tanker truck with capacity of 12,300 gallons = 293 bbl/trip 

2,000 bbl/day * 365 days = 730,000 bbl/yr transported = 2,491 trips/yr 

** Assume one-way distance of 300 miles = 747,300 miles/yr 

 
3.  Assume the total crude refined produces approximately 659,190 bbl/yr of final transported product (90.3% usable product; 6.5% coke; 3.2% still gas combusted at refinery) 

** Average one-way distance for transportation of final refined product to end user (assumed within state of UT) to be 150 miles = 309,959 miles/yr 

 
Emission Fa ctor Re fe re nce : 

World Resources Institute (2008).  GHG protocol tool for mobile combustion.  Version 2.0 
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Refinery Emission Calculations 
 

 
 

Source Description 

Activity Data GHG Emission GHG Emissions 
 

Production 

(bbl/yr) 

 

Production 

(cu m/yr) 

CO2 

(metric tons 

CO2e/cu m) 

 

CO2 

(metric tons) 

 

Total GHG Emissions, CO2 

(metric tons CO2e) 

Refinery emissions 730,000 115,873 0.181 21,019 21,019 

 Total Total 21,019 

Assumptions: 

 
1.  1 cu m = 6.3 bbl 

2.  Average refinery emissions from Canadian Light, Brent North Sea, Saudi Light, 1995 average Syncrude and Suncor, 2005 average Syncrude and Suncor, 

 
Re fe re nce : 

 
McCann, Tom, Magee, Phil (1999). Crude Oil Greenhouse Gas Life Cycle Analysis Helps Assign Values For CO 2 Emissions. Oil and Gas Journal, 97 (8). 
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End Use Emission Calculations 
 

 
 

Total Product Produced: 730,000 bbl/yr 

 
 

 
 

Product 

 
 

Product Mix 

(%) 

 
 
Product Produced 

(bbl/yr) 

GHG Emission 

Factors 

 

GHG Emissions 

CO2 (metric 

tons 

CO2/bbl) 

Total GHG 

Emissions, CO2 

(metric tons CO2e) 
 

Motor Gasoline 
 

49% 
 

359,160 
 

0.375 
 

134,685 

 

Distillate fuel 
 

25% 
 

181,770 
 

0.43 
 

78,161 

 

Jet fuel 
 

8% 
 

56,940 
 

0.41 
 

23,345 

 
Residual Fuel Oil 

 
5% 

 

37,230 
 

0.45 

 

16,754 

 
LPG 

 
3% 

 

24,090 
 

0.25 

 

6,023 

 
Still Gas (combusted at refinery) 

 
3% 

 

23,360 
 

0.4 

 

9,344 

 
Residual (not sold as product) 

 
7% 

 

47,450 
 

0 

 

0 

 Total 268,312 

Assumptions:  659,190 
 

1.  Suppliers of petroleum products must report the CO2 emissions that would result from the complete combustion or oxidation of each 

petroleum product produced during the calendar year. 

2.  Calculate CO2 emissions from each individual petroleum product using Equation MM-1 from 40 CFR Part 86 Subpart MM Suppliers of Petroleum Products 

3.  Since N2O and CH4 emissions comprise a relatively small proportion of overall combustion emissions, only CO 2 emissions estimates are included 

4.  Emissions factor for motor gasoline assumes the average of various products blend formulations 

5.  Jet fuel emission factor assumed to be "Kerosene-Type Jet Fuel" referenced in final rule Table MM-1 

6.  Residual Fuel Oil:  Emission factor assumes average of "Residual Fuel Oil No.5 and Residual Fuel Oil No.6" referenced in final rule Table MM-1 

7.  LPG emission factor assumes 60% propane;  40% butane mix 

 
Re fe re nce : 

EPA Final Mandatory Greenhouse Gas Reporting Rule.  September 22, 2009.  40 CFR Part 86 Subpart MM Suppliers of Petroleum Products 

Utah Geological Survey:  Utah Energy and Mineral Statistics  http://geology.utah.gov/emp/energydata/index.htm 

http://geology.utah.gov/emp/energydata/index.htm
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I. Introduction 
The following operating standards and well site design requirements are routinely required by the 

Fishlake National Forest for oil and gas facilities and operations to assure consistency with management 

objectives for the Forest. These operating standards should not be confused with stipulations contained 

in the applicable Federal oil and gas lease(s) which specify requirements regarding surface occupancy 

and timing within the specific areas in the lease. Operating standards must be consistent with the rights 

and restrictions established in the applicable lease(s) and are applicable to all drilling and production 

operations, unless otherwise approved by the responsible officer based on site-specific conditions. 
 

These operating standards supplement the general requirements of the Surface Operating Standards 

and Guidelines for Oil and Gas Exploration and Development (Gold Book) and Best Management 

Practices in place by the responsible agencies at the time of approval, and the Forest Service, Region 4 

Oil and Gas Roading Guidelines.  Copies will be made available to operators at first notification of 

proposed operations. 
 

Authority to require such standards is provided by the Mineral leasing Act of 1920, as amended, Federal 

Regulations at 36 CFR 228.106-108 (Submission, Review, and Requirements of Surface Use Plans of 

Operations) and 43 CFR 3162.3 (BLM procedures for approval of post-lease applications for operations). 
 

 
II. Purpose 
These operating standards have been developed to help operators meet agency and Forest requirement 

when planning operations and preparing their Surface Use Plan of operations and to assure overall 

consistency with Forest Service management objectives/direction. They have been developed based on 

experience with oil and gas operations on National Forest System lands as needed to prevent or mitigate 

effects and conflicts with other uses. 
 

 
III. Process 
Approvals of proposed operations on lease are subject to the application, review, and approval 

provisions specified in Onshore Oil and Gas Order No. 1, other Onshore Oil and Gas Orders, and all 

applicable laws and regulations.  Surface disturbing proposals must be evaluated under the 

requirements of the National Environmental Policy Act of 1969 and the Energy Policy Act of 2005. 

Operators are encouraged to obtain these operating standards from the Forest Service early in the 

planning and approval process and to incorporate them into their Surface use Plans of Operations to 

help streamline the NEPA analysis and approval process.  If not incorporated into the initial SUPA, the 

Forest Service will work with the operator to revise the SUPO to include them or may otherwise require 

them as Conditions of Approval (COA). 
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Other standards or mitigations may be required based on site-specific evaluations of proposed activities. 

They may be modified if needed to address site-specific conditions. Operators are required to comply 

with all other applicable laws and regulations. 
 

IV. Operating Standards 
These standards apply to the lease holder, contractors, and their sub-contractors. The term “operator” 

as used herein, includes the lease holder and/or company authorized to conduct operations on the lease 

or their contractors, subcontractors and all employees or agents thereof. 
 

1. The operator shall submit for review and approval, a detailed construction and maintenance plan 

for all exploration and production facilities and roads to be constructed or improved (reconstructed) 

for operations. Unless otherwise approved by the responsible Forest Service officer, pad designs 

must be consistent with requirements contained in the Fishlake National Forest Well Site 

Requirements (Attachment 1).  A road-use permit (or specific approval as part of the Surface use 

Plan of Operations) must be obtained from the Forest Service for commercial use, improvement, 

and maintenance of National Forest System roads under authority of the National Forest Roads and 

Trails Act.  Road designs must be generally consistent with the Forest Service guidelines provided in 

the Oil and Gas Roading Guidelines, R-4. 

2.   The designs for roads, pads, and other facilities are subject to approval by the Forest Service.  The 

designs must be approved and signed by a qualified licensed engineer.  Any modifications to 

approved plans are subject to Forest Service review and approval. 

3.   Existing roads will be used to the extent possible as long as the existing alignment can be used or 

improved to the required standard. Additional roads or rerouting of existing road segments, if 

needed, shall be minimized and approved by the Forest Service prior to construction.  Roads or road 

segments replaced and/or abandoned locations and designs must be generally consistent with the 

Forests Service guidelines provided in the Oil and Gas Roading Guidelines, R-4. 

4.   Locate and design roads and drainage structures to prevent slope failure and minimize impacts on 

water quality. To the maximum extent feasible, locate facilities, including service and refueling 

areas, on benches upslope from streams, lakes, ponds, riparian areas and floodplains. 

5.   A pre-construction meeting including the responsible company representative(s), contractors, and 

the Forest Service must be conducted at the project work site prior to commencement of operations. 

Earth work must be construction staked prior to this meeting.  Approval of the designs and earthwork 

staking by responsible Forest Service official is required prior to beginning earthwork. 

6.   A Spill Prevention Control and Countermeasures (SPCC) Plan consistent with the current EPA Region 

VIII Oil and Hazardous Substances Regional Contingency Plan must be filed with the Forest Service 

and approved by the authorized officer prior to conducting any construction and operations on 

National Forest System lands.  The plan must address the potential for spills to occur from haulage 

of materials and supplies to the construction/operations site(s) as well as drilling and production 

facilities. Material Safety Data Sheets (MSDS) for all potentially hazardous substances used for 

operations must be available on-site. Operators must be trained in MSDS protocols. 
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7.   All surface disturbing activities, including reclamation, must be supervised by a qualified on-site 

responsible designated company representative(s) familiar with the approved plans as well as terms 

and conditions of approval. The designated representatives(s) must be available for contact within 

the vicinity of the project area or by telephone at all times that operations are in progress. The 

name and contact telephone number of the designated company representative(s) must be filed 

with the responsible Forest Service official.  A copy of all approved permits with specifications 

relative to operations in the project area must be available for inspection at the project site. 

8.   Topsoil must be salvaged from the area to be disturbed, stored, and protected from erosion and 

contamination until redistributed over re-contoured areas for reclamation. The depth of topsoil to 

be salvaged must be determined through testing and approved by the Forest Service. Methods of 

topsoil handling and storage must be approved in project plans and specifications and/or 

appropriate project permits. 

9.   All vegetation removed by operations must be stored, used for reclamation, or disposed of as 

approved in project permits or as specified by the Forest Service. The operator must reimburse the 

Forest Service for the fair market value of all merchantable timber removed or damaged during 

operations. Prior to vegetation disturbance/removal all noxious weeds must be removed from the 

site and handled by approved methods needed to prevent spread of seeds. 

10. Where determined appropriate by the responsible Forest Service officer, the operator may be 

required to bury pipelines and powerlines in or adjacent to roads to reduce surface disturbance and 

visibility. Designs must provide sufficient depth of cover and signs to indicate the type of pipeline(s), 

location, and depth to prevent damage from road maintenance and other surface disturbing activities 

in conformance with applicable Federal and State regulations. 

11. Where feasible and appropriate, the operator will be required to centralize production facilities, use 

telemetry to monitor wells, and delay non-essential maintenance activities in important wildlife 

habitat during critical seasons of use to reduce the number of vehicle trips to the sites and activity 

that could disturb or stress wildlife. 

12. Where needed to protect wildlife, the operator will be required to construct fences and/or nets on 

reserve pits or use other approved methods to prevent wildlife use or entrapment. 

13. Stream crossings will be planned and constructed to minimize disturbance of the riparian and aquatic 

habitats by locating crossings at the most advantageous location and by crossing at or near the 

perpendicular.  Structures must be designed to allow fish passage as needed to maintain habitat. 

Measure must be taken to minimize disruption of stream substrate. When no longer needed for 

operations, crossings must be removed and the stream and banks restored to pre-disturbance 

conditions/stream hydraulics.  Sediment control measures must be used to minimize sediment 

introduction during all operations. Timing restrictions (construction and reclamation) may be 

needed to protect fisheries as coordinated with the Utah Division of Wildlife Resources and through 

permitting with the Utah Division of Water Rights, Stream Alteration Program. 

14. Unless otherwise specified by the responsible Forest Service officer, new oil and gas access roads 

shall be closed to the public.  Operators must construct and maintain gates to Forest Service design 

standards at intersections of project access roads with national Forest System roads or other 

highways to prevent unauthorized traffic from entering.  A locking system will be required to allow a 

Forest Service lock in addition to the operator’s lock. 
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15. Off-road vehicle travel is prohibited unless specifically approved in Project permits 

16. Roads used for drilling and production operations which remain open to public traffic must be 

properly signed to warn the public of project traffic and associated hazards. Signs must be 

consistent with the Manual on Uniform Traffic Control Devices, Federal Highway Administration. 

17. Vehicle operators must obey posted speed restrictions.  If speed restrictions are not posted, the 

operator and contractors must observe safe speeds commensurate with weather and road 

conditions. 

18. Watering and/or application of appropriate dust suppressants shall be used if dust becomes a 

concern for visibility and sediment transport. Suppressants and application procedures are subject 

to approval by the responsible Forest Service officer. 

19. Unless otherwise approved by the responsible Forest Service officer, all production pads will be 

fenced to prevent entry by the public and livestock. Designs and specifications are subject to Forest 

Service approval. 

20. Sediment control structures will be used to catch sediment at the base of fill slopes on exploration 

and production pads.  If silt fences are used, they must be constructed with adequate support and 

maintained to assure that they function at all times, including the winter season and spring runoff. 

21. Establishment of staging areas or camp areas outside of the area permitted for surface disturbing 

operations for project personnel (operator or contractors) on National Forest System lands is subject 

to Forest Service approval. 

22. All permanent survey markers within the area to be disturbed, including section corners, 

benchmarks, geodetic survey monuments, etc. must be located and flagged for protection prior to 

any surface disturbance activities. Disturbance or relocation of monuments requires the approval of 

the agency responsible for their use and preservation. 

23. Water needed for operations must be obtained in accordance with State water law.  The location 

and design of diversions on National Forest system lands are subject to review and approval of the 

responsible Forest Service official. 

24. The operator and all contractors shall take measures needed for the prevention of fires started as a 

result of their operations and to suppress fires that are started as a result of their operations. Fire 

suppression equipment must be available to all personnel in the project area consisting of shovels, 

axes, and other appropriate hand tools. At least on properly rated fire extinguisher must be 

available in each vehicle and around all machinery such that they are readily assessable for 

suppression of fires. During times of severe fire danger when fire restrictions are implemented by 

order of the responsible Forest Service officer, all operations must be conducted in conformance 

with the order. The operator may be required to submit and implement a Fire 

Prevention/Suppression Plan for review/approval by the responsible Forest Service official. 

25. All vehicles and other gasoline/diesel-powered equipment must be equipped with properly 

functioning spark arresters and mufflers. Spark arresters must meet Forest Service specifications in 

accordance with USDA Forest Service Spark Arrester Guide. 

26. The operator will be held responsible for damage and suppression costs for fires started as a result 

of operations. Fires must be immediately suppressed to prevent spreading and must be reported to 

the responsible Forest Service officer. 
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27. The operator must maintain structures, facilities, improvements, and equipment in a safe and neat 

manner and in accordance with approved permits. The operator must take appropriate measures in 

accordance with applicable Federal and State laws and regulations to protect the public from 

hazardous conditions resulting from the operations.  Such measures must include, but are not limited 

to, posting signs, building fences, or otherwise identifying the potentially hazardous site or condition. 

28. All accidents or mishaps resulting in resource/property damage and/or serious personal injury must 

be reported to the responsible Forest Service officer as soon as possible. 

29. The operator may be required to locate pads and facilities in areas where they can be effectively 

screened from view from sensitive areas. Production facilities must be located and designed to 

minimize visibility from sensitive viewing areas. Painting of facilities with a non-reflective paint in 

the color that would best blend with the background will be required.  The color will be determined 

by the operator with approval of the responsible Forest Officer. 

30. The operator must comply with all applicable laws and regulations pertaining to the storage, use, 

and disposal of hazardous substances and solid or liquid waste. All fluids, chemicals, and solid 

wastes must be properly contained on-site. Reserve pits, catchment ponds, and bermed areas must 

be constructed to prevent seepage into the ground or adjacent areas. A minimum of 2-feet of 

freeboard must be maintained in all reserve pits and ponds at all times to prevent overflow and 

spillage into adjacent areas. 

31. Chemical containers should not be stored on bare ground or exposed to the sun or moisture. 

Containers and labels are subject to degradation and punctured drums could leak contents onto the 

ground. Chemical containers should be maintained in good condition and placed within secondary 

containment in case of a spill or puncture. Secondary containment facilities must be of sufficient 

size to contain all appropriate fluids, including diesel or other fuels. 

32. Sanitary facilities must be available to operators and contractors in the project area and properly 

used and maintained to prevent pollution. The installation of sanitary facilities, other than self- 

contained chemical toilets is subject to State and Forest Service approval. 

33. Unless other methods are specifically approved, all solid wastes, contaminated soil materials, drill 

cuttings, petroleum products, and other fluids must be properly contained on-site.  Disposal of 

associated waste materials must be at a facility licensed by the State to accept such materials. 

34. Harassment of wildlife is prohibited. Pets must be properly restrained to prevent harassment of 

wildlife, livestock, government officials, and the public. 

35. Move-in and move-out of heavy construction and drilling equipment will not be allowed during the 

opening weekends of the general big-game hunts or holiday weekends (including the observed 

holiday) from noon the previous day until midnight on Sunday or the observed holiday.  Use and 

maintenance of National forest System roads is regulated under authority of the National Forest 

Roads and trails Act and the National Forest Management Act. 

36. Vegetation seeding methods and seed mixes (species and amounts) used for interim and final 

reclamation must be approved by the Forest Service. Reclamation and re-vegetation plans and 

standards for success must be approved in project plans or permits. All vegetation materials, seeds, 

soil amendments, and sediment control materials must be certified that no noxious weed seed or 
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noxious weeds are present. The operator is responsible for control and eradication of noxious 

weeds and invasive plant species in project area until the company is relieved of this responsibility. 

37. Vehicles and Equipment shall be free of mud, soil, plant materials, and other debris which could 

contain noxious weed seeds prior to coming onto the Forest. This is needed to avoid transporting 

noxious weeds, or invasive species to sites on the Forest. 

38. The operator shall follow Forest guidelines designed to prevent the introduction and spread of 

aquatic nuisance species (Fishlake and Dixie National Forest Supplement, Forest Handbook 2509.16, 

Chapter 1. 

39. The operator shall comply with the following practices to control impacts to ambient air quality 

from oil and gas exploration and production activities: 
 

 
a. As appropriate, quantitative analysis of potential air quality impacts will be conducted for project- 

specific developments by the operator, in concert with direction from the Utah Department of 

Environmental Quality, Division of Air Quality (UDAQ), the Forest Service and cooperating federal 

land management agencies including but not limited to the National Park Service. The Forest Service 

will notify cooperating agencies as project specific proposals are received and additional air impact 

analyses are performed to ensure input from those agencies. Additional project specific air impact 

analyses would need to be conducted if the following project criteria are fulfilled: 

i. If an exploratory drilling project is proposed within 5 km and or a development/production project 

is proposed within 60km of any Class I airshed, an air impact analysis would be required prior to any 

field activity. At a minimum the ISCREEN screening tool will be utilized in the analysis.  Additional air 

impact analyses may be necessary based on the review of the initial VISCREEN analysis. 

ii. If an oil and gas production project is proposed at a distance of over 60km from an adjacent Class I 

area and has emissions that exceed those utilized in the existing “Fishlake 12-well development 

scenario," a quantitative air quality impact analysis would need to be conducted for the project that 

follows the guidance found in the FLAG modeling guidelines. 

ii. If an exploratory drilling or oil and gas development project is proposed to occur within 60km of 

an adjacent Class I area and has emissions that are greater than those utilized in the existing 

"exploratory drilling scenario" but less than those utilized in the "Fishlake 12-well development 

scenario", consultation with the Forest Service and cooperating Federal Agencies would be required 

to determine an appropriate assessment of air quality impacts. The level of additional analysis would 

be predicated on the size of the proposed project. 

b. Compliance with Utah Air Conservation (UAC) Regulation R446-1 would be necessary. The best air 

quality control technology, as per guidance from the UDAQ, will be applied to actions as needed to 

meet air quality standards. 

c. The operator will comply with UAC Regulation R446-1-4.5.3, which prohibits the use, maintenance, 

or construction of roadways without taking appropriate dust abatement measures. Compliance will 

be obtained through special stipulations as a requirement on new projects and through the use of 

dust abatement control techniques in problem areas. 

d. The operator will manage authorized activities to maintain air quality within the thresholds 

established by the State of Utah Ambient Air Quality Standards and to ensure that those activities 

continue to keep the area in attainment, meet prevention of significant deterioration (PSD) Class II 
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standards, and protect the Class I air shed of the National Parks identified in the Fishlake Oil and Gas 

Leasing EIS. 

e. National Ambient Air Quality Standards will be enforced by the UDEQ, with EPA oversight. Special 

requirements to reduce potential air quality impacts will be considered on a case-by-case basis in 

processing land-use authorizations. 

f. The operator will utilize BMPs and site specific mitigation measures, when appropriate, based on- 

site specific conditions, to reduce emissions and enhance air quality. Examples of these types of 

measures can be found in the Four Corners Air Quality Task Force Report of Mitigation Options, 

November 1, 2007; EPA Natural Gas STAR Program (http://www.epa.gov/gasstar/); and US Forest 

Service Emission Reduction Techniques for Oil and Gas activities 2011 

(http://www.fs.fed.us/air/documents/EmissionReduction-010711x.pdf). 

g. The operator will comply with a Condition of Approval for Applications for Permit to Drill, which 

includes: 

i. All new and replacement internal combustion diesel fired drilling engines must meet or exceed Tier 

II emissions limits as codified in 40 CFR Part 89 - "Control of Emissions From New and In-Use Non- 

road Compression-Ignition Engines." 

ii. All new and replacement internal combustion diesel fired well pump engines must meet or exceed 

Tier II emissions limits for Particulate Matter and Tier III emissions limits for Oxides of Nitrogen and 

Carbon Monoxide as codified in 40 CFR Part 89 - "Control of Emissions From New and In-Use Non- 

road Compression-Ignition Engines." 

iii. All new and replacement spark ignited natural gas fired internal combustion well-pump engines 

must meet or exceed emissions limits for Oxides of Nitrogen, Carbon Monoxide and Volatile Organic 

Compounds from New Source Performance Standard Subpart JJJJ for Stationary Spark Ignition 

Internal Combustion Engines manufactured since 2008. 

iv. All new and replacement internal combustion gas field engines of less than or equal to 300 

design-rated horsepower must not emit more than 2 grams of NOx per horsepower-hour. This 

requirement does not apply to gas field engines of less than or equal to 40 design-rated horsepower. 

v. All new and replacement internal combustion gas field engines of greater than 300 design rated 

horsepower must not emit more than 1.0 grams of NOx per horsepower-hour. 

vi. All diesel fuel fired internal combustion engines must utilize certified Ultra Low Sulfur Diesel fuel 

with a maximum sulfur content of 15 parts per million (PPM). 

h. Lease holders will need to conduct detailed volatile organic compound (VOC) emissions 

inventories for any proposed facilities to provide necessary data to the BLM Utah State Office for 

their regional photochemical modeling. 

i. Lease holders will need to examine the use of additional mitigations for ozone precursors. 

http://www.epa.gov/gasstar/)%3B
http://www.fs.fed.us/air/documents/EmissionReduction-010711x.pdf)
http://www.fs.fed.us/air/documents/EmissionReduction-010711x.pdf)
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Fishlake National Forest Well Site Requirements 
 

 
 

V. Well Site Design Requirements 
 

A. General Requirements 
The operator should propose locating the well site in cooperation with Forest Service personnel on the 
most nearly level location obtainable that would accommodate the intended use.  However, potential 
well site locations should not be evaluated on the basis of site conditions alone. Access to the well site 
for road and possible future pipeline locations must also be considered in determining the most suitable 
location. What may be gained on a good location could be lost from an adverse access route. Plan the 
well site from the long-term standpoint, assuming a discovery could be made. Future pipeline locations 
are to be proposed by the operator as a part of his proposal on each well site. 

 
Adjust the well site layout to conform to the best topographic situation. Avoid disturbance of drainages 
and locate reserve pits away from water courses. Deep vertical cuts and long fill slopes should be 
avoided.  The cut and fill volumes should be balanced, excluding the topsoil and subsoil needed to 
backfill the reserve pit. 

 
A contour map shall be developed for all well pad locations as an aid in the design of pad settings to the 
existing topography. This will allow the operator to plan the construction of facilities and the surface 
manager to evaluate impacts and calculate the bond more expeditiously and accurately. Maps should 
be prepared to a scale of 1 inch equals 20 feet horizontally and contour interval of 2 feet vertically or as 
otherwise directed by the responsible Forest Service officer. 

 
Once this information is compiled, finished site elevations, cut and fill slopes and their respective catch 
points, drainage, balanced earth work, adequate storage area locations and other necessary 
construction features shall be determined and included with the drawings/specifications. Submittals 
shall include a well site plan (see Drawing No.1), details of berms, diversion ditches, pits, catchments 
and other appurtenances and design features. Provide data to support drainage structure design. 

 

B. Clearing 
The site must first be cleared of all brush and trees.  All merchantable timber must be purchased by the 
operator prior to cutting, at the appraised price determined by the Forest service.  Grasses and small 
shrubs need not be removed; however appropriate measure will be required to prevent the spread of 
noxious weeds and nuisance species prior to starting excavations if they occur on the site. Trees and 
brush will be disposed of by removal from the Forest, by burning, chipping, or other approved methods 
needed to prevent the spread of insects. Tree trunks less than 8 inches in diameter and slash can be 
stockpiled at an approved location to be spread over reclaimed areas.  Burning permits will be required 
and are issued by the Forest Service. Burning would only be permitted if the fire danger is low to 
moderate. 

 

C. Topsoil Removal and Storage 
Surface soil material (topsoil), if present, will be stripped from all areas where surface disturbance is 
necessary and stockpiled. All topsoil will be removed in a separate layer, avoiding mixing with other 
excavated materials, and stored in a stockpile to prevent loss from erosion or contamination, and from 
which topsoil may be easily recovered. The depth of surface soil material to be removed and stockpiled 
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will be specified by the Forest Service but will generally include the A Horizon. The topsoil and subsoil 
stock piles must be located to prevent contamination from the blooie line, flare line, and other 
operations.  Stockpiles shall be contained by silt fencing, ditches and traps or other containment 
measures to prevent erosion, contamination and loss. If topsoil stockpiles are to remain for more than a 
single season, seeding with an approved seed mix will be required to minimize loss from erosion and 
preserve fertility and biological activity. 

 

D. Site Grading 
Cut and fill slopes will be such that stability can be maintained for the life of operations.  Cut and fill 
slopes will be constructed as follows (exceptions can be made depending on the type and competency 
of material encountered): 

 
Height of Slope Slope 

 
0 – 5 feet 3:1 
6 – 10 feet 2:1 

Over   10 feet 1.5:1 

 
All fills will be free of vegetation and will be compacted in lifts no greater than 12 inches in thickness to a 
minimum of 90 percent Proctor dry density sufficient to prevent excessive settlement. 

 
The drill site or pad surface will be surfaced with crushed gravel to a depth sufficient to support 
anticipated loads throughout the life of the well. Usually a depth of 12 inches of gravel is required. 

 

E. Site Drainage 
Diversion ditches having the minimum dimensions of 3 feet horizontal to 1 foot vertical (3:1 ditch) will 
be constructed around the site to divert existing drainages and surface runoff from flowing onto the site. 
Hydraulic design for ditches is required to determine capacity. The ditch(s) will be located at the top or 
base of the cut slope (to be determined based on site-specific conditions) and around the toe of the fill 
slopes (see Drawing No.1 - Construction Requirements for Typical Well Sites). Straw dykes, catch basins, 
energy dissipaters or other approved structures will be constructed in the ditch outflow to trap any 
sediment and dissipate erosive flows. Provide data to support drainage structure designs.  A culvert 
might be necessary where the access road enters the site.  A berm will be constructed around the 
perimeter of the site to contain all precipitation, spills, and other fluids from leaving the site. The berm 
will be a minimum of 18 inches high, 12 inches wide at the top, and have 1.5:1 side slopes. Berms will 
be compacted for stability and to reduce permeability as needed to contain fluids.  The site surface will 
be graded at a minimum of 1 percent to drain to the reserve pit. Use silt fencing, ditches and 
Traps or other containment at toe of fill slopes to prevent erosion and contamination. 

 
The drainage patterns to be constructed will need to be designed for each site, depending on site- 
specific conditions. 

 

F. Construction and Maintenance of Reserve Pits 
Reserve pits will be constructed of sufficient size and capacity for the necessary fluids for drilling and to 
contain any runoff from the drill site. The pad will be graded to empty into the reserve pit or alternative 
pit or buried tank. Winter operations may require larger pits/tanks due to snow accumulations and 
runoff. Pits will not be constructed within intermittent or perennial drainage channels.  If the operator 
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has concerns that drainage from the pad could contaminate reserve pit muds, the pad can be 
constructed to drain into alternative lined pits or buried containment tanks. 

 
It is preferred that pits be constructed in undisturbed materials and below the natural ground level to 
minimize the risk of failure. Where conditions exist that requires pits to be constructed of embankment 
materials, the following criteria are required: 

 
1.   The area on which the embankment is to be placed will be cleared of all materials including 

vegetation, topsoil, and unconsolidated soils and gravels. 
2. A foundation keyway will be designed and constructed into native materials to dimensions 

based on site-specific conditions to provide adequate anchoring and sealing of the 
embankment. 

3.   The embankment will be constructed using impermeable materials on slopes of 3:1 into the pit 
and 2:1 outside the pit. The embankment will have a minimum of 10-foot top width.  The 
materials will be compacted to 95 percent Proctor density. 

 
The following are requirements for construction and maintenance of all reserve pits: 

 
1. Pits must be constructed to contain fluids without leaks throughout the life of operations. If pit 

liners other than clay coatings are used they must be constructed of sufficiently durable and 
watertight materials to prevent leakage. Compacted bedding material consisting of sand, clay, 
or other grout may be required to prevent rocks from puncturing the liner and to seal cracks. 

2.   A minimum of 2-foot freeboard will be maintained in the pit at all times during the drilling 
operations or if the pit is left un-reclaimed over the winter. 

3. If wildlife concerns exist, netting or some other approved method will be used to prevent 
wildlife use of the pit. 

 

 
G. Site Reclamation for Nonproductive Wells 
Reclamation of the entire site will be required and will commence immediately after drilling, testing, and 
well plugging/abandonment are complete. The site will be restored to as nearly as practical to its 
original condition (approximate original contour). Cut and fill slopes will be reduced and graded to 
conform to the adjacent terrain. 

 
Reserve pits must be allowed to dry before they are backfilled.  Fluids that will not dry must be removed 
from the Forest. All polluting substances or contaminated materials, such as oil, oil-saturated soils and 
gravels will be removed and disposed of at a State facility licensed to receive these materials. 
Exceptions to allow for reserve pit solidification may be made if the operator can demonstrate to the 
responsible Forest Service officer that this method would be effective based on site-specific conditions. 

 
Drainages will be reestablished and temporary measures will be required to prevent erosion on the site 
until all reclamation and re-vegetation standards established for the site are met. 

 
In general, the well identification standpipe will be set such that it can be buried by at least two feet of 
soil.  A final determination will be made on a case-by-case basis. 
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After final grading and before replacement of topsoil, the entire surface of the site shall be scarified to 
eliminate slippage surfaces and promote root penetration. Topsoil will be spread over the site to 
achieve approximate uniform stable thickness consistent with the established contours. 

 
The site will be seeded and/or planted with a seed mix as approved in the SUPO or as otherwise 
approved by the responsible Forest Service officer. Nutrients and soil amendments will be applied to 
the disturbed surface soil needed to meet the re-vegetation standards. 

 
A temporary fence will be constructed around the site until reclamation standards have been met. The 
fence design is subject to Forest Service approval will be designed to prevent entry by livestock or 
wildlife as needed for the specific area. The fence must be maintained such that it is functional at all 
times as intended to prevent livestock use and unauthorized access by the public. The operator is 
responsible for damages to the reclaimed condition of the site due to unauthorized access until final 
reclamation standards are met and the fence is removed.  The operator will be responsible for 
eradicating noxious weeds and nuisance species each season until the final re-vegetation standards have 
been met.  Once all reclamation standards have been met, the operator is responsible for removal of the 
fence, gate, and associated structures and materials. 

 

 
H. Site Reclamation for Producing Wells 
Interim and final reclamation for producing wells will be accomplished for portions of the site not 
required for the continued operation of the associated facilities. All disturbed surfaces will be treated to 
prevent erosion and to compliment the aesthetics of the area. A new site plan will be required 
encompassing the facilities required for operation and interim reclamation measures.  Generally, the 
following measures will be required: 

 
1.   The reserve pit will be reclaimed as previously discussed. 
2.  All polluting substances and contaminated materials, including contaminated soil and gravels 

will be disposed of as previously discussed. 
3. All cut and fill slopes and other disturbed areas not needed for production operations will be 

contoured to match the surrounding area, top soiled, and re-vegetated as previously discussed. 
4.   The berm will be reestablished on the production pad where removed to accomplish the 

reclamation discussed in the previous item. 
5.  The pad perimeter and reclaimed area will be fenced. Once reclamation standards have been 

met for the reclaimed portion of the original pad the fence will be relocated on the perimeter of 
the production. 

6.   Measures such as painting facilities an appropriate color, and other practical measures will be 
used to decrease visibility of the site as viewed from sensitive areas such as roads, highways, 
and recreation areas.  Noise suppression devices and submersible pumps (if feasible) may be 
required as needed to meet scenic, wildlife, and recreation objectives for the area. 

 

 
I. Site Maintenance 
The site will require periodic maintenance to ensure that drainages remain functional and that surfaces 
are properly treated to reduce erosion, contamination, fugitive dust, invasion by undesirable plant 
species, and impacts to the adjacent areas. 
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All garbage, debris, and foreign materials shall be contained on site in a cage or other enclosure then will 
be removed to an established/licensed landfill or other recognized facility. 

 

 
J. Site Reclamation for Production Wells 
When production pads and production facilities are no longer needed, the facilities must be removed 
and final reclamation measures completed as previously prescribed for nonproductive wells. 
Abandoned or unneeded facilities will be removed/reclaimed within two years. In place abandonment 
of any facilities such as powerlines, pipelines, etc. will require approval of the Forest Service.  If 
approved, appropriate measures to stabilize and decontaminate them will be required. 
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Commenter Comment Response 
1 - Old Spanish Trail 
Association (OSTA) 

“We wish to register our deep concern about the lack of 
any acknowledgement of the presence of the Old Spanish 
National Historic Trail on the Fishlake national Forest, 
and thus, an absence of an analysis of the potential 
impact of the proposed actions on Trail resources”. 

The discussion of heritage resources, and why this is not a 
key issue has been expanded in the FEIS. This expanded 
section includes discussion of the OST. A complete discussion 
and analysis of heritage resources is included in the specialist 
report, contained in the project record. Under the preferred 
alternative (Alt. C), all of the historic trails are in areas 
designated as an NSO or CSU.  In the future, any undertaking 
that has the potential of impacting any of the trail corridors 
will be subjected to NEPA which includes compliance with 
Section 106 of the National Historic Preservation Act (NHPA). 

 OSTA is concerned “by the absence of any mention of 
cultural resources in the Key Issues section of the Draft 
EIS”. 

The discussion of heritage resources, and why this is not a 
key issue has been expanded in the FEIS. A complete 
discussion and analysis of heritage resources is included in 
the specialist report, contained in the project record. This 
report outlines the regulatory framework that we are 
required to operate under when dealing with heritage 
resources. 

 “We did note that national Recreational Trails are 
discussed in the document. Given the absence of any 
mention of national Historic Trails, there was thus no 
opportunity to analyze the distinction between these two 
types of resources and the differing management 
strategies that might need to be applied”. 

At present, there is no management plan either nationally or 
on the Forest for the OST or FLCO. We understand that the 
NPS and BLM are presently engaged in this activity. Until we 
have direction and a management plan for the trails, our 
segments of the OST and the FLCO will be treated as an 
archaeological site and will not be opened for large scale 
public use. 

 OSTA requests that the Old Spanish National Historic Trail 
be specifically and fully addressed in the DEIS including 
the identification and assessment of potential impacts 
and appropriate avoidance or mitigation measures. 

The discussion of heritage resources, and why this is not a 
key issue has been expanded in the FEIS. A complete 
discussion and analysis of heritage resources is included in 
the specialist report, contained in the project record. This 
report outlines the regulatory framework that we are 
required to operate under when dealing with heritage 
resources. 

 

 

G-1



 

 

 

Commenter Comment Response 
2 – USDI – BLM, 
USFWS, NPS , and 
USGS commented 

The BLM is concerned that some of their comments 
submitted on the administrative draft EIS were dismissed 
without any rationale or explanation provided. Many of the 
specific comments attached to their comment letter are 
the same comments as those that were submitted, but 
were not addressed. 

The Forest Service reevaluated all comments to make sure 
everything was addressed. 

 The delineation of leasing categories and the application 
and use of stipulations and lease notices appears to be 
dramatically different between the [Forest Service and 
BLM]. Stipulations intended to protect resources need to 
be clarified so that the public knows when and where each 
stipulation would be applied. 

The Forest Service reviewed the stipulations to make sure 
they are all defined with respect to when and where each 
stipulation would be applied. All stipulations are defined, as 
well as mapped in each alternative description, and in 
Appendixes A and B. 

 As was done in Chapter 1, disclosing BLM’s regulatory 
requirements is necessary within the Executive Summary. 
As such, incorporate 43 CFR 3100 at page S-1, paragraph 
4, 2nd sentence: Forest Service and BLM regulations (36 
CFR 228.102 and 43 CFR 3100, respectively). 

The requested information was incorporated into the 
Executive Summary in the FEIS, page S-1. 

 “The BLM Utah State Director will decide whether to offer 
for lease those NFS lands authorized for leasing by the 
Forest Service and make the required leasing decisions for 
non-federal lands with federal oil and gas ownership within 
the Forest boundaries.” This statement does not describe 
the process in enough detail. BLM does not decide what 
and how to lease within the FNF. There is still a secondary 
process that must happen before any land is leased 
between the USFS and BLM. This process should be 
explained fully. 

This sentence was edited in the FEIS and is found at page S- 
2. 

 1.7.2 Roadless Area Conservation Rule and Legal Activity 
This section must be updated and incorporate recent 
court decision. 

The discussion was revised to incorporate these changes in 
the FEIS, and can be found at pages 5-7. 

 1.9.2 Non-key Issues This section must be updated and 
incorporate recent court decision. 

The discussion of why IRAs is not a key issue is not changed 
due to the most recent court decision regarding the RACR. 
This discussion is found in section 1.8.2 in the FEIS 
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 In the steps of oil and gas development, step 4 should state 
that the USFS attaches the appropriate stipulations and 
lease notices to the lease before returning their 
recommendation to the BLM. Incorporate a missing step- 
an APD being filed by a proponent. The way it is presented 
now leads the reader to conclude that a SUPO is reviewed 
immediately after a lease is issued which is not the case. 

The discussion was edited to incorporate these changes in 
the FEIS and can be found at page 15. 

 Lease notices are not stipulations nor are they a leasing 
category like NSO, CSU, and SLT&C. Lease notices may be 
attached to any lease regardless of the leasing category 
and regardless of what stipulations are eventually 
included in the LUP. Stipulations are legally binding. Lease 
notices are non-binding and should be under the SLT&C 
category of leasing for this purpose. Stipulations cannot 
be layered and should be represented by the most 
restrictive one on the map. This is a dramatic departure 
from the traditional definitions of leasing categories and 
has no connectivity to the BLM’s leasing process. 

All maps were re-created to show only one lease stipulation 
on any piece of land, as well as to remove any delineation of 
lease notice on any map. Maps in the FEIS correctly display 
the correct leasing category for each piece of land under 
each alternative. The maps are displayed in Chapter 
2 of the FEIS. 

 The category SLT&C w/ TL appears to be incorrect. The 
acres have to be one or the other and they cannot be 
SLT&C if they have a TL stipulation. Similarly, the category 
LN w/TL means that it is issued under SLT&C with 
additional information. However, when TL is added it is 
no longer SLT&C. 

Maps and associated tables have been corrected for the 
FEIS. 

 Table 2.4-2 - Sage grouse and big game – Sage grouse are 
not included within the table. 

Sage grouse and big game are grouped in the effects 
summary table at the end of Chapter 2. 

 Geologic Hazards and Steep Slopes: Miles of road/acres 
of disturbance on steep slopes or unstable soils - The 
numbers are the same on the surface because the RFD 
does not change; however, stipulations preventing 
development near waterways, on steep slopes, and on  

The RFDS predicts approximately 45 exploration wells, 30 
production wells, about 60 miles of new roads (for 
exploration and production), and about 100 miles of light to 
heavy road reconstruction associated with O&G lease 
activities. Total gross surface disturbance (before  
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 unstable slopes would reduce the amount of soil loss. If 
there are “0” miles of road how can there be the same 
amount of disturbance? 

reclamation) from all these facilities would be about 1,420 
acres (~2.2 square miles or about 0.8% of the Forest) for all 
action alternatives. Total net disturbance would be 
approximately 350 acres (~0.6 square miles or about 0.02% 
of the Forest) that would not be reclaimed but would be in 
use for O&G production for all action alternatives. The same 
RFDS exists for all action alternatives. Since the same amount 
of roads is being proposed under the RFDS, then we could 
expect the same amount of disturbance. Only under the no-
action alternative would there not be any road construction. 
This information has been added to the FEIS. 

 3.3 Effects of the Alternatives on the Reasonably 
Foreseeable Development Scenario: Footnote under 
Table 3.3-1 This is a critical analysis assumption that 
requires additional discussion in the main section rather 
than as a footnote. There also needs to be more 
explanation as to why a 50 percent reduction is assumed 
for Alternative D. There is not enough information to 
determine whether this is a reasonable assumption. If 
approximately 50 percent of the lands on the FNF are 
closed to leasing, then a 50 percent reduction in well 
count and disturbance may be appropriate. Also consider 
whether areas that will be closed are in high potential 
areas. If the high potential areas are still open under 
alternative D, there may be minimal differences between 
the alternatives. For an example consider looking at the 
Vernal Draft RMP EIS Section 4.8, Tables 4.8.2-4.8.5. This 
concept might have an effect throughout the EIS. 

Land that would be designated as NL or NSO under 
Alternative D was compared to the Oil and Gas Occurrence 
Potential, and Oil and Gas Development Potential maps 
contained in the RFDS report. It was determined that the 
land that would be available for lease under Alternative D 
falls largely under moderate and high occurrence and 
development potential. Therefore, analysis assumes full 
development as predicted in the RFDS for all alternatives. 
This discussion and associated table was corrected for the 
FEIS. 

 It is unclear if the citation Rodriguez, RL (2006) version 
4.2 includes or incorporates the State of Utah’s (Utah 
Division of Wildlife Resources) list of sensitive species. 
The BLM requires the use of State of Utah’s list of 

Rodriguez (2006) includes vertebrate and plant species 
listed as Threatened, Endangered, or Candidate for listing 
with the USFWS, vertebrate and plant species identified as 
Sensitive by the Intermountain Region of the USFS (R4 
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 sensitive species. The State of Utah Sensitive Species List 
and associated appendices are located here: 
http://dwrcdc.nr.utah.gov/ucdc/ViewReports/SSLAppend 
ices20110329.pdf. 

Sensitive) and vertebrate Management Indicator Species 
identified in the Fishlake NF Land and Resource Management 
Plan (LRMP). While there is substantial overlap between the 
species covered in Rodriguez (2006) and the State of Utah 
Sensitive Species List, many species not typically found on the 
FNF are not included. 

 3.5.2 General Effects to Wildlife “The disturbed area and 
surrounding habitat (at least ¼ mile radius)”requires a 
citation. This ¼ mile radius applies to pronghorn, but it 
requires a reference. If a citation cannot be applied then it 
should be removed. 

Text “at least ¼ mile radius” was removed since disturbance 
distance varies by species and this section deals with wildlife 
in general. More specific discussion of disturbance distance is 
provided in individual species analysis when this data is 
available. Guidelines and supporting data can be found in 
USDI 1995. 

 3.5.3.1 Federally Listed Threatened, Endangered, or 
Proposed Terrestrial Wildlife - All of the area would be 
considered CA condor foraging habitat or at least 
potential foraging habitat and should be analyzed as 
such. 

Analysis was updated to clarify the potential extent of O&G 
development on California condor foraging habitat. 

 Table 3.5-3 Elaborate on “Potential California condor 
habitat (acres) subject to oil and gas activity subsequent to 
leasing”. It is unclear what is being defined. This needs an 
explanation is the rest of the area NSO under that 
alternative or is it NL? 

The heading for the table was changed to clarify reference to 
CACO rim habitat not covered under NSO by over- lapping 
resource protections. 

 3.5.3.1 Federally Listed Threatened, Endangered, or 
Proposed Terrestrial Wildlife: All T&E species: General 
Effects or in the Determination Section on page 81 
Should mention the lease notice that was developed in 
coordination with USFWS and that will be attached to 
leases within the FNF in Chapter 3 section 3.5.3.1 for all 
species and discuss how this is mitigation and at the 
project stage additional consultation will be required. 
Format for Determination is different for some of the 
species – some it is lumped, others it is split by 
alternative. 

Added text under heading for section 3.5.2.2 Federally 
Listed Threatened, Endangered, or Proposed Terrestrial 
Wildlife to clarify – “A lease notice was developed for each 
listed species within the FNF in coordination with USFWS 
and will be attached to leases.  The lease notice includes 
minimization and avoidance measures designed to assure 
activities carried out on the lease are in compliance with 
the Endangered Species Act.  Additional consultation with 
USFWS will be required at the project stage.” This is found 
at page 75 of the FEIS. 
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  Determinations for alternatives with similar effects were 
sometimes grouped in the analysis to conserve space. 

 Mexican Spotted Owl: on page 83 Effects Specific to 
Alternative D LN’s are referred to as stipulations – this is 
not true. This needs to be corrected. 

The correction was made in the FEIS. 

 Utah Prairie Dog – Effects Specific to Alternative A It states 
that there are no leases in the FNF but in the RFDS it states 
that there is one lease currently. 

The correction was made in the FEIS. 

 Utah Prairie Dog – Effects Common to Alternatives B &C 
This section states that “….due to lease stipulations 
requiring the lease holder to avoid surface occupancy or 
disturbance….” However there is not a lease stipulation 
provided for the UT prairie dog in the Appendix, it is a 
lease notice which is very different. The last sentence 
does say that a lease notice would apply – this 
information needs to be consistent. 

The correction was made in the FEIS. 

 3.5.3.2 Forest Service Region 4 Sensitive Wildlife Species: 
the Section in general Verify that all species are addressed 
consistent with the Utah Sensitive Species List and are 
included in this document. The BLM sends a lease list to 
the Utah Division of Wildlife Resources for coordination. If 
a sensitive species is not specifically covered or addressed, 
provisions to protect that species adequately is not made, 
leasing will likely be deferred. 

The FNF is responsible for managing all surface resources on 
federally owned land within the boundaries of the forest.  All 
federally listed species, R4 Sensitive species, and MIS species 
that occur, or are likely to occur, on the FNF within the life of 
this document were analyzed in the specialist report. 

 Effects Specific to Alternative B - This section illustrates 
that the lease categories” are misunderstood. There is 
no such thing as timing limitations under SLT&C – it is 
either TL or SLT&C. 

This was corrected in the FEIS. 

 Effects Specific to Alternative C “If all development were to 
occur within pygmy rabbit habitat, up to 2.3% of the 
available habitat on the forest would be directly impacted 
by oil and gas activities predicted in the RFDS.” 
How is this correct if all of the known habitat is NSO? Also 

Under alternative C, NSO would only apply to known 
colonies. The remaining potential habitat would be SLT and 
therefore open to impacts from development. 
Development could be moved 200 meters to avoid any new 
colonies, but this would not be required on potential 
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 in Alt. B you can move the 200 meters and there is no 
effect, so why isn’t that the case here. 

habitat if no PYRA occupancy was detected during surveys. 

 Bighorn Sheep - A TL stipulation for lambing and winter for 
Bighorn in one of the alternatives must be considered. 

Bighorn use of habitat on the FNF is a recent event resulting 
from expansion of populations along the eastern edge of the 
forest. At present, UDWR has not delineated key occupied 
habitat for this species on the FNF and all habitat modeled 
for analysis in this document is considered potential. To 
address this comment a lambing TL and a wintering TL was 
added to Alt C for occupied bighorn sheep habitat in the 
event the proposed Canyon Mountain bighorn transplant or 
other relocations occur prior to leasing.  NSO stipulations for 
wintering and lambing habitat were added to Alt D. 

 Effects Specific to Alternatives A & D The following 
statement is in many of the sections “Similarly, no impacts 
to big game habitat or populations will likely occur from 
the implementation of Alternative D, because no surface 
activity would be allowed on …..” NSO is not applied to 
cover a specific resource in most instances, it happens to 
also protect other resources at the time. If there is an 
EMW applied on that NSO that should also be taken into 
consideration. This applies to other sections/pages too. 

Actually, in all instances NSO is applied to cover specific 
resources. An EMW would be granted only if all impacts 
concerns could be mitigated. 

 Pg. 109 Missing Section Missing a section - Effects 
Specific to Alternative D 

Effects for alternative D are the same for alternative A. 
Therefore effects for alternatives A and D are grouped 
together. 

 Effects Specific to Alternatives B, C, D “Of the three action 
alternatives, Alternative B would subject the most (100%) 
amount of potential cavity nesting bird habitat to oil and 
gas development, and alternative D would subject the least 
amount (4%) of potential habitat to development. 
Alternative C (50%) is between B and D.” It is unclear how 
or why is this the case – are there specific 

The analysis is based upon over-lapping protections, where 
protections for all resources on a given section of ground are 
combined and the most restrictive (NSO) is applied. NSO 
designation for resources such as IRAs, slope and riparian 
areas benefit wildlife by restricting oil and gas activities. The 
area of the FNF under the NSO stipulation, and the amount of 
habitat open to development, increases 
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 stipulations or other resources stipulations that cover this 
habitat? 

from Alternative B (least) to D (most) and potential impacts 
from oil and gas activities would have a similar variation. 
Table captions were updated to clarify this point. 

 Effects Specific to Alternatives B, C & D “Of the three action 
alternatives, Alternative B would subject the most 
potential riparian nesting habitat (14,946 acres or 100%) to 
oil and gas development.” This is not enough information 
to analyze the difference or to tell the reader what the 
difference is between the alternatives. 

The analysis is based upon over-lapping protections, where 
protections for all resources on a given section of ground are 
combined and the most restrictive (NSO) is applied. NSO 
designation for resources such as IRAs, slope and riparian 
areas benefit wildlife by restricting oil and gas activities. The 
area of the FNF under the NSO stipulation, and the amount of 
habitat open to development, increases from Alternative B 
(least) to D (most) and potential impacts from oil and gas 
activities would have a similar variation. Table captions were 
updated to clarify this point. 

 Table 3.5-21 Potential northern flicker habitats subject to 
oil and gas activity subsequent to leasing. The origin of 
these numbers is unclear. Are there other stipulations that 
apply to the area that will prevent development in N. 
Flicker habitat – this should be explained. 

The analysis is based upon over-lapping protections, where 
protections for all resources on a given section of ground are 
combined and the most restrictive (NSO) is applied. NSO 
designation for resources such as IRAs, slope and riparian 
areas benefit wildlife by restricting oil and gas activities. The 
area of the FNF under the NSO stipulation, and the amount of 
habitat open to development, increases from Alternative B 
(least) to D (most) and potential impacts from oil and gas 
activities would have a similar variation. Table captions were 
updated to clarify this point. 

 3.11.2, Effects to Vegetation Some discussions are unclear. 
Where or when is CSU applied? When other provisions to 
protect vegetation are applied, these stipulations need to 
come forward. 

The 1 mile NSO covers the following species; Maguire daisy 
Pinnate spring-parsley, Rabbit Valley gilia, San Rafael 
cactus, Last Chance Townsendia (Table 3.11-2).  The CSU is 
applied for all other plants on the R4 Sensitive plant list for 
the Fishlake NF and for the MIS plant species on the Forest 
(DEIS pg. 153). 

 Alternative C Bicknell milkvetch has 66% of its known 
locations falling within moderate or low potential 
development areas. One third of the locations that are 

There is a 1 mile NSO for T and E plant and some sensitive 
plants (Table 3.11-2). Some of the other Sensitive species 
habitat falls within an NSO for other resource 
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 within the high development potential area are within a 
NSO. It is unclear how the 1 mile of NSO is applied. Is 
there a 1 mile NSO for plants under this Alt? Table 3.11-3 
(Sensitive Species with NSO Protection) states that these 
species are covered by a NSO from other resources. This 
is not reflected in the stipulation table. Alternative C also 
has a CSU stipulation for known sensitive and MIS plant 
habitat. Pad development sites within one mile of known 
occupied habitat are subject to this stipulation, and drill 
pads may be moved up to ½ mile from occupied habitat. 

considerations. Bicknell milkvetch is not one of those 
species. This species is covered under a CSU (DEIS 153) 

 Alternative D The effects to sensitive species that are not 
MIS plants have not been addressed. 

There is a NSO in place for all Sensitive plant species under 
this alternative. This includes all known occupied habitat and 
a 1 mile buffer around that habitat (DEIS pg. 33). The 
Affected Environment section also identifies that there will 
be “no impact” to Sensitive plants under this alternative 
(DEIS pg. S-14). 

 3.12 Air Quality It states “Further discussion of the 
analysis process is discussed in the Air Quality 
Modeling Report contained in Appendix D.” 
However, Appendix D is not provided to the 
reader. 

Appendix D was published and a second comment period 
opened to provide readers the opportunity to comment on it. 

 3.12.3 Impacts Common to All Alternatives It states “As 
discussed in Appendix E, CO2 emissions…” However, 
Appendix E is not provided to the reader. 

Appendix E was published and a second comment period 
opened to provide readers the opportunity to comment on it. 

 3.17 Other Required Disclosures - The statement: “The 
Fish and Wildlife Service concurred with the findings in the 
wildlife and plant Biological Assessments as required by the 
Endangered Species Act” leads the reader to believe that a 
biological opinion has been provided. USFWS advises that 
it is still pending. 

A final BO dated January 19, 2012, was sent to FNF 
supervisor Allen Rowley and is on-file at the FNF SO in 
Richfield, Utah. 

 Appendix A NSO for Riparian Areas and Wetlands – it is 
unclear what distance around riparian areas or wetlands is 
NSO. 

Corrections and additions were made to the description of 
stipulations to clarify where and when each stipulation 
applies, and under what circumstances a WME might be 
granted. 
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 Appendix A NSO within Sage Grouse Leks, Brood-rearing, 
Nesting and Winter Habitat –all of the leks should be 
mapped within brood-rearing, nesting and winter 
habitats; otherwise a buffer to protect the lek should be 
applied. 

The NSO stipulation specifies a 4 mile buffer around leks 
(Appendix A). 

 Appendix A All of the CSU and TL stipulations must include 
pertinent information for the lessee in the stipulation not 
in the purpose statement. For instance “CSU in Goshawk 
Post Fledgling Areas (PFA)” does not tell the lessee or 
reader what the stipulation is, it needs more information 
and should include: Surface occupancy or use is subject to 
the following special operating constraints. Prior to any 
surface disturbing activity in a goshawk PFA, a two-year 
protocol survey would be required and would need to be 
completed between March 1 and September 30. If any 
occupied or active nests are found within the PFA, high 
intensity oil and gas activities such as construction and 
drilling will be restricted in the area of the PFA from 1 
March to 30 
September or until birds have fledged as determined by 
District Wildlife Staff. This concept should be carried 
forward on all stipulations. 

Corrections and additions were made to the description of 
stipulations to clarify where and when each stipulation 
applies, and under what circumstances a WME might be 
granted (Appendix A). 

 Appendix A The TL for Sage Grouse (Structures in Winter 
Habitat) is unclear to the reader and requires 
clarification. 

Corrections and additions were made to the description of 
stipulations to clarify where and when each stipulation 
applies, and under what circumstances a WME might be 
granted. 

 Appendix A TL for Goshawk Nest and Nest Replacement 
Areas – is there a buffer to go with these dates and the 
dates and information need to go up into the stipulation 
like the others. 

Stipulations clarified as to where and when each stipulation 
applies, and under what circumstances a WME might be 
granted. Goshawk core nesting areas were moved under a 
NSO stipulation. 

 Appendix A The CULTURAL RESOURCES and the 
THREATENED OR ENDANGERED SPECIES lease notice 
must be separated and apply individually. 

This is the standard Forest Service Lease Notice, written as is. 
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 Appendix A Lease Notice – Bald Eagle – this lease notice 
was prepared when it was a T&E species and does not 
reflect current protective measures. 

While no longer a listed species, the bald eagle is a Utah 
Species of Concern and receives additional protection 
under the Bald and Golden Eagle Protection Act.  It was 
decided that including the LN for bald eagle would insure 
compliance with this act. 

 Appendix A - Condor “Lessee is responsible to remove big 
game carrion to 100 feet from on lease roadways occurring 
within foraging range as feasible in….” Change to - Lessee is 
responsible to remove big game carrion to 
100 feet from lease roadways occurring within foraging 
range as feasible in. 

This change was made as requested in FEIS. 

 Appendix A According to the information presented in 
Chapter 3, the Lease Notice- Endangered Fish of the 
Upper Colorado River Drainage Basin is not necessary 
because the species are not present within FNF. 

The Lease Notice- Endangered Fish of the Upper Colorado 
River Drainage Basin section has been removed.  Additional 
language has been added to the EIS further clarifying that 
Fishlake N.F. streams drain into the Colorado River within 
Lake Powell below designated critical habitat for Colorado 
River fish. 

 Appendix B – Utah Prairie Dog Habitat - There are two 
maps in Appendix B for Wildlife (Endangered, Threatened 
and Candidate Species Habitat) and appear to be identical. 
The legend state “Utah Prairie Dog (Critical 
Habitat)”. Critical habitat has not been designated for this 
species and this term should not be used. It also creates 
an inconsistency between the maps and the text in 
Chapter 3. 

The map contained in the FEIS does not use the term “critical 
habitat”, and the duplicate map was removed from the 
appendix. 

 Appendix B – Greater Sage Grouse The document is 
inconsistent in the placement of greater sage-grouse. 
Within Table 3.5-1, greater sage-grouse are listed as a 
candidate species and as an Intermountain Regional 
Forester’s Sensitive Species. On the map in Appendix B for 
Wildlife (Endangered, Threatened and Candidate Species 
Habitat), greater sage-grouse are not shown. 
They are shown on the Wildlife (Sensitive Species) map. It 

Greater sage-grouse currently have both Candidate Species 
status with the USFWS and R4 Sensitive species status with 
the Forest Service.  Since sage-grouse have not yet been 
listed, there was no consultation with the USFWS for this 
species and sage-grouse were analyzed as R4 Sensitive in this 
document. However, to acknowledge candidate status sage-
grouse are also listed in sections and tables dealing with 
federally listed species (i.e. Table 3.5-1). When this 
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 would be helpful to have sage-grouse in only one section. 
The Wildlife (Sensitive Species) map would be clearer if 
the legend matched the stipulation language. For 
example, Alternative C has stipulations for “sage grouse 
leks and nesting habitat”, sage grouse brood-rearing 
areas and sage grouse wintering habitat. The map shows 
“Sage Grouse Habitat” and “Sage Grouse Lex”. Also, in 
Table 2.4-2, there is a comparison of road density in sage 
grouse and big game habitat by alternative. However, 
data are only presented for big game habitat. 

occurs the reader is directed to the sections of the document 
(Sensitive Species) dealing with sage-grouse. 

 
Analysis was updated to consistently use UDWR terms of 
“occupied”, “brood” and “winter” habitat. 

 
A road density analysis for greater sage-grouse was added 
to Table 2.4-2. 

 The USFWS supports the large extent of No Surface 
Occupancy (NSO) designation under the agency preferred 
Alternative C, and believes that this designation will help 
provide protections for many fish and wildlife resources 
on the Fishlake National Forest (Forest). They support the 
protection of Inventoried Roadless Areas under the NSO 
designation, as these areas provide important wildlife 
habitat and protect biodiversity. They also support the 
array of special habitats and sensitive species populations 
that are designated NSO under Alternative C. The areas 
protected under stipulations may change through time, 
however. Because plants, wildlife and their habitats are 
dynamic, it is likely that new populations may be 
discovered, existing populations may move, species may 
decline or recover, and important habitat areas may 
change through time. USFWS recommends the final EIS 
identify how areas under protective stipulations will be 
updated as species occurrences and crucial habitats 
change throughout the timeframe of future leasing 
activities. 

Plants and animals are protected with stipulations, lease 
notices, conditions of approval, and additional mitigation 
measures, based on site-specific analysis at the APD stage. 
The stipulations applied as a result of this leasing analysis will 
be amended to the Forest Plan. These cannot change unless a 
new programmatic analysis is completed, and a Forest Plan 
amendment prepared, or the Forest Plan is revised. The 
stipulations are not likely to be changed until the next Forest 
Plan revision, or unless there is a very compelling reason to 
consider a Forest Plan amendment. 

 Migratory Birds USFWS recognizes the efforts and 
commitment of the Forest to protect, restore, and 
conserve habitat of migratory birds. In a letter (dated 

More explanatory text was added to migratory bird section. 
“Protective measures to minimize negative impacts to 
migratory birds during the nesting season are specified in 
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 August 1, 2007) to the USFWS, the Forest describes the 
strategy for addressing its Executive Order 13186 
responsibilities relative to: project planning; impact 
assessment; initiating avoidance and minimization actions; 
proactive migratory bird conservation; and identification of 
conservation and mitigation measures aimed at conserving 
bird habitats and populations. The draft EIS does not 
clearly state measures that will be implemented to protect, 
conserve, and restore migratory bird habitats during oil 
and gas exploration and development. USFWS 
recommends that the final EIS clearly identify management 
practices that will be required in order to avoid take of 
migratory birds during construction activities. In addition, 
USFWS recommends priority migratory bird habitats (e.g., 
riparian) on the Forest be defined and projects that will 
impact these habitats be required to minimize and mitigate 
their impacts. Finally, USFWS recommends that the final 
EIS, to better address the Forest’s migratory bird strategy, 
describe more fully the conservation and mitigation 
measures which would offset impacts associated with oil 
and gas leasing (and the potential connected actions of 
exploration and development). They also recommend that 
the final EIS describe more fully what activities the Forest is 
and will be undertaking to improve migratory bird habitats, 
particularly relative to migratory bird species of concern. 
These efforts are integral to the strategy as outlined in the 
2007 letter and will help identify the measures the Forest is 
taking to comply with E.O. 13186. 

the Migratory Bird Lease Notice (Appendix A) and may be 
applied at the APD and field development levels on a project 
specific basis.” 

 Page 30, Sec. 2.2.3, Alternative C: It is unclear from the 
simple list how the areas were defined and delineated, 
and how they will be inventoried and updated through 

The Public Involvement, Issues and Alternatives Considered 
in Detail sections explain how public input was used and 
alternatives were developed. These discussions are found 
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 time. We recommend the final EIS describe how these 
areas were identified and mapped, where more 
information can be found in the document, and how future 
updates will be incorporated. 

at pages 10 -14, and 25 – 35 of the FEIS.  The areas in 
Alternative C are all mapped as either part of the Forest 
Planning process and are already identified in the FNF 
Forest Plan, or they were mapped by the appropriate 
specialist depending on the resource, or in some cases they 
were mapped by a state agency such as DWR, or other 
federal agency such as USFWS depending on other laws or 
regulation (e.g. Endangered Species Act). The stipulations 
were edited to better explain how, and by whom the areas 
under a stipulation were mapped. 

 Page 38, Table 2.4-2: It is unclear why sage-grouse and big 
game are grouped together for the road density analysis. It 
seems there may be substantial overlap between sage-
grouse and big game habitats. In addition, effects to big 
game are provided, but there are none listed for sage 
grouse. We support this analysis, and recommend the 
inclusion of all habitats that may be impacted by oil and 
gas development. We recommend you either include or 
eliminate sage grouse from the analysis, and consider 
expanding the road density analysis to more species’ 
habitats if necessary. 

Sage grouse were added to analysis. This analysis may be 
applied to more species at the project level where more 
details will be available and the analysis will be more 
relevant. 

 Page 42, Section 2.4: We recommend you include a table 
summarizing the effects of each alternative on the 
federally listed and sensitive plants. 

Table 2.4-2 summarizes effects on listed and sensitive plants. 

 Page 96, Sec. 3.5.3.2, Greater sage-grouse: The proposed 
Timing Limitations (TL) will provide protection to sage- 
grouse habitats from construction disturbance, but 
operations will occur and structures be present during 
brood rearing and wintering habitat periods of use by 
grouse. Facilities such as well pads, compressor stations, 
roads, and transmission lines adversely impact sage- 
grouse habitat; therefore, direct and indirect impacts to 
sage-grouse may be greater than “negligible-to-minor,” 

While the timing limitations in Alternative C will mitigate 
impacts primarily during construction, the analysis and 
determination are driven by the 4 mile NSO buffer around 
active leks. When the lek buffer is added to NSO for other 
resources, more than 80% of occupied sage-grouse habitat 
will be NSO. This means that “Facilities such as well pads, 
compressor stations, roads, and transmission lines” will not 
be allowed on >80% of sage-grouse habitat and therefore no 
adverse impacts from oil and gas would occur on >80% 
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 despite the TL. We also recommend the term “critical 
habitat” be changed to “important” or “crucial” habitat, to 
minimize confusion with formally designated critical 
habitat. There is no existing or proposed critical habitat, as 
indicated in the last paragraph, as the species is not 
federally listed. 

of sage-grouse habitat.  Also, none of these developments 
will occur on sagebrush habitat within 4 miles of an active lek 
where some of the most important sage-grouse habitat is 
found and a large proportion of use occurs. 

 Page 115, Table 3.5-20: Given that Alternative C allows no 
surface occupancy within 300 feet of riparian areas, it is 
unclear how 2,882 acres of potential riparian nesting bird 
habitat could be open for development. Please clarify. If 
this number is correct, then we recommend more stringent 
measures be established to better protect this priority 
habitat. 

This discrepancy resulted from differences between the 
riparian protection coverage (300 foot buffer) and the 
riparian nester potential habitat coverage, which was more 
conservative. This is not uncommon in GIS analysis done on 
a landscape scale and is generally corrected at the project 
level. 

 Page 146, Sec. 3.10.3, Effects to Resident Trout: We 
support the NSO designation which will provide a 300- foot 
riparian buffer under the preferred alternative. While the 
Forest may restrict drill pads within the NSO area, 
contamination of aquatic systems can occur as a result of 
malfunctions or leakages of pipelines, reserve pits, 
evaporation ponds, and other infrastructure. We 
recommend the EIS evaluate the risk of drilling by- 
products or related contaminants reaching streams with 
aquatic biota. To reduce the risk of contaminants or their 
by-products reaching streams with aquatic biota, we 
recommend you implement the management practices 
described in Department of Interior’s Hydraulic 
Considerations for Pipeline Crossings of Stream Channels. 

The scope of this decision is which lands are appropriate for 
leasing.  The Department of Interior’s Hydraulic 
Considerations for Pipeline Crossings of Stream Channel 
publication provides useful information for pipeline stream 
crossing, primarily to ensure aboveground pipelines are high 
enough to escape flood damage, and buried pipelines are 
deep enough to withstand scour from flood events. 
The risk of contaminants reaching streams and the specific 
nature of pipeline crossings will be evaluated and analyzed 
in site specific development NEPA. 

 Page 149, Table 3.11-1 and page 151, Table 3.11-2: 
Maguire daisy (Erigeron maguirei) is no longer a 
federally-listed species. It was de-listed on January 19, 
2011. 

It is correct that this species is no longer federally listed. It is 
a Forest Service Sensitive species known to occur on the 
Fishlake NF.  The same protections apply to this species as to 
the federally listed plants in accordance with the Central 
Utah Navajo Sandstone Endemics Conservation Agreement. 
The FEIS documents this species appropriately. 
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 Page 150, Section 3.11.2, Alternative B: If all but one of the 
known populations of threatened or endangered plants are 
within areas of high to moderate development potential, 
then development under this alternative would be likely to 
adversely affect these species or their habitat. We 
recommend you reconsider your “may affect, but not likely 
to adversely affect” determination (page 151). It is unclear 
how federally listed plant populations found during 
clearance surveys would be addressed in a development 
scenario. In absence of NSO protection for these 
populations, we recommend you work with the USFWS 
Utah Field Office to develop lease notices for these species. 

The Biological Opinion (BO) provided by the FWS determined 
that “the action, as proposed, is not likely to jeopardize the 
continued existence” of the listed plant species (BO Jan 19, 
2012). The FEIS uses the same determination language as the 
BO. 

 Page 151-153, Section 3.11.2, Alternative C and D: 
Alternatives C and D provide protective buffers around 
known populations of listed plants. Please clarify what is 
meant by a “known” location. Without knowledge of the 
full distribution of listed plants in the project area, a “no 
effect” determination is not possible unless "known" 
locations include those discovered during clearance 
surveys. It appears from the DEIS that additional 
locations will receive some additional protections, but 
there is no reference what these protections would be. 
We recommend you extend the NSO stipulations to 
populations found during clearance surveys and avoid 
any populations located within seismic exploration 
corridors. 

The Biological Opinion provided by the FWS determined 
that “the action, as proposed, is not likely to jeopardize the 
continued existence” of the listed plant species (BO Jan 19, 
2012). Any reference e to the “no effect” determination 
will be changed in the FEIS. 

 Page 182, Sec. 3.17, Other Required Disclosures: The 
USFWS has not completed formal consultation with the 
Forest, and a biological opinion is still pending. 

A BO dated January 19, 2012 is on file at the FNF 
Supervisor’s Office in Richfield, Utah. 

 Page 182, Sec. 3.17, Other Required Disclosures: The 
following sentence is awkward and should be rephrased: 
“Oil and gas leasing with BMPs properly implemented, 

This sentence was re-written to be clearer in the FEIS. 
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 including appropriate surveys and mitigations (of the 
locations) prior to disturbance, would prevent take…” It is 
also unclear what BMPs it is referencing. Please clarify. 

 

 Appendix A, Table A-1, No Surface Occupancy 
Stipulations: It is unclear if the NSO designation includes a 
buffer for riparian areas, wetlands, known pygmy rabbit 
colonies, key habitats for boreal toads, or bald eagle winter 
concentration areas. Development immediately on the 
edges of these areas would incur impacts to those habitats. 
We recommend that buffers be included in the NSO 
designations for these areas and that the buffers be 
identified in the final EIS. 

NSO means no surface occupancy in the ENTIRE area 
delineated. There is no need for an additional buffer around 
areas that are already encompassed in a NSO stipulation. The 
size of the buffer is developed based on how much area 
needs to be protected to mitigate impacts to the resource in 
question. 

 Page 182, Sec. 3.17, Other Required Disclosures: The 
USFWS has not completed formal consultation with the 
Forest, and a biological opinion is still pending. 

The Forest Service has completed the required formal 
consultation. The USFWS issued a biological opinion to the 
Forest Service on January 19, 2012. 

 Appendix B, Lease Stipulation Maps: The Vegetation and 
the Wildlife maps identify sensitive species locations with 
simple buffers which do not provide adequate location 
protection for publication in a public document. In the 
future, we strongly recommend that you refrain from 
mapping these locations, map only suitable habitat, or 
provide a large, irregular buffer. In addition, we note the 
following: 
• Boreal toad and raptor nests would more appropriately 
be mapped on the Sensitive Species map. 
• There are only six raptor nests mapped for the entire 
Forest, which is unlikely. 
• No critical habitat is currently designated for Utah 
prairie dog. The mapped areas are likely current occupied 
habitat, which should not be mapped in a public 
document, per our comment above. 
• Greater sage-grouse was designated a candidate for 
federal listing on March 5, 2010, and should be mapped 

Sensitive species locations are mapped and part of the 
documentation for this environmental analysis. The location 
of sensitive species and their habitat is public information, 
not protected, and is available to anyone who wants it. The 
sensitive species map includes species that are designated as 
sensitive by the Regional Forester of Forest Service Region 4. 
Wildlife maps contain known locations of species or habitat, 
and do not include all locations or habitat on the Forest. The 
term “critical habitat” has been changed for Utah prairie dog 
habitat to avoid confusion with designated critical habitat. 
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 on the Threatened, Endangered, and Candidate Species 
Habitat map. 

 

 The scale and lack of detail in the document maps make it 
very difficult to determine the location of potential lease 
areas near the park [Capitol Reef]. 

All maps were redone and are contained in Chapter 2 and 
Appendix B of the FEIS. 

 The Air Resources Division of the National Park Service 
(ARD) has reviewed the Air Quality Sections in chapter 3.12 
of the Fishlake National Forest (FNF) Oil and Gas Leasing 
Draft Environmental Impact Statement (DEIS). Several key 
pieces of air quality information are missing from the DEIS 
materials provided, including the referenced Air Quality 
Modeling Report (Appendix D) and a cumulative effects 
analysis for air quality. As such, ARD cannot provide 
complete comments on the DEIS at this time. Consistent 
with the recently signed Oil and Gas Air Quality MOU, NPS 
requests that the USFS provide this information, along with 
additional time for public review and comment. 

Appendix D addressing Air Quality and Appendix E addressing 
Climate change are and were available on the web and an 
additional comment period of 45 days was permitted. 

 
Cumulative Impacts of implementing the project to air 
resources along with past, present, and reasonably 
foreseeable projects are now discussed in Section 3.12.3 of 
the EIS. 

 The NPS previously reviewed and commented on modeling 
reports prepared in support of the Dixie National Forest Oil 
and Gas Leasing EIS (JBR Environmental Consultants, Inc. 
January, 2010). This report addressed oil and gas leasing 
activity anticipated within the Dixie and Fishlake NFs. 
Based on the text in the FNF Oil and Gas Leasing DEIS, it 
appears the air quality section relies on results from this 
2010 modeling study. The NPS ARD submitted comments 
on this 
modeling analysis to the Dixie NF in a letter dated March, 
18, 2010. It appears that the FNF DEIS has incorporated 
some of these comments into the air quality analysis. For 
instance, page 167 of the DEIS states: “Based on this 
information, all proponents of exploratory projects within 
5 km of a Class I area will be required to provide an 

The air quality section has been revised and improved for the 
FEIS. Also, additional air quality modeling was completed for 
NOx and SOx. 

 
Air quality and greenhouse gas/climate change evaluations 
documented in the EIS reference and incorporate findings 
of JBR Environmental Consultants, Inc. January, 2010. 
Specific details of the models used and results of the 
modeling can be seen in Appendices D and E.  As 
recommended by JBR, and reported in the EIS, the Fishlake 
will use modeling results to “screen” potential projects for 
acceptability with air quality standards. Refer to 3.12.3 
Impacts Common to all alternatives for an example. 
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 additional AQRV analysis prior to project approval.” 
Likewise, page 171 states: “Also, any project [i.e. field 
development] that will meet or exceed the total project 
emissions assumed within this EIS will be compelled to 
complete an additional air quality analysis.” These 
requirements are in line with comments provided by the 
NPS to the Dixie NF based on the Dixie and FNF modeling 
results. However, if the FNF analysis relied on this 2010 
Air Quality Modeling Report, the discussion in the air 
quality sections of the DEIS lacks information regarding 
specific details of the analysis (i.e., air quality models 
used, etc.) and how that analysis is intended to be 
applied (i.e., as a screening tool). Per ARD comments 
sent to the Dixie NF in 2010, the NPS outlined specific 
criteria in which the existing modeling analysis could be 
used to “screen” a project proposal from further 
analysis. Additional explanation regarding the intended 
purpose of the screening analysis, as well as the 
rational for the future Class I AQRV analysis 
requirements should be included in the DEIS. This 
should be clarified to eliminate confusion in 
determining when additional air quality analyses should 
be completed, particularly for circumstances where the 
proposed development is between 5 and 60 km from a 
Class I National Park, and the level of development is 
greater than the “exploratory” scenario but less than 
the “field development” scenario. 

 

 Finally, NPS is pleased to see that the FNF included a 
Controlled Surface Use (CSU) Stipulation for the 
protection of Class I Airsheds. This type of stipulation will 
serve to protect air quality and air quality related values 
(AQRVs) in nearby Class I National Parks. However, per 
ARD comments provided to the Dixie NF in their March 

 The air quality section has been revised and improved for the 
FEIS. 
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 2010 letter, they would like the opportunity to work with 
the USFS to make minor refinements to this language to 
fully address NPS concerns related to air quality. 

 

 The DEIS states, Section 1.9.2, that Cultural Resources are 
"Non-key Issues" and that, further, the EIS will not 
analyze the effects of the undertaking on them. Yet the 
document also states: "Cultural Resources Significant 
damage to cultural sites could occur as a result of oil and 
gas exploration and development. Section 106 of the 
National Historic Preservation Act of 1966, as amended, 
requires federal agencies to take into account any action 
that may adversely affect any site, structure, or object 
that is, or can be included in the National Register of 
Historic Places. These regulations, codified at 36 CFR 800, 
provide a basis for which to determine if a site is eligible 
for inclusion in the National Register of Historic Places. 
Prior to any ground disturbing activity associated with oil 
and gas development, the FNF will identify and evaluate, 
within the active lease areas, those Historic Properties 
that need to have mitigation undertaken. Under SLTs 
included in every lease, oil and gas facilities or activities 
may be moved by up to 200 meters (656 feet) to avoid 
impacts to those Historic Properties that warrant this. As 
a result, impacts to general cultural resources on the FNF 
would be avoided or mitigated at or prior to the 
construction phase." 

Re: the statement “Significant damage to cultural sites could 
occur as a result of oil and gas exploration and 
development.” 

 
This is not a statement of the Forest Service, rather an 
excerpt from a scoping comment letter. Some of the non- 
key issues section was rewritten to clarify why cultural 
resources were not identified as a key issue, and the 
statement above was removed. 

 First, NPS does not agree with the assertion that cultural 
resources are non-key issues with regard to the provisions 
of the National Environmental Policy Act (NEPA). As the 
document states: "Significant damage to cultural sites 
could occur as a result of oil and gas exploration and 
development." The solution is to move facilities up to 200 
meters away from historic properties 

As stated in the previous response - Re: the statement 
“Significant damage to cultural sites could occur as a result 
of oil and gas exploration and development.” 

 
This is not a statement of the Forest Service, rather an 
excerpt from a scoping comment letter. Some of the non- 
key issues section was rewritten to clarify why cultural 
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 to avoid or mitigate "impacts to general cultural resources" 
whatever those might be. The Old Spanish National Historic 
Trail is not a "general cultural resource." It is centrally key 
to NPS’s mission and represents a Congressionally-
designated cultural resource of national significance. NPS 
does not believe that the DEIS adequately address direct, 
indirect, or cumulative adverse effects to trail segments 
and associated cultural resources, since it does not 
mention the trail. It does not address direct and cumulative 
adverse effects to trail settings and viewsheds. These are 
not mitigable by moving an oil and gas development a 
mere 200 meters, and, indeed, may not be mitigable at all. 
No monitoring provisions to ensure there are no adverse 
effects to trail resources are presented. NPS suggests that a 
non- development zone of five miles on either side of the 
Congressionally-designated Old Spanish National Historic 
Trail be established to protect trail segments, associated 
sites, and its viewshed. On page S-2, National Recreation 
Trails are excluded from surface occupancy, there is no 
mention of National Historic Trails, or other previously 
identified priority heritage assets in the INFRA database. 

resources were not identified as a key issue, and the 
statement above was removed. 

 
The discussion of heritage resources, and why this is not a 
key issue has been expanded in the FEIS. This expanded 
section includes discussion of the OST. A complete 
discussion and analysis of heritage resources is included in 
the specialist report, contained in the project record. This 
report outlines the regulatory framework that we are 
required to operate under when dealing with heritage 
resources. 

 Finally, NPS believes that the FEIS should analyze the 
serious direct, indirect, and cumulative adverse effects of 
oil and gas development to all cultural resources in the 
FEIS. The analysis of these effects should go into 
determining whether any action alternatives proposed 
under this DEIS should be approved. NEPA applies to all 
resources that may be adversely affected by a federal 
undertaking. They do not believe that the EIS adequately 
addresses the NEPA requirement to "take into account" 
these effects on cultural resources. NPS respectfully 
requests that the FNF prepare a supplemental DEIS with 

The discussion of heritage resources, and why this is not a 
key issue has been expanded in the FEIS. This expanded 
section includes discussion of the OST. A complete discussion 
and analysis of heritage resources is included in the specialist 
report, contained in the project record. This report outlines 
the regulatory framework that we are required to operate 
under when dealing with heritage resources. As part of the 
Forest Service’s response to comments on the DEIS, a NSO 
buffer was established around the Old Spanish Trail to 
address concerns expressed by commenters. 
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 a complete analysis of the effects of this undertaking on 
natural and cultural resources, including the Old Spanish 
National Historic Trail. NPS would be happy to review the 
supplemental DEIS when it is done. 

 

 NPS is encouraged by the extent of a No Surface 
Occupancy designation for a majority of Fishlake National 
Forest land near and adjacent to the park under the 
agency preferred Alternative C. They believe that this can 
be effective in protecting many park resources. However, 
they are concerned about less restrictive designations at 
four locations along the park’s [Capitol Reef] western 
boundary in the Fremont River Ranger District. The areas 
are remote and, for three of the areas, are roadless areas. 
They believe that surface occupancy of these lands could 
adversely affect park resources. From north to south, 
these areas are: 1) Near Jones Bench and Upper Cathedral 
Valley, designated Controlled Surface Use and Time 
Limitation. Park lands in this area are remote and include 
lands designated as proposed wilderness (Wilderness 
Recommendation, Capitol Reef National 
Park, 1974), and the park manages these lands as 
wilderness. There are no park roads in the vicinity, and 
there are no roads or trails on forest lands in the vicinity 
that are open to motorized travel. 2) Near Paradise Flats 
and Deep Creek, designated Controlled Surface Use and 
Time Limitation. Park lands in this area lie within a 
Primitive Zone. Park lands in this zone represent “the 
highest order of wilderness qualities, where isolated 
landscapes remain in an essentially wild and 
undeveloped condition. Terrain is rough, trails are few, 
and opportunities for solitude are abundant.” (Capitol 
Reef National Park General Management Plan and 
Environmental Impact Statement, Record of Decision 

In subsequent NEPA analysis, the Forest Service will look at 
specific places/effects when we know how and where there 
is a proposed well. Per earlier input from the Park and 
associated electronic view-shed analysis, restrictive 
stipulations have already been reasonably applied.  Adding 
even more NSO at this time would be excessive at this point. 
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 signed 2001). In addition, these lands are proposed as 
wilderness. No motorized or mechanized means of 
transportation are permitted on Park lands in this area. 
There are no roads or trails on forest lands in the vicinity 
that are open to motorized travel. 3) Near Buck Point and 
the South Draw Road, designated Lease Notice and Time 
Limitation. Park lands in this area are in a Primitive Zone 
and include lands designated as proposed as wilderness. 
The South Draw Road is a primitive 4X4 road typically 
traveled by visitors seeking a primitive, backcountry 
experience. The portion of the road on Forest land near the 
park is similarly primitive. 4) Near the Coleman Canyons 
and Dry Bench, designated Lease Notice and Time 
Limitation. Park lands in this area are in the 
Primitive Zone and include lands designated as proposed 
wilderness. There are no park roads in the vicinity, and 
there are no roads or trails on forest lands in the vicinity 
that are open to motorized travel. Further, motorized 
access to the area would require traversing lands 
managed by the Grand Staircase-Escalante National 
Monument, which has designated the route and lands in 
the area as closed to motorized travel. 

 

 The park coordinated with both the Fishlake National 
Forest and the Dixie National Forest (the latter previously 
managed some of the lands under consideration for 
development in this DEIS) during the development of 
their motorized travel plans. The final travel plans 
eliminated or modified motorized travel near the park in 
the areas listed above in order to assist the park in 
protecting park resources. That these areas are now 
proposed as open to surface occupancy and associated 
motorized travel adjacent to and near the park appears to 
be contrary to previous planning decisions. 

The Forest Service is required to, and will ensure compliance 
with the motorized travel plan when conducting future NEPA 
analysis on submitted surface use plans of operation on any 
future leases. 
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 All four of the areas above are adjacent to and visible from 
the park. Much of the viewshed in these lease areas show 
little evidence of human activity. Views to the outside of 
the park are integral to the views within the park, and 
together provide a pastoral panorama.  Facilities 
constructed on these lease areas visible from the park 
would adversely impact visual resources. Capitol Reef 
National Park was designated Class I under the 1977 
amendments to the Clean Air Act. Exploration and 
operation of oil and gas wells could affect the park’s air 
quality, and potential lessees should be notified during the 
leasing process that appropriate mitigation requirements 
will be incorporated into operations to minimize adverse 
impacts. 

Impacts to visual resources was analyzed and documented in 
the EIS. Impacts to air quality was also analyzed and 
documented and appropriate lease stipulations will be 
attached to any lease that would impact these resources. 
Site-specific analysis of potential impacts to these resources 
will be conducted if and when a SUPO is submitted to the 
Forest Service on any future leases. 

 The lease lands in the Buck Point area could potentially be 
accessed via the South Draw Road, which passes through 
the park. The park’s 2001 General Management Plan does 
not contemplate development of this road to a standard 
necessary for the commercial use associated with the 
potential lease of these lands. NPS recommends that it be 
stipulated that access to lease parcels will not be 
permissible via the portion of the South Draw Road which 
passes through the park. More broadly, for all parcels near 
the park boundary, leases that would create additional 
road access to the boundaries of the park can create 
avenues of inappropriate and unauthorized use by the 
public (e.g., off-road vehicle travel, poaching, wood 
gathering, etc.). It is important that access to the parcels 
not pass over park lands, and that any roads into the lease 
areas terminate prior to reaching the park boundary. 
Increased traffic loads near back-country recreational areas 
and on surrounding scenic byways could degrade the 
scenic value of the park and negatively 

The Forest Service is required to, and will ensure compliance 
with the FNF motorized travel plan when conducting future 
NEPA analysis on approving submitted surface use plans of 
operation on any future leases. Mitigation measures and/or 
conditions of approval deemed necessary and appropriate 
can be developed and attached to approval of any future 
surface use plans of operation to protect surface resources as 
necessary. 
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 affect visitor experience. This issue should be considered 
prior to entering lease agreements. 

 

 The ability to have a clear view of the night sky in the 
absence of artificial lighting is a valuable resource that is 
often overlooked. Capitol Reef National Park is fortunate to 
be located in some of the best areas in North America for 
night sky viewing. In order to preserve this, and the feeling 
of isolation provided by a nighttime view with large areas 
lacking in artificial light sources, NPS requests that a 
stipulation of no night lighting is incorporated in the lease 
terms and conditions within areas near the park. If lighting 
on some facilities is necessary for safety or by regulation, it 
should be shielded from view off site. 
Extensive night operations and gas flaring would seriously 
change the existing lightscape, and are unlikely to be 
effectively mitigated. The peaceful settings of the park 
provide the opportunity to experience natural quiet, 
which conveys a mood of solitude and enhances visitor 
experience. As development occurs near the park’s 
boundary, there is an increased likelihood for natural 
soundscapes to be threatened. Excessive noise from oil 
and gas related traffic, drill rigs, and compressor stations 
could create an unacceptable impact on this important 
park resource. 

This is true; however a restrictive stipulation concerning this 
is perhaps best dealt with in the permitting process. 
Not lighting towers has obvious safety issues that by law we 
may have no control over. Effects during exploration would 
be temporary-- if even of any measurable impact to the 
park. 

 
Again, in subsequent NEPA analysis… the Forest Service will 
look at specific places/effects when we know how and 
where there is a proposed well. Per earlier input, restrictive 
stipulations have already been reasonably applied.  Adding 
even more NSO at this time would be excessive at this 
point. 

 Mule deer, big horn sheep, Mexican spotted owls, and 
peregrine and prairie falcons are among the wildlife 
species potentially using the lease area. Although activities 
in the lease area may not have significant impacts on park 
wildlife, potential impacts could affect park wildlife 
management. 

The Forest Service is required to analyze the impacts to 
wildlife within the analysis boundary of the proposed action. 
The Forest Service is not required, nor would it be 
appropriate, to analyze the impacts to NPS management 
policies or activities. 

 Non-native vegetation should not be used in reclamation 

of disturbed lands. Only appropriate native species, as 
determined prior to development by the Forest Service in 

Reclamation and revegetation guidelines will be established 
on a site specific basis in accordance with the Forest Service 
Native plants policy FSM 2070.3. 
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 cooperation with the park, should be used in reclamation 
activities near the park. NPS recommends that areas 
proposed for leasing near the park include a rehabilitation 
stipulation. Standards and guidelines should be developed 
and required for revegetation and exotic weed control on 
leased areas adjacent to the park. The land in and around 
the park is relatively free of exotic weed species compared 
to many other areas throughout the state and country. Any 
ground disturbing activities leads to the increased 
probability of exotic weed invasions. While exotic weed 
invasion is more prevalent at lower elevations, it cannot be 
assumed that this will remain the case following post-
leasing activities due to the type and extent of land 
disturbance involved. 

 

 Operations on leases which may drain into park 
watersheds should use appropriate containment systems 
to prevent runoff, e.g., containerized mud systems for 
drilling, berms, etc. Down-hole disposal of chemicals 
should be prohibited, and operators should submit 
emergency response plans that explicitly address 
accidental oil or chemical spills. The potential for 
watershed contamination and subsequent wildlife habitat 
degradation from spills and drilling muds is also a concern 
along the western boundary of the park. 

These issues will be addressed when conducting future 
NEPA analysis on submitted surface use plans of operation 
at APD phase when we know where disturbance will be. 
The Forest Service and BLM are required to, and will be in 
compliance with Federal and State regulations, as well as 
other direction such as contained in the Gold Book. 

 The potential lease areas lie within close proximity of park 
proposed wilderness. Oil and gas leasing and development 
have the potential to impact wilderness values and impact 
the experience of park visitors. The recommendations 
presented above under soundscape, night sky and 
viewshed would minimize impacts to wilderness values. 
Surface occupancy should not be permitted on lands 
adjacent to the park. 

Impacts to these resources from oil and gas exploration and 
development will be analyzed and appropriately mitigated 
during the next stage of NEPA analysis, approval of a SUPO. 

 Although the park is unaware of any archeological or Impacts to these resources from oil and gas exploration and 
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 historic sites on park lands adjacent to those parcels that 
are adjacent to the park, the potential exists for such sites 
to exist. Further, motorized travel associated with surface 
occupancy in areas adjacent to the park could increase 
access to what are now remote park areas, potentially 
impacting cultural resources. Consultation with the park’s 
cultural resource staff should occur to assure that impacts 
to cultural resources within the park near these areas will 
not occur. Although much of the Fishlake National Forest 
land near to and adjacent to Capitol Reef National Park 
that is under consideration for oil and gas development is 
designated as No Surface Occupancy, some of these lands 
are designated for some form of surface occupancy. 
Because surface occupancy of these lands could adversely 
impact park resources, NPS recommends that forest lands 
in the four areas identified above be designated as No 
Surface Occupancy. As the Forest Service considers oil and 
gas leases near Capitol Reef National Park, NPS hopes that 
the concerns identified above will be examined, and the 
park looks forward to working with the Forest Service in 
addressing these concerns on a lease-specific basis should 
the Forest Service consider issuing permits for exploration 
or development on any Forest lands that may affect park 
resources. NPS appreciates the opportunity to review this 
document and thanks the FNF for considering their 
comments. 

development will be analyzed and appropriately mitigated 
during the next stage of NEPA analysis, approval of a SUPO. 
The Forest Service will continue to involve NPS in future 
projects concerning the NPS. 

 The document identifies numerous sensitive and 
endangered species (Mexican Spotted Owl, Bald Eagle, 
Peregrine Falcon, Flammulated Owls, Northern Goshawks, 
Greater Sage Grouse, etc.) that exist in the project area. 
Given the long-term time frame of these activities, the 
locations of sensitive and endangered 

Surveys (generally 2 years) are required at the project level 
and will be conducted prior to any ground-disturbing action. 
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 species nesting sites, and other habitat, could change over 
the project period. We suggest that the Final EIS include 
plans for a periodic monitoring program for sensitive and 
endangered species, and that the maps of the land 
available for leasing (see fig 2.2-3) be updated when 
species habitat usage changes. 

 

 Pg. 103: The document describes the habitat usage of the 
boreal toad to include beaver ponds. The location of 
beaver ponds can change over time, and may change in 
response to oil and gas development. We suggest that the 
Final EIS include a discussion of potential impacts to the 
beavers, beaver habitat, and to the associated impact to 
the boreal toad. 

Beaver are classified as a furbearer and populations are 
managed by UDWR. A stipulation preventing surface 
occupancy within 300 feet of a wetland or riparian area 
should provide a large degree of protection for beaver 
habitat and thus boreal toad habitat on FNF. 

 The document does not address the issues of streams and 
the major drainage basins that might be impacted by the 
proposed activities. There is no discussion of the number of 
potential stream crossings that may be required (based on 
the estimate of 52 miles of new road construction) or how 
those road crossings will be constructed to prevent 
alterations in sediment load or erosion of the stream 
banks. There is no discussion of the major groundwater 
bearing formations within the assessment area or their 
stratigraphic relation to the petroleum bearing formations. 
The hydrologic assessment presented is insufficient to 
support the page 141 conclusion of "minimal effects" on 
surface and groundwater. We suggest that the Final EIS 
include a discussion of the area surface-water resources, 
and possible impacts, and a discussion of the area 
hydrogeology and groundwater resources; specifically the 
potential for contamination of fresh-water resources. 

We don’t know if or where stream crossings would be 
constructed until a surface use plan of operation is submitted 
for approval. That is covered in a new site- specific analysis. 

 Pg. 136 & 137: The document contains a discussion of 
buffer zones to protect surface water from the effects of 

See the National Best Management Practices for Water 
Quality Management on National Forest Service Lands. 
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 pad construction; however, there is no discussion of the 
potential impacts of road construction and stream 
crossings. We suggest the Final EIS include a discussion of 
road construction and mitigation practices, with particular 
emphasis on stream crossings and mitigation methods. 

Volume 1: National Core BMP Technical Guide-FS-9990a- 
April 2012. 
http://www.fs.fed.us/biology/resources/pubs/watershed/F 
S_National_Core_BMPs_April2012.pdf.  See Road BMPs 
Sections: Road-1 Travel Management Planning and 
Analysis, Road-2 Road Location and Design, Road-3 Road 
Construction and Reconstruction, Road-4 Road Operations 
and Maintenance, Road-5 Temporary Roads, Road-7 Stream 
Crossings, Road-9 Parking and Staging Areas, Road-10 
Equipment Refueling and Servicing, Road-11 Road Storm- 
Damage Surveys would be a starting point for specific 
stream crossing construction and analysis and planning. 
This document discusses specific practices and mitigations 
for road and stream crossing construction that could be 
used when and if actual construction activities were to 
occur. The buffers would be for road construction too.  
The exception to the buffer is when a stream crossing(s) is 
absolutely necessary. 

 
See also the Hydraulic Considerations for pipelines Crossing 
stream Channels. Technical Note 423. USDI-BLM, April 
2007. Pipelines that cross channels should be constructed 
to withstand floods of extreme magnitude, and either is 
high over or buried low enough to not be affected by 
floods if at all possible. 

 Pg. 138: Paragraph 2 states that without detailed 
information, the sediment load impacts could be 
“negligible to major”, however, paragraph 3 states that 
these same impacts will be negligible, and paragraph 4 
states that these impacts will be negligible to minor. The 
absence of supporting information makes it impossible to 
narrow the impacts. We suggest the Final EIS maintain 
the language of “negligible to major” when referring to 

The hydrologist does imply that with proper mitigation or 
BMPs that effects would likely be minimized and thus the 
difference between the two statements.  The hydrologist 
also suggests that most O&G activities will be on slopes less 
than twenty percent, and that at a watershed scale that 
some effects would be dissipated in a watershed, and that 
because of these factors that effects would likely decrease 
down to minor because of these reasons.  The hydrologist 
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 sediment load impact. tried to show that at a local site scale then impacts could be 
from barely noticeable up to major, but that a watershed 
scale then effects would not likely be as impactful to the 
water and watershed values as much.  Hence the difference 
in descriptions. Both are correct depending on the 
associated analysis and the basis for the descriptions and if 
normal operations occur or if something like an accidental 
spill were to occur for example. The EIS should be better 
distinguishing better between the differences.   Please see 
the hydrologist report. 

 Pg. 140: Paragraph 1 states "The potential for connected 
actions related to oil and gas leasing to affect surface 
water flow and ground water availability was described 
above. That potential was determined to be negligible for 
both surface water and groundwater, and would be 
virtually the same for all action alternatives." However, the 
document does not provide specific surface water or 
groundwater information and therefore it is not possible to 
confirm the determination of negligible effects. We suggest 
the Final EIS provide the rational and analysis used for the 
determination of negligible. 

The current analysis is done at the Forest Scale. It would be 
impossible to address specific impacts on literally every 
stream on the Forest. Thus effects must be described 
generally.  If this analysis was completed for a specific action 
in a specific location then impacts could better be described 
for both time and space. That site-specific analysis is required 
for permitting. The determination is that in general having 
just the RFDS to work with and a general description of the 
activities that are most likely to occur, the impacts are 
described as what might be the impacts for a stream, lake, 
pond, etc. Given the NSO buffers to perennial streams, lakes, 
or ponds, volatile soils, slopes over 35%, the use of BMPs and 
Standard Lease Terms and Conditions in areas with no other 
limitations or exclusions then given the protections in place 
then there would not likely be impacts to ground or surface 
water sources and hence the determination of negligible to 
minor. 

 Pg. 140: Paragraph 2 states that "Contamination from a 
producing well is unlikely as they are steel-cased to the 
hydrocarbon (oil production) zone. The same situation 
exists for an injection well. DOGM requirements for steel 
casing on both types of well are required by State law." 

The Forest Service does not have any specific APD proposals 
at this time. The analysis requested would be applied at the 
APD stage.  See 550-IM No. UT 2010-055 - Protection of 
Ground Water Associated with Oil and Gas Leasing, 
Exploration and Development - Utah 
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 However, the document does not provide information on 
the drilling and grouting methods that will be used to 
prevent cross contamination of the water bearing units. 
We suggest the Final EIS include a discussion of the drilling 
and grouting methods and methodologies to insure that 
cross contamination does not occur. 

BLM.doc (July 20, 2010) and the associated attachments. 
http://www.blm.gov/ut/st/en/prog/energy/oil_and_gas/gr 
ound_water_protection.html 

 
The document above describes the necessary review and 
analysis of APD and the process to protect groundwater 
and gives additional sources that show additional input 
with the State of Utah. It should be noted that site specific 
analysis will need to occur later, but that the process is in 
place to protect ground water resources. The document 
described above with the associated attachments describes 
the protection regulation and guidance, analysis and 
documentation process, geologic and hydrologic APD 
review, and the APD evaluation, as well as notifications 
regarding drinking water protection and sole source 
aquifers needed at the site specific level rather than at the 
forest wide or programmatic scale that the leasing FEIS 
addresses. 

 Pg. 140: Paragraph 3 states "It is not in the well producer’s 
interest to lose fracturing chemicals and water into 
freshwater aquifers, with hydrocarbon zones well below 
freshwater aquifers. Therefore the opportunity to inject 
these chemicals is minimized to an extremely low 
possibility by BMP’s and economics." We agree that the 
loss of chemicals into freshwater aquifers is not in the 
producer’s interest; however, the scientific literature is full 
of unintended environmental consequences. We suggest 
the Final EIS include a discussion of the procedures and 
methods used to prevent groundwater contamination. This 
relates to the 
earlier comment about the lack of hydrologic information 
on the water bearing formations, confining units, and the 
stratigraphic separation between freshwater bearing 

The Forest Service does not have any specific APD proposals 
at this time. The analysis requested would be applied at the 
APD stage.  See 550-IM No. UT 2010-055 - Protection of 
Ground Water Associated with Oil and Gas Leasing, 
Exploration and Development - Utah BLM.doc (July 20, 
2010) and the associated attachments. 
http://www.blm.gov/ut/st/en/prog/energy/oil_and_gas/gr 
ound_water_protection.html 

 
This document describes the necessary review and analysis 
of APD and the process to protect groundwater and gives 
additional sources that show additional input with the State 
of Utah. It should be noted that site specific analysis will 
need to occur later, but that the process is in place to 
protect ground water resources.  The document described 
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 formations and hydrocarbon resources. Information on 
the area geohydrology would allow reviewers to assess 
the likelihood that current BMPs are suitable to protect 
groundwater resources. 

above with the associated attachments describes the 
protection regulation and guidance, analysis and 
documentation process, geologic and hydrologic APD 
review, and the APD evaluation, as well as notifications 
regarding drinking water protection and sole source 
aquifers (none on or in the vicinity of the Forest) needed at 
the site specific level rather than at the forest wide or 
programmatic scale that the FEIS document addresses.  The 
APD process is in place to address cross contamination 
prevention. 

3 - State of Utah – 
Division of Drinking 
Water and Division 
of Wildlife Resources 
commented 

The Division of Drinking Water would encourage the USFS 
to avoid permitting leases or drilling in Drinking Water 
Source Protection zones. 

See 550-IM No. UT 2010-055 - Protection of Ground Water 
Associated with Oil and Gas Leasing, Exploration and 
Development - Utah BLM.doc (July 20, 2010) and the 
associated attachments. 
http://www.blm.gov/ut/st/en/prog/energy/oil_and_gas/gr 
ound_water_protection.html 
This document describes the necessary review and analysis 
of APD and the process to protect groundwater and gives 
additional sources that show additional input with the State 
of Utah. It should be noted that site specific analysis will 
need to occur later, but that the process is in place to 
protect ground water resources.  The document described 
above with the associated attachments describes the 
protection regulation and guidance, analysis and 
documentation process, geologic and hydrologic APD 
review, and the APD evaluation, as well as notifications 
regarding drinking water protection and sole source aquifers 
needed at the site specific level rather than at the forest 
wide or programmatic scale that the FEIS document 
addresses. 

 The Timing Limitation for big game wintering areas should 
be from December 1 – April 15 in crucial winter range. The 
Timing Limitation for greater sage grouse 

The TL for big game wintering areas was changed in the 
FEIS to December 1 – April 15 to maintain consistency with 
recommendations made by UDWR. 
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 brood-rearing habitat should be May 1 – August 15. The TL for sage-grouse brood-rearing habitat was changed 
from May 1 – July 15 to May 1 – August 15 to maintain 
consistency with recommendations made by UDWR. 

 As road density is planned to increase from this proposed 
project, fragmentation should be appropriately 
addressed in Alternative C. 

A general discussion on the effects of fragmentation is 
included in section 3.5.2 (General Effects to Wildlife). More 
detailed analysis will be made on a project basis when details 
of the location, pattern and extent of development become 
available. 

 UDWR recommends the inclusion of Utah species of 

concern. 

Comment addressed in response to USFWS (above). 

 UDWR recommends using U.S. Fish and Wildlife Service’s 
Guidelines for Raptor Protection. 

Prior to any surface disturbing action a survey for nesting 
raptors is required.  If active nests are found, procedures 
outlined in UTAH FIELD OFFICE GUIDELINES FOR RAPTOR 
PROTECTION FROM HUMAN AND LAND USE DISTURBANCES 
(USFWS 1999) will be followed. 

 DEIS states that pygmy rabbits have not been observed 
within the Fillmore and Richfield Ranger Districts, however, 
on page 98 it states that there is a colony on the Richfield 
ranger District. As UDWR has no records of pygmy rabbits 
on either the Fillmore or Richfield Ranger Districts, we 
recommend verification of the colony observation. 

The FEIS includes pygmy rabbit in the Richfield district. 
Pygmy rabbit distribution is based on data summarized in 
Rodriguez (2005) as well as personal communication with 
district biologists. 

 Southern leatherside is a conservation agreement species 
and the USFS is a signatory to the agreement. Potential 
impacts to the southern leatherside should be included in 
the DEIS. Impacts to southern leatherside from oil and 
gas activity are likely to occur from increased 
sedimentation, erosion, toxic inputs, loss of habitat, the 
spread of aquatic invasive species, and dewatering. 
Timing restrictions for southern leatherside spawning 
may be appropriate for April 1 – June 30. Also, 
Bonneville and Colorado River cutthroat trout have 
conservation 

Southern leatherside information has been added to the 
EIS, including noting that a Conservation Agreement has 
been completed, which the Forest Service is a signatory to. 
Southern leatherside is also a R4 Forest Service sensitive 
species and additional information is located in the Wildlife 
and Fisheries specialist report for the EIS. They have a 
relatively limited distribution on the Fishlake N.F. 
Language has been added to the EIS noting that Bonneville 
and Colorado River cutthroat trout have Conservation 
Agreements which include the Forest Service as a signatory. 
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 agreements which include the US Forest Service as a 
signatory. These conservation agreements should be noted 
in the DEIS. 

 

 Ingestion of trash by California condors often caused death 
from impaction of the crop. The DEIS states that increases 
to mortality would be negligible to the California condor. 
As there are approximately 70 individuals of this species in 
Utah, any increases in mortality could impact the 
population. 

This was deleted from the wildlife specialist report and the 
FEIS. 

 Protection measures for Utah prairie dog should extend to 
future planned habitats for translocation or reintroduction. 
Please contact UDWR for a list and map of these areas. 

Adam Kavalunas (UDWR) was contacted and a request was 

made for a list and map of these areas. 

 DEIS states that bald eagles are not as vulnerable during 
non-breeding times. Bald eagles are typically a winter 
resident in the Fishlake nation Forest and important winter 
roost sites should be identified and avoided if possible. 

Bald eagle winter concentration areas on the FNF are 
referenced in section 3.5.3.2.  BE winter concentration areas 
would be NSO under Alt C (section 2.2.3) and Alt D (2.2.4).  
Under alternative B moderate, long-term impacts could occur 
to BEWCA’s. Text was added to bald eagle analysis to clarify 
effects of proposed actions on winter concentration areas for 
all action alternatives. 

 The DEIS provides only a brief analysis of bats. Most of the 
focus is on disturbance to roosting habitat. A significant 
impact may be the creation of unsafe foraging areas and 
open ponds associated with oil and gas activities. There are 
several protection measures that have proven effective for 
bats. These include using closed containment systems, 
keeping oil off open water, and using wildlife deterrents 
such as netting over ponds. In addition, night lighting 
should be used in human activity areas only, lights should 
be downward-directed, and guy wires should be eliminated 
where possible. 

Specific mitigation measures will be addressed at the project 
level, in future site-specific NEPA. 

 The DEIS states little information exists for sage grouse on 
the FNF. UDWR has several years of lek count data 

The most recent data collected from leks on or adjacent to 
the FNF was obtained from UDWR and included in the 
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 and the Parker Mountain Adaptive Resource 
Management Local Working Group, Brigham Young 
University, and Utah State University have gathered an 
incredible amount of grouse information that could be 
used to determine population trends in the region. 
UDWR recommends including these data and subsequent 
trend analysis in this section for appropriate impact 
analysis. In addition, the DEIS reports 163,512 acres of 
sage grouse habitat on the FNF and references UDWR 
208 data. UDWR records actually indicate over 180,000 
acres of sage grouse habitat including over 170,000 acres 
of brood-rearing habitat on the FNF. 

Wildlife Specialist Report. Acreage used in the analysis was 
calculated by taking the UDWR coverage and removing non-
sagebrush cover types not used by sage-grouse (i.e. mixed 
conifer) located inside the UDWR habitat polygon. This 
resulted in a total that was less than the original UDWR 
estimate. 

 
While the resulting data is arguably more accurate, to 
address this comment and limit confusion UDWR data 
(which includes non-sagebrush habitat) was used for the 
analysis included in the FEIS. 

 It should be noted UDWR is actively managing the 
Thousand Lake Mountain region in the Fremont River 
Ranger District for an objective of zero bighorn sheep. 

UDWR is responsible for managing BHS populations and the 
FNF fully supports UDWR in fulfilling this charge.  Bighorn 
sheep have been documented using habitat on the eastern 
border of FNF near the boundary with Capitol Reef National 
Park. Since UDWR has very little control over wildlife 
population on national parks, it is assumed that this use will 
continue. Because BHS have R4 sensitive status and have a 
long term (>10 years) and well documented history in this 
area an analysis was required.   The BHS analysis included 
in the specialist report and DEIS briefly mention current 
UDWR policy regarding the Thousand Lake Mountain 
region to provide context, but population management 
or political considerations are outside the scope of this 
document.  Noise and disturbance from construction activity can also 

decrease breeding potential in sagebrush nesters by 
making it more difficult for males to establish territories 
and attract mates. Studies have shown that increase well 
density results in significant decreases in numbers of 
sagebrush obligate sparrows (Gilbert and Chalfoun, 2011, 
Journal of Wildlife management. 75:816-824). This study 
should be noted in this section. 

The study by Gilbert and Chalfoun was considered while 
analyzing effects to sage-brush nesters, but was not 
included in the leasing DEIS because the anticipated well 
density across all sage-nester habitat on the FNF (0.03 

wells/km2) was far below the levels used in the study (up to 
30 wells/km2).  However, the results of this study should be 

considered at the project level to assess the impacts of well 
density on a more localized area. 
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 The following statement is not necessarily true at a 
localized level: “There would be some loss of foraging 
habitat due to direct loss and disturbance, but there would 
be no effect on migratory bird populations because this 
type of habitat is abundant and birds are mobile and 
readily use alternate foraging sites.” There could be 
localized congregations of migratory birds in specific 
habitats that are not abundant (e.g. riparian areas, wet 
meadows, aspen). Migratory bird foraging habitat is not 
always abundant, especially in Utah. 

Because the actual location and extent of potential future 
development is unknown the leasing DEIS addresses forest- 
wide impacts. Based upon the projected level of 
development habitat loss would be minor at this scale. 
Localized impacts will be addressed at the project level. Also, 
under alternatives A, C and D O&G development in most 
specific habitats (riparian areas, wet meadows) would not 
occur. Under even the least protective alternative (B), direct 
habitat loss in aspen types could be about 1% of this type 
forest-wide, if all anticipated O&G activities (1,421 acres) 
were to occur in aspen or mixed conifer-aspen habitat. 

 In the Cumulative Effects section, it should be disclosed 
that overall trends for sagebrush nesting MIS are 
decreasing. Data from the USFS monitoring of sagebrush 
MIS should be presented in the DEIS. 

Based on BBS survey data (http://www.mbr- 
pwrc.usgs.gov/bbs/bbs2010.html), over the past 10 years 
two of the three MIS species show positive trends in Utah 
(Brewers, 6.1 and Sage Thrasher, 1.3) with the other 
species having a slightly negative or stable trend (Vespers 
sparrow -0.5). This information was added to the FEIS. 

 The overall trends for MIS species should be included for 
all species. 

Trend data using in analysis can be accessed at 
http://www.mbrwrc.usgs.gov/bbs/bbs2010.html 

 UDWR requests that off-site mitigation, in the form of 
habitat restoration, be considered for projects that have 
direct impacts to important wildlife habitats. This 
mitigation could take the form of direct habitat 
enhancement. The Utah Partners for Conservation 
Development have identified high-priority areas in need of 
restoration in key habitats across the state, including FNF. 

Additional mitigation, including off-site habitat restoration, 
may be considered at the project level to off-set deer and elk 
habitat lost to actions associated with oil and gas 
development. This type of mitigation is not appropriate to 
consider at this programmatic level of analysis when we 
don’t know when or where ground-disturbing activities might 
take place. 

4 - Andrew Taft Expressed concern with interactions between bighorn 
sheep and domestic sheep flocks. Expressed opinion that 
identified bighorn sheep habitat is not suitable because 
UDWR is removing bighorn sheep from the Fremont 
Ranger District. 

The purpose of this document is to analyze the potential 
effects of oil and gas development on wildlife species using 
the FNF.  As an R4 sensitive species, bighorn sheep and 
bighorn sheep habitat must be included. UDWR management 
of BHS and management of livestock grazing 
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  are outside the scope of this analysis. All habitat used in 
species analysis are based on the best scientific information 
(models) available supplemented with UDWR distribution 
data, and reliable observations. Thousand Lake Mountain is 
included as potential habitat as it was naturally colonized by 
BHS that persisted and increased for years and it is 
connected to occupied habitat on Capitol Reef NP and thus 
likely to see at least occasional future use.  Since the life of 
this document is long (20+ years) and population 
management objectives often change it is both appropriate 
and prudent to analyze potential impacts to habitat 
regardless of current policy.  Further, having an area 
identified as habitat does not preclude population 
management actions for particular species (i.e. UDWR has 
actively removed big game from public and private lands 
located inside “critical” and “high value” habitat in order to 
address depredation issues). 

5 - Wayne County Expressed same concerns as Mr. Taft about interactions 

between bighorn sheep and domestic sheep. They request 
that the Forest Service revise the DEIS to reflect the 
decision by UDWR to remove bighorn sheep from the 
Fremont River District, and that the Forest Service revise 
the bighorn sheep habitat map to show no potential 
habitat on the Fremont River ranger District. 

See above response to Mr. Taft’s comment. 

6 - EPA There is insufficient mitigation to protect air quality. To 
more clearly define the level of protection afforded by 
"appropriate Best Available Control Technology" to be 
implemented through the CSU stipulation to protect Class I 
airsheds, we strongly recommend that the Final EIS include 
a minimum set of emissions control requirements. We 
recommend that the language from the Dixie National 
Forest Final EIS "Oil and Gas Construction and Operating 
Standards and Well Site 

A Controlled Surface Use Stipulation (Refer to Table A-2 of 
Appendix 5.0) with no exceptions, modifications or waivers 
would be required for Class I Airsheds. 

 
Dixie National Forest "Oil and Gas Construction and 
Operating Standards and Well Site Design Requirements" 
regarding air quality have been added to those required for 
the Fishlake N.F. 
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 Design Requirements" regarding air quality protection be 
added to the Construction and Operation Standards for the 
Fishlake National Forest, and incorporated into the Fishlake 
Lease Notice, and that these additions appear in the Final 
EIS. This language would specify when additional project 
specific air impact analyses would need to be conducted in 
the future. It would also establish mitigation requirements 
including engine standards for internal combustion engines 
used in drilling and production operations as well as dust 
control requirements. 

 

 As a general matter, it is important that the Forest 
Service ensure that mitigation requirements are 
consistent with the air modeling conducted. For example, 
non-road well pump engines should be required to meet 
or exceed Tier II emissions limits for particulate matter 
and Tier III emissions limits for NOx and CO, as this is what 
was modeled. 

Compliance with “Oil and Gas Construction and Operating 
Standards and Well Site Design Requirements” would be 
ensured. 

 The air quality modeling performed for the Dixie and 
Fishlake National Forests does not address the 1- hour 
N02 and 1-hour SO2 National Ambient Air Quality 
Standards (NAAQS), which were promulgated after the 
Forest Service, completed the modeling. Because the EPA 
finalized the 1-hour N02 and 1-hour S02 NAAQS in April 
and August of 2010, respectively, these standards are 
applicable to the project and we recommend that 
compliance with the standards be analyzed in the Final 
EIS. 

The DEIS has been amended to address predicted 1- hour 
N02 and 1-hour SO2 concentration levels.  Information for 
the amendment was obtained by modeling and specific 
results of this effort can be seen In Appendix D – SIR-1C. 

 The air quality modeling analysis completed by the Forest 
Service in February 2010 assumed the use of drilling rig 
engine emissions based on a Tier II engine standard. 
Consequently, the use of Tier II engines should be 
required as a minimum emission control to ensure that 

Engine use requirements are now shown in the amended 
FNF Oil and Gas Construction and Operating Standards and 
Well Site Design Requirements. 

 

 

 

G-38



 

Commenter Comment Response 

 project impacts do not exceed those predicted in the 
screening analysis. However, if modeling of the 1-hour N02 
NAAQS is not completed, we suggest requiring lower 
emitting Tier IV drill rigs (or their equivalent), which have 
more often shown compliance with the 1-hour N02 
NAAQS in modeling we have reviewed for other air 
quality analyses. 

 

 The potential impacts to ozone concentrations from leasing 
and development of oil and gas resources on the Fishlake 
National Forest were not analyzed in the modeling 
analysis. The Draft EIS indicates that, due to the small 
emissions levels of ozone precursors and the regional 
nature of the pollutant, ozone impacts will be addressed 
under cumulative effects. However, the Draft EIS does not 
include an air quality cumulative effects section. An 
assessment of the potential cumulative impacts of a 
proposed action in combination with other past, present, 
and reasonably foreseeable future development is a critical 
piece of disclosure through the NEPA process for any 
project. A disclosure of cumulative air quality impacts 
should therefore be added to the Final EIS. 

Cumulative Impacts of implementing the project to air 
resources along with past, present, and reasonably 
foreseeable projects are now presented in the Air Quality 
Section of the EIS. 

 
As explained on page 1 of Appendix D – SIR-1 ozone is not 
discussed in CEA. However, effects of implementing the 
proposal on greenhouse gases are disclosed in Appendix E. 

 Although ozone has not been identified as a concern in the 
project area, emissions from oil and gas development have 
contributed to ozone issues in other fields in the western 
United States. It is therefore important that this NEPA 
analysis address the potential ozone impacts of the 
proposed action. 

Ozone is not discussed in depth in the EA or appendices. 
The rationale for this is explained on page 1 of Appendix D 
– SIR-1. Ozone was not identified as something needing 
discussion in meeting and conference calls with the EPA.  In 
fact when asked about PSD increments for ozone Molly V 
said that they have not been established and that “these 
are not typically discussed in AQ reports.” 

 Since the level of oil and gas exploration and 
development that may ultimately occur on leased lands 
within the Fishlake National Forest is not conclusively 
known, we recommend that the Final EIS include a 

As explained on page 1 of Appendix D – SIR-1, a region-wide 
cooperative approach is appropriate to assess impacts of 
secondary pollutant precursor emissions. The FS will 
cooperate with UDAQ and the Utah Governor’s Office when 
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 commitment that the Forest Service will require future 
ozone analysis if oil and gas activity exceeds that projected 
in this "EIS analysis, similar to the commitment in the Dixie' 
Final EIS. We recommend that this requirement be 
included in a lease notice to alert future lessees of the 
potential need for ozone modeling. 

such an assessment is undertaken. 

 The Draft EIS does not present key information necessary 
to understand the potential impacts to air quality from oil 
and gas leasing and development on the Fishlake 
National Forest. We recommend adding a table showing 

the relevant NAAQS for comparison to the modeling results 
presented in Section 3.12.2. Further, we recommend 
including information on cumulative air impacts such as 
current monitoring information for air quality and air 
quality related values (AQRVs), criteria pollutant emissions, 
and existing emission sources in or near the Fishlake 
National Forest. 

Reference is now made to a table displaying NAAQ standards 
available at http://www.epa.gov/air/criteria.html. 

 
Cumulative Impacts of implementing the project to air 
resources along with past, present, and reasonably 
foreseeable projects are now presented in the Air Quality 
Section of the EIS. 

 According to the Draft EIS, groundwater in the Forest has 
not been well characterized. However, understanding the 
quality of groundwater resources present in the project 
area is critical to understanding the potential for impacts. 
We recommend that the Final EIS disclose additional 
information characterizing the Forest's groundwater 
resources, including: 
Maps of the aquifers in the project area including 
formation names and depths; identification of existing 
and potential underground sources of drinking; the 
location and extent of the groundwater recharge areas; 
and identification of shallow and sensitive aquifers that 
are susceptible to contamination from surface activities. 

The soils and hydrologist reports cite the general 
hydrogeology map, the locations of hydric soils, the 303(d) 
listed and TMDL completed water bodies (includes maps of 
water sampling or Storett locations). Well sites with basic 
information such as location and water depth can be found at 
the USGS-Groundwater Watch-Utah Active Water Level 
Network website.  See Beaver, Juab, Millard, Piute, Sevier, 
and Wayne Counties. 
http://groundwaterwatch.usgs.gov/GoogleMaps/UT_gm.ht 
ml 

 We recommend that the Final EIS provide additional 
information in table and mapped forms on: Designated 
DWSPZs for groundwater or surface water resources; 

There are 3,815 water rights that within the Forest or for 
domestic uses are on or within ~1 mile of the Forest  
Boun dary. There are 267 water rights for domestic uses 
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 water rights for public water systems; domestic or stock 
watering wells, springs, or surface water intakes; and 
Municipal Watersheds designated within the Forest. 

that are on or within ~1 mile of the Forest boundary 
(including FS administration, recreation residences such as 
those at Fishlake and Merchant Valley, and campgrounds), 
24 for irrigation, 1, 212 for stock watering (important and 
very common use on the Forest), and 2,312 for other uses 
(most of these are stock watering too). Many of the 
domestic water rights include inholdings within the Forest, 
or are for communities or residences below the Forest 
boundary.  There are no Municipal Watersheds designated 
within the Forest.  See Water rights Map in Hydrologist 
Report. 

 The EPA recommends that the analysis of potential impacts 
to surface water be expanded to allow a broader 
consideration of the potential consequences of a leasing 
decision, since development authorized by the leasing 
decision could include development beyond the 73 wells 
currently predicted. 

The Fishlake derived the Reasonable Foreseeable 
Development Scenario based on the real likelihood of 
development and generally where it is likely occur.  It also 
looked at how development has occurred at areas such as 
the Providence and Covenant Fields. The size of the 
disturbance, the number of test wells, the number of active 
wells, etc. The RFDS was set up to give us a realistic 
projection of what development is predicted. This was the 
scenario approved for analysis by Forest Leadership to more 
narrowly define what to expect for impacts based on the 
most probable scenario.  All resources, including surface 
water/ hydrology used this scenario for analysis. 

 The EPA is particularly concerned with the potential for 
water quality impacts to impaired water bodies, including 
water bodies listed on the Clean Water Act§ 303(d) list 
and water bodies with completed Total Maximum Daily 
Loads (TMDLs). If oil and gas development occurs on the 
Fishlake National Forest, it will constitute a new nonpoint 
source that may result in further impairment and the 
potential for additional violations of surface water quality 
standards and the Clean Water Act if additional pollutant 
loads reach these impacted water bodies. We therefore 

Additional information was added to the FEIS to satisfy this 
request. 
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 request that the Forest Service explain in the Final EIS how 
oil and gas exploration and development may impact lakes 
and reservoirs with completed TMDLs and/or listed water 
quality impairments, for the specific pollutants listed. 

 

 Although there are no state-designated surface water 
protection zones currently within the Fishlake National 
Forest, such zones may be designated in the future. We 
suggest that the Forest Service consider expanding the NSO 
stipulation for DWSPZs to include surface water zones in 
case such zones are designated during the life of this 
planning document. The EPA also generally recommends 
NSO in Municipal Watersheds. 

Without knowing if or where a surface water protection zone 
might be designated in the future, it is impossible to know 
where to apply a NSO stipulation now. The Forest Service 
believes it is inappropriate and ineffective to apply such 
speculative land management practices. 

 The Preferred Alternative includes an NSO stipulation for a 
300-foot buffer around all perennial streams, reservoirs, 
springs and lakes, while Alternative D provides a 500-foot 
NSO buffer for these resources. While we recognize that 
the Preferred Alternative also includes an NSO restriction 
for slopes greater than 35%, which will help to prevent 
impacts associated with storm water runoff, we believe 
that a valuable environmental benefit is gained by 
increasing the NSO buffer to 500 feet. 

Both 300- and 500-feet are common buffers for Oil and Gas 
type activities. See the University of Colorado Law School- 
Natural Resource Law Center-Intermountain Oil and Gas BMP 
Project (http://www.oilandgasbmps.org/index.php). 
Specifically BMPs number 7518, 3247, 108, 3283, 3290, 
3307, 7384, 152, 3604, 565, 5449 and 1205 for 300-foot (a 
couple 330’) buffers; and BMPs number 2829, 4, 55, 1709, 
154, 1451, and 108 for 500 foot buffers.  These examples do 
not have any slope cutoffs that, again, in our case would aid 
in protection given the 300-foot buffer in the preferred 
alternative example. There is an alternative with a 500-foot 
buffer that is analyzed as well in Alternative D. The analysis 
is used as a means of comparison among the alternatives. 
The hydrologist did not try and show that one alternative is 
better or more valuable than the other but analyzed what 
the impacts of the various alternatives would be.  It is 

therefore logical to say that 500-foot buffers could be better 

than 300-foot buffers in theory, but given the slope cutoffs 
there may not be the need for the extra 200 feet of 
buffering for these activities in reality. That is what the 
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  hydrology analysis shows by using the buffer table from the 
Forest Plan with appropriate buffers by slope breaks 
(FLRMP, p. IV-43).  This table in the Forest Plan shows that 
280 feet would be appropriate for up to 40% slopes. The 
slope break of 35% that is proposed in this project would be 
covered by actually less than 280 feet, but goes up to 300 
for added protection.  See also the hydrology report pages 
21, and 26-28. 

 EPA requests that the Final EIS clarify whether 
construction of linear facilities (i.e., roads, pipelines, etc.) 
may still occur in this NSO area, and recommend 
avoidance of this area. 

Construction of roads, pipelines, and other similar facilities 
must comply with direction in the Fishlake and or Dixie 
National Forest Land and Resource Management Plans. 

 EPA recommends that the NSO stipulation, a 500 foot 
buffer zone, and avoidance of linear facilities construction 
be applied to protect all wetlands, regardless of their 
jurisdictional status. 

All of these concerns are addressed by the development of 
Alternative D. Alternative D is a fully developed and 
analyzed alternative. The differences between, and the 
impacts of all alternatives are compared and summarized in 
Chapter 2. All of the fully developed and analyzed 
alternatives are available for the responsible official to 
select. 

 Executive Order 11988 Floodplain Management calls on 
Agencies to avoid to the extent possible the long and 
short term impacts associated with the occupancy and 
modification of floodplains and to avoid direct or indirect 
support of floodplain development wherever there is a 
practicable alternative. The EPA recommends an NSO 
stipulation be added for floodplains. 

The Fishlake National Forest maintains compliance with 
Executive Order 11988 in relationship to floodplain 
management. In general, on the Forest most floodplains 
would be within the 300-foot (Preferred Alternative) and 
500-foot buffers (Alternative D) because of the mountain 
and canyon systems and thus they would be NSO. Most 
bank-full channels and floodplains on the Forest are only a 
few feet to up to about 20 feet wide or so.  So 300 or 500 
feet on either side (total of 600 or 1,000 feet) would 
actually cover those distances more amply enough by a 
multiple of factors of safety.  The Fishlake National Forest 
does not have large rivers like those found elsewhere. 
There are only 2 “small rivers” on Forest-Fremont and 
Beaver Rivers. 
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The Forest Plan states that special protection and 
management will be given to floodplains, wetlands and all 
land and vegetation for a minimum of 100 feet from the 
edges of all perennial streams, lakes and other water bodies 
of water or to the outer margin of the riparian ecosystem if 
wider than 100 feet (FLRMP, P. IV-33).  Again the buffer 
distances would be a few times larger than the floodplain 
distances and would be more protective than the 100-feet 
buffer required in the Forest Plan for floodplain protection 
to avoid impacts to floodplains and most cases would 
already be NSO by default.  See also page 13 of the 
hydrology report. 

 The EPA suggests that the Forest Service provide more 
specificity about BMPs to protect water resources by 
including additional information in the Final EIS on the 
types of BMPs the Forest Service plans to implement, 
including the circumstances under which the BMPs would 
be applied. 

Additional information is included in the FEIS water resources 
section to address this request. 

 We recommend that the Final EIS include a commitment 
that future project-level NEPA analyses for oil and gas 
development will contain a monitoring plan and program 
to track groundwater and surface water impacts as 
drilling and production operations occur. In the absence 
of groundwater modeling to determine the distance from 
the project at which impacts may occur, the EPA 
recommends the Forest Service adopt a requirement for 
monitoring to occur in private wells within one mile of an 
oil and/or gas project area. 

The Forest appreciates the concern for maintaining useable 
water and it is a high priority of the Forest Service. The 
Forest will look at needs for monitoring at the exploration 
and/ or development stage.  At the time the Forest receives a 
Surface Use Plan of Operation, the Forest Service will take a 
hard look at the locations of water, wells, and the potential 
to impact those resources.  If the Forest concludes the need 
for such monitoring then it will be addressed at that time and 
written into the appropriate NEPA document. 

 According to the Draft EIS, the majority of groundwater 
basins in the Forest are fully or almost fully appropriated 
and drawdown of groundwater levels is a potential 
concern in the project area. The EPA recommends reuse 

The Forest appreciates the concern for maintaining useable 
water and it is a high priority of the Forest. Service. The 
Forest will look at needs for water used and produced for 
O&G production when a Surface Use Plan to Operate is 

 

 

G-44



 

Commenter Comment Response 

 of produced water for these activities to reduce the use of 
drinking water resources and help ensure the long term 
sustainability of these operations. 
Further, because availability of freshwater could be a 
concern for future oil and gas development projects in 
the Forest, we recommend that the Final EIS specify that 
future multiple-well oil and gas projects will need a 
water resource management plan to address water 
consumption and produced water disposal, including 
identifying water recycling opportunities. 

received. That decision or requirement would be applicable 
at the site specific project NEPA level. 

7 – UEC and Others The DEIS does not sufficiently consider any of our scoping 
comments. It does not consider the input from our 2011 
scoping period in the development of significant and/or 
key issues that either must be analyzed in detail and/or 
used to drive development of action alternatives. One of 
the outcomes resulting from this is that the range of 
alternatives is inadequate because conflicts among 
alternative uses of available resources remain that are not 
addressed in the action alternatives analyzed. 

The Forest Service fully addressed UEC’s updated “SMU” 
alternative and incorporated the elements of the updated 
“SMU” alternative into Alternative D, which was developed 
wholly on the recommendations contained in UEC’s 
submitted comments. Upon receipt of UEC’s updated “SMU” 
alternative during the second scoping period, the Forest 
Service carefully compared the original scoping comments 
submitted in 2006 with the updated comments submitted in 
2011, and changed Alternative D accordingly. There are two 
documents contained in the administrative record illustrating 
how these comparisons were made, and the results. 

 Of specific concern to UEC and partners is the protection of 
Class I airsheds and unroaded, undeveloped areas. 

Class I airsheds and unroaded, undeveloped areas are both 
adequately addressed in the development of the alternatives, 
as well as fully analyzed and documented in the DEIS. 

 Inventoried Unroaded Undeveloped Area (UUA) impacts 
are identified in DEIS Chapter 1.9 as a significant issue. 
The actual environmental analysis that follows in the DEIS 
fails to disclose or take NEPA’s hard look at the real and 
potential impacts to the potential Wilderness area 
attributes for inventoried UUA. Based on the 
fundamentally speculative a non-site-specific nature of 

The Forest Service addressed this as a key issue in the DEIS 
and effects are analyzed, documented and compared 
between alternatives in Chapters 2 and 3. We agree that the 
Reasonably Foreseeable Development Scenario is non- site-
specific.  Again, particularly in relation to meaningfully 
describing any effects to Unroaded and Undeveloped 
character for a given area -- during subsequent NEPA 
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 the Reasonably Foreseeable Development Scenario, DEIS 
Chapter 3.6.2 arbitrarily dismisses serious analysis of 
impacts as some type of speculative endeavor. 

analysis, the Forest Service will look at specific 
places/effects when it is known how and where there is a 
proposed well.  Per earlier input, restrictive stipulations 
have already been reasonably applied.  Adding even more 
NSO at this time would be excessive at this point. 

 The UEC and partners state that the Roadless Area 
Conservation Rule is stale and inaccurate, and needs to 
be updated. They believe that the action alternatives 
need to be re-evaluated for impacts to IRAs. 

Updating the RACR has nothing to do with this analysis. The 
Forest Service believes the alternatives adequately address 
IRAs. Three of the four alternatives place all IRAs under 
either No Lease or NSO. 

 UEC and partners believe the Forest Service should add 

analysis that considers the potential effects of the RACR’s 
definition of IRA. Specifically, the UEC and partners are 
concerned that the DEIS treats IRAs as “geospatially static” 
and does not consider the possibility of revisions to the 
IRAs on the Fishlake National Forest. They suggest the FEIS 
should include a (Lease Notice for example) that would 
allow future IRAs to “enjoy the RACR’s full 
protections/prohibitions even if not “officially” IRA at the 
time of this EIS (and upcoming ROD)”. 

The Forest Service is and will still be required to maintain 

compliance with all federal laws and regulations, including 
the RACR if it is still in effect in the future, when authorizing 
activities in the future. The Forest Service will ensure 
compliance with all applicable laws when conducting future 
site-specific analysis on SUPOs submitted in the future. 

 The UEC and partners feel there should be an action 
alternative developed and analyzed that studies a NSO 
stipulation for all IRAs and UUA areas. 

The FNF has no policy or regulation for the protection of 
UUAs. Three of the 4 alternatives have all IRAs under either 
NL or NSO stipulation. The Forest Service feels this 
adequately addresses the issue. 

 On Legislation Within Scope; Northern Rockies Ecosystem 
Protection Act EIS Chapter 1.7 concludes with an 
assessment of pending Congressional legislation. It appears 
irrelevant, on first tale. For example, its focus on the 
potential effects/implications of the Wilderness, Wild and 
Scenic Rivers and other Congressional designations in the 
Northern Rockies Ecosystem Protection Act (NREPA) on 
this Fishlake N.F. oil/gas leasing EIS lead the reviewer to 
confusion, and to question the relevancy of the ‘hard look’ 
afforded to this project in South-Central Utah, as 

This is a very confusing comment, and hard to determine 
what it means, or what exactly the concern is. The Forest 
Service is unable to respond without clarification. 
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 opposed to another oil/gas leasing EIS covering a 
Northern Rockies National Forest in R1. 

 

 Action alternatives B through D would each require a 
Forest Plan amendment. DEIS, S-6. However, just stating 
that LRMPs would need to be amended for each action 
alternative is not sufficient under NFMA or NEPA. The 
subsequent environmental analysis in the DEIS must 
instead explicitly list all direction, changed geospatially 
mapped LRMP Management Prescriptions and 
corresponding plan components must be removed 
and/or added to the Fishlake and Dixie LRMPs under 
each action alternative. This appears systematically 
overlooked. 

The ROD has the Forest Plan amendments attached as 
appendixes A and B, fully identifying all management 
direction and mapping that the amendments change. It’s not 
possible to attach the amendments at the Draft EIS stage 
because a decision has not yet been made as to which 
alternative will be selected. 

 UEC and partners state “In the DEIS, the Forest Service 
Does Not Meet its NEPA Obligations Relative to Water 
and Watershed Resources”. They feel that “in several 
important ways, the Forest Service has failed in its legal 
obligations relative to water and watershed resources in 
issuing the DEIS”. 

It’s difficult to decipher what exactly is meant by “NEPA 
Obligations Relative to Water and Watershed Resources” 
and “legal obligations relative to water and watershed 
resources.” Water and watershed resources have been at 
the forefront from the beginning of this analysis. Water and 
watershed resources have been addressed in the 
development of the alternatives, and impacts have been 
analyzed and documented in the DEIS, Section 3.9, pages 
130 – 145, and in the FEIS. The Forest has prepared a 
Hydrology and Soils Report regarding water and watershed 
resources.  In addition the Fisheries issues have been 
addressed in the Wildlife report. Watershed Specialists 
have been involved in the NEPA process on this project for 
approximately 6 years. This includes meeting attendance 
multiple times a year, coordination with the BLM and State 
of Utah, discussions about potential alternatives, 
development of the RFDS.  Water and watershed analysis 
in specialist reports address water use, surface and ground 
water quality, soils, riparian areas, floodplains, wetlands, 
drinking water source protection zones and potential 
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  impacts to these very important resources.  The Forest has 
met the legal requirements regarding NFMA, NEPA, and 
the Clean Water Act regarding water and watershed values 
and uses the best available science in doing so. 

 The UEC and partners feel the DEIS fails to ensure 
compliance with Utah Water Quality Standards. They 
state that the DEIS does not ensure that oil and gas 
development on the Forest will be compliant with the 
Clean Water Act, or that existing high water quality in all 
Forest waters will be maintained. They believe the water 
quality analysis is inadequate and fails to take a hard look 
at impacts. 

The Forest has been actively working with the State of Utah 
in sampling water quality across the Forest.  Since 2002 we 
have sampled streams in the Fremont River Basin, Salina 
Creek Basin, Clear Creek Basin, Beaver River Basin, Otter 
Creek Basin, and many tributaries within the Lower and 
Middle Sevier River Basins. In the last decade the Forest has 
sampled 5 or more sites a year to systematically assess water 
quality across the Forest. The Forest and State Division of 
Water Quality have sampled lakes and streams across the 
forest over that same period of time. The Forest collects 
macro-invertebrate samples within fish bearing streams. 
Within the next few years the Forest will have completed 
sampling, and will start a new cycle. Within the last 2-years 
the Forest has purchased pathogens sampling equipment 
that we have allowed the BLM and Sevier River Water Users 
group to use to begin assessing pathogens on the Forest. 
This equipment is the only equipment of its kind in central 
Utah. The Forest is actively engaged and is a leader in water 
quality monitoring and assessments on the Forest to 
maintain the high quality waters of the Forest and Clean 
Water Act compliance and will continue to do in regards to 
Oil and Gas activities within the Forest. 

 
The Forest has monitored and assessed water quality 
cooperatively with the State of Utah to maintain 
compliance with the Clean Water Act, and will continue to 
do so in regards to new oil and gas development. The 
Forest is actively engaged in improving and restoring 
watersheds.  The Forest will follow the procedures required 
outlined in the EIS to protect water quality. 
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 The UEC and partners are concerned that the Forest 
Service does not “undertake a systematic assessment of 
water quality based on actual monitoring”. 

See previous comment and response. 

 The UEC and partners state “In this DEIS, the Forest 
Service has not met its obligations under either NEPA or 
the National Historic Preservation Act (NHPA) because 
the agency has failed to determine the direct, indirect 
and cumulative impacts of the proposed action and its 
alternatives on cultural resources”. They feel that there 
will “almost certainly” be significant damage to cultural 
sites regardless of protection measures in all alternatives 
that would result in avoidance of the resource during 
exploration or development activities. 

The Oil and Gas EIS is a programmatic document. When 
specific proposals are submitted by the proponents then 
NEPA will engage. This engagement activates the Section 
106 process (NHPA). As of this date, we have received no 
specific request for projects or undertakings. 

 The UEC and partners state “In the DEIS, the Forest 
Service does not adequately address the Reform Act 
requirements”. They feel the Forest Service has not 
acknowledged the agency’s “additional legal obligations 
prior to authorizing leasing, including a determination 
that, where surface occupancy is allowed, development is 
possible somewhere on the lease”. 

The Forest Service assumes that the “Reform Act” which 
UEC and Partners refer to is the Federal Onshore Oil and 
Gas Leasing Reform Act (FOOGLRA).  This act allows the FS 
to include required resource protection stipulations in 
leases authorized by the BLM.  In this EIS the FS has 
identified stipulations that will protect resources regardless 
of where they are located on the surface of the lease. 

 The UEC and partners are concerned that the “proposed 
lease stipulation is inadequate”. They believe that it does 
not guarantee that impacts to cultural resources on the 
FNF would be avoided or mitigated at, or prior to the 
construction phase. They feel the stipulation does not 
require adequate surveys be conducted prior to ground 
disturbing activities. 

We are compelled to follow the Section 106 process. We are 
required to survey for heritage resources, commensurate 
with the level of potential impact of a project, record 
heritage properties, make determinations or significance and 
effect, and consult with the USHPO.  If adverse effects are 
anticipated, an MOA is constructed and signed by the 
proponent, agency, pertinent Native American tribes and the 
USHPO. Mitigation is then initiated by a qualified contractor. 

 The UEC and partners state “Moreover, while the DEIS 
states that oil and gas facilities or activities may be 
moved by up to 200 meters (656 feet) to avoid impacts to 
. . . Historic Properties, no such notice is provided in the 
lease stipulations. What is more, given other restrictions 
imposed by stipulation – such as requirements to avoid 
steep slopes and riparian areas – there is no assurance 

The issuance of a lease requires that the proponent comply 
with existing laws and regulations.  If an undertaking 
threatens heritage resources, an archaeological contractor 
will complete the Section 106 process which includes review 
by the USHPO. And if the effects of a project are determined 
to be adverse, and other resource values are 
comprised by the avoidance of a heritage resource, then an 
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 that cultural sites can be avoided without compromising 
other protected resource values. As a result, not only is the 
lease stipulation inadequate, but so is the NEPA analysis 
that relies on it. 

MOA is constructed, with the above-mentioned parties, and 
data recovery is conducted by a qualified consultant. 

 The UEC and partners feel that the Forest Service has failed 
to adequately address visual resources and tourism. They 
believe that since part of the FNF is adjacent to Capitol 
Reef National Park, and travel corridors the people that 
visit these landscapes could be negatively impacted. They 
believe the agency has failed to determine how tourism 
and visitor experience will be affected, and makes no 
attempt to determine cumulative impacts of the proposed 
action on the Park or the visitor experience there. 

Visitors in general, for which the potential visual effects of 
leasing have been described, are considered to commonly be 
tourists. More specific impacts will again be more 
meaningfully dealt with in subsequent NEPA analysis. Effects 
to “tourism” itself would be better dealt with in the 
Social/Economic section. 

 The UEC and partners state that the DEIS fails to analyze 
ozone, and the impact oil and gas activities could have on 
ozone pollution, particulate matter and the impact oil and 
gas activities could have to the PM25, PSD increments, and 
impacts on NAAQS on PM25 and PM10. 

Ozone is not discussed in depth in the EA or appendices. 
The rationale for this is explained on page 1 of Appendix D 
– SIR-1. Ozone was not identified by EPA as something 
requiring discussion. Effects of the proposal on NAAQS, 
PM25 and PM10 are disclosed in Appendix D & E. 

 The UEC and partners believe the Forest Service has 
failed to analyze and assess the impacts of the 1-
hour nitrogen dioxide NAAQS, and impacts to sulfur 
dioxide NAAQS. 

The DEIS has been amended to address predicted 1- hour 
N02 and 1-hour SO2 concentration levels.  Information for 
the amendment was obtained by modeling and specific 
results of this effort can be seen In Appendix D – SIR-1C. 

 The UEC and partners feel that the Forest Service has not 
given consideration to alternatives that reasonably 
address air quality impacts of oil and gas development; 
specifically they feel the Forest Service did not 
adequately analyze the alternative submitted by UEC 
during scoping. 

The air quality section was re-done for the FEIS and more 
thoroughly addresses air quality impacts. Additional air 
quality modeling was completed to address NOx and SOx. 

 
Alternative D was developed specifically to include the 
components and elements requested by UEC, and the 
organizations they partner with (comment letters are 
available for review in the administrative record). 

 The UEC and partners feel the Forest Service fails to 
demonstrate compliance with substantive air quality 

The Forest Service analyzed and documented the effects of 
the proposal on air quality and will comply with all laws 
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 duties, and that deferring to State regulation of air quality 
is not adequate. 

rules and regulations. 

 The UEC and partners request that the SMU alternative 
submitted by UEC be “properly addressed and analyzed in 
detail”. 

Alternative D was developed entirely on the content of the 
“SMU” alternative submitted by the UEC and partners 
during the two scoping periods. A more detailed 
explanation of how the Forest Service considered both 
scoping comment submissions of the “SMU” alternative is 
addressed in the FEIS at pages 25 and 32-34 

8 – Utah Wool 
Growers 

Expressed the same concern as Wayne County and asked 
for the DEIS and maps to be revised for bighorn sheep in 
the same way. 

See above response to Mr. Taft’s comment. 

9 – State of Utah, 
Division of Oil, Gas & 
Mining 

Concerned that oil and gas exploration, development and 
production on “as much as 79 percent” of land 
administered by the Forest will be restricted by no surface 
occupancy stipulations thus precluding potential economic 
benefits. 
Also concerned that requests for facilities on NFS land that 
are related to oil and gas activities not located thereon will 
require “years of environmental analysis. 

Concern noted.  Restrictions required by regulations related 
to Inventoried Roadless Areas are outside the scope of this 
EIS. 
 
 
Concern noted.  Requirements of National Environmental 
Policy are outside of the scope of this EIS 

10 – State of Utah, 
Public Lands Policy – 
John Harja 

Concerned that FNF will restrict oil and gas activities within 
4 miles of an active lek rather than 3 miles which is 
recommended by the recently developed State sage-
grouse management plan.   

Concern noted.  Rationale for use of the 4 mile buffer is 
explained in the ROD on page 10.   
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LRMP page IV-37 

Remove the following from “GENERAL DIRECTION” for Minerals Management Leasables on page IV-37 of the 

LRMP: 

1. Leasing, permitting, or licensing of National Forest System lands will be based on site specific 

considerations using appropriate standards and guidelines for the management unit concerned. 

Criteria for these actions should minimize impacts on, or conflicts with, other resource uses and 

should return disturbed lands to planned surface resources or uses. 

Replace it with the following: 

1. Leasing, permitting, or licensing of National Forest System lands for leasables other than oil and gas 

will be based on site specific considerations using appropriate standards and guidelines for the 

management unit concerned. Criteria for these actions should minimize impacts on, or conflicts 

with, other resource uses and should return disturbed lands to planned surface resources or uses. 

LRMP page IV-37 

Remove the following paragraphs from “GENERAL DIRECTION” for General Direction 1 for Minerals Management 

Leasables on page IV-37 of the LRMP: 

A. Forest Service authorization of geophysical prospecting will include terms and conditions (see 

stipulation in Appendix H) controlling operating methods and times to prevent or control adverse 

impacts on surface resources and uses. 

B. Recommendations of consent to BLM for issuance of leases and permits will include all current 

standard stipulations and the regionally approved special stipulations that may be necessary for 

additional protection of specific surface resources and uses. These standard and current regionally 

approved special stipulations are in Appendix H to the Forest Plan. 

Replace them with the following: 

A. Forest Service authorization of geophysical prospecting will include terms and conditions (see 

stipulation in Appendix H(a)) controlling operating methods and times to prevent or control adverse 

impacts on surface resources and uses. 

B. Recommendations of consent to BLM for issuance of leases and permits, other than oil and gas, will 

include all current standard stipulations and the regionally approved special stipulations that may be 

necessary for additional protection of specific surface resources and uses. These standard and 

current regionally approved special stipulations are in Appendix H(a) to the Forest Plan. 

 

 

 



 

 

 

LRMP page IV-37 

Remove the following from” STANDARDS AND GUIDELINES” for General Management 1 of Minerals 

Management Leasables on page IV-37 of the LRMP: 

a.  All leasable and salable minerals: 

Activities may be denied or limited where the current uses or activities exceed, or the proposed 

activities may result in exceeding the standards outlined in the stipulations provided in Appendix H. 

Replace with the following: 

a. All leasable, other than oil and gas, and saleable minerals: 

Activities may be denied or limited where the current uses or activities exceed, or the proposed 

activities may result in exceeding the standards outlined in the stipulations provided in Appendix H(a). 

 

LRMP page IV-37 

Remove the following from “STANDARDS AND GUIDELINES” for General Management 1 of Minerals 

Management Leasables on page IV-37 of the LRMP: 

 b. Oil and gas, geothermal, coal and CO2 activities may be limited where: 
 
Replace it with the following: 
 
 b. Geothermal, coal and CO2 activities may be limited where: 
 

LRMP page IV-38 

Insert under “GENERAL DIRECTION” after General Direction 1 (A-C) of Minerals Management Leasables on page 

IV-38 of the LRMP 

2. Forest Service recommendations of consent to BLM for issuance of oil and gas leases and permits 

will include all current stipulations for oil and gas leasing in Appendix H(b). 

LRMP page IV-38 

Insert under “STANDARDS & GUIDELINES” for General Direction 2 of Minerals Management Leasables on page 

IV-38 of the LRMP 

a.  All oil and gas minerals: 



 

 

Activities may be denied or limited where the current uses or activities exceed, or the proposed 

activities may result in exceeding the standards outlined in the stipulations provided in Appendix H(b). 

LRMP Appendix H: 

Remove the following title of Appendix H, page H-1 of the LRMP 

 Appendix H 

 STIPULATIONS FOR MINERAL ACTIVITES 

Replace it with the following: 

 Appendix H(a) 

 STIPULATIONS FOR MINERAL ACTIVITIES OTHER THAN OIL AND GAS LEASING 

LRMP Appendix H: 

Remove the following from bullet 1(A) of paragraph 1 of Appendix H on page H-1, LRMP 

A. Oil and Gas Leases 

Replace with the following: 

A. Leasables 



 

 

LRMP Appendix H: 

Insert the following immediately after page H-7.  

 

Procedure for Leasing 

Oil and Gas Leasing Matrix 

Stipulation Forms 

Lease Notices 

Appendix H(b) 
 

for Oil and Gas Leasing on Lands Administered by the 

Fishlake National Forest 

 

 Page H-8 Procedure for Leasing 

 Page H-9 Oil and Gas Leasing Matrix 

 Page H-10 through H-28 No Surface Use Stipulations 

 Page H-29 through H-31 Controlled Surface Use Stipulations  

Page H-32 through H-36 Timing Limitation Stipulations  

Page H-37 through H-45 Lease Notices 
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PROCEDURE FOR LEASING 

The following leasing matrix provides the appropriate lease stipulations and lease notices that would be attached 
to each lease for each resource area administered by the Fishlake National Forest. Approximately 1,707,810 acres 
of National Forest System lands are administratively available for oil and gas leasing. Of the 1,707,810 acres 
administratively available 253,299 are within the boundaries of the Dixie National Forest (The Teasdale District) 
which is administered by the Fishlake National Forest. These leasing procedures are to be followed for National 
Forest System lands administered by the Fishlake. Oil and gas leases offered will include Standard Lease Terms 
and other applicable stipulations identified as necessary for resource protection.   Lease stipulations serve to 
mitigate potential effects of Federal oil and gas activities. The lessee must accept these stipulations as conditions 
of purchasing the lease. These stipulations represent Forest Service decisions regarding the best means of 
avoiding or minimizing environmental impacts that may arise from the project while meeting the integrated 
resource management requirements of the Forest Plan. They are incorporated into the lease as an official 
attachment to the standard form.  Potential lessees are made aware of stipulations prior to any lease sale.  These 
stipulations include No Surface Occupancy (NSO), Timing Limitations (TL), and Controlled Surface Use (CSU).  
Lease Notices (LN) would be utilized to notify potential lessees of specific conditions or restrictions already in 
place by law or regulation. Fishlake National Forest Oil and Gas Construction and Operating Standards and Well 
Site Design Requirements provides a listing of regulations and guidance to future operations (Appendix F, Fishlake 
National Forest Oil and Gas Leasing Environmental Impact Statement). 
 
Oil and Gas Leasing does not approve any ground disturbing activities. If lands are leased and the lessee proposes 
an Application Permit to Drill (APD) agencies would consider approval of ground disturbing activities. Approval of 
ground disturbing activities would require separate NEPA analysis and a separate decision for each proposal.    
Should issues or resources be identified at those times that warrant additional protection, the Forest Service can 
take full advantage of provisions included in the lease and prudent use of a provision in the Standard Lease Terms 
and Conditions (SLT&C) applicable in all leases that allows the surface management agency to require movement 
of proposed facilities up to 200 meters to avoid negatively affecting resources.  The Standard Lease Terms and 
Conditions can be found in Bureau of Land Management for 3109-3 – Stipulations for Lands Under Jurisdiction of 
Department of Agriculture and Forest Service (Intermountain Region) Supplement A to form 3109-3 – Surface 
Disturbance Stipulation. 
 
Exceptions, modifications, or waivers to the lease stipulations may be granted if oil and gas operations could be 
conducted without causing unacceptable impacts.  Exceptions, modifications, or waivers must be consistent with 
the approved Forest Plan and all applicable regulatory provisions.  If the Forest Supervisor determines that the 
waiver, exception, or modification involves an issue of major public concern, the waiver, exception, or 
modification would be subject to a 30 to 90 -day public review period (36 CFR § 219.8).  
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Oil and Gas Leasing Matrix 

Lands Administered by the Fishlake National Forest 

Leasing Stipulations by Resource Area 

Resource Area Stipulation 

Watershed resources 

Geologic hazards/unstable soils NSO-01 

Steep slopes >35 percent NSO-02 

Riparian areas   NSO-03 

Delineated Wetlands NSO-04 

Perennial Streams, Reservoirs, Springs, and Lakes NSO-05 

Drinking Water Source Protection Zone NSO-06 

Wildlife and Plant Species 

T,E,S Plants NSO-07 

Aquatic Fauna NSO-08 

Greater Sage Grouse Leks NSO-09 

Pygmy Rabbit Colonies NSO-10 

Bald Eagle Winter Concentration Areas NSO-11 

Mexican spotted owl PACs NSO-12 

Goshawk core nest areas NSO-13 

Goshawk PFAs CSU-01 

Active raptor nest areas CSU-02 

Bighorn Sheep Lambing Areas, Crucial Elk Calving and Mule Deer 
Fawning Habitat 

TL-01 

Crucial Elk and Mule Deer Winter Range TL-02 

Bighorn Sheep Winter Range TL-03 

Greater Sage Grouse Brood-rearing Habitat TL-04 

Greater Sage Grouse Winter Habitat  TL-05 

Visual resources 

High Scenic Integrity areas NSO-14 

Inventoried Roadless Areas 

Inventoried Roadless Areas NSO-15 

Recreation 

Developed Recreation Sites and National Recreation Trails 
 

NSO-16 

Other Resources 

Research Natural Areas NSO-17 

Forest Service Administrative Sites and Facilities NSO-18 

Cultural Resources, Old Spanish Trail, Paradise Valley, Quitchupah 
Canyon 

NSO-19 

Air Quality CSU-03 
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NO SURFACE OCCUPANCY STIPULATION – 01  
Watershed Resources: Geologic hazards/unstable soils 

 

No Surface Occupancy for Geologic Hazards and Unstable Soils 

 

Where: Within areas delineated and mapped by the Forest Service as containing geologic hazards 

and/or unstable soils. 

 

For the Purpose Of:  Protecting soil resources, because soils disturbed by construction and drilling 

activities on steep slopes would be difficult to reclaim. No well sites or production facilities may be 

constructed in these areas. 

 

Exceptions:  If after an environmental analysis the Forest Service authorized officer determines roads or 

other temp facilities may cross geologic hazards after a plan would be submitted by the operator and 

approved prior to construction and maintenance and include: 

 

 An erosion control strategy 

 A detailed slope stability analysis and plan for maintaining a stable slope 

 A detailed restoration/reclamation plan 

 Proper survey and design (with construction plans and drawings) by a certified engineer 

 

Modification:  A modification may be granted if an on‐the‐ground inspection of a proposed well site or 

facility shows an area of less than 35% slope exists and mass wasting ‐ prone soils do not exist or that 

design of the site can mitigate erosion, failure, and reclamation concerns. 

Waiver:  None 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

NSO – 01 
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NO SURFACE OCCUPANCY STIPULATION – 02  
Watershed Resources: Steep Slopes > 35% 

 
No Surface Occupancy on Steep Slopes  

Where: Within areas delineated and mapped by the Forest Service having slopes greater than 35 percent, and 

high erosion potential areas in north horn sediments with slopes greater than 25 percent. 

For the Purpose Of:  Protecting soil resources, because soils disturbed by construction and drilling activities on 

steep slopes would be difficult to reclaim.   

Exception:  If, after an environmental analysis, the Forest Supervisor determines (1) there are no other practical 

placement alternatives, and (2) impacts could be fully mitigated, surface occupancy in the NSO area may be 

authorized. Additionally, a plan would be submitted by the operator and approved prior to construction and 

maintenance and include: 

 An erosion control strategy, 
 A detailed restoration/reclamation plan, and 
 Proper survey and design (with construction plans and drawings) by a certified engineer. 

  

Modification:  None 

Waiver:  None 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

NSO – 02  
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NO SURFACE OCCUPANCY STIPULATION – 03  
Watershed Resources: Riparian Areas   

 
No Surface Occupancy for Riparian Areas 

Where: Within 300 feet of Forest Service delineated boundary of riparian areas. 

For the Purpose Of:  Protecting riparian ecosystems. Riparian ecosystems are managed by the Forest Service to 

protect from conflicting uses in order to provide healthy, self-perpetuating plant and water communities that 

will have optimum diversity and density of understory and overstory vegetation. No well sites or production 

facilities will be allowed, and oil and gas exploration and development will be moved outside of the riparian 

vegetation area. Construction of roads, pipelines, and other similar facilities must comply with direction in the 

1986 Fishlake National Forest Land and Resource Management Plan. 

Exceptions:  An exception could be authorized if: (a) an on‐site review determines the area proposed to be 

impacted is not riparian; and (b) any additional mitigation that is determined to be necessary is fully 

implemented. 

Modification:  None 

Waiver:  None 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

NSO – 03  
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NO SURFACE OCCUPANCY STIPULATION – 04  
Watershed Resources: Delineated Wetlands 

 

No Surface Occupancy for Delineated Wetlands 

Where: Within 300 feet of delineated and mapped boundary of jurisdictional wetlands. 

For the Purpose Of:  Protecting jurisdictional wetlands relative to Executive Order 11990, and the associated 

habitats, water quality, and ecosystems associated with these areas.  In order to protect these areas no well 

sites or production facilities may be constructed in these areas, and oil and gas exploration and development 

will be moved out of wetlands.  Construction of roads, pipelines, and other facilities must comply with direction 

in the 1986 Fishlake National Forest Land and Resource Management Plan. 

Exceptions: An exception could be authorized if: (a) an on‐site review determines the area proposed to be 

impacted is not a jurisdictional wetland; and (b) any additional mitigation that is determined to be necessary is 

fully implemented.  

Modification:  None 

Waiver:  None 

 

 

 

 

 

 

 

 

 

 

 

 

 

NSO – 04  
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NO SURFACE OCCUPANCY STIPULATION – 05  
Watershed Resources: Perennial Streams, Reservoirs, Springs, and Lakes 

 

No Surface Occupancy for Perennial Streams, Reservoirs, Springs, and Lakes  

 Where: Within 300 feet of all perennial streams, reservoirs, springs and lakes. 

For the Purpose Of: Protection of water quality in surface water resources.  

Exceptions:  None 

Modification:  None 

Waiver:  None 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

NSO – 05  
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NO SURFACE OCCUPANCY STIPULATION – 06  
Watershed Resources: Drinking Water Source Protection Zones 

 

No Surface Occupancy for Drinking Water Source Protection Zones (Protection Zones 1 – 3, and T2 and T4) 

Where: Within the delineated boundary of DWSPZs. 

For the Purpose Of: Protecting public drinking water sources in municipal and transient water protection zones.  

Exception:  An exception may be granted for road construction if it is determined by site-specific analysis that: 

building the road in a water source protection zone has the least impact on the environment; roads already exist 

in the area; and the local municipality approves. 

Modification:  None 

Waiver:  None 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

NSO – 06  
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NO SURFACE OCCUPANCY STIPULATION – 07  
Wildlife and Plant Species: Threatened, Endangered, Proposed and Sensitive Plants 

 

No Surface Occupancy for TEP Plant Locations and Sensitive Plant Conservation Agreement Areas 

Where: Areas within one mile of known federally Threatened, Endangered or Proposed plant locations, and 

areas within one mile of Sensitive plant locations covered under a conservation agreement. 

For the purpose of: Protecting and conserving federally Threatened, Endangered, Proposed, and Sensitive plant 

populations. 

Exceptions:  An exception may be granted if through site specific study, and in cooperation with the US Fish and 

Wildlife Service, an area is determined to not be providing suitable habitat for any federally Threatened, 

Endangered, Proposed or Sensitive plants. 

Modification:  None 

Waiver:  None 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

NSO – 07  
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NO SURFACE OCCUPANCY STIPULATION – 08  
Wildlife and Plant Species: Aquatic Fauna 

 

No Surface Occupancy in Key Habitats for Boreal Toad 

Where: Within key boreal toad habitat delineated and mapped by the Forest Service. 

For the purpose of: Protecting key habitat and known locations of boreal toad. 

Exceptions:  None 

Modifications:  None 

Waivers: None 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

NSO – 08  
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NO SURFACE OCCUPANCY STIPULATION – 09  
Wildlife and Plant Species: Greater Sage Grouse Leks 

 
No Surface Occupancy in Sage Grouse Leks 

Where: Within 4 miles of sage grouse leks delineated and mapped by the Forest Service. 

For the purpose of: Protecting breeding and brood-rearing sage grouse from predation, habitat fragmentation, 

and disturbance.  

Exceptions: An exception may be granted if the Forest Supervisor, in coordination with the Utah Division of 

Wildlife Resources, determines through analysis that the nature of the actions, as proposed or conditioned, 

could be fully mitigated. This might occur if topography and/or vegetation are present that would effectively 

screen the structure or facility from the breeding habitat. 

Modifications: None 

Waivers: None 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

NSO – 09  
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NO SURFACE OCCUPANCY STIPULATION – 10  
Wildlife and Plant Species: Pygmy Rabbit Colonies 

 
No Surface Occupancy in Known Pygmy Rabbit Colonies 

Where: Within pygmy rabbit colonies delineated and mapped by the Forest Service. 

For the purpose of: Protecting known populations of pygmy rabbits and their habitat. 

Exceptions:  None 

Modifications:  None 

Waivers: None 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

NSO – 10  
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NO SURFACE OCCUPANCY STIPULATION – 11  
Wildlife and Plant Species: Bald Eagle Winter Concentration Areas 

 
No Surface Occupancy in Bald Eagle Winter Concentration Areas 

Where: Within bald eagle winter concentration areas delineated and mapped by the Forest Service. 

For the purpose of: Protecting bald eagles in their wintering habitat. 

Exceptions:  An exemption may be granted if it is determined through site-specific analysis that the area is not 

suitable habitat. 

Modifications:  None 

Waivers: None 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

NSO – 11  
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NO SURFACE OCCUPANCY STIPULATION – 12  
Wildlife and Plant Species: Mexican Spotted Owl PACs 

 

No Surface Occupancy in Mexican Spotted Owl Protected Activity Centers (PACs) 

 Where: Within delineated and mapped Mexican spotted owl PACs. 

For the purpose of: Protecting habitat areas for Mexican spotted owl that are not fully protected by the 

Endangered Species Act, which include all non-Critical Habitat areas. 

Exceptions:  None 

Modifications:  None 

Waivers: None 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

NSO – 12  
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NO SURFACE OCCUPANCY STIPULATION – 13  
Wildlife and Plant Species: Goshawk Core Nest Areas 

 
No Surface Occupancy in Goshawk Core Nesting Areas 

Where: Areas delineated by the Forest Service as core nesting areas for northern goshawk. Known goshawk nest 

areas are confidential and are not shown on any maps in the EIS. 

For the purpose of: Maintaining the integrity of nesting habitat structure and the character of the surrounding 

habitat within a territory. 

Exception: None 

Modification: None 

Waiver: The Authorized Officer may grant a waiver if conditions have changed such that there is no reasonable 

likelihood that the lease area can support further nesting activity.  A waiver to the above lease stipulation may 

be requested along with the submission of a Surface Use Plan of Operations (36 CFR 228.104). 

 

Any Changes to this stipulation will be made in accordance with the Forest Plan and/or the regulatory provisions 
for such changes (For guidance on the use of this stipulation, see BLM Manual 1624 and 3101 or FS Manual 1950 
and 2820). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

NSO – 13  
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NO SURFACE OCCUPANCY STIPULATION – 14  
Visual Resources: High Scenic Integrity Areas 

 
No Surface Occupancy for Areas with High Scenic Integrity  

Where:  Frequently viewed areas of high scenic integrity 

For the Purpose Of: Preserving and maintaining High Scenery Integrity Objectives where there are primary 

important travel routes or use areas where users have a major concern for the aesthetics of the viewed 

landscape. 

Exception:  Based on site specific review, an exception may be granted if the effects of the proposed activity will 

not cause the area to fall below a high scenic integrity objective. 

Modification:  None 

Waiver: None 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

NSO – 14  
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NO SURFACE OCCUPANCY STIPULATION – 15  
Inventoried Roadless Areas: Inventoried Roadless Areas 

 
No Surface Occupancy in Inventoried Roadless Areas 

Where: Within the boundary of all Inventoried Roadless Areas. 

For the Purpose Of:  Protecting the roadless and wilderness characteristics of these lands.  No well sites or 

production facilities will be allowed on these lands.  Construction of roads, pipelines, or other facilities must 

comply with direction in the Forest Plan. 

Exception:  None 

Modification:  None 

Waiver: None 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

NSO – 15  
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NO SURFACE OCCUPANCY STIPULATION – 16  
Recreation: Developed Recreation Sites and National Recreation Trails 

  
No Surface Occupancy for Developed Recreation Areas and National Recreation Trails 

Where: Within ¼ mile of developed recreation sites and national recreation trails. 

For the Purpose Of:  Protecting the capital investment and recreation uses associated with these sites.  

Construction of roads, pipelines, and other facilities must comply with direction in the Forest Plan. 

Exception:  None 

Modification:  A modification may be granted if a portion of the developed recreation sites in the leasehold are 

moved or eliminated. 

Waiver:  A waiver may be granted if all the developed recreation site(s) in the leasehold are moved or 
eliminated. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

NSO – 16  
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NO SURFACE OCCUPANCY STIPULATION – 17  
Other Resources: Research Natural Areas 

 
No Surface Occupancy in Research Natural Areas 

Where: Within the boundary of all Research Natural Areas. 

For the Purpose Of:  Protecting the characteristics, function, and intended use of these lands.   

Exception:  None 

Modification:  None 

Waiver: None 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

NSO – 17  
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NO SURFACE OCCUPANCY STIPULATION – 18  
Other Resources: Forest Service Administrative Sites and Facilities 

 
No Surface Occupancy for Administrative Sites 

Where: Within ¼ mile of Forest Service administrative sites. 

For the Purpose Of:  Protecting the capital investment and uses associated with administrative sites.  

Construction of roads, pipelines, and other facilities must comply with direction in the Forest Plan. 

Exception:  None 

Modification:  A modification may be granted if a portion of the administrative site(s) in the leasehold are 

moved or eliminated. 

Waiver:  A waiver may be granted if all the administrative site(s) in the leasehold are moved or eliminated. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

NSO – 18  
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NO SURFACE OCCUPANCY STIPULATION – 19  
Other Resources: Cultural Resources; Old Spanish Trail, Paradise Valley, Quitchupah Canyon 

 
No Surface Occupancy in Old Spanish Trail Corridor 

Where:  Within the boundary of the Old Spanish Trail corridor delineated and mapped by the Forest Service. 

For the Purpose Of: Protecting the integrity of the trail and the viewshed along the corridor. 

Exception:  None 

Modification:  None 

Waiver: None 
 
No Surface Occupancy in Paradise Valley Cultural Resource Site 

Where: Within the boundary containing a high density of recorded cultural resource sites in Paradise Valley, 

delineated and mapped by the Forest Service. 

For the Purpose Of: Protecting the cultural resources in this area containing an unusually high density of 

recorded sites. 

Exception:  None 

Modification:  None 

Waiver: None 
 
No Surface Occupancy in Quitchupah Canyon Cultural Area 

Where: Within the boundary of Quitchupah Canyon Cultural Area. 

For the Purpose Of:  Protecting the cultural use and values of these lands.   

Exception:  None 

Modification:  None 

Waiver: None 
 

 
 
 
 
 
 
 
 

NSO – 19  
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CONTROLLED SURFACE USE STIPULATION – 01  
Wildlife and Plant Species: Goshawk PFAs 

Controlled Surface Use in Goshawk Post Fledgling Areas (PFA) 

Where: Within goshawk PFAs delineated and mapped by the Forest Service. 

For the purpose of: Providing for goshawk fledgling survivorship by maintaining solitude and ambient noise 

levels during the fledgling period within the PFA. 

Surface occupancy or use is subject to the following special operating constraints: 

Prior to any surface disturbing activity in a goshawk PFA, a two-year protocol survey would be required and 

would need to be completed between March 1 and September 30.  If any occupied or active nests are found 

within the PFA, high intensity oil and gas activities such as construction and drilling will be restricted in the area 

of the PFA from 1 March to 30 September or until birds have fledged as determined by Forest Service wildlife 

staff.  

 Exception:  None   

Modification:  None 

Waiver:  None 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CSU – 01  
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CONTROLLED SURFACE USE STIPULATION – 02  
Wildlife and Plant Species: Active Raptor Nests 

Controlled Surface Use for Active Raptor Nests 

Where: Within the influence zone of affected raptor species as determined by guidelines set forth by the US Fish 

and Wildlife Service. 

For the purpose of: Protecting nesting raptors and their young. 

Surface occupancy or use is subject to the following special operating constraints: 

Raptor nest surveys are required in potentially suitable habitats for all raptors, including Threatened, 

Endangered, Sensitive and MIS species prior to the approval of surface disturbing activities at a specific location.   

If active or occupied raptor nests are located, high intensity activities such as construction and drilling will be 

restricted surrounding the nest(s) within an influence zone.  Influence zones and duration of restrictions would 

depend on the raptor species of concern as determined in the guidelines set forth by the US Fish and Wildlife 

Service for Utah species.  Influence zones are line-of-sight to specified distances. If topography or vegetation 

provides adequate screening needed to maintain nest viability, the distance may be reduced (to be determined 

by the Fishlake National Forest wildlife biologist).  

For the purpose of: Protecting nesting raptors by maintaining solitude and ambient noise levels during the 

nesting season. 

To provide protections to golden eagles beyond the Bald and Golden Eagle Protection Act by avoiding injury or 

mortality to nestlings and adults (take) through spatial and seasonal buffers.   

Exception:  None   

Modification:  None 

Waiver:  None 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

CSU – 02  
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CONTROLLED SURFACE USE STIPULATION – 03  
Other Resources: Air Quality 

Controlled Surface Use for Class I Airsheds 

Where: For exploratory projects on all lands within 5 km of Class I airsheds and for development and 

production projects on all lands in within 60 km of Class I airsheds. 

For the purpose of: Protection of air resources in and around Class I areas to meet or exceed FLAG guidelines. 

On all lands in within 60 km of Class I airsheds, surface occupancy or use is subject to the following special 

operating constraints: 

Proposed operations must be located and/or designed to not cause or contribute to adverse impacts to air 

quality related values in Class I airsheds. Operators will be expected to use appropriate Best Available Control 

Technology (BACT) to reduce impacts to air quality and air quality related values by reducing emissions from 

field production and operations. The future development of the lease parcels may be subject to appropriate 

mitigation and conditions of approval (COAs) to reduce or mitigate air resource impacts and GHG emissions. 

To ensure this, within 5 km for exploratory projects and within 60km for development and production projects 
of any Class I airshed an air impact analysis would be required prior to any field activity to demonstrate that 
proposed operations and associated mitigating measures will not result in an exceedances of the air standards 
as outlined in the most recent FLAG guidance. 
 
Typical design and mitigation measures may include: use of Tier IV or better engines, use of low sulfur fuels, 
electrification of  well fields, flaring hydrocarbon and gases at high temperatures in order to reduce emissions of 
incomplete combustion; water dirt roads during periods of high use in order to reduce fugitive dust emissions; 
require that vapor recovery systems be maintained and functional in areas where petroleum liquids are stored; 
minimize roads and re-vegetate areas of the pad not required for production facilities to reduce the amount of 
dust from the pads. 
 

Exception:  None   

Modification:  None 

Waiver:  None 

 
 
 
 
 
 
 
 
 
 

CSU – 03  
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TIMING LIMITATION STIPULATION – 01  
Wildlife and Plant Species: Bighorn Sheep Lambing Areas, Crucial Elk Calving and Mule Deer Fawning 

Habitat 

Timing Limitation for Bighorn Sheep Lambing Areas, Crucial Elk Calving and Mule Deer Fawning Habitat 

Where: Within potential bighorn sheep lambing areas modeled and mapped by the Forest Service, and crucial 

elk calving and mule deer fawning habitat delineated and mapped by UDWR. 

 

No activities would be allowed during the critical time period May 1 to July 5. 

For the Purpose Of:  Protecting lambing areas and crucial elk calving and mule deer fawning habitat by 

precluding activities which could cause increased stress and/or displacement.   

Exception:  An exception may be granted if there are no practical alternatives, and the Forest Supervisor 

determines through analysis, and in coordination with the Utah Division of Wildlife Resources that the nature of 

the actions, as proposed or conditioned, could be fully mitigated. 

Modification:  None 

Waiver:  None 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

TL – 01  
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TIMING LIMITATION STIPULATION – 02  
Wildlife and Plant Species: Crucial Elk and Mule Deer Winter Range 

Timing Limitation for Crucial Elk and Mule Deer Winter Range 

Where: Within crucial elk and mule deer winter range delineated and mapped by UDWR. 

No activities would be allowed during the critical time period December 1 to April 15. 

For the Purpose Of:  Protecting crucial elk and mule deer winter range by precluding activities which could cause 

increased stress and/or displacement.   

Exception:  An exception may be granted if there are no practical alternatives, and the Forest Supervisor 

determines through analysis and in coordination with the Utah Division of Wildlife Resources that the nature of 

the actions, as proposed or conditioned, could be fully mitigated.  This might occur if seasonal conditions are 

such that the animals have moved and are not using the specified area during the time they would normally be 

expected.  Factors to be considered would include elk presence or expected elk presence, snow depth, 

temperature, snow crusting, location of disturbance, forage quantity and quality, animal condition, and 

expected duration of disturbance. 

Modification:  A modification may be granted if the Forest Supervisor determines through new habitat studies, 

coordinated with the Utah Division of Wildlife Resources, that a portion of the leasehold affected by this 

stipulation does not contain crucial elk winter range. 

Waiver: None 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

TL – 02  
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TIMING LIMITATION STIPULATION – 03  
Wildlife and Plant Species: Bighorn Sheep Winter Range 

Timing Limitation for Bighorn Sheep Winter Range 

Where: Within potential bighorn sheep winter range modeled and mapped by the Forest Service. 

No activities would be allowed during the critical time period November 1 to April 15. 

 

For the Purpose Of:  Protecting bighorn sheep winter range by precluding activities which could cause increased 

stress and/or displacement.   

Exception:  An exception may be granted if there are no practical alternatives, and the Forest Supervisor 

determines through analysis and in coordination with the Utah Division of Wildlife Resources that the nature of 

the actions, as proposed or conditioned, could be fully mitigated.  This might occur if seasonal conditions are 

such that the animals have moved and are not using the specified area during the time they would normally be 

expected.   

Modification:  A modification may be granted if the Forest Supervisor determines through new habitat studies, 

coordinated with the Utah Division of Wildlife Resources, that a portion of the leasehold affected by this 

stipulation does not contain bighorn sheep winter range. 

Waiver: None 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

TL – 03  
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TIMING LIMITATION STIPULATION – 04  
Wildlife and Plant Species: Greater Sage Grouse Brood-rearing Habitat 

Timing Limitation for Sage Grouse Brood-rearing Habitat 

Where: Within sage grouse brood-rearing habitat delineated and mapped by UDWR.  

No activities would be allowed during the period May 1 through July 5. 

For the Purpose Of:  Protecting sage grouse during the critical breeding season by precluding activities which 

could cause increased stress, displacement, and/or breeding failures.   

Exception:  An exception may be granted if the Forest Supervisor, in coordination with the Utah Division of 

Wildlife Resources, determines through analysis that the nature of the actions, as proposed or conditioned, 

could be fully mitigated. 

Modification:  A modification may be granted if the Forest Supervisor determines through coordination with the 

Utah Division of Wildlife Resources, that new habitat studies demonstrate a portion of the lease area affected by 

this stipulation no longer contains brood-rearing habitat. 

Waiver:  A waiver may be granted if the Forest Supervisor determines through coordination with the Utah 

Division of Wildlife Resources, that new habitat studies demonstrate the entire lease area affected by this 

stipulation no longer contains brood-rearing habitat. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

TL – 04  



 

 

H - 36 

TIMING LIMITATION STIPULATION – 05  
Wildlife and Plant Species: Greater Sage Grouse Winter Habitat 

Timing Limitation for Sage Grouse (Structures in Winter Habitat) 

Where: Within sage grouse winter habitat delineated and mapped by UDWR. 

 

For the Purpose Of:  Protecting wintering sage grouse from predation, habitat fragmentation, and disturbance 

during the critical period from December 1 to March 15. 

Exception:  An exception may be granted if the Forest Supervisor, in coordination with the Utah Division of 

Wildlife Resources, determines through analysis that the nature of the actions, as proposed or conditioned, 

could be fully mitigated. 

Modification:  A modification may be granted if the Forest Supervisor determines through consultation with the 

U.S. Fish and Wildlife Service and coordination with the Utah Division of Wildlife Resources, that new habitat 

studies demonstrate a portion of the lease area affected by this stipulation no longer contains winter habitat. 

Waiver:  A waiver may be granted if the Forest Supervisor determines through coordination with the Utah 

Division of Wildlife Resources, that new habitat studies demonstrate the entire lease area affected by this 

stipulation no longer contains winter habitat. 
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Lease Notices for Oil and Gas Development on  

Lands Administered by the Fishlake National Forest 
Under Jurisdiction of  

Department of Agriculture 

 

In conducting operations associated with this lease, the lessee/operator must comply with all the rules and regulations of 

the Secretary of Agriculture set forth at Title 36, Chapter II, of the Code of Federal Regulations governing the use, 

occupancy, and management of National Forest System (NFS) lands when not inconsistent with existing lease rights granted 

by the Secretary of Interior. 

All matters related to this notice are to be addressed to:   

Forest Supervisor 
Fishlake National Forest 
115 E. 900 N. 
Richfield, Utah 84701 
Telephone: 435 896-9233 

 
who is the authorized representative of the Secretary of Agriculture. 

CULTURAL RESOURCES (National Historic Preservation Act of 1966 (NHPA), P.L. 89-665 as amended by P.L. 94-

422, P.L. 94-458, and P.L. 96-515): 

The Forest Service authorized officer is responsible for ensuring that the leased lands are examined prior to the 

undertaking of any ground-disturbing activities to determine whether or not cultural resources are present, and 

to specify mitigation measures for effects on cultural resources that are found to be present.   

The lessee or operator shall contact the Forest Service to determine if a site-specific cultural resource inventory 

is required prior to undertaking any surface-disturbing activities on Forest Service lands covered by this lease. 

The lessee or operator may engage the services of a cultural resource specialist acceptable to the Forest Service 

to conduct any necessary cultural resource inventory of the area of proposed surface disturbance. In 

consultation with the Forest Service authorized officer, the lessee or operator may elect to conduct an inventory 

of a larger area to allow for alternative or additional areas of disturbance that may be needed to accommodate 

other resource needs or operations. 

The lessee or operator shall implement mitigation measures required by the Forest Service to preserve or avoid 

destruction of cultural resource values. Mitigation may include relocation of proposed facilities, testing, salvage, 

and recordation or other protective measures.   

During the course of actual surface operations on Forest Service lands associated with this lease, the lessee or 

operator shall immediately bring to the attention of the Forest Service the discovery of any cultural or 

paleontological resources. The lessee or operator shall leave such discoveries intact until directed to proceed by 

Forest Service. 
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THREATENED OR ENDANGERED SPECIES (The Endangered Species Act. (ESA), P.L. 93-205 (1973), P.L. 94-359 

(1974), P.L. 95-212 (1977), P.L. 95-632 (1978), P.L. 96-159 (1979), P.L. 97-304 (1982), P.L. 100-653 (1988)).  

The Forest Service authorized officer is responsible for compliance with the Endangered Species Act. This 

includes meeting ESA Section 7 consultation requirements with the U.S. Fish and Wildlife Service prior to any 

surface disturbing activities associated with this lease with potential effects to species and/or habitats protected 

by the ESA. The results of consultation may indicate a need for modification of or restrictions on proposed 

surface disturbing activities.  

The lessee or operator may choose to conduct the examination at their cost. Results of the examination will be 

used in any necessary ESA consultation procedures.  This examination and any associated reports, including 

Biological Assessments, must be done by or under the supervision of a qualified resource specialist approved by 

the Forest Service. Any reports must also be formally approved by the USDA Forest Service biologist or 

responsible official. 

LEASE NOTICE – Mexican Spotted Owl: 

The Lessee/Operator is given notice that the lands in this lease contain suitable habitat for Mexican spotted owl, 

a federally listed species.  Insert the following if lease contains Designated Critical Habitat: [The Lessee/Operator 

is given notice that the lands in this lease contain Designated Critical Habitat for the Mexican spotted owl, a 

federally listed species.  Critical habitat was designated for the Mexican spotted owl on August 31, 2004 (69 FR 

53181-53298).] Avoidance or use restrictions may be placed on portions of the lease.  Application of appropriate 

measures will depend on if the action is temporary or permanent, and whether it occurs within or outside the 

owl nesting season.  A temporary action is completed prior to the following breeding season leaving no 

permanent structures and resulting in no permanent habitat loss.  A permanent action continues for more than 

one breeding season and/or causes a loss of owl habitat or displaces owls through disturbances, i.e. creation of 

a permanent structure.  

The following avoidance and minimization measures have been designed to ensure activities carried out on the 

lease are in compliance with the Endangered Species Act.  Integration of and adherence to these measures will 

facilitate review and analysis of any submitted permits under the authority of this lease.  Following these 

measures could reduce the scope of ESA Section 7 consultation at the permit stage. 

Current avoidance and minimization measures include the following: 

1. Surveys following Forest Service approved protocol will be required prior to operations unless species 
occupancy and distribution information is complete and available. All surveys must be conducted by 
qualified individual(s). 

2. Assess habitat suitability for both nesting and foraging using accepted habitat models in conjunction 
with field reviews. Apply the conservation measures below if project activities occur within 0.5 mile of 
suitable owl habitat.  Determine potential effects of actions to owls and their habitat. Document type of 
activity, acreage and location of direct habitat impacts, type and extent of indirect impacts relative to 
location of suitable owl habitat. Document if action is temporary or permanent. 
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3. Lease activities will require monitoring throughout the duration of the project.   To ensure desired 
results are being achieved, minimization measures will be evaluated and, if necessary, Section 7 
consultation reinitiated. 

4. Produced water will be managed to ensure maintenance or enhancement of riparian habitat. 
5. Where technically and economically feasible, use directional drilling or multiple wells from the same pad 

to reduce surface disturbance and eliminate drilling in canyon habitat suitable for Mexican spotted owl 
nesting. 

6. For all temporary actions that may impact owls or suitable habitat: 
a. If the action occurs entirely outside of the owl breeding season (March 1- August 31), and leaves 

no permanent structure or permanent habitat disturbance, action can proceed without an 
occupancy survey. 

b. If action will occur during a breeding season, survey for owls prior to commencing activity. If 
owls are found, consultation with USFWS must be reinitiated and activity must be delayed until 
consultation is completed. 

c. Rehabilitate access routes created by the project through such means as raking out scars, 
revegetation, gating access points, etc. 

7. For all permanent actions that may impact owls or suitable habitat: 
a. Survey two consecutive years for owls according to accepted protocol prior to commencing 

activities. 
b. If owls are found, no actions will occur within 0.5 mile of identified nest site.  If nest site is 

unknown, no activity will occur within the designated Protected Activity Center (PAC). 
c. Avoid drilling and permanent structures within 0.5 mi of suitable habitat unless surveyed and 

not occupied. 
d. Reduce noise emissions (e.g., use hospital-grade mufflers) to 45 dBA at 0.5 mile from suitable 

habitat, including canyon rims.  Placement of permanent noise generating facilities should be 
determined by a noise analysis to ensure noise does not encroach upon a 0.5 mile buffer for 
suitable habitat, including canyon rims. 

e. Limit disturbances to and within suitable habitat by staying on approved routes. 
f. Limit new access routes created by the project. 

 

Additional measures to avoid or minimize effects to the species may be developed and implemented in 

consultation with the U.S. Fish and Wildlife Service between the lease sale stage and lease development stage to 

ensure continued compliance with the Endangered Species Act. 

LEASE NOTICE – California Condor:  

The Lessee/Operator is given notice that the lands located in this parcel contain potential habitat for the 

California condor, a federally listed species. Avoidance or use restrictions may be placed on portions of the lease 

if the area is known or suspected to be used by condors. Application of appropriate measures will depend on 

whether the action is temporary or permanent, and whether it occurs within or outside potential habitat. A 

temporary action is completed prior to the following important season of use, leaving no permanent structures 

and resulting in no permanent habitat loss. This would include consideration for habitat functionality. A 

permanent action continues for more than one season of habitat use, and/or causes a loss of condor habitat 

function or displaces condors through continued disturbance (i.e. creation of a permanent structure requiring 

repetitious maintenance, or emits disruptive levels of noise).  
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The following avoidance and minimization measures have been designed to ensure activities carried out on the 

lease are in compliance with the Endangered Species Act. Integration of and adherence to these measures will 

facilitate review and analysis of any submitted permits under the authority of this lease. Following these 

measures could reduce the scope of Endangered Species Act, Section 7 consultation at the permit stage.  

Current avoidance and minimization measures include the following:  

1. Surveys will be required prior to operations unless species occupancy and distribution information is 
complete and available. All Surveys must be conducted by qualified individual(s) approved by the Forest 
Service, and must be conducted according to approved protocol.  

2. If surveys result in positive identification of condor use, all lease activities will require monitoring 
throughout the duration of the project to ensure desired results of applied mitigation and protection. 
Minimization measures will be evaluated during development and, if necessary, Section 7 consultation 
may be reinitiated.  

3. Temporary activities within 1.0 mile of nest sites will not occur during the breeding season.  
4. Temporary activities within 0.5 miles of established roosting sites or areas will not occur during the 

season of use, August 1 to November 31, unless the area has been surveyed according to protocol and 
determined to be unoccupied.  

5. No permanent infrastructure will be placed within 1.0 mile of nest sites.  
6. No permanent infrastructure will be placed within 0.5 miles of established roosting sites or areas.  
7. Lessee is responsible to remove big game carrion (which may be an unwanted attractant) to 100 feet 

from on lease roadways occurring within foraging range as feasible in coordination with the UDWR and 
the Forest Service. 

 
Where technically and economically feasible, use directional drilling or multiple wells from the same pad to 

reduce surface disturbance and eliminate drilling in suitable habitat.  

 Additional measures may also be employed to avoid or minimize effects to the species between the lease sale 

and lease development stages. These additional measures will be developed and implemented in consultation 

with the U.S. Fish and Wildlife Service to ensure continued compliance with the Endangered Species Act. 

LEASE NOTICE – Western Yellow-billed Cuckoo: 

The Lessee/Operator is given notice that the lands located in this parcel contain potential habitat for the 

Western yellow-billed cuckoo, a federally listed species. In areas that contain riparian habitat within the range of 

the species, actions that may cause stress and disturbance during nesting and rearing of young would be 

avoided or restricted. Appropriate measures will depend on if the action is temporary or permanent, and 

whether it occurs within or outside the nesting season. A temporary action is completed prior to the breeding 

season leaving no permanent structures and resulting in no permanent habitat loss. A permanent action 

continues for more than one breeding season and/or causes a loss of habitat or displaces individuals through 

disturbances. Current avoidance and minimization measures include the following:   

1. Surveys would be required prior to operations unless species occupancy and distribution information is 
complete and available. All surveys must be conducted by qualified individual(s) and be conducted 
according to protocol.   



 

 

H - 41 

2. Activities would require monitoring throughout the duration of the project. To ensure desired results 
are being achieved, minimization measures would be evaluated and, if necessary, Section 7 consultation 
reinitiated.  

3. Water production would be managed to ensure maintenance or enhancement of riparian habitat.  
4. Where technically and economically feasible, use directional drilling or multiple wells from the same pad 

to reduce surface disturbance and eliminate drilling in suitable riparian habitat. Ensure that such 
directional drilling does not intercept or degrade alluvial aquifers.  

5. Activities would maintain a 300 feet buffer from suitable riparian habitat year long.  
6. Activities within ¼ mile of occupied breeding habitat would not occur during the breeding season of May 

1 to August 15.  
7. Ensure that water extraction or disposal practices do not result in change of hydrologic regime that 

would result in loss or degradation of riparian habitat.  
8. Re-vegetate with native species all areas of surface disturbance within riparian areas and/or adjacent 

land.  
 
Additional measures to avoid or minimize effects to the species may be developed and implemented in 

consultation with the USFWS between the lease sale stage and lease development stage to ensure continued 

compliance with the ESA.  

LEASE NOTICE – Migratory Birds: 

The lessee/operator is given notice that surveys for nesting migratory birds may be required during migratory 

bird breeding season whenever surface disturbances and/or occupancy is proposed in association with fluid 

mineral exploration and development within priority habitats. Surveys should focus on identified priority bird 

species in Utah.  Field surveys will be conducted as determined by the authorized officer of the USDA Forest 

Service.  Based on the result of the field survey, the authorized officer will determine appropriate buffers and 

timing limitations. This notice may be waived, excepted, or modified by the authorized officer if either the 

resource values change or the lessee/operator demonstrates that adverse impacts can be mitigated. 

LEASE NOTICE - Sensitive and MIS Species (Plants and Wildlife): 

The Lessee/Operator is given notice that the lands in this parcel contain suitable habitat for sensitive, and/or 

management indicator species.   The following avoidance and minimization measures have been developed to 

facilitate locating and designing operations to avoid adverse effects to the viability of these species.  

Prior to conducting any surface disturbing activities within suitable habitat for sensitive and Management 

Indicator Species (MIS), surveys would need to be completed. If sensitive or MIS are found, ground disturbing 

activities may be moved up to ½ mile to buffer around occupied habitat that is essential to the persistence of 

the species on the Fishlake National Forest. 

LEASE NOTICE - Utah Prairie Dog: 

The lessee/operator is given notice that lands in this lease may contain historic and/or occupied Utah prairie dog 

habitat, a threatened species under the Endangered Species Act.  Avoidance or use restrictions may be placed 

on portions of the lease.  Application of appropriate measures will depend whether the action is temporary or 

permanent, and whether it occurs when prairie dogs are active or hibernating.  A temporary action is completed 
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prior to the following active season leaving no permanent structures and resulting in no permanent habitat loss.  

A permanent action continues for more than one activity/hibernation season and/or causes a loss of Utah 

prairie dog habitat or displaces prairie dogs through disturbances, i.e. creation of a permanent structure.   

The following avoidance and minimization measures have been designed to ensure activities carried out on the 

lease are in compliance with the Endangered Species Act.  Integration of, and adherence to these measures will 

facilitate review and analysis of any submitted permits under the authority of this lease.  Following these 

measures could reduce the scope of Endangered Species Act, Section 7 consultation at the permit stage. 

Current avoidance and minimization measures include the following: 

1. Surveys will be required prior to operations unless species occupancy and distribution information is 
complete and available.  All Surveys must be conducted by qualified individual(s) approved by the Forest 
Service (i.e., needs to have passed the USFWS Utah Prairie Dog survey course). 

2. Lease activities will require monitoring throughout the duration of the project.  To endure desired 
results are being achieved, minimization measures will be evaluated and, if necessary, Section 7 
consultation reinitiated. 

3. Where technically and economically feasible, use directional drilling or multiple wells from the same pad 
to reduce surface disturbance and eliminate drilling in prairie dog habitat. 

4. Surface occupancy or other surface disturbing activity will be avoided within 0.5 mile of active prairie 
dog colonies. 

5. Permanent surface disturbance or facilities will be avoided within 0.5 mile of potentially suitable, 
unoccupied prairie dog habitat, identified and mapped by Utah Division of Wildlife Resources. 

6. The lessee/operator should consider if fencing infrastructure on well pad, e.g., drill pads, tank batteries, 
and compressors, would be needed to protect equipment from burrowing activities.  In addition, the 
operator should consider if future surface disturbing activities would be required at the site. 

7. Within occupied habitat, set a 25 mph speed limit on operator-created and access roads and adhere to 
speed limit on maintained roads. The speed limit may have to be revisited on a site-specific basis and 
reduced. 

8. Limit disturbances to and within suitable habitat by staying on designated routes. 
9. Limit new access routes created by the project. 
10. Unavoidable impacts to the species will be mitigated through site-specific consultation with the US Fish 

and Wildlife Service. 
 
Additional measures to avoid or minimize effects to the species may be developed and implemented in 

consultation with the U.S. Fish and Wildlife Service between the lease sale stage and lease development stage to 

ensure continued compliance with the Endangered Species Act. 

Lease Notice - Drinking Water Source Protection Zones 

 

The following is required language for approval for Oil and Gas activities with source water protections 

zones:  This lease (or a portion thereof) has been determined to be within a public Drinking Water Source 

Protection Zone. Prior to any surface-disturbing activity, the lessee/operator must contact the BLM field 

office and the public water system manager to determine any zoning ordinances, best management or 

pollution prevention measures, or physical controls that may be required within the protection zone(s). 

Compliance with Drinking Water Source Protection plans, developed by public water systems under the 

requirements of R309-600, Drinking Water Source Protection for Ground-Water Sources (Utah 
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Administrative Code), is mandatory. Compliance with county ordinances to protect the source protection 

zones, as required by Section 19-4-113 of the Utah Code, is also mandatory. 

 

Some public water sources qualify for monitoring waivers which reduce their monitoring requirements 

for pesticides and volatile organic chemicals (VOCs). Exploration, drilling, and production activities 

within Source Protection zones could jeopardize these waivers, thus requiring increased monitoring. The 

operator must contact the public water system administrator to determine what effect their activities may 

have on the public water system’s monitoring waivers. Compliance with other Utah State rules to protect 

surface and ground water such as the Utah Division of Water Quality Rule R317 (Water Quality Rules) 

and Rule R649 (Rules of the Utah Division of Oil, Gas and Mining, Utah Oil and Gas Conservation) is 

required. 

Lease Notice - Drinking Water Source Protection Zone Condition of Approval (COA) 

The following is required language for approval for Oil and Gas activities with source water protections zones:  

This lease (or a portion thereof) has been determined to be within a public Drinking Water Source Protection 

Zone. Prior to any surface-disturbing activity, the lessee/operator must contact the BLM field office and the 

public water system manager to determine any zoning ordinances, best management or pollution prevention 

measures, or physical controls that may be required within the protection zone(s). Compliance with Drinking 

Water Source Protection plans, developed by public water systems under the requirements of R309-600, 

Drinking Water Source Protection for Ground-Water Sources (Utah Administrative Code), is mandatory. 

Compliance with county ordinances to protect the source protection zones, as required by Section 19-4-113 of 

the Utah Code, is also mandatory. 

Some public water sources qualify for monitoring waivers which reduce their monitoring requirements for 

pesticides and volatile organic chemicals (VOCs). Exploration, drilling, and production activities within Source 

Protection zones could jeopardize these waivers, thus requiring increased monitoring. The operator must 

contact the public water system administrator to determine what effect their activities may have on the public 

water system’s monitoring waivers. Compliance with other Utah State rules to protect surface and ground water 

such as the Utah Division of Water Quality Rule R317 (Water Quality Rules) and Rule R649 (Rules of the Utah 

Division of Oil, Gas and Mining, Utah Oil and Gas Conservation) is required. 

Groundwater Protection Zones 1-4: 

This lease (or a portion thereof) is within one or more Drinking Water Source Protection Zones (DWSPZs) 

designated by the Utah Division of Drinking Water (DDW). Prior to a lease being offered up for sale that overlies 

a DWSPZ the BLM would attach IM No. UT 2010-055, Attachment F (Utah Drinking Water Source Protection 

Zone Lease Notice). 

BLM’s rules and regulations outlined in 43 CFR §3162.4-2, §3162.5-1(a) and §3162.5-2 (d) Control of wells, 

Onshore Oil and Gas Orders Nos. 2 and 7, and the Gold Book have been developed to address potential impacts 

to ground water from the drilling and completion of oil and gas wells, including the construction and use of 

reserve and production pits. Specifically, §3162.5-2 (d) Protection of fresh water and other minerals requires 

that the operator shall isolate freshwater-bearing and other usable water containing 5,000 ppm or less dissolved 
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solids and Onshore Order No. 2 increases the requirement by establishing a 10,000 ppm total dissolved solids 

(TDS) threshold for protection of usable water. 

Concurrent with submittal of an application for a permit to drill (APD), or any proposed surface disturbing 

activity, the lessee/operator must provide the BLM Authorized Officer (AO) protective measures, which 

adequately address protection of the DWSPZ or other usable ground water zones. If operator proposed 

measures are considered insufficient to adequately protect the water zones, the AO will incorporate additional 

protective measures as condition(s) of approval (COAs). During further analysis at time of APD approval, the 

BLM would attach IM No. UT 2010-055, Attachment G (Utah Drinking Water Source Protection Zone COA). 

Geophysical logs will be required in order to determine cement integrity and subsequent protection /isolation of 

usable ground water resources. Upon well completion, additional testing may be required to verify well bore 

integrity for protection of usable ground water resources. Testing results will be evaluated to determine if 

effective implementation of mitigation measures has been achieved. 

Existing Transient Non-Community Water Systems – Zones T2 and T4: 

This lease (or a portion thereof) is within Drinking Water Source Protection Zones designated as a transient non-

community water system which does not serve 25 of the same nonresident persons per day for more than 6 

months per year by the Utah Division of Drinking Water. The Transient System T2 protection zone for existing 

wells or springs is the area within a 250-day ground-water time of travel to the wellhead, spring or margin of the 

collection area, the boundary of the aquifer(s) which supplies water to the ground-water source, or the ground-

water divide, whichever is closer. The Transient System T4 protection zone for existing wells or springs is the 

area within a 10-year ground-water time of travel to the wellhead, spring or margin of the collection area, the 

boundary of the aquifer(s) which supplies water to the ground-water source, or the ground-water divide, 

whichever is closer. Compliance with R309-600 is voluntary for existing transient non-community water systems. 

However, all new ground water sources (including transient non-community systems) must submit to the DDW a 

Preliminary Evaluation Report (R309-600-13(2)) and a Drinking Water Source Protection Plan (R309-600-7(1)) 

which designates ground water source protection zones 1 through 4. Protection of the zones T2 and T4 must 

also comply with LEASE NOTICE – Groundwater Protection Zones 1-4. 

Surface Water Protection Zones 1-4: 

There currently are no Surface Water Protection Zones within the lands being proposed for leasing. But if any 

are created then the following Lease Notice for these zones would apply.  This lease (or a portion thereof) is 

within public Drinking Water Source Protection Zones 1, 2, 3, and/or 4.  Before application for a permit to drill 

(APD) submittal or any proposed surface disturbing activity, the lessee/operator must contact the BLM field 

office and the public water system manager to determine any zoning ordinances, best management or pollution 

prevention measures or physical controls that may be required within the protection zone. Drinking Water 

Source Protection plans are developed by the public water systems under the requirements of R309-605-7, 

Drinking Water Source Protection for Surface Sources (Utah Administrative Code). There may also be county 

ordinances in place to protect the source protection zones, as required by Section 19-4-113 of the Utah Code. 

 



 

 

H - 45 

Incorporated cities and towns may also protect their drinking water sources using Section 10-8- 15 of the Utah 

Code. Cities and town have the extraterritorial authority to enact ordinances to protect a source of drinking 

water ... "For 15 miles above the point from which it is taken and for a distance of 300 feet on each side of such 

stream..." Class I cities (greater than 100,000 population) are granted authority to protect their entire 

watersheds. 

Some public water sources qualify for monitoring waivers which reduce their monitoring requirements for 

pesticides and volatile organic chemicals (VOCs). Exploration, drilling and production activities within a Source 

Protection Zone could jeopardize these waivers, thus requiring increased monitoring. Contact the public water 

system to determine what effect your activities may have on their monitoring waivers. Please be aware of other 

state rules to protect surface and ground water, including Utah Division of Water Quality Rules R317 Water 

Quality Rules; and Rules of the Utah Division of Oil, Gas and Mining, Utah Oil and Gas Conservation Rules R649. 

During further analysis at time of APD the BLM would attach IM No. UT 2010-055, Attachment G - Utah Drinking 

Water Source Protection Zone COA. 

At the time of development, drilling operators will additionally conform to the BLM operational regulations and 

Onshore Oil and Gas Order No. 7 (which prescribes measures required for the handling of produced water to 

ensure the protection of surface and ground water sources) and the Surface Operating Standards and Guidelines 

for Oil and Gas Development, The Gold Book, Fourth Edition-Revised 2007 (which provides information and 

requirements for conducting environmentally responsible oil and gas operations).   

Sole Source Aquifers 

There currently are no Sole Source Aquifers within the lands being proposed for leasing. But if any are created 

then the following Lease Notice for these zones would apply.  This lease (or a portion thereof) is within Sole 

Source Aquifer Protection zone designated by the Environmental Protection Agency (EPA). BLM’s rules and 

regulations outlined in 43 CFR §3162.4-2, §3162.5-1(a) and §3162.5-2 (d) Control of wells, Onshore Oil and Gas 

Orders Nos. 2 and 7, and the Gold Book have been developed to address potential impacts to ground water 

from the drilling and completion of oil and gas wells, including the construction and use of reserve and 

production pits. Specifically, §3162.5-2 (d) Protection of fresh water and other minerals requires that the 

operator shall isolate freshwater-bearing and other usable water containing 5,000 ppm or less dissolved solids 

and Onshore Order No. 2 increases the requirement by establishing a 10,000 ppm total dissolved solids (TDS) 

threshold for protection of usable water. 

During further analysis at time of APD the BLM would attach IM No. UT 2010-055, Attachment G - Utah Drinking 

Water Source Protection Zone COA. 

Concurrent with submittal of an application for a permit to drill (APD), or any proposed surface-disturbing 

activity, the lessee/operator must provide the BLM Authorized Officer (AO) protective measures, which 

adequately address protection of the Sole Source Aquifer and other usable ground water zones. If operator 

proposed measures are considered insufficient to adequately protect the water zones, the AO will incorporate 

additional protective measures as condition(s) of approval (COAs). 
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Geophysical logs will be required in order to determine cement integrity and subsequent protection/isolation of 

usable ground water resources. Upon well completion, additional testing may be required to verify well bore 

integrity for protection of usable ground water resources. Testing results will be evaluated to determine if 

effective implementation of mitigation measures has been achieved. 

Floodplains and Wetland (EO 11988; EO 11990): 

The lessee is hereby notified that this lease may contain land within a riparian or wetland ecosystem. 

All activities within this area may be precluded or highly restricted in order to comply with Executive Order 

11988 - Floodplain Management and Executive Order 11990 - Protection of Wetlands, in order to preserve and 

restore or enhance the natural and beneficial values served by floodplains and wetlands. 

Occupancy and use of lands within riparian or wetland areas, as proposed in a Surface Use Plan of Operations, 

will be considered in an environmental analysis and mitigation measures deemed necessary to protect these 

areas identified. These areas are to be avoided to the extent possible, or special measures such as road design, 

well pad size and location or directional drilling, may be made part of the permit authorizing the activity. 

LEASE NOTICE - Air Resources: (Clean Air Act of 1963, as amended by P.L. 90-148, P.L. 91-604, and P.L. 101-549; 

National and State of Utah Ambient Air Quality Standards, National Standards of Performance for New 

Stationary Sources, National Prevention of Significant Deterioration Standards, National Emissions Standards for 

Hazardous Air Pollutants, Utah Air Conservation Regulations (R446), and Utah State Implementation Plan) 

1. The operator shall comply with the following practices to control impacts to ambient air quality from oil and 
gas exploration and production activities: 

 
a. As appropriate, quantitative analysis of potential air quality impacts will be conducted for project-
specific developments by the operator, in concert with direction from the Utah Department of 
Environmental Quality, Division of Air Quality (UDAQ), the Forest Service and cooperating federal land 
management agencies including but not limited to the National Park Service. The Forest Service will 
notify cooperating agencies as project specific proposals are received and additional air impact analyses 
are performed to ensure input from those agencies. Additional project specific air impact analyses 
would need to be conducted if the following project criteria are fulfilled: 

  
i. If an exploration drilling project is proposed within 5km of an adjacent Class I area, air quality 

related value (AQRV) impacts would need to be addressed utilizing at a minimum the VISCREEN 

screening tool. Additional air impact analyses may be necessary based on the review of the 

initial VISCREEN analysis. 

ii. If an oil and gas production project is proposed at a distance of over 60km from an adjacent 

Class I area and has emissions that exceed those utilized in the existing “Fishlake 12-well 

development scenario", A quantitative air quality impact analysis would need to be conducted 

for the project that follows the guidance found in the FLAG modeling guidelines. 

iii. If an oil and gas production project is proposed within 60km of an adjacent Class I area and 

has emissions that equal or exceed those utilized in the existing “Fishlake 12-well development 
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scenario", a quantitative air quality impact analysis would need to be conducted for the project 

that follows the guidance found in the FLAG modeling guidelines. 

iv. If an exploratory drilling or oil and gas development project is proposed to occur within 60km 

of an adjacent Class I area and has emissions that are greater than those utilized in the existing 

"exploratory drilling scenario" but less than those utilized in the "Dixie 20-well development 

scenario", consultation with the Forest Service and cooperating Federal Agencies would be 

required to determine an appropriate assessment of air quality impacts. The level of additional 

analysis would be predicated on the size of the proposed project. 

b. Compliance with Utah Air Conservation (UAC) Regulation R446-1 would be necessary. The best air 

quality control technology, as per guidance from the UDAQ, will be applied to actions as needed to meet 

air quality standards. 

c. The operator will comply with UAC Regulation R446-1-4.5.3, which prohibits the use, maintenance, or 

construction of roadways without taking appropriate dust abatement measures. Compliance will be 

obtained through special stipulations as a requirement on new projects and through the use of dust 

abatement control techniques in problem areas. 

d. The operator will manage authorized activities to maintain air quality within the thresholds 

established by the State of Utah Ambient Air Quality Standards and to ensure that those activities 

continue to keep the area in attainment, meet prevention of significant deterioration (PSD) Class II 

standards, and protect the Class I air shed of the National Parks (e.g. Zion, Bryce Canyon, and Capitol 

Reef National Parks). 

e. National Ambient Air Quality Standards will be enforced by the UDEQ, with EPA oversight. Special 

requirements to reduce potential air quality impacts will be considered on a case-by-case basis in 

processing land-use authorizations. 

f. The operator will utilize BMPs and site specific mitigation measures, when appropriate, based on-site 

specific conditions, to reduce emissions and enhance air quality. 

Examples of these types of measures can be found in the Four Corners Air Quality Task Force Report of 

Mitigation Options, November 1, 2007; EPA Natural Gas STAR Program 

(http://www.epa.gov/gasstar/); and US Forest Service Emission Reduction Techniques for Oil and Gas 

activities 2011 (http://www.fs.fed.us/air/documents/EmissionReduction- 010711x.pdf). 

g. The operator will comply with a Condition of Approval for Applications for Permit to Drill, which 

includes: 

(1) All new and replacement internal combustion diesel fired drilling engines must meet or 

exceed Tier II emissions limits as codified in 40 CFR Part 89 -"Control of Emissions From New and 

In-Use Nonroad Compression-Ignition Engines". 
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2. All new and replacement internal combustion diesel fired well pump engines must meet or exceed Tier II 

emissions limits for Particulate Matter and Tier III emissions limits for Oxides of Nitrogen and Carbon Monoxide 

as codified in 40 CFR Part 89 - "Control of Emissions From New and In-Use Nonroad Compression-Ignition 

Engines".  

3. All new and replacement spark ignited natural gas fired internal combustion well-pump engines must meet or 

exceed emissions limits for Oxides of Nitrogen, Carbon Monoxide and Volatile Organic Compounds from New 

Source Performance Standard Subpart JJJJ for Stationary Spark Ignition Internal Combustion Engines 

manufactured since 2008.  

4. All new and replacement internal combustion gas field engines of less than or equal to 300 design-rated 

horsepower must not emit more than 2 grams of NOx per horsepower-hour. (This requirement does not apply 

to gas field engines of less than or equal to 40 designated horsepower).  

5. All new and replacement internal combustion gas field engines of greater than 300 design rated horsepower 

must not emit more than 1.0 grams of NOx per horsepower-hour.  

6. All diesel fuel fired internal combustion engines must utilize certified Ultra Low Sulfur Diesel fuel with a 

maximum sulfur content of 15 parts per million (PPM). 

a. Lease holders will need to conduct detailed volatile organic compound (VOC) emissions inventories 

for any proposed facilities to provide necessary data to the BLM Utah State Office for their regional 

photochemical modeling. 

b. Lease holders will need to examine the use of additional mitigations for ozone precursors. 
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LRMP page II-41 

Remove the following paragraph on page II-41 of the LRMP:  

In summary 1,478,227 acres are presently available for mineral leasing on land administered by the Dixie 

National Forest and approximately 253,707 on land administered by the Fishlake National Forest.  

Mining entry is available on 1,173,319 acres. 

Replace it with the following: 

In summary approximately 1,478,227 acres are presently available for mineral leasing on land 

administered by the Dixie National Forest and approximately 253,299 on land administered by the 

Fishlake National Forest.  Mining entry is available on 1,173,319 acres. 

 

LRMP page IV-59, IV-62, IV-65, IV-71, IV-80, IV-101, IV-142, IV-155, IV-157: 

Insert the following at the beginning of “MANAGEMENT DIRECTION” for Mineral  Management: Oil, Gas and 

Geothermal 

1. For geothermal leasing on lands administered by the Fishlake National Forest and coal and 

geothermal leasing on lands administered by the Dixie National Forest, 

 

LRMP Appendix C (a): 

Remove “for the Teasdale Ranger District (administered by the Fishlake National Forest) from the title page 

Replace with: “for geothermal leasing on the Teasdale Ranger District (administered by the Fishlake National 

Forest)  



 

 

LRMP Appendix C: 

Insert the following immediately after page C-73.  

 

Procedure for Leasing 

Oil and Gas Leasing Matrix 

Stipulation Forms 

Lease Notices 

Appendix C(c) 
 

for Oil and Gas Leasing on Lands Administered by the 

Fishlake National Forest 

 

 Page C-74 Procedure for Leasing 

 Page C-75 Oil and Gas Leasing Matrix 

 Page C-76 through C-94 No Surface Occupancy Stipulations 

 Page C-95 through C-97 Controlled Surface Use Stipulations  

Page C-98 through C-102 Timing Limitation Stipulations  

Page C-103 through C-115 Lease Notices 

 

 



 

 

C-74 

 

PROCEDURE FOR LEASING 

The following leasing matrix provides the appropriate lease stipulations and lease notices that would be attached 
to each lease for each resource area administered by the Fishlake National Forest. Approximately 1,707,810 acres 
of National Forest System lands are administratively available for oil and gas leasing. Of the 1,707,810 acres 
administratively available 253,299 are within the boundaries of the Dixie National Forest (The Teasdale District) 
which is administered by the Fishlake National Forest. These leasing procedures are to be followed for National 
Forest System lands administered by the Fishlake. Oil and gas leases offered will include Standard Lease Terms 
and other applicable stipulations identified as necessary for resource protection.   Lease stipulations serve to 
mitigate potential effects of Federal oil and gas activities. The lessee must accept these stipulations as conditions 
of purchasing the lease. These stipulations represent Forest Service decisions regarding the best means of 
avoiding or minimizing environmental impacts that may arise from the project while meeting the integrated 
resource management requirements of the Forest Plan. They are incorporated into the lease as an official 
attachment to the standard form.  Potential lessees are made aware of stipulations prior to any lease sale.  These 
stipulations include No Surface Occupancy (NSO), Timing Limitations (TL), and Controlled Surface Use (CSU).  
Lease Notices (LN) would be utilized to notify potential lessees of specific conditions or restrictions already in 
place by law or regulation. Fishlake National Forest Oil and Gas Construction and Operating Standards and Well 
Site Design Requirements provides a listing of regulations and guidance to future operations (Appendix F, Fishlake 
National Forest Oil and Gas Leasing Environmental Impact Statement). 
 
Oil and Gas Leasing does not approve any ground disturbing activities. If lands are leased and the lessee 
proposes an Application Permit to Drill (APD) agencies would consider approval of ground disturbing activities. 
Approval of ground disturbing activities would require separate NEPA analysis and a separate decision for each 
proposal.    Should issues or resources be identified at those times that warrant additional protection, the Forest 
Service can take full advantage of provisions included in the lease and prudent use of a provision in the Standard 
Lease Terms and Conditions (SLT&C) applicable in all leases that allows the surface management agency to 
require movement of proposed facilities up to 200 meters to avoid negatively affecting resources.  The Standard 
Lease Terms and Conditions can be found in Bureau of Land Management for 3109-3 – Stipulations for Lands 
Under Jurisdiction of Department of Agriculture and Forest Service (Intermountain Region) Supplement A to 
form 3109-3 – Surface Disturbance Stipulation. 

Exceptions, modifications, or waivers to the lease stipulations may be granted if oil and gas operations could be 
conducted without causing unacceptable impacts.  Exceptions, modifications, or waivers must be consistent with 
the approved Forest Plan and all applicable regulatory provisions.  If the Forest Supervisor determines that the 
waiver, exception, or modification involves an issue of major public concern, the waiver, exception, or 
modification would be subject to a 30 to 90 -day public review period (36 CFR § 219.8).  
 

 

 

 

 

 

 



 

 

C-75 

 

Oil and Gas Leasing Matrix 

Lands Administered by the Fishlake National Forest 

Leasing Stipulations by Resource Area 

Resource Area Stipulation 

Watershed resources 

Geologic hazards/unstable soils NSO-01 

Steep slopes >35 percent NSO-02 

Riparian areas   NSO-03 

Delineated wetlands NSO-04 

Perennial streams, reservoirs, springs, and lakes NSO-05 

Drinking Water Source Protection Zone NSO-06 

Wildlife and Plant Species 

T,E,S plants NSO-07 

Aquatic fauna NSO-08 

Greater Sage Grouse leks NSO-09 

Pygmy Rabbit colonies NSO-10 

Bald Eagle winter concentration areas NSO-11 

Mexican Spotted Owl PACs  NSO-12 

Goshawk core nest areas NSO-13 

Goshawk PFAs CSU-01 

Active raptor nest areas CSU-02 

Bighorn Sheep lambing areas, crucial elk calving and mule deer fawning 
Habitat 

TL-01 

Crucial elk and mule deer winter range TL-02 

Bighorn Sheep winter range TL-03 

Greater Sage Grouse brood-rearing habitat TL-04 

Greater Sage Grouse winter habitat  TL-05 

Visual resources 

High scenic integrity areas NSO-14 

Inventoried Roadless Areas 

Inventoried Roadless Areas NSO-15 

Recreation 

Developed recreation sites and National Recreation Trails 
 

NSO-16 

Other Resources 

Research Natural Areas NSO-17 

Forest Service Administrative Sites and facilities NSO-18 

Cultural Resources, Old Spanish Trail, Paradise Valley, Quitchupah 
Canyon 

NSO-19 

Air quality CSU-03 

 



 

 

C-76 

 

NO SURFACE OCCUPANCY STIPULATION – 01  
Watershed Resources: Geologic hazards/unstable soils 

 

No Surface Occupancy for Geologic Hazards and Unstable Soils 
 
Where: Within areas delineated and mapped by the Forest Service as containing geologic hazards and/or 
unstable soils. 
 
For the Purpose Of:  Protecting soil resources, because soils disturbed by construction and drilling activities on 
steep slopes would be difficult to reclaim. No well sites or production facilities may be constructed in these 
areas. 
 
Exceptions:  If after an environmental analysis the Forest Service authorized officer determines roads or other 
temp facilities may cross geologic hazards after a plan would be submitted by the operator and approved prior to 
construction and maintenance and include: 
 

 An erosion control strategy 
 A detailed slope stability analysis and plan for maintaining a stable slope 
 A detailed restoration/reclamation plan 
 Proper survey and design (with construction plans and drawings) by a certified engineer 

 
Modification:  A modification may be granted if an on‐the‐ground inspection of a proposed well site or facility 
shows an area of less than 35% slope exists and mass wasting ‐ prone soils do not exist or that design of the site 
can mitigate erosion, failure, and reclamation concerns. 
Waiver:  None 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

NSO – 01 
 
 



 

 

C-77 

 

NO SURFACE OCCUPANCY STIPULATION – 02 
Watershed Resources: Steep Slopes > 35% 

 
No Surface Occupancy on Steep Slopes  

Where: Within areas delineated and mapped by the Forest Service having slopes greater than 35 percent, and 

high erosion potential areas in north horn sediments with slopes greater than 25 percent. 

For the Purpose Of:  Protecting soil resources, because soils disturbed by construction and drilling activities on 

steep slopes would be difficult to reclaim.   

Exception:  If, after an environmental analysis, the Forest Supervisor determines (1) there are no other practical 

placement alternatives, and (2) impacts could be fully mitigated, surface occupancy in the NSO area may be 

authorized. Additionally, a plan would be submitted by the operator and approved prior to construction and 

maintenance and include: 

 An erosion control strategy, 
 A detailed restoration/reclamation plan, and 
 Proper survey and design (with construction plans and drawings) by a certified engineer. 

  

Modification:  None 

Waiver:  None 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

NSO – 02 
 



 

 

C-78 

 

NO SURFACE OCCUPANCY STIPULATION – 03 
Watershed Resources: Riparian Areas   

 
No Surface Occupancy for Riparian Areas 

Where: Within 300 feet of Forest Service delineated boundary of riparian areas. 

For the Purpose Of:  Protecting riparian ecosystems. Riparian ecosystems are managed by the Forest Service to 

protect from conflicting uses in order to provide healthy, self-perpetuating plant and water communities that 

will have optimum diversity and density of understory and overstory vegetation. No well sites or production 

facilities will be allowed, and oil and gas exploration and development will be moved outside of the riparian 

vegetation area. Construction of roads, pipelines, and other similar facilities must comply with direction in the 

Dixie National Forest Land and Resource Management Plan. 

Exceptions:  An exception could be authorized if: (a) an on‐site review determines the area proposed to be 

impacted is not riparian; and (b) any additional mitigation that is determined to be necessary is fully 

implemented. 

Modification:  None 

Waiver:  None 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

NSO – 03  
 



 

 

C-79 

 

NO SURFACE OCCUPANCY STIPULATION – 04 
Watershed Resources: Delineated Wetlands 

 

No Surface Occupancy for Delineated Wetlands 

Where: Within 300 feet of delineated and mapped boundary of jurisdictional wetlands. 

For the Purpose Of:  Protecting jurisdictional wetlands relative to Executive Order 11990, and the associated 

habitats, water quality, and ecosystems associated with these areas.  In order to protect these areas no well 

sites or production facilities may be constructed in these areas, and oil and gas exploration and development 

will be moved out of wetlands.  Construction of roads, pipelines, and other facilities must comply with direction 

in the Dixie National Forest Land and Resource Management Plan. 

Exceptions: An exception could be authorized if: (a) an on‐site review determines the area proposed to be 

impacted is not a jurisdictional wetland; and (b) any additional mitigation that is determined to be necessary is 

fully implemented.  

Modification:  None 

Waiver:  None 

 

 

 

 

 

 

 

 

 

 

 

 

NSO – 04 
 



 

 

C-80 

 

NO SURFACE OCCUPANCY STIPULATION – 05 
Watershed Resources: Perennial Streams, Reservoirs, Springs, and Lakes 

 

No Surface Occupancy for Perennial Streams, Reservoirs, Springs, and Lakes  

 Where: Within 300 feet of all perennial streams, reservoirs, springs and lakes. 

For the Purpose Of: Protection of water quality in surface water resources.  

Exceptions:  None 

Modification:  None 

Waiver:  None 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

NSO – 05 
 



 

 

C-81 

 

NO SURFACE OCCUPANCY STIPULATION – 06 
Watershed Resources: Drinking Water Source Protection Zones 

 

No Surface Occupancy for Drinking Water Source Protection Zones (Protection Zones 1 – 3, and T2 and T4) 

Where: Within the delineated boundary of DWSPZs. 

For the Purpose Of: Protecting public drinking water sources in municipal and transient water protection zones.  

Exception:  An exception may be granted for road construction if it is determined by site-specific analysis that: 

building the road in a water source protection zone has the least impact on the environment; roads already exist 

in the area; and the local municipality approves. 

Modification:  None 

Waiver:  None 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

NSO – 06 
 



 

 

C-82 

 

NO SURFACE OCCUPANCY STIPULATION – 07 
Wildlife and Plant Species: Threatened, Endangered, Proposed and Sensitive Plants 

 

No Surface Occupancy for TEP Plant Locations and Sensitive Plant Conservation Agreement Areas 

Where: Areas within one mile of known federally Threatened, Endangered or Proposed plant locations, and 

areas within one mile of Sensitive plant locations covered under a conservation agreement. 

For the purpose of: Protecting and conserving federally Threatened, Endangered, Proposed, and Sensitive plant 

populations. 

Exceptions:  An exception may be granted if through site specific study, and in cooperation with the US Fish and 

Wildlife Service, an area is determined to not be providing suitable habitat for any federally Threatened, 

Endangered, Proposed or Sensitive plants. 

Modification:  None 

Waiver:  None 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

C-83 

 

NSO – 07  
 

NO SURFACE OCCUPANCY STIPULATION – 08 
Wildlife and Plant Species: Aquatic Fauna 

 

No Surface Occupancy in Key Habitats for Boreal Toad 

Where: Within key boreal toad habitat delineated and mapped by the Forest Service. 

For the purpose of: Protecting key habitat and known locations of boreal toad. 

Exceptions:  None 

Modifications:  None 

Waivers: None 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

C-84 

 

NSO – 08 
 

NO SURFACE OCCUPANCY STIPULATION – 09 
Wildlife and Plant Species: Greater Sage Grouse Leks 

 
No Surface Occupancy in Sage Grouse Leks 

Where: Within 4 miles of sage grouse leks delineated and mapped by the Forest Service. 

For the purpose of: Protecting breeding and brood-rearing sage grouse from predation, habitat fragmentation, 

and disturbance.  

Exceptions: An exception may be granted if the Forest Supervisor, in coordination with the Utah Division of 

Wildlife Resources, determines through analysis that the nature of the actions, as proposed or conditioned, 

could be fully mitigated. This might occur if topography and/or vegetation are present that would effectively 

screen the structure or facility from the breeding habitat. 

Modifications: None 

Waivers: None 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

C-85 

 

NSO – 09 
 

NO SURFACE OCCUPANCY STIPULATION – 10 
Wildlife and Plant Species: Pygmy Rabbit Colonies 

 
No Surface Occupancy in Known Pygmy Rabbit Colonies 

Where: Within pygmy rabbit colonies delineated and mapped by the Forest Service. 

For the purpose of: Protecting known populations of pygmy rabbits and their habitat. 

Exceptions:  None 

Modifications:  None 

Waivers: None 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

C-86 

 

NSO – 10  
 

NO SURFACE OCCUPANCY STIPULATION – 11 
Wildlife and Plant Species: Bald Eagle Winter Concentration Areas 

 
No Surface Occupancy in Bald Eagle Winter Concentration Areas 

Where: Within bald eagle winter concentration areas delineated and mapped by the Forest Service. 

For the purpose of: Protecting bald eagles in their wintering habitat. 

Exceptions:  An exemption may be granted if it is determined through site-specific analysis that the area is not 

suitable habitat. 

Modifications:  None 

Waivers: None 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

C-87 

 

NSO – 11 
 

NO SURFACE OCCUPANCY STIPULATION – 12 
Wildlife and Plant Species: Mexican Spotted Owl PACs 

 

No Surface Occupancy in Mexican Spotted Owl Protected Activity Centers (PACs) 

 Where: Within delineated and mapped Mexican spotted owl PACs. 

For the purpose of: Protecting habitat areas for Mexican spotted owl that are not fully protected by the 

Endangered Species Act, which include all non-Critical Habitat areas. 

Exceptions:  None 

Modifications:  None 

Waivers: None 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

C-88 

 

NSO – 12 
 

NO SURFACE OCCUPANCY STIPULATION – 13 
Wildlife and Plant Species: Goshawk Core Nest Areas 

 
No Surface Occupancy in Goshawk Core Nesting Areas 

Where: Areas delineated by the Forest Service as core nesting areas for northern goshawk. Known goshawk nest 

areas are confidential and are not shown on any maps in the EIS. 

For the purpose of: Maintaining the integrity of nesting habitat structure and the character of the surrounding 

habitat within a territory. 

Exception: None 

Modification: None 

Waiver: The Authorized Officer may grant a waiver if conditions have changed such that there is no reasonable 

likelihood that the lease area can support further nesting activity.  A waiver to the above lease stipulation may 

be requested along with the submission of a Surface Use Plan of Operations (36 CFR 228.104). 

 

Any Changes to this stipulation will be made in accordance with the Forest Plan and/or the regulatory provisions 
for such changes (For guidance on the use of this stipulation, see BLM Manual 1624 and 3101 or FS Manual 1950 
and 2820). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

C-89 

 

NSO – 13  
 

NO SURFACE OCCUPANCY STIPULATION – 14 
Visual Resources: High Scenic Integrity Areas 

 
No Surface Occupancy for Areas with High Scenic Integrity  

Where: Within areas designated as High Scenic Integrity. 

For the Purpose Of: Preserving and maintaining High Scenery Integrity Objectives where there are primary 

important travel routes or use areas where users have a major concern for the aesthetics of the viewed 

landscape. 

Exception:  Based on site specific review, an exception may be granted if the effects of the proposed activity will 

not cause the area to fall below a high scenic integrity objective. 

Modification:  None 

Waiver: None 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

C-90 

 

NSO – 14 
 

NO SURFACE OCCUPANCY STIPULATION – 15 
Inventoried Roadless Areas: Inventoried Roadless Areas 

 
No Surface Occupancy in Inventoried Roadless Areas 

Where:  Frequently viewed areas of high scenic integrity 

For the Purpose Of:  Protecting the roadless and wilderness characteristics of these lands.  No well sites or 

production facilities will be allowed on these lands.  Construction of roads, pipelines, or other facilities must 

comply with direction in the Forest Plan. 

Exception:  None 

Modification:  None 

Waiver: None 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

C-91 

 

NSO – 15  
 

NO SURFACE OCCUPANCY STIPULATION – 16 
Recreation: Developed Recreation Sites and National Recreation Trails 

  
No Surface Occupancy for Developed Recreation Sites and National Recreation Trails 

Where: Within ¼ mile of developed recreation sites and national recreation trails. 

For the Purpose Of:  Protecting the capital investment and recreation uses associated with these sites.  

Construction of roads, pipelines, and other facilities must comply with direction in the Forest Plan. 

Exception:  None 

Modification:  A modification may be granted if a portion of the developed recreation sites in the leasehold are 

moved or eliminated. 

Waiver:  A waiver may be granted if all the developed recreation site(s) in the leasehold are moved or 
eliminated. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

C-92 

 

NSO – 16  
 

NO SURFACE OCCUPANCY STIPULATION – 17 
Other Resources: Research Natural Areas 

 
No Surface Occupancy in Research Natural Areas 

Where: Within the boundary of all Research Natural Areas. 

For the Purpose Of:  Protecting the characteristics, function, and intended use of these lands.   

Exception:  None 

Modification:  None 

Waiver: None 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

C-93 

 

NSO – 17  
 

NO SURFACE OCCUPANCY STIPULATION – 18 
Other Resources: Forest Service Administrative Sites and Facilities 

 
No Surface Occupancy for Administrative Sites 

Where: Within ¼ mile of Forest Service administrative sites. 

For the Purpose Of:  Protecting the capital investment and uses associated with administrative sites.  

Construction of roads, pipelines, and other facilities must comply with direction in the Forest Plan. 

Exception:  None 

Modification:  A modification may be granted if a portion of the administrative site(s) in the leasehold are 

moved or eliminated. 

Waiver:  A waiver may be granted if all the administrative site(s) in the leasehold are moved or eliminated. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

C-94 

 

NSO – 18 
 

NO SURFACE OCCUPANCY STIPULATION – 19 
Other Resources: Cultural Resources; Old Spanish Trail, Paradise Valley, Quitchupah Canyon 

 
No Surface Occupancy in Old Spanish Trail Corridor 

Where: Within the boundary of the Old Spanish Trail corridor delineated and mapped by the Forest Service. 

For the Purpose Of: Protecting the integrity of the trail and the viewshed along the corridor. 

Exception:  None 

Modification:  None 

Waiver: None 
 
No Surface Occupancy in Paradise Valley Cultural Resource Site 

Where: Within the boundary containing a high density of recorded cultural resource sites in Paradise Valley, 

delineated and mapped by the Forest Service. 

For the Purpose Of: Protecting the cultural resources in this area containing an unusually high density of 

recorded sites. 

Exception:  None 

Modification:  None 

Waiver: None 
 
No Surface Occupancy in Quitchupah Canyon Cultural Area 

Where: Within the boundary of Quitchupah Canyon Cultural Area. 

For the Purpose Of:  Protecting the cultural use and values of these lands.   

Exception:  None 

Modification:  None 

Waiver: None 

 
 
 
 
 
 
 

NSO – 19 



 

 

C-95 

 

 
CONTROLLED SURFACE USE STIPULATION – 01  

Wildlife and Plant Species: Goshawk PFAs 

Controlled Surface Use in Goshawk Post Fledgling Areas (PFA) 

Where: Within goshawk PFAs delineated and mapped by the Forest Service. 

For the purpose of: Providing for goshawk fledgling survivorship by maintaining solitude and ambient noise 

levels during the fledgling period within the PFA. 

Surface occupancy or use is subject to the following special operating constraints: 

Prior to any surface disturbing activity in a goshawk PFA, a two-year protocol survey would be required and 

would need to be completed between March 1 and September 30.  If any occupied or active nests are found 

within the PFA, high intensity oil and gas activities such as construction and drilling will be restricted in the area 

of the PFA from 1 March to 30 September or until birds have fledged as determined by Forest Service wildlife 

staff.  

 Exception:  None   

Modification:  None 

Waiver:  None 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CSU – 01 



 

 

C-96 

 

 
CONTROLLED SURFACE USE STIPULATION – 02 
Wildlife and Plant Species: Active Raptor Nests 

Controlled Surface Use for Active Raptor Nests 

Where: Within the influence zone of affected raptor species as determined by guidelines set forth by the US Fish 

and Wildlife Service. 

For the purpose of: Protecting nesting raptors and their young. 

Surface occupancy or use is subject to the following special operating constraints: 

Raptor nest surveys are required in potentially suitable habitats for all raptors, including Threatened, 

Endangered, Sensitive and MIS species prior to the approval of surface disturbing activities at a specific location.   

If active or occupied raptor nests are located, high intensity activities such as construction and drilling will be 

restricted surrounding the nest(s) within an influence zone.  Influence zones and duration of restrictions would 

depend on the raptor species of concern as determined in the guidelines set forth by the US Fish and Wildlife 

Service for Utah species.  Influence zones are line-of-sight to specified distances. If topography or vegetation 

provides adequate screening needed to maintain nest viability, the distance may be reduced (to be determined 

by the Fishlake National Forest wildlife biologist).  

For the purpose of: Protecting nesting raptors by maintaining solitude and ambient noise levels during the 

nesting season. 

To provide protections to golden eagles beyond the Bald and Golden Eagle Protection Act by avoiding injury or 

mortality to nestlings and adults (take) through spatial and seasonal buffers.   

Exception:  None   

Modification:  None 

Waiver:  None 

 
 
 
 
 
 
 
 
 
 
 
 
 

CSU – 02 



 

 

C-97 

 

 
CONTROLLED SURFACE USE STIPULATION – 03 

Other Resources: Air Quality 

Controlled Surface Use for Class I Airsheds 

Where: For exploratory projects on all lands within 5 km of Class I airsheds and for development and 

production projects on all lands in within 60 km of Class I airsheds. 

For the purpose of: Protection of air resources in and around Class I areas to meet or exceed FLAG guidelines. 

On all lands in within 60 km of Class I airsheds, surface occupancy or use is subject to the following special 

operating constraints: 

Proposed operations must be located and/or designed to not cause or contribute to adverse impacts to air 

quality related values in Class I airsheds. Operators will be expected to use appropriate Best Available Control 

Technology (BACT) to reduce impacts to air quality and air quality related values by reducing emissions from 

field production and operations. The future development of the lease parcels may be subject to appropriate 

mitigation and conditions of approval (COAs) to reduce or mitigate air resource impacts and GHG emissions. 

To ensure this, within 5 km for exploratory projects and within 60km for development and production projects 
of any Class I airshed an air impact analysis would be required prior to any field activity to demonstrate that 
proposed operations and associated mitigating measures will not result in an exceedances of the air standards 
as outlined in the most recent FLAG guidance. 
 
Typical design and mitigation measures may include: use of Tier IV or better engines, use of low sulfur fuels, 
electrification of  well fields, flaring hydrocarbon and gases at high temperatures in order to reduce emissions of 
incomplete combustion; water dirt roads during periods of high use in order to reduce fugitive dust emissions; 
require that vapor recovery systems be maintained and functional in areas where petroleum liquids are stored; 
minimize roads and re-vegetate areas of the pad not required for production facilities to reduce the amount of 
dust from the pads. 
 

Exception:  None   

Modification:  None 

Waiver:  None 

 
 
 
 
 
 
 
 
 

CSU – 03 



 

 

C-98 

 

 
 TIMING LIMITATION – 01  

Wildlife and Plant Species: Bighorn Sheep Lambing Areas, Crucial Elk Calving and Mule Deer Fawning 

Habitat 

Timing Limitation for Bighorn Sheep Lambing Areas, Crucial Elk Calving and Mule Deer Fawning Habitat 

Where: Within potential bighorn sheep lambing areas modeled and mapped by the Forest Service, and crucial 

elk calving and mule deer fawning habitat delineated and mapped by UDWR. 

 

No activities would be allowed during the critical time period May 1 to July 5. 

For the Purpose Of:  Protecting lambing areas and crucial elk calving and mule deer fawning habitat by 

precluding activities which could cause increased stress and/or displacement.   

Exception:  An exception may be granted if there are no practical alternatives, and the Forest Supervisor 

determines through analysis, and in coordination with the Utah Division of Wildlife Resources that the nature of 

the actions, as proposed or conditioned, could be fully mitigated. 

Modification:  None 

Waiver:  None 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

TL – 01 



 

 

C-99 

 

 
TIMING LIMITATION – 02 

Wildlife and Plant Species: Crucial Elk and Mule Deer Winter Range 

Timing Limitation for Crucial Elk and Mule Deer Winter Range 

Where: Within crucial elk and mule deer winter range delineated and mapped by UDWR. 

No activities would be allowed during the critical time period December 1 to April 15. 

For the Purpose Of:  Protecting crucial elk and mule deer winter range by precluding activities which could cause 

increased stress and/or displacement.   

Exception:  An exception may be granted if there are no practical alternatives, and the Forest Supervisor 

determines through analysis and in coordination with the Utah Division of Wildlife Resources that the nature of 

the actions, as proposed or conditioned, could be fully mitigated.  This might occur if seasonal conditions are 

such that the animals have moved and are not using the specified area during the time they would normally be 

expected.  Factors to be considered would include elk presence or expected elk presence, snow depth, 

temperature, snow crusting, location of disturbance, forage quantity and quality, animal condition, and 

expected duration of disturbance. 

Modification:  A modification may be granted if the Forest Supervisor determines through new habitat studies, 

coordinated with the Utah Division of Wildlife Resources, that a portion of the leasehold affected by this 

stipulation does not contain crucial elk winter range. 

Waiver: None 
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TIMING LIMITATION – 03 

Wildlife and Plant Species: Bighorn Sheep Winter Range 

Timing Limitation for Bighorn Sheep Winter Range 

Where: Within potential bighorn sheep winter range modeled and mapped by the Forest Service. 

No activities would be allowed during the critical time period November 1 to April 15. 

 

For the Purpose Of:  Protecting bighorn sheep winter range by precluding activities which could cause increased 

stress and/or displacement.   

Exception:  An exception may be granted if there are no practical alternatives, and the Forest Supervisor 

determines through analysis and in coordination with the Utah Division of Wildlife Resources that the nature of 

the actions, as proposed or conditioned, could be fully mitigated.  This might occur if seasonal conditions are 

such that the animals have moved and are not using the specified area during the time they would normally be 

expected.   

Modification:  A modification may be granted if the Forest Supervisor determines through new habitat studies, 

coordinated with the Utah Division of Wildlife Resources, that a portion of the leasehold affected by this 

stipulation does not contain bighorn sheep winter range. 

Waiver: None 
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TIMING LIMITATION – 04 

Wildlife and Plant Species: Greater Sage Grouse Brood-rearing Habitat 

Timing Limitation for Sage Grouse Brood-rearing Habitat 

Where: Within sage grouse brood-rearing habitat delineated and mapped by UDWR.  

No activities would be allowed during the period May 1 through July 5. 

For the Purpose Of:  Protecting sage grouse during the critical breeding season by precluding activities which 

could cause increased stress, displacement, and/or breeding failures.   

Exception:  An exception may be granted if the Forest Supervisor, in coordination with the Utah Division of 

Wildlife Resources, determines through analysis that the nature of the actions, as proposed or conditioned, 

could be fully mitigated. 

Modification:  A modification may be granted if the Forest Supervisor determines through coordination with the 

Utah Division of Wildlife Resources, that new habitat studies demonstrate a portion of the lease area affected by 

this stipulation no longer contains brood-rearing habitat. 

Waiver:  A waiver may be granted if the Forest Supervisor determines through coordination with the Utah 

Division of Wildlife Resources, that new habitat studies demonstrate the entire lease area affected by this 

stipulation no longer contains brood-rearing habitat. 
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TIMING LIMITATION – 05 

Wildlife and Plant Species: Greater Sage Grouse Winter Habitat 

Timing Limitation for Sage Grouse (Structures in Winter Habitat) 

Where: Within sage grouse winter habitat delineated and mapped by UDWR. 

 

For the Purpose Of:  Protecting wintering sage grouse from predation, habitat fragmentation, and disturbance 

during the critical period from December 1 to March 15. 

Exception:  An exception may be granted if the Forest Supervisor, in coordination with the Utah Division of 

Wildlife Resources, determines through analysis that the nature of the actions, as proposed or conditioned, 

could be fully mitigated. 

Modification:  A modification may be granted if the Forest Supervisor determines through consultation with the 

U.S. Fish and Wildlife Service and coordination with the Utah Division of Wildlife Resources, that new habitat 

studies demonstrate a portion of the lease area affected by this stipulation no longer contains winter habitat. 

Waiver:  A waiver may be granted if the Forest Supervisor determines through coordination with the Utah 

Division of Wildlife Resources, that new habitat studies demonstrate the entire lease area affected by this 

stipulation no longer contains winter habitat. 
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Lease Notices for Oil and Gas Development on  
Lands Administered by the Fishlake National Forest 

Under Jurisdiction of  
Department of Agriculture 

 

In conducting operations associated with this lease, the lessee/operator must comply with all the rules and regulations of 

the Secretary of Agriculture set forth at Title 36, Chapter II, of the Code of Federal Regulations governing the use, 

occupancy, and management of National Forest System (NFS) lands when not inconsistent with existing lease rights granted 

by the Secretary of Interior. 

All matters related to this notice are to be addressed to:   

Forest Supervisor 
Fishlake National Forest 
115 E. 900 N. 
Richfield, Utah 84701 
Telephone: 435 896-9233 

 
who is the authorized representative of the Secretary of Agriculture. 

CULTURAL RESOURCES (National Historic Preservation Act of 1966 (NHPA), P.L. 89-665 as amended by P.L. 94-

422, P.L. 94-458, and P.L. 96-515): 

The Forest Service authorized officer is responsible for ensuring that the leased lands are examined prior to the 

undertaking of any ground-disturbing activities to determine whether or not cultural resources are present, and 

to specify mitigation measures for effects on cultural resources that are found to be present.   

The lessee or operator shall contact the Forest Service to determine if a site-specific cultural resource inventory 

is required prior to undertaking any surface-disturbing activities on Forest Service lands covered by this lease. 

The lessee or operator may engage the services of a cultural resource specialist acceptable to the Forest Service 

to conduct any necessary cultural resource inventory of the area of proposed surface disturbance. In 

consultation with the Forest Service authorized officer, the lessee or operator may elect to conduct an inventory 

of a larger area to allow for alternative or additional areas of disturbance that may be needed to accommodate 

other resource needs or operations. 

The lessee or operator shall implement mitigation measures required by the Forest Service to preserve or avoid 

destruction of cultural resource values. Mitigation may include relocation of proposed facilities, testing, salvage, 

and recordation or other protective measures.   

During the course of actual surface operations on Forest Service lands associated with this lease, the lessee or 

operator shall immediately bring to the attention of the Forest Service the discovery of any cultural or 

paleontological resources. The lessee or operator shall leave such discoveries intact until directed to proceed by 

Forest Service. 
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THREATENED OR ENDANGERED SPECIES (The Endangered Species Act. (ESA), P.L. 93-205 (1973), P.L. 94-359 

(1974), P.L. 95-212 (1977), P.L. 95-632 (1978), P.L. 96-159 (1979), P.L. 97-304 (1982), P.L. 100-653 (1988)).  

The Forest Service authorized officer is responsible for compliance with the Endangered Species Act. This 

includes meeting ESA Section 7 consultation requirements with the U.S. Fish and Wildlife Service prior to any 

surface disturbing activities associated with this lease with potential effects to species and/or habitats protected 

by the ESA. The results of consultation may indicate a need for modification of or restrictions on proposed 

surface disturbing activities.  

The lessee or operator may choose to conduct the examination at their cost. Results of the examination will be 

used in any necessary ESA consultation procedures.  This examination and any associated reports, including 

Biological Assessments, must be done by or under the supervision of a qualified resource specialist approved by 

the Forest Service. Any reports must also be formally approved by the USDA Forest Service biologist or 

responsible official. 

LEASE NOTICE – Mexican Spotted Owl: 

The Lessee/Operator is given notice that the lands in this lease contain suitable habitat for Mexican spotted owl, 

a federally listed species.  Insert the following if lease contains Designated Critical Habitat: [The Lessee/Operator 

is given notice that the lands in this lease contain Designated Critical Habitat for the Mexican spotted owl, a 

federally listed species.  Critical habitat was designated for the Mexican spotted owl on August 31, 2004 (69 FR 

53181-53298).] Avoidance or use restrictions may be placed on portions of the lease.  Application of appropriate 

measures will depend on if the action is temporary or permanent, and whether it occurs within or outside the 

owl nesting season.  A temporary action is completed prior to the following breeding season leaving no 

permanent structures and resulting in no permanent habitat loss.  A permanent action continues for more than 

one breeding season and/or causes a loss of owl habitat or displaces owls through disturbances, i.e. creation of 

a permanent structure.  

The following avoidance and minimization measures have been designed to ensure activities carried out on the 

lease are in compliance with the Endangered Species Act.  Integration of and adherence to these measures will 

facilitate review and analysis of any submitted permits under the authority of this lease.  Following these 

measures could reduce the scope of ESA Section 7 consultation at the permit stage. 

Current avoidance and minimization measures include the following: 

1. Surveys following Forest Service approved protocol will be required prior to operations unless species 
occupancy and distribution information is complete and available. All surveys must be conducted by 
qualified individual(s). 

2. Assess habitat suitability for both nesting and foraging using accepted habitat models in conjunction 
with field reviews. Apply the conservation measures below if project activities occur within 0.5 mile of 
suitable owl habitat.  Determine potential effects of actions to owls and their habitat. Document type of 
activity, acreage and location of direct habitat impacts, type and extent of indirect impacts relative to 
location of suitable owl habitat. Document if action is temporary or permanent. 
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3. Lease activities will require monitoring throughout the duration of the project.   To ensure desired 
results are being achieved, minimization measures will be evaluated and, if necessary, Section 7 
consultation reinitiated. 

4. Produced water will be managed to ensure maintenance or enhancement of riparian habitat. 
5. Where technically and economically feasible, use directional drilling or multiple wells from the same pad 

to reduce surface disturbance and eliminate drilling in canyon habitat suitable for Mexican spotted owl 
nesting. 

6. For all temporary actions that may impact owls or suitable habitat: 
a. If the action occurs entirely outside of the owl breeding season (March 1- August 31), and leaves 

no permanent structure or permanent habitat disturbance, action can proceed without an 
occupancy survey. 

b. If action will occur during a breeding season, survey for owls prior to commencing activity. If 
owls are found, consultation with USFWS must be reinitiated and activity must be delayed until 
consultation is completed. 

c. Rehabilitate access routes created by the project through such means as raking out scars, 
revegetation, gating access points, etc. 

7. For all permanent actions that may impact owls or suitable habitat: 
a. Survey two consecutive years for owls according to accepted protocol prior to commencing 

activities. 
b. If owls are found, no actions will occur within 0.5 mile of identified nest site.  If nest site is 

unknown, no activity will occur within the designated Protected Activity Center (PAC). 
c. Avoid drilling and permanent structures within 0.5 mi of suitable habitat unless surveyed and 

not occupied. 
d. Reduce noise emissions (e.g., use hospital-grade mufflers) to 45 dBA at 0.5 mile from suitable 

habitat, including canyon rims.  Placement of permanent noise generating facilities should be 
determined by a noise analysis to ensure noise does not encroach upon a 0.5 mile buffer for 
suitable habitat, including canyon rims. 

e. Limit disturbances to and within suitable habitat by staying on approved routes. 
f. Limit new access routes created by the project. 

 

Additional measures to avoid or minimize effects to the species may be developed and implemented in 

consultation with the U.S. Fish and Wildlife Service between the lease sale stage and lease development stage to 

ensure continued compliance with the Endangered Species Act. 

LEASE NOTICE – California Condor:  

The Lessee/Operator is given notice that the lands located in this parcel contain potential habitat for the 

California condor, a federally listed species. Avoidance or use restrictions may be placed on portions of the lease 

if the area is known or suspected to be used by condors. Application of appropriate measures will depend on 

whether the action is temporary or permanent, and whether it occurs within or outside potential habitat. A 

temporary action is completed prior to the following important season of use, leaving no permanent structures 

and resulting in no permanent habitat loss. This would include consideration for habitat functionality. A 

permanent action continues for more than one season of habitat use, and/or causes a loss of condor habitat 

function or displaces condors through continued disturbance (i.e. creation of a permanent structure requiring 

repetitious maintenance, or emits disruptive levels of noise).  
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The following avoidance and minimization measures have been designed to ensure activities carried out on the 

lease are in compliance with the Endangered Species Act. Integration of and adherence to these measures will 

facilitate review and analysis of any submitted permits under the authority of this lease. Following these 

measures could reduce the scope of Endangered Species Act, Section 7 consultation at the permit stage.  

Current avoidance and minimization measures include the following:  

1. Surveys will be required prior to operations unless species occupancy and distribution information is 
complete and available. All Surveys must be conducted by qualified individual(s) approved by the Forest 
Service, and must be conducted according to approved protocol.  

2. If surveys result in positive identification of condor use, all lease activities will require monitoring 
throughout the duration of the project to ensure desired results of applied mitigation and protection. 
Minimization measures will be evaluated during development and, if necessary, Section 7 consultation 
may be reinitiated.  

3. Temporary activities within 1.0 mile of nest sites will not occur during the breeding season.  
4. Temporary activities within 0.5 miles of established roosting sites or areas will not occur during the 

season of use, August 1 to November 31, unless the area has been surveyed according to protocol and 
determined to be unoccupied.  

5. No permanent infrastructure will be placed within 1.0 mile of nest sites.  
6. No permanent infrastructure will be placed within 0.5 miles of established roosting sites or areas.  
7. Lessee is responsible to remove big game carrion (which may be an unwanted attractant) to 100 feet 

from on lease roadways occurring within foraging range as feasible in coordination with the UDWR and 
the Forest Service. 

 
Where technically and economically feasible, use directional drilling or multiple wells from the same pad to 

reduce surface disturbance and eliminate drilling in suitable habitat.  

 Additional measures may also be employed to avoid or minimize effects to the species between the lease sale 

and lease development stages. These additional measures will be developed and implemented in consultation 

with the U.S. Fish and Wildlife Service to ensure continued compliance with the Endangered Species Act. 

LEASE NOTICE – Western Yellow-billed Cuckoo: 

The Lessee/Operator is given notice that the lands located in this parcel contain potential habitat for the 

Western yellow-billed cuckoo, a federally listed species. In areas that contain riparian habitat within the range of 

the species, actions that may cause stress and disturbance during nesting and rearing of young would be 

avoided or restricted. Appropriate measures will depend on if the action is temporary or permanent, and 

whether it occurs within or outside the nesting season. A temporary action is completed prior to the breeding 

season leaving no permanent structures and resulting in no permanent habitat loss. A permanent action 

continues for more than one breeding season and/or causes a loss of habitat or displaces individuals through 

disturbances. Current avoidance and minimization measures include the following:   

1. Surveys would be required prior to operations unless species occupancy and distribution information is 
complete and available. All surveys must be conducted by qualified individual(s) and be conducted 
according to protocol.   
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2. Activities would require monitoring throughout the duration of the project. To ensure desired results 
are being achieved, minimization measures would be evaluated and, if necessary, Section 7 consultation 
reinitiated.  

3. Water production would be managed to ensure maintenance or enhancement of riparian habitat.  
4. Where technically and economically feasible, use directional drilling or multiple wells from the same pad 

to reduce surface disturbance and eliminate drilling in suitable riparian habitat. Ensure that such 
directional drilling does not intercept or degrade alluvial aquifers.  

5. Activities would maintain a 300 feet buffer from suitable riparian habitat year long.  
6. Activities within ¼ mile of occupied breeding habitat would not occur during the breeding season of May 

1 to August 15.  
7. Ensure that water extraction or disposal practices do not result in change of hydrologic regime that 

would result in loss or degradation of riparian habitat.  
8. Re-vegetate with native species all areas of surface disturbance within riparian areas and/or adjacent 

land.  
 
Additional measures to avoid or minimize effects to the species may be developed and implemented in 

consultation with the USFWS between the lease sale stage and lease development stage to ensure continued 

compliance with the ESA.  

LEASE NOTICE – Migratory Birds: 

The lessee/operator is given notice that surveys for nesting migratory birds may be required during migratory 

bird breeding season whenever surface disturbances and/or occupancy is proposed in association with fluid 

mineral exploration and development within priority habitats. Surveys should focus on identified priority bird 

species in Utah.  Field surveys will be conducted as determined by the authorized officer of the USDA Forest 

Service.  Based on the result of the field survey, the authorized officer will determine appropriate buffers and 

timing limitations. This notice may be waived, excepted, or modified by the authorized officer if either the 

resource values change or the lessee/operator demonstrates that adverse impacts can be mitigated. 

LEASE NOTICE - Sensitive and MIS Species (Plants and Wildlife): 

The Lessee/Operator is given notice that the lands in this parcel contain suitable habitat for sensitive, and/or 

management indicator species.   The following avoidance and minimization measures have been developed to 

facilitate locating and designing operations to avoid adverse effects to the viability of these species.  

Prior to conducting any surface disturbing activities within suitable habitat for sensitive and Management 

Indicator Species (MIS), surveys would need to be completed. If sensitive or MIS are found, ground disturbing 

activities may be moved up to ½ mile to buffer around occupied habitat that is essential to the persistence of 

the species on the Fishlake and Dixie National Forests. 

LEASE NOTICE - Utah Prairie Dog: 

The lessee/operator is given notice that lands in this lease may contain historic and/or occupied Utah prairie dog 

habitat, a threatened species under the Endangered Species Act.  Avoidance or use restrictions may be placed 

on portions of the lease.  Application of appropriate measures will depend whether the action is temporary or 

permanent, and whether it occurs when prairie dogs are active or hibernating.  A temporary action is completed 
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prior to the following active season leaving no permanent structures and resulting in no permanent habitat loss.  

A permanent action continues for more than one activity/hibernation season and/or causes a loss of Utah 

prairie dog habitat or displaces prairie dogs through disturbances, i.e. creation of a permanent structure.   

The following avoidance and minimization measures have been designed to ensure activities carried out on the 

lease are in compliance with the Endangered Species Act.  Integration of, and adherence to these measures will 

facilitate review and analysis of any submitted permits under the authority of this lease.  Following these 

measures could reduce the scope of Endangered Species Act, Section 7 consultation at the permit stage. 

Current avoidance and minimization measures include the following: 

1. Surveys will be required prior to operations unless species occupancy and distribution information is 
complete and available.  All Surveys must be conducted by qualified individual(s) approved by the Forest 
Service (i.e., needs to have passed the USFWS Utah Prairie Dog survey course). 

2. Lease activities will require monitoring throughout the duration of the project.  To endure desired 
results are being achieved, minimization measures will be evaluated and, if necessary, Section 7 
consultation reinitiated. 

3. Where technically and economically feasible, use directional drilling or multiple wells from the same pad 
to reduce surface disturbance and eliminate drilling in prairie dog habitat. 

4. Surface occupancy or other surface disturbing activity will be avoided within 0.5 mile of active prairie 
dog colonies. 

5. Permanent surface disturbance or facilities will be avoided within 0.5 mile of potentially suitable, 
unoccupied prairie dog habitat, identified and mapped by Utah Division of Wildlife Resources. 

6. The lessee/operator should consider if fencing infrastructure on well pad, e.g., drill pads, tank batteries, 
and compressors, would be needed to protect equipment from burrowing activities.  In addition, the 
operator should consider if future surface disturbing activities would be required at the site. 

7. Within occupied habitat, set a 25 mph speed limit on operator-created and access roads and adhere to 
speed limit on maintained roads. The speed limit may have to be revisited on a site-specific basis and 
reduced. 

8. Limit disturbances to and within suitable habitat by staying on designated routes. 
9. Limit new access routes created by the project. 
10. Unavoidable impacts to the species will be mitigated through site-specific consultation with the US Fish 

and Wildlife Service. 
 
Additional measures to avoid or minimize effects to the species may be developed and implemented in 

consultation with the U.S. Fish and Wildlife Service between the lease sale stage and lease development stage to 

ensure continued compliance with the Endangered Species Act. 

Lease Notice - Drinking Water Source Protection Zones: 

 

The following is required language for approval for Oil and Gas activities with source water protections 

zones:  This lease (or a portion thereof) has been determined to be within a public Drinking Water Source 

Protection Zone. Prior to any surface-disturbing activity, the lessee/operator must contact the BLM field 

office and the public water system manager to determine any zoning ordinances, best management or 

pollution prevention measures, or physical controls that may be required within the protection zone(s). 

Compliance with Drinking Water Source Protection plans, developed by public water systems under the 

requirements of R309-600, Drinking Water Source Protection for Ground-Water Sources (Utah 
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Administrative Code), is mandatory. Compliance with county ordinances to protect the source protection 

zones, as required by Section 19-4-113 of the Utah Code, is also mandatory. 

 

Some public water sources qualify for monitoring waivers which reduce their monitoring requirements 

for pesticides and volatile organic chemicals (VOCs). Exploration, drilling, and production activities 

within Source Protection zones could jeopardize these waivers, thus requiring increased monitoring. The 

operator must contact the public water system administrator to determine what effect their activities may 

have on the public water system’s monitoring waivers. Compliance with other Utah State rules to protect 

surface and ground water such as the Utah Division of Water Quality Rule R317 (Water Quality Rules) 

and Rule R649 (Rules of the Utah Division of Oil, Gas and Mining, Utah Oil and Gas Conservation) is 

required. 

Lease Notice - Drinking Water Source Protection Zone Condition of Approval (COA) 

The following is required language for approval for Oil and Gas activities with source water protections zones:  

This lease (or a portion thereof) has been determined to be within a public Drinking Water Source Protection 

Zone. Prior to any surface-disturbing activity, the lessee/operator must contact the BLM field office and the 

public water system manager to determine any zoning ordinances, best management or pollution prevention 

measures, or physical controls that may be required within the protection zone(s). Compliance with Drinking 

Water Source Protection plans, developed by public water systems under the requirements of R309-600, 

Drinking Water Source Protection for Ground-Water Sources (Utah Administrative Code), is mandatory. 

Compliance with county ordinances to protect the source protection zones, as required by Section 19-4-113 of 

the Utah Code, is also mandatory. 

Some public water sources qualify for monitoring waivers which reduce their monitoring requirements for 

pesticides and volatile organic chemicals (VOCs). Exploration, drilling, and production activities within Source 

Protection zones could jeopardize these waivers, thus requiring increased monitoring. The operator must 

contact the public water system administrator to determine what effect their activities may have on the public 

water system’s monitoring waivers. Compliance with other Utah State rules to protect surface and ground water 

such as the Utah Division of Water Quality Rule R317 (Water Quality Rules) and Rule R649 (Rules of the Utah 

Division of Oil, Gas and Mining, Utah Oil and Gas Conservation) is required. 

Groundwater Protection Zones 1-4: 

This lease (or a portion thereof) is within one or more Drinking Water Source Protection Zones (DWSPZs) 

designated by the Utah Division of Drinking Water (DDW). Prior to a lease being offered up for sale that overlies 

a DWSPZ the BLM would attach IM No. UT 2010-055, Attachment F (Utah Drinking Water Source Protection 

Zone Lease Notice). 

BLM’s rules and regulations outlined in 43 CFR §3162.4-2, §3162.5-1(a) and §3162.5-2 (d) Control of wells, 

Onshore Oil and Gas Orders Nos. 2 and 7, and the Gold Book have been developed to address potential impacts 

to ground water from the drilling and completion of oil and gas wells, including the construction and use of 

reserve and production pits. Specifically, §3162.5-2 (d) Protection of fresh water and other minerals requires 

that the operator shall isolate freshwater-bearing and other usable water containing 5,000 ppm or less dissolved 
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solids and Onshore Order No. 2 increases the requirement by establishing a 10,000 ppm total dissolved solids 

(TDS) threshold for protection of usable water. 

Concurrent with submittal of an application for a permit to drill (APD), or any proposed surface disturbing 

activity, the lessee/operator must provide the BLM Authorized Officer (AO) protective measures, which 

adequately address protection of the DWSPZ or other usable ground water zones. If operator proposed 

measures are considered insufficient to adequately protect the water zones, the AO will incorporate additional 

protective measures as condition(s) of approval (COAs). During further analysis at time of APD approval, the 

BLM would attach IM No. UT 2010-055, Attachment G (Utah Drinking Water Source Protection Zone COA). 

Geophysical logs will be required in order to determine cement integrity and subsequent protection /isolation of 

usable ground water resources. Upon well completion, additional testing may be required to verify well bore 

integrity for protection of usable ground water resources. Testing results will be evaluated to determine if 

effective implementation of mitigation measures has been achieved. 

Existing Transient Non-Community Water Systems – Zones T2 and T4: 

This lease (or a portion thereof) is within Drinking Water Source Protection Zones designated as a transient non-

community water system which does not serve 25 of the same nonresident persons per day for more than 6 

months per year by the Utah Division of Drinking Water. The Transient System T2 protection zone for existing 

wells or springs is the area within a 250-day ground-water time of travel to the wellhead, spring or margin of the 

collection area, the boundary of the aquifer(s) which supplies water to the ground-water source, or the ground-

water divide, whichever is closer. The Transient System T4 protection zone for existing wells or springs is the 

area within a 10-year ground-water time of travel to the wellhead, spring or margin of the collection area, the 

boundary of the aquifer(s) which supplies water to the ground-water source, or the ground-water divide, 

whichever is closer. Compliance with R309-600 is voluntary for existing transient non-community water systems. 

However, all new ground water sources (including transient non-community systems) must submit to the DDW a 

Preliminary Evaluation Report (R309-600-13(2)) and a Drinking Water Source Protection Plan (R309-600-7(1)) 

which designates ground water source protection zones 1 through 4. Protection of the zones T2 and T4 must 

also comply with LEASE NOTICE – Groundwater Protection Zones 1-4. 

Surface Water Protection Zones 1-4: 

There currently are no Surface Water Protection Zones within the lands being proposed for leasing. But if any 

are created then the following Lease Notice for these zones would apply.  This lease (or a portion thereof) is 

within public Drinking Water Source Protection Zones 1, 2, 3, and/or 4.  Before application for a permit to drill 

(APD) submittal or any proposed surface disturbing activity, the lessee/operator must contact the BLM field 

office and the public water system manager to determine any zoning ordinances, best management or pollution 

prevention measures or physical controls that may be required within the protection zone. Drinking Water 

Source Protection plans are developed by the public water systems under the requirements of R309-605-7, 

Drinking Water Source Protection for Surface Sources (Utah Administrative Code). There may also be county 

ordinances in place to protect the source protection zones, as required by Section 19-4-113 of the Utah Code. 
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Incorporated cities and towns may also protect their drinking water sources using Section 10-8- 15 of the Utah 

Code. Cities and town have the extraterritorial authority to enact ordinances to protect a source of drinking 

water ... "For 15 miles above the point from which it is taken and for a distance of 300 feet on each side of such 

stream..." Class I cities (greater than 100,000 population) are granted authority to protect their entire 

watersheds. 

Some public water sources qualify for monitoring waivers which reduce their monitoring requirements for 

pesticides and volatile organic chemicals (VOCs). Exploration, drilling and production activities within a Source 

Protection Zone could jeopardize these waivers, thus requiring increased monitoring. Contact the public water 

system to determine what effect your activities may have on their monitoring waivers. Please be aware of other 

state rules to protect surface and ground water, including Utah Division of Water Quality Rules R317 Water 

Quality Rules; and Rules of the Utah Division of Oil, Gas and Mining, Utah Oil and Gas Conservation Rules R649. 

During further analysis at time of APD the BLM would attach IM No. UT 2010-055, Attachment G - Utah Drinking 

Water Source Protection Zone COA. 

At the time of development, drilling operators will additionally conform to the BLM operational regulations and 

Onshore Oil and Gas Order No. 7 (which prescribes measures required for the handling of produced water to 

ensure the protection of surface and ground water sources) and the Surface Operating Standards and Guidelines 

for Oil and Gas Development, The Gold Book, Fourth Edition-Revised 2007 (which provides information and 

requirements for conducting environmentally responsible oil and gas operations).   

Sole Source Aquifers 

There currently are no Sole Source Aquifers within the lands being proposed for leasing. But if any are created 

then the following Lease Notice for these zones would apply.  This lease (or a portion thereof) is within Sole 

Source Aquifer Protection zone designated by the Environmental Protection Agency (EPA). BLM’s rules and 

regulations outlined in 43 CFR §3162.4-2, §3162.5-1(a) and §3162.5-2 (d) Control of wells, Onshore Oil and Gas 

Orders Nos. 2 and 7, and the Gold Book have been developed to address potential impacts to ground water 

from the drilling and completion of oil and gas wells, including the construction and use of reserve and 

production pits. Specifically, §3162.5-2 (d) Protection of fresh water and other minerals requires that the 

operator shall isolate freshwater-bearing and other usable water containing 5,000 ppm or less dissolved solids 

and Onshore Order No. 2 increases the requirement by establishing a 10,000 ppm total dissolved solids (TDS) 

threshold for protection of usable water. 

During further analysis at time of APD the BLM would attach IM No. UT 2010-055, Attachment G - Utah Drinking 

Water Source Protection Zone COA. 

Concurrent with submittal of an application for a permit to drill (APD), or any proposed surface-disturbing 

activity, the lessee/operator must provide the BLM Authorized Officer (AO) protective measures, which 

adequately address protection of the Sole Source Aquifer and other usable ground water zones. If operator 

proposed measures are considered insufficient to adequately protect the water zones, the AO will incorporate 

additional protective measures as condition(s) of approval (COAs). 
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Geophysical logs will be required in order to determine cement integrity and subsequent protection/isolation of 

usable ground water resources. Upon well completion, additional testing may be required to verify well bore 

integrity for protection of usable ground water resources. Testing results will be evaluated to determine if 

effective implementation of mitigation measures has been achieved. 

Floodplains and Wetland (EO 11988; EO 11990): 

The lessee is hereby notified that this lease may contain land within a riparian or wetland ecosystem. 

All activities within this area may be precluded or highly restricted in order to comply with Executive Order 

11988 - Floodplain Management and Executive Order 11990 - Protection of Wetlands, in order to preserve and 

restore or enhance the natural and beneficial values served by floodplains and wetlands. 

Occupancy and use of lands within riparian or wetland areas, as proposed in a Surface Use Plan of Operations, 

will be considered in an environmental analysis and mitigation measures deemed necessary to protect these 

areas identified. These areas are to be avoided to the extent possible, or special measures such as road design, 

well pad size and location or directional drilling, may be made part of the permit authorizing the activity. 

LEASE NOTICE - Air Resources: (Clean Air Act of 1963, as amended by P.L. 90-148, P.L. 91-604, and P.L. 101-549; 

National and State of Utah Ambient Air Quality Standards, National Standards of Performance for New 

Stationary Sources, National Prevention of Significant Deterioration Standards, National Emissions Standards for 

Hazardous Air Pollutants, Utah Air Conservation Regulations (R446), and Utah State Implementation Plan) 

1. The operator shall comply with the following practices to control impacts to ambient air quality from oil and 
gas exploration and production activities: 

 
a. As appropriate, quantitative analysis of potential air quality impacts will be conducted for project-
specific developments by the operator, in concert with direction from the Utah Department of 
Environmental Quality, Division of Air Quality (UDAQ), the Forest Service and cooperating federal land 
management agencies including but not limited to the National Park Service. The Forest Service will 
notify cooperating agencies as project specific proposals are received and additional air impact analyses 
are performed to ensure input from those agencies. Additional project specific air impact analyses 
would need to be conducted if the following project criteria are fulfilled: 

  
i. If an exploration drilling project is proposed within 5km of an adjacent Class I area, air quality 

related value (AQRV) impacts would need to be addressed utilizing at a minimum the VISCREEN 

screening tool. Additional air impact analyses may be necessary based on the review of the 

initial VISCREEN analysis. 

ii. If an oil and gas production project is proposed at a distance of over 60km from an adjacent 

Class I area and has emissions that exceed those utilized in the existing “Fishlake 12-well 

development scenario", A quantitative air quality impact analysis would need to be conducted 

for the project that follows the guidance found in the FLAG modeling guidelines. 

iii. If an oil and gas production project is proposed within 60km of an adjacent Class I area and 

has emissions that equal or exceed those utilized in the existing “Fishlake 12-well development 
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scenario", a quantitative air quality impact analysis would need to be conducted for the project 

that follows the guidance found in the FLAG modeling guidelines. 

iv. If an exploratory drilling or oil and gas development project is proposed to occur within 60km 

of an adjacent Class I area and has emissions that are greater than those utilized in the existing 

"exploratory drilling scenario" but less than those utilized in the "Dixie 20-well development 

scenario", consultation with the Forest Service and cooperating Federal Agencies would be 

required to determine an appropriate assessment of air quality impacts. The level of additional 

analysis would be predicated on the size of the proposed project. 

b. Compliance with Utah Air Conservation (UAC) Regulation R446-1 would be necessary. The best air 

quality control technology, as per guidance from the UDAQ, will be applied to actions as needed to meet 

air quality standards. 

c. The operator will comply with UAC Regulation R446-1-4.5.3, which prohibits the use, maintenance, or 

construction of roadways without taking appropriate dust abatement measures. Compliance will be 

obtained through special stipulations as a requirement on new projects and through the use of dust 

abatement control techniques in problem areas. 

d. The operator will manage authorized activities to maintain air quality within the thresholds 

established by the State of Utah Ambient Air Quality Standards and to ensure that those activities 

continue to keep the area in attainment, meet prevention of significant deterioration (PSD) Class II 

standards, and protect the Class I air shed of the National Parks (e.g. Zion, Bryce Canyon, and Capitol 

Reef National Parks). 

e. National Ambient Air Quality Standards will be enforced by the UDEQ, with EPA oversight. Special 

requirements to reduce potential air quality impacts will be considered on a case-by-case basis in 

processing land-use authorizations. 

f. The operator will utilize BMPs and site specific mitigation measures, when appropriate, based on-site 

specific conditions, to reduce emissions and enhance air quality. 

Examples of these types of measures can be found in the Four Corners Air Quality Task Force Report of 

Mitigation Options, November 1, 2007; EPA Natural Gas STAR Program 

(http://www.epa.gov/gasstar/); and US Forest Service Emission Reduction Techniques for Oil and Gas 

activities 2011 (http://www.fs.fed.us/air/documents/EmissionReduction- 010711x.pdf). 

g. The operator will comply with a Condition of Approval for Applications for Permit to Drill, which 

includes: 

(1) All new and replacement internal combustion diesel fired drilling engines must meet or 

exceed Tier II emissions limits as codified in 40 CFR Part 89 -"Control of Emissions From New and 

In-Use Nonroad Compression-Ignition Engines". 
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2. All new and replacement internal combustion diesel fired well pump engines must meet or exceed Tier II 

emissions limits for Particulate Matter and Tier III emissions limits for Oxides of Nitrogen and Carbon Monoxide 

as codified in 40 CFR Part 89 - "Control of Emissions From New and In-Use Nonroad Compression-Ignition 

Engines".  

3. All new and replacement spark ignited natural gas fired internal combustion well-pump engines must meet or 

exceed emissions limits for Oxides of Nitrogen, Carbon Monoxide and Volatile Organic Compounds from New 

Source Performance Standard Subpart JJJJ for Stationary Spark Ignition Internal Combustion Engines 

manufactured since 2008.  

4. All new and replacement internal combustion gas field engines of less than or equal to 300 design-rated 

horsepower must not emit more than 2 grams of NOx per horsepower-hour. (This requirement does not apply 

to gas field engines of less than or equal to 40 designated horsepower).  

5. All new and replacement internal combustion gas field engines of greater than 300 design rated horsepower 

must not emit more than 1.0 grams of NOx per horsepower-hour.  

6. All diesel fuel fired internal combustion engines must utilize certified Ultra Low Sulfur Diesel fuel with a 

maximum sulfur content of 15 parts per million (PPM). 

a. Lease holders will need to conduct detailed volatile organic compound (VOC) emissions inventories 

for any proposed facilities to provide necessary data to the BLM Utah State Office for their regional 

photochemical modeling. 

b. Lease holders will need to examine the use of additional mitigations for ozone precursors. 
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CARMMS	  +	  RGFO	  GHG	  Emissions
Summary	  of	  Total	  Wellsite	  and	  Midstream	  Cumula5ve	  (Federal	  and	  Non-‐Federal)	  Direct	  and	  Mid-‐Stream	  Emissions	  (tons/year)	  by	  Field	  Office	  and	  Designa5on

CARMMS	  Scenario	   Current	  Track	  (April	  2015)
Field	  Office DesignaFon Year CO2 CH4 N2O CO2 CH4 N2O CO2 CH4 N2O
LSFO Federal 2021 829,039 19,533 15 822,604 17,441 15 261,378 8,527 5 Low
LSFO non-‐Federal 2021 573,758 12,918 10 573,724 12,728 10 138,610 4,524 2
WRFO Federal 2021 4,128,642 87,610 66 4,121,429 73,579 66 1,128,378 27,244 19 Low
WRFO non-‐Federal 2021 647,205 14,139 10 647,205 14,139 10 316,268 7,526 5
CRVFO	  (Roan) Federal 2021 542,495 13,980 8 541,634 12,158 8 422,336 11,391 7 Low
CRVFO	  (Roan) non-‐Federal 2021 682,922 18,839 11 682,922 18,839 11 682,922 18,839 11
CRVFO	  (outside	  Roan) Federal 2021 773,232 23,898 13 771,396 19,946 13 604,270 18,767 10 Low
CRVFO	  (outside	  Roan) non-‐Federal 2021 2,314,913 71,955 38 2,314,913 71,955 38 1,842,049 57,597 31
GJFO Federal 2021 1,613,851 47,855 22 1,581,415 40,880 22 218,742 5,377 3 Low
GJFO non-‐Federal 2021 2,755,830 72,688 41 2,755,830 72,688 41 1,528,480 42,134 23
UFO Federal 2021 185,482 6,666 3 181,929 5,663 3 21,369 893 0 Low
UFO non-‐Federal 2021 326,891 12,323 5 326,891 12,323 5 15,438 687 0
TRFO Federal 2021 497,444 23,853 6 484,264 19,943 6 195,592 7,792 3 Low
TRFO non-‐Federal 2021 1,323,613 76,610 21 1,323,613 76,610 21 1,340,077 77,844 21
KFO Federal 2021 84,614 2,630 1 83,793 2,409 1 38,815 1,280 1 Low
KFO non-‐Federal 2021 63,903 2,003 1 63,903 2,003 1 32,570 1,027 1
RGFO	  Area	  1 Federal 2021 146,617 6,263 2 145,193 5,573 2 27,296 1,166 1 High
RGFO	  Area	  1 non-‐Federal 2021 4,184,047 178,738 66 4,184,047 178,738 66 1,678,298 71,695 22
RGFO	  Area	  2 Federal 2021 28,076 1,199 1 27,803 1,067 1 3,120 133 0 Low
RGFO	  Area	  2 non-‐Federal 2021 115,422 4,931 2 115,422 4,931 2 90,466 3,865 2
RGFO	  Area	  3 Federal 2021 12,597 1,059 0 12,474 942 0 8,398 706 0 Low
RGFO	  Area	  3 non-‐Federal 2021 151,161 12,710 2 151,161 12,710 2 83,978 7,061 1
RGFO	  Area	  4 Federal 2021 28,076 1,199 1 27,803 1,067 1 3,120 133 0 Low
RGFO	  Area	  4 non-‐Federal 2021 90,466 3,865 1 90,466 3,865 1 21,837 933 1

Colorado	  ProjecFons	  Federal: 8,870,164 235,746 138 8,801,738 200,669 138 2,932,812 83,411 48
Colorado	  ProjecFons	  Non-‐Federal: 13,230,131 481,719 208 13,230,098 481,528 208 7,770,994 293,732 120

*	  Medium	  CARMMS	  scenario	  summary	  data	  not	  provided	  to	  BLM	  as	  part	  of	  CARMMS	  contract
*	  RGFO	  Emissions	  NOT	  es5mated	  by	  CARMMS

CARMMS	  -‐	  High CARMMS	  -‐	  Medium CARMMS	  -‐	  Low
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Executive Summary 

Under Executive Order 12866, agencies are θ͊ηϡΉθ͊͆ φΩ φΆ͊ ͊ϲφ͊φ ε͊θΡΉφφ͊͆ ̻ϳ Λ̮ϭ ͡φΩ ̮μμ͊μμ ̻ΩφΆ 

the costs and the benefits of the intended regulation and, recognizing that some costs and benefits are 

difficult to quantify, propose or adopt a regulation only upon a reasoned determination that the 

̻͔͊͊Ήφμ Ω͔ φΆ͊ Ήφ͊͆͊͆ θ͊ͼϡΛ̮φΉΩ ΕϡμφΉ͔ϳ Ήφμ ̼Ωμφμ΄͢ ΐΆ͊ εϡθεΩμ͊ Ω͔ φΆ͊ ͡μΩ̼Ή̮Λ ̼Ωμφ Ω͔ ̼̮θ̻Ω͢ (ΊCC) 

estimates presented here is to allow agencies to incorporate the social benefits of reducing carbon 

dioxide (CO2) emissions into cost-benefit analyses of regulatory actions that impact cumulative global 

emissions. The SCC is an estimate of the monetized damages associated with an incremental increase in 

carbon emissions in a given year. It is intended to include (but is not limited to) changes in net 

agricultural productivity, human health, property damages from increased flood risk, and the value of 

ecosystem services due to climate change. 

ΐΆ͊ Ήφ͊θ̮ͼ̼͊ϳ εθΩ̼͊μμ φΆ̮φ ͆͊Ϭ͊ΛΩε͊͆ φΆ͊ ΩθΉͼΉ̮Λ Δ΄Ί΄ ͼΩϬ͊θΡ͊φ͞μ ΊCC ͊μφΉΡ̮φ͊μ Ήμ ͆͊μ̼θΉ̻͊͆ Ή φΆ͊ 

2010 interagency technical support document (TSD) (Interagency Working Group on Social Cost of Carbon 

2010). Through that process the interagency group selected four SCC values for use in regulatory analyses. 

Three values are based on the average SCC from three integrated assessment models (IAMs), at discount 

rates of 2.5, 3, and 5 percent. The fourth value, which represents the 95th percentile SCC estimate across 

all three models at a 3 percent discount rate, is included to represent higher-than-expected impacts from 

temperature change further out in the tails of the SCC distribution. 

While acknowledging the continued limitations of the approach taken by the interagency group in 2010, 

this document provides an update of the SCC estimates based on new versions of each IAM (DICE, PAGE, 

and FUND). It does not revisit other interagency modeling decisions (e.g., with regard to the discount rate, 

reference case socioeconomic and emission scenarios, or equilibrium climate sensitivity). Improvements 

in the way damages are modeled are confined to those that have been incorporated into the latest 

versions of the models by the developers themselves in the peer-reviewed literature. 

The SCC estimates using the updated versions of the models are higher than those reported in the 2010 

TSD. By way of comparison, the four 2020 SCC estimates reported in the 2010 TSD were $7, $26, $42 and 

$81 (2007$). The corresponding four updated SCC estimates for 2020 are $12, $43, $64, and $128 (2007$). 

The model updates that are relevant to the SCC estimates include: an explicit representation of sea level 

rise damages in the DICE and PAGE models; updated adaptation assumptions, revisions to ensure 

damages are constrained by GDP, updated regional scaling of damages, and a revised treatment of 

potentially abrupt shifts in climate damages in the PAGE model; an updated carbon cycle in the DICE 

model; and updated damage functions for sea level rise impacts, the agricultural sector, and reduced 

space heating requirements, as well as changes to the transient response of temperature to the buildup 

of GHG concentrations and the inclusion of indirect effects of methane emissions in the FUND model. 

The SCC estimates vary by year, and the following table summarizes the revised SCC estimates from 2010 

through 2050. 
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Revised Social Cost of CO2, 2010 – 2050 (in 2007 dollars per metric ton of CO2) 

Discount Rate 5.0% 3.0% 2.5% 3.0% 
Year Avg Avg Avg 95th 
2010 10 31 50 86 
2015 11 36 56 105 
2020 12 42 62 123 
2025 14 46 68 138 
2030 16 50 73 152 
2035 18 55 78 168 
2040 21 60 84 183 
2045 23 64 89 197 
2050 26 69 95 212 
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I. Purpose 

The purpose of this document is to update the schedule of social cost of carbon (SCC) estimates from the 

2010 interagency technical support document (TSD) (Interagency Working Group on Social Cost of Carbon 

2010).1 E΄ͷ΄ 13563 ̼ ΩΡΡΉφμ φΆ͊ !͆ΡΉΉμφθ̮φΉΩ φΩ θ͊ͼϡΛ̮φΩθϳ ͆ ̼͊ΉμΉΩ Ρ̮ΘΉͼ ͡ ̻̮μ͊͆ Ω φΆ͊ ̻ ͊μφ ̮ Ϭ̮ΉΛ̮̻Λ͊ 

science.͢2 Additionally, the interagency group recommended in 2010 that the SCC estimates be revisited 

on a regular basis or as model updates that reflect the growing body of scientific and economic knowledge 

become available.3 New versions of the three integrated assessment models used by the U.S. government 

to estimate the SCC (DICE, FUND, and PAGE), are now available and have been published in the peer 

reviewed literature. While acknowledging the continued limitations of the approach taken by the 

interagency group in 2010 (documented in the original 2010 TSD), this document provides an update of 

the SCC estimates based on the latest peer-reviewed version of the models, replacing model versions that 

were developed up to ten years ago in a rapidly evolving field. It does not revisit other assumptions with 

regard to the discount rate, reference case socioeconomic and emission scenarios, or equilibrium climate 

sensitivity. Improvements in the way damages are modeled are confined to those that have been 

incorporated into the latest versions of the models by the developers themselves in the peer-reviewed 

literature. The agencies participating in the interagency working group continue to investigate potential 

improvements to the way in which economic damages associated with changes in CO2 emissions are 

quantified. 

Section II summarizes the major updates relevant to SCC estimation that are contained in the new versions 

of the integrated assessment models released since the 2010 interagency report. Section III presents the 

updated schedule of SCC estimates for 2010 – 2050 based on these versions of the models. Section IV 

provides a discussion of other model limitations and research gaps. 

II. Summary of Model Updates 

This section briefly summarizes changes to the most recent versions of the three integrated assessment 

models (IAMs) used by the interagency group in 2010. We focus on describing those model updates that 

are relevant to estimating the social cost of carbon, as summarized in Table 1. For example, both the DICE 

and PAGE models now include an explicit representation of sea level rise damages. Other revisions to 

PAGE include: updated adaptation assumptions, revisions to ensure damages are constrained by GDP, 

updated regional scaling of damages, and a revised treatment of potentially abrupt shifts in climate 

damages. The DICE ΡΩ͆͊Λ͞μ μΉΡεΛ͊ ̼̮θ̻Ω ̼ϳ̼Λ͊ Ά̮μ ̻͊͊ ϡε̮͆φ͊͆ φΩ ̻͊ more consistent with a more 

complex climate model. The FUND model includes updated damage functions for sea level rise impacts, 

the agricultural sector, and reduced space heating requirements, as well as changes to the transient 

response of temperature to the buildup of GHG concentrations and the inclusion of indirect effects of 

1 In this document, we present all values of the SCC as the cost per metric ton of CO2 emissions. Alternatively, one
 
could report the SCC as the cost per metric ton of carbon emissions. The multiplier for translating between mass of
 
CO2 and the mass of carbon is 3.67 (the molecular weight of CO2 divided by the molecular weight of carbon = 

44/12 = 3.67).
 
2 http://www.whitehouse.gov/sites/default/files/omb/inforeg/eo12866/eo13563_01182011.pdf
 
3 See p. 1, 3, 4, 29, and 33 (Interagency Working Group on Social Cost of Carbon 2010).
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methane emissions. Changes made to parts of the models that are superseded by the interagency working 

ͼθΩϡε͞μ ΡΩ͆͊ΛΉͼ ̮μμϡΡεφΉΩs – regarding equilibrium climate sensitivity, discounting, and 

socioeconomic variables – are not discussed here but can be found in the references provided in each 

section below. 

Table 1: Summary of Key Model Revisions Relevant to the Interagency SCC 

IAM Version used in 
2010 Interagency 

Analysis 

New 
Version 

Key changes relevant to interagency SCC 

DICE 2007 2010 Updated calibration of the carbon cycle model and 
explicit representation of sea level rise (SLR) and 
associated damages. 

FUND 3.5 
(2009) 

3.8 
(2012) 

Updated damage functions for space heating, SLR, 
agricultural impacts, changes to transient response of 
temperature to buildup of GHG concentrations, and 
inclusion of indirect climate effects of methane. 

PAGE 2002 2009 Explicit representation of SLR damages, revisions to 
damage function to ensure damages do not exceed 
100% of GDP, change in regional scaling of damages, 
revised treatment of potential abrupt damages, and 
updated adaptation assumptions. 

A. DICE 

DICE 2010 includes a number of changes over the previous 2007 version used in the 2010 interagency 

report. The model changes that are relevant for the SCC estimates developed by the interagency working 

group include: 1) updated parameter values for the carbon cycle model, 2) an explicit representation of 

sea level dynamics, and 3) a re-calibrated damage function that includes an explicit representation of 

economic damages from sea level rise. Changes were also made to other parts of the DICE model— 

including the equilibrium climate sensitivity parameter, the rate of change of total factor productivity, and 

the elasticity of the marginal utility of consumption—but these components of DICE are superseded by 

the interagency working group͞μ assumptions and so will not be discussed here. More details on DICE2007 

can be found in Nordhaus (2008) and on DICE2010 in Nordhaus (2010). The DICE2010 model and 

documentation is also available for download from the homepage of William Nordhaus. 

Carbon Cycle Parameters 

DICE uses a three-box model of carbon stocks and flows to represent the accumulation and transfer of 

carbon among the atmosphere, the shallow ocean and terrestrial biosphere, and the deep ocean. These 

ε̮θ̮Ρ͊φ͊θμ ̮θ͊ ̼̮͡ΛΉ̻θ̮φ͊͆ φΩ Ρ̮φ̼Ά φΆ͊ ̼̮θ̻Ω ̼ϳ̼Λ͊ Ή φΆ͊ Ͱodel for the Assessment of Greenhouse 

G̮μ ͛͆ϡ̼͊͆ CΛΉΡ̮φ͊ CΆ̮ͼ͊ (Ͱ!G͛CC)͢ (ͱΩθ͆Ά̮ϡμ 2008 ε 44).4 Carbon cycle transfer coefficient values 

4 MAGICC is a simple climate model initially developed by the U.S. National Center for Atmospheric Research that 
has been used heavily by the Intergovernmental Panel on Climate Change (IPCC) to emulate projections from more 
sophisticated state of the art earth system simulation models (Randall et al. 2007). 
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in DICE2010 are based on re-calibration of the model to match the newer 2009 version of MAGICC 

(Nordhaus 2010 p 2). For example, in DICE2010, in each decade, 12 percent of the carbon in the 

atmosphere is transferred to the shallow ocean, 4.7 percent of the carbon in the shallow ocean is 

transferred to the atmosphere, 94.8 percent remains in the shallow ocean, and 0.5 percent is transferred 

to the deep ocean. For comparison, in DICE 2007, 18.9 percent of the carbon in the atmosphere is 

transferred to the shallow ocean each decade, 9.7 percent of the carbon in the shallow ocean is 

transferred to the atmosphere, 85.3 percent remains in the shallow ocean, and 5 percent is transferred 

to the deep ocean. 

The implication of these changes for DICE2010 is in general a weakening of the ocean as a carbon sink and 

therefore a higher concentration of carbon in the atmosphere than in DICE2007, for a given path of 

emissions. All else equal, these changes will generally increase the level of warming and therefore the SCC 

estimates in DICE2010 relative to those from DICE2007. 

Sea Level Dynamics 

A new feature of DICE2010 is an explicit representation of the dynamics of the global average sea level 

anomaly to be used in the updated damage function (discussed below). This section contains a brief 

description of the sea level rise (SLR) module; a more detailed description can be found on the model 

͆͊Ϭ͊ΛΩε͊θ͞μ ϭ̻͊μΉφ͊΄5 The average global sea level anomaly is modeled as the sum of four terms that 

represent contributions from: 1) thermal expansion of the oceans, 2) melting of glaciers and small ice 

caps, 3) melting of the Greenland ice sheet, and 4) melting of the Antarctic ice sheet. 

The parameters of the four components of the SLR module are calibrated to match consensus results from 

φΆ͊ ͛CC͞μ FΩϡθφΆ !μμ͊μμΡ͊φ Ά͊εΩθφ (AR4).6 The rise in sea level from thermal expansion in each time 

period (decade) is 2 percent of the difference between the sea level in the previous period and the long 

run equilibrium sea level, which is 0.5 meters per degree Celsius (°C) above the average global 

temperature in 1900. The rise in sea level from the melting of glaciers and small ice caps occurs at a rate 

of 0.008 meters per decade per °C above the average global temperature in 1900. 

The contribution to sea level rise from melting of the Greenland ice sheet is more complex. The 

equilibrium contribution to SLR is 0 meters for temperature anomalies less than 1 oC and increases linearly 

from 0 meters to a maximum of 7.3 meters for temperature anomalies between 1 oC and 3.5 °C. The 

contribution to SLR in each period is proportional to the difference between the previΩϡμ ε͊θΉΩ͆͞μ μ̮͊ 

level anomaly and the equilibrium sea level anomaly, where the constant of proportionality increases with 

the temperature anomaly in the current period. 

5 Documentation on the new sea level rise module of DICE is available on William NordΆ̮ϡμ͞ ϭ̻͊μΉφ͊ ̮φ 

http://nordhaus.econ.yale.edu/documents/SLR_021910.pdf.
 
6 For a review of post-IPCC AR4 research on sea level rise, see Nicholls et al. (2011) and NAS (2011). 
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The contribution to SLR from the melting of the Antarctic ice sheet is -0.001 meters per decade when the 

temperature anomaly is below 3 °C and increases linearly between 3 °C and 6 °C to a maximum rate of 

0.025 meters per decade at a temperature anomaly of 6 °C. 

Re-calibrated Damage Function 

Economic damages from climate change in the DICE model are represented by a fractional loss of gross 

economic output in each period. A portion of the remaining economic output in each period (net of 

climate change damages) is consumed and the remainder is invested in the physical capital stock to 

support future economic εθΩ͆ϡ̼φΉΩ μΩ ̮̼͊Ά ε͊θΉΩ͆͞μ ̼ΛΉΡ̮φ͊ ̮͆Ρ̮ͼ͊μ ϭΉΛΛ θ͊͆ϡ̼͊ ̼ΩμϡΡεφΉΩ Ή φΆ̮φ 

period and in all future periods due to the lost investment. The fraction of output in each period that is 

lost due to climate change impacts is represented as one minus a fraction, which is one divided by a 

ηϡ̮͆θ̮φΉ̼ ͔ϡ̼φΉΩ Ω͔ φΆ͊ φ͊Ρε͊θ̮φϡθ͊ ̮ΩΡ̮Λϳ εθΩ͆ϡ̼Ήͼ ̮ μΉͼΡΩΉ͆ (͡Ί͢-shaped) function.7 The loss 

function in DICE2010 has been expanded by adding a quadratic function of SLR to the quadratic function 

of temperature. In DICE2010 the temperature anomaly coefficients have been recalibrated to avoid 

double-counting damages from sea level rise that were implicitly included in these parameters in 

DICE2007. 

ΐΆ͊ ̮ͼͼθ͊ͼ̮φ͊ ̮͆Ρ̮ͼ͊μ Ή D͛CE2010 ̮θ͊ ΉΛΛϡμφθ̮φ͊͆ ̻ϳ ͱΩθ͆Ά̮ϡμ (2010 ε 3) ϭΆΩ Ωφ͊μ φΆ̮φ ͡΅̮͆Ρ̮ͼ͊μ 

in the uncontrolled (baseline) [i.e., reference] case ΅ Ή 2095 ̮θ͊ $12 φθΉΛΛΉΩ Ωθ 2΄8 ε͊θ̼͊φ Ω͔ ͼΛΩ̻̮Λ 

output, for a global temperature increase of 3.4 oC ̮̻ΩϬ͊ 1900 Λ͊Ϭ͊Λμ΄͢ ΐΆΉμ ̼ΩΡε̮θ͊μ φΩ ̮ ΛΩμμ Ω͔ 3΄2 

percent of global output at 3.4 oC in DICE2007. However, in DICE2010, annual damages are lower in most 

of the early periods of the modeling horizon but higher in later periods than would be calculated using 

the DICE2007 damage function. Specifically, the percent difference between damages in the base run of 

DICE2010 and those that would be calculated using the DICE2007 damage function starts at +7 percent in 

2005, decreases to a low of -14 percent in 2065, then continuously increases to +20 percent by 2300 (the 

end of the interagency analysis time horizon), and to +160 percent by the end of the model time horizon 

in 2595. The large increases in the far future years of the time horizon are due to the permanence 

associated with damages from sea level rise, along with the assumption that the sea level is projected to 

continue to rise long after the global average temperature begins to decrease. The changes to the loss 

function generally decrease the interagency working group SCC estimates slightly given that relative 

increases in damages in later periods are discounted more heavily, all else equal. 

B. FUND 

FUND version 3.8 includes a number of changes over the previous version 3.5 (Narita et al. 2010) used in 

the 2010 interagency report. Documentation supporting FUND ̮͆ φΆ͊ ΡΩ͆͊Λ͞μ μΩϡθ̼͊ ̼Ω͆͊ for all 

versions of the model is available from the model authors.8 Notable changes, due to their impact on the 

7 The model and documentation, including formulas, are available on the author͞μ 
webpage at http://www.econ.yale.edu/~nordhaus/homepage/RICEmodels.htm. 
8 http://www.fund-model.org/. This report uses version 3.8 of the FUND model, which represents a modest update 
to the most recent version of the model to appear in the literature (version 3.7) (Anthoff and Tol, 2013). For the 
purpose of computing the SCC, the relevant changes (between 3.7 to 3.8) are associated with improving 
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SCC estimates, are adjustments to the space heating, agriculture, and sea level rise damage functions in 

addition to changes to the temperature response function and the inclusion of indirect effects from 

methane emissions.9 We discuss each of these in turn. 

Space Heating 

In FUND, the damages associated with the change in energy needs for space heating are based on the 

estimated impact due to one degree of warming. These baseline damages are scaled based on the 

͔Ωθ̼̮͊μφ͊͆ φ͊Ρε͊θ̮φϡθ͊ ̮ΩΡ̮Λϳ͞μ ͆͊ϬΉ̮φΉΩ ͔θΩΡ φΆ͊ Ω͊ ͆͊ͼθ͊͊ ̻̼͊ΆΡ̮θΘ and adjusted for changes 

in vulnerability due to economic and energy efficiency growth. In FUND 3.5, the function that scales the 

base year damages adjusted for vulnerability allows for the possibility that in some simulations the 

benefits associated with reduced heating needs may be an unbounded convex function of the 

temperature anomaly. In FUND 3.8, the form of the scaling has been modified to ensure that the function 

is everywhere concave and that there will exist an upper bound on the benefits a region may receive from 

reduced space heating needs. The new formulation approaches a value of two in the limit of large 

temperature anomalies, or in other words, assuming no decrease in vulnerability, the reduced 

expenditures on space heating at any level of warming will not exceed two times the reductions 

experienced at one degree of warming. Since the reduced need for space heating represents a benefit of 

climate change in the model, or a negative damage, this change will increase the estimated SCC. This 

update accounts for a significant portion of the difference in the expected SCC estimates reported by the 

two versions of the model when run probabilistically. 

Sea Level Rise and Land Loss 

The FUND model explicitly includes damages associated with the inundation of dry land due to sea level 

rise. The amount of land lost within a region is dependent upon the proportion of the coastline being 

protected by adequate sea walls and the amount of sea level rise. In FUND 3.5 the function defining the 

potential land lost in a given year due to sea level rise is linear in the rate of sea level rise for that year. 

This assumption implicitly assumes that all regions are well represented by a homogeneous coastline in 

length and a constant uniform slope moving inland. In FUND 3.8 the function defining the potential land 

lost has been changed to be a convex function of sea level rise, thereby assuming that the slope of the 

shore line increases moving inland. The effect of this change is to typically reduce the vulnerability of 

some regions to sea level rise based land loss, thereby lowering the expected SCC estimate. 10 

consistency with IPCC AR4 by adjusting the atmospheric lifetimes of CH4 and N2O and incorporating the indirect 
forcing effects of CH4, along with making minor stability improvements in the sea wall construction algorithm. 
9 The other damage sectors (water resources, space cooling, land loss, migration, ecosystems, human health, and 
extreme weather) were not significantly updated. 
10 For stability purposes this report also uses an update to the model which assumes that regional coastal 
protection measures will be built to protect the most valuable land first, such that the marginal benefits of coastal 
protection is decreasing in the level of protection following Fankhauser (1995). 
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Agriculture 

In FUND, φΆ͊ ͆ ̮Ρ̮ͼ͊μ ̮ μμΩ̼Ή̮φ͊͆ ϭΉφΆ φΆ͊ ̮ ͼθΉ̼ϡΛφϡθ̮Λ μ̼͊φΩθ ̮ θ͊ Ρ̮͊μϡθ͊͆ ̮ μ εθΩεΩθφΉΩ̮Λ φΩ φΆ͊ μ̼͊φΩθ͞μ 

value. The fraction is bounded from above by one and is made up of three additive components that 

represent the effects from carbon fertilization, the rate of temperature change, and the level of the 

temperature anomaly. In both FUND 3.5 and FUND 3.8, the ͔θ̮̼φΉΩ Ω͔ φΆ͊ μ̼͊φΩθ͞μ Ϭ̮Λϡ͊ ΛΩμφ ͆ϡ͊ φΩ φΆ͊ 

level of the temperature anomaly is modeled as a quadratic function with an intercept of zero. In FUND 

3.5, the coefficients of this loss function are modeled as the ratio of two random normal variables. This 

specification had the potential for unintended extreme behavior as draws from the parameter in the 

denominator approached zero or went negative. In FUND 3.8, the coefficients are drawn directly from 

truncated normal distributions so that they remain in the range [0, ) and ( ,0] , respectively, ensuring 

the correct sign and eliminating the potential for divide by zero errors. The means for the new 

distributions are set equal to the ratio of the means from the normal distributions used in the previous 

version. In general the impact of this change has been to decrease the range of the distribution while 

spreading out the dΉμφθΉ̻ϡφΉΩμ͞ Ρ̮μμ ΩϬ͊θ φΆ͊ θ͊Ρ̮ΉΉͼ θ̮ͼ͊ relative to the previous version. The net 

effect of this change on the SCC estimates is difficult to predict. 

Transient Temperature Response 

The temperature response model translates changes in global levels of radiative forcing into the current 

expected temperature anomaly. In FUND, a given year͞s increase in the temperature anomaly is based on 

a mean reverting function where the mean equals the equilibrium temperature anomaly that would 

eventually be reached i͔ φΆ̮φ ϳ̮͊θ͞μ Λ͊Ϭ͊Λ Ω͔ θ̮͆Ή̮φΉϬ͊ ͔Ωθ̼Ήͼ were sustained. The rate of mean reversion 

defines the rate at which the transient temperature approaches the equilibrium. In FUND 3.5, the rate of 

temperature response is defined as a decreasing linear function of equilibrium climate sensitivity to 

capture the fact that the progressive heat uptake of the deep ocean causes the rate to slow at higher 

values of the equilibrium climate sensitivity. In FUND 3.8, the rate of temperature response has been 

updated to a quadratic function of the equilibrium climate sensitivity. This change reduces the sensitivity 

of the rate of temperature response to the level of the equilibrium climate sensitivity, a relationship first 

noted by Hansen et al. (1985) based on the heat uptake of the deep ocean. Therefore in FUND 3.8, the 

temperature response will typically be faster than in the previous version. The overall effect of this change 

is likely to increase estimates of the SCC as higher temperatures are reached during the timeframe 

analyzed and as the same damages experienced in the previous version of the model are now experienced 

earlier and therefore discounted less. 

Methane 

The IPCC AR4 notes a series of indirect effects of methane emissions, and has developed methods for 

proxying such effects when computing the global warming potential of methane (Forster et al. 2007). 

FUND 3.8 now includes the same methods for incorporating the indirect effects of methane emissions. 

Specifically, the average atmospheric lifetime of methane has been set to 12 years to account for the 

feedback of methane emissions on its own lifetime. The radiative forcing associated with atmospheric 

methane has also been increased by 40% to account for its net impact on ozone production and 
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stratospheric water vapor. All else equal, the effect of this increased radiative forcing will be to increase 

the estimated SCC values, due to greater projected temperature anomaly. 

C. PAGE 

PAGE09 (Hope 2013) includes a number of changes from PAGE2002, the version used in the 2010 SCC 

interagency report. The changes that most directly affect the SCC estimates include: explicitly modeling 

the impacts from sea level rise, revisions to the damage function to ensure damages are constrained by 

GDP, a change in the regional scaling of damages, a revised treatment for the probability of a discontinuity 

within the damage function, and revised assumptions on adaptation. The model also includes revisions to 

the carbon cycle feedback and the calculation of regional temperatures.11 More details on PAGE09 can be 

found in Hope (2011a, 2011b, 2011c). A description of PAGE2002 can be found in Hope (2006). 

Sea Level Rise 

While PAGE2002 aggregates all damages into two categories – economic and non-economic impacts -, 

PAGE09 adds a third explicit category: damages from sea level rise. In the previous version of the model, 

damages from sea level rise were subsumed by the other damage categories. In PAGE09 sea level damages 

increase less than linearly with sea level under the assumption that land, people, and GDP are more 

concentrated in low-lying shoreline areas. Damages from the economic and non-economic sector were 

adjusted to account for the introduction of this new category. 

Revised Damage Function to Account for Saturation 

In PAGE09, small initial economic and non-economic benefits (negative damages) are modeled for small 

temperature increases, but all regions eventually experience economic damages from climate change, 

where damages are the sum of additively separable polynomial functions of temperature and sea level 

rise. Damages transition from this polynomial function to a logistic path once they exceed a certain 

proportion of remaining Gross Domestic Product (GDP) to ensure that damages do not exceed 100 percent 

of GDP. This differs from PAGE2002, which allowed Eastern Europe to potentially experience large 

benefits from temperature increases, and which also did not bound the possible damages that could be 

experienced. 

Regional Scaling Factors 

As in the previous version of PAGE, the PAGE09 model calculates the damages for the European Union 

(EU) and then, assumes that damages for other regions are proportional based on a given scaling factor. 

The scaling factor in PAGE09 is based on the Λ͊ͼφΆ Ω͔ ̮  θ͊ͼΉΩ͞μ ̼ Ω̮μφΛΉ͊ θ͊Λ̮φΉϬ͊ φΩ φΆ͊ EΔ (Hope 2011b). 

Because of the long coastline in the EU, other regions are, on average, less vulnerable than the EU for the 

same sea level and temperature increase, but all regions have a positive scaling factor. PAGE2002 based 

Ήφμ μ̼̮ΛΉͼ ͔̮̼φΩθμ Ω ͔Ωϡθ μφϡ͆Ή͊μ θ͊εΩθφ͊͆ Ή φΆ͊ ͛CC͞μ φΆΉθ͆ ̮μμ͊μμΡ͊φ report, and allowed for benefits 

11 Because several changes in the PAGE model are structural (e.g., the addition of sea level rise and treatment of 
discontinuity), it is not possible to assess the direct impact of each change on the SCC in isolation as done for the 
other two models above. 
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from temperature increase in Eastern Europe, smaller impacts in developed countries, and higher 

damages in developing countries. 

Probability of a Discontinuity 

͛ !GE2002 φΆ͊ ̮͆Ρ̮ͼ͊μ ̮μμΩ̼Ή̮φ͊͆ ϭΉφΆ ̮ ͆͡Ήμ̼ΩφΉϡΉφϳ͢ (nonlinear extreme event) were modeled 

as an expected value. Specifically, a stochastic probability of a discontinuity was multiplied by the 

damages associated with a discontinuity to obtain an expected value, and this was added to the 

economic and non-economic impacts. That is, additional damages from an extreme event, such as 

extreme melting of the Greenland ice sheet, were multiplied by the probability of the event occurring 

and added to the damage estimate. In PAGE09, the probability of discontinuity is treated as a discrete 

event for each year in the model. The damages for each model run are estimated either with or without 

a discontinuity occurring, rather than as an expected value. A large‐scale discontinuity becomes possible 

when the temperature rises beyond some threshold value between 2 and 4°C. The probability that a 

discontinuity will occur beyond this threshold then increases by between 10 and 30 percent for every 

1°C rise in temperature beyond the threshold. If a discontinuity occurs, the EU loses an additional 5 to 

25 percent of its GDP (drawn from a triangular distribution with a mean of 15 percent) in addition to 

other damages, and other regions lose an amount determined by the regional scaling factor. The 

threshold value for a possible discontinuity is lower than in PAGE2002, while the rate at which the 

probability of a discontinuity increases with the temperature anomaly and the damages that result from 

a discontinuity are both higher than in PAGE2002. The model assumes that only one discontinuity can 

occur and that the impact is phased in over a period of time, but once it occurs, its effect is permanent. 

Adaptation 

As in PAGE2002, adaptation is available to help mitigate any climate change impacts that occur. In PAGE 

this adaptation is the same regardless of the temperature change or sea level rise and is therefore akin to 

what is more commonly considered a reduction in vulnerability. It is modeled by reducing the damages 

by some percentage. PAGE09 assumes a smaller decrease in vulnerability than the previous version of the 

model and assumes that it will take longer for this change in vulnerability to be realized. In the aggregated 

economic sector, at the time of full implementation, this adaptation will mitigate all damages up to a 

temperature increase of 1°C, and for temperature anomalies between 1°C and 2°C, it will reduce damages 

by 15-30 percent (depending on the region). However, it takes 20 years to fully implement this adaptation. 

In PAGE2002, adaptation was assumed to reduce economic sector damages up to 2°C by 50-90 percent 

after 20 years. Beyond 2°C, no adaptation is assumed to be available to mitigate the impacts of climate 

change. For the non-economic sector, in PAGE09 adaptation is available to reduce 15 percent of the 

damages due to a temperature increase between 0°C and 2°C and is assumed to take 40 years to fully 

implement, instead of 25 percent of the damages over 20 years assumed in PAGE2002. Similarly, 

adaptation is assumed to alleviate 25-50 percent of the damages from the first 0.20 to 0.25 meters of sea 

level rise but is assumed to be ineffective thereafter. Hope (2011c) estimates that the less optimistic 

assumptions regarding the ability to offset impacts of temperature and sea level rise via adaptation 

increase the SCC by approximately 30 percent. 
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Other Noteworthy Changes 

Two other changes in the model are worth noting. There is a change in the way the model accounts for 

decreased CO2 absorption on land and in the ocean as temperature rises. PAGE09 introduces a linear 

feedback from global mean temperature to the percentage gain in the excess concentration of CO2, 

capped at a maximum level. In PAGE2002, an additional amount was added to the CO2 emissions each 

period to account for a decrease in ocean absorption and a loss of soil carbon. Also updated is the method 

by which the average global and annual temperature anomaly is downscaled to determine annual average 

regional temperature anomalies to be used in the regional damage functions. In PAGE2002, the scaling 

was determined solely based on regional difference in emissions of sulfate aerosols. In PAGE09, this 

regional temperature anomaly is further adjusted using an additive factor that is based on the average 

absolute latitude of a region relative to the area weighted average absolute laφΉφϡ͆͊ Ω͔ φΆ͊ E̮θφΆ͞μ 

landmass, to capture relatively greater changes in temperature forecast to be experienced at higher 

latitudes. 

III. Revised SCC Estimates 

The updated versions of the three integrated assessment models were run using the same methodology 

detailed in the 2010 TSD (Interagency Working Group on Social Cost of Carbon 2010). The approach along 

with the inputs for the socioeconomic emissions scenarios, equilibrium climate sensitivity distribution, 

and discount rate remains the same. This includes the five reference scenarios based on the EMF-22 

modeling exercise, the Roe and Baker equilibrium climate sensitivity distribution calibrated to the IPCC 

AR4, and three constant discount rates of 2.5, 3, and 5 percent. 

As was previously the case, the use of three models, three discount rates, and five scenarios produces 45 

separate distributions for the global SCC. The approach laid out in the 2010 TSD applied equal weight to 

each model and socioeconomic scenario in order to reduce the dimensionality down to three separate 

distributions representative of the three discount rates. The interagency group selected four values from 

these distributions for use in regulatory analysis. Three values are based on the average SCC across models 

and socio-economic-emissions scenarios at the 2.5, 3, and 5 percent discount rates, respectively. The 

fourth value was chosen to represent the higher-than-expected economic impacts from climate change 

further out in the tails of the SCC distribution. For this purpose, the 95th percentile of the SCC estimates 

at a 3 percent discount rate was chosen. (A detailed set of percentiles by model and scenario combination 

and additional summary statistics for the 2020 values is available in the Appendix.) As noted in the 2010 

TSD, ͡ the 3 percent discount rate is the central value, and so the central value that emerges is the average 

SCC across models at the 3 percent discount rate͢ (Interagency Working Group on Social Cost of Carbon 

2010, p. 25). However, for purposes of capturing the uncertainties involved in regulatory impact analysis, 

the interagency group emphasizes the importance and value of including all four SCC values. 

Table 2 shows the four selected SCC estimates in five year increments from 2010 to 2050. Values for 2010, 

2020, 2030, 2040, and 2050 are calculated by first combining all outputs (10,000 estimates per model run) 

from all scenarios and models for a given discount rate. Values for the years in between are calculated 
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using linear interpolation. The full set of revised annual SCC estimates between 2010 and 2050 is reported 

in the Appendix. 

Table 2: Revised Social Cost of CO2, 2010 – 2050 (in 2007 dollars per metric ton of CO2) 

Discount Rate 5.0% 3.0% 2.5% 3.0% 
Year Avg Avg Avg 95th 
2010 10 31 50 86 
2015 11 36 56 105 
2020 12 42 62 123 
2025 14 46 68 138 
2030 16 50 73 152 
2035 18 55 78 168 
2040 21 60 84 183 
2045 23 64 89 197 
2050 26 69 95 212 

The SCC estimates using the updated versions of the models are higher than those reported in the 2010 

TSD due to the changes to the models outlined in the previous section. By way of comparison, the 2020 

SCC estimates reported in the original TSD were $7, $26, $42 and $81 (2007$) (Interagency Working Group 

on Social Cost of Carbon 2010). Figure 1 illustrates where the four SCC values for 2020 fall within the full 

distribution for each discount rate based on the combined set of runs for each model and scenario 

(150,000 estimates in total for each discount rate). In general, the distributions are skewed to the right 

and have long tails. The Figure also shows that the lower the discount rate, the longer the right tail of the 

distribution. 

Figure 1: Distribution of SCC Estimates for 2020 (in 2007$ per metric ton CO2) 

As was the case in the 2010 TSD, the SCC increases over time because future emissions are expected to 

produce larger incremental damages as physical and economic systems become more stressed in 

13 



 
 

           

      

     

     

     
     

     
     
     
     

 

         

           

       

           

              

  

 

 

 

 

 

   

 

 

  

  

  

  

     

   

      

     

        

      

              

response to greater climatic change. The approach taken by the interagency group is to compute the cost 

of a marginal ton emitted in the future by running the models for a set of perturbation years out to 2050. 

Table 3 illustrates how the growth rate for these four SCC estimates varies over time. 

Table 3: Average Annual Growth Rates of SCC Estimates between 2010 and 2050 

Average Annual Growth 
Rate (%) 

5.0% 
Avg 

3.0% 
Avg 

2.5% 
Avg 

3.0% 
95th 

2010-2020 
2020-2030 
2030-2040 
2040-2050 

1.2% 
3.4% 
3.0% 
2.6% 

3.2% 
2.1% 
1.9% 
1.6% 

2.4% 
1.7% 
1.5% 
1.3% 

4.4% 
2.3% 
2.0% 
1.6% 

The future monetized value of emission reductions in each year (the SCC in year t multiplied by the change 

in emissions in year t) must be discounted to the present to determine its total net present value for use 

in regulatory analysis. As previously discussed in the 2010 TSD, damages from future emissions should be 

discounted at the same rate as that used to calculate the SCC estimates themselves to ensure internal 

consistency – i.e., future damages from climate change, whether they result from emissions today or 

emissions in a later year, should be discounted using the same rate. 

Under current OMB guidance contained in Circular A-4, analysis of economically significant proposed 

and final regulations from the domestic perspective is required, while analysis from the international 

perspective is optional. However, the climate change problem is highly unusual in at least two respects. 

First, it involves a global externality: emissions of most greenhouse gases contribute to damages around 

the world even when they are emitted in the United States. Consequently, to address the global nature 

of the problem, the SCC must incorporate the full (global) damages caused by GHG emissions. Second, 

climate change presents a problem that the United States alone cannot solve. Even if the United States 

were to reduce its greenhouse gas emissions to zero, that step would be far from enough to avoid 

substantial climate change. Other countries would also need to take action to reduce emissions if 

significant changes in the global climate are to be avoided. Emphasizing the need for a global solution to 

a global problem, the United States has been actively involved in seeking international agreements to 

reduce emissions and in encouraging other nations, including emerging major economies, to take 

significant steps to reduce emissions. When these considerations are taken as a whole, the interagency 

group concluded that a global measure of the benefits from reducing U.S. emissions is preferable. For 

additional discussion, see the 2010 TSD. 

IV. Other Model Limitations and Research Gaps 

The 2010 interagency SCC TSD discusses a number of important limitations for which additional research 

is needed. In particular, the document highlights the need to improve the quantification of both non-

catastrophic and catastrophic damages, the treatment of adaptation and technological change, and the 

way in which inter-regional and inter-sectoral linkages are modeled. While the new version of the models 

discussed above offer some improvements in these areas, further work remains warranted. The 2010 TSD 

also discusses the need to more carefully assess the implications of risk aversion for SCC estimation as 
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well as the inability to perfectly substitute between climate and non-climate goods at higher temperature 

increases, both of which have implications for the discount rate used. EPA, DOE, and other agencies 

continue to engage in research on modeling and valuation of climate impacts that can potentially improve 

SCC estimation in the future. 
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Appendix A 

Table A1: Annual SCC Values: 2010-2050 (2007$/metric ton CO2) 

Discount Rate 5.0% 3.0% 2.5% 3.0% 
Year Avg Avg Avg 95th 
2010 10 31 50 86 
2011 11 32 51 90 
2012 11 33 53 93 
2013 11 34 54 97 
2014 11 35 55 101 
2015 11 36 56 105 
2016 11 38 57 108 
2017 11 39 59 112 
2018 12 40 60 116 
2019 12 41 61 120 
2020 12 42 62 123 
2021 12 42 63 126 
2022 13 43 64 129 
2023 13 44 65 132 
2024 13 45 66 135 
2025 14 46 68 138 
2026 14 47 69 141 
2027 15 48 70 143 
2028 15 49 71 146 
2029 15 49 72 149 
2030 16 50 73 152 
2031 16 51 74 155 
2032 17 52 75 158 
2033 17 53 76 161 
2034 18 54 77 164 
2035 18 55 78 168 
2036 19 56 79 171 
2037 19 57 81 174 
2038 20 58 82 177 
2039 20 59 83 180 
2040 21 60 84 183 
2041 21 61 85 186 
2042 22 61 86 189 
2043 22 62 87 192 
2044 23 63 88 194 
2045 23 64 89 197 
2046 24 65 90 200 
2047 24 66 92 203 
2048 25 67 93 206 
2049 25 68 94 209 
2050 26 69 95 212 
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Table A2: 2020 Global SCC Estimates at 2.5 Percent Discount Rate (2007$/metric ton CO2) 

Percentile 1st 5th 10th 25th 50th Avg 75th 90th 95th 99th 
Scenario12 PAGE 
IMAGE 6 10 15 26 55 123 133 313 493 949 
MERGE Optimistic 4 6 8 15 32 75 79 188 304 621 
MESSAGE 4 7 10 19 41 104 103 266 463 879 
MiniCAM Base 5 8 12 21 45 102 108 255 412 835 
5th Scenario 2 4 6 11 24 81 66 192 371 915 

Scenario DICE 
IMAGE 25 31 37 47 64 72 92 123 139 161 
MERGE Optimistic 14 18 20 26 36 40 50 65 74 85 
MESSAGE 20 24 28 37 51 58 71 95 109 221 
MiniCAM Base 20 25 29 38 53 61 76 102 117 135 
5th Scenario 17 22 25 33 45 52 65 91 106 126 

Scenario FUND 
IMAGE -14 -2 4 15 31 39 55 86 107 157 
MERGE Optimistic -6 1 6 14 27 35 46 70 87 141 
MESSAGE -16 -5 1 11 24 31 43 67 83 126 
MiniCAM Base -7 2 7 16 32 39 55 83 103 158 
5th Scenario -29 -13 -6 4 16 21 32 53 69 103 

Table A3: 2020 Global SCC Estimates at 3 Percent Discount Rate (2007$/metric ton CO2) 

Percentile 1st 5th 10th 25th 50th Avg 75th 90th 95th 99th 
Scenario PAGE 
IMAGE 4 7 9 17 36 87 91 228 369 696 
MERGE Optimistic 2 4 6 10 22 54 55 136 222 461 
MESSAGE 3 5 7 13 28 72 71 188 316 614 
MiniCAM Base 3 5 7 13 29 70 72 177 288 597 
5th Scenario 1 3 4 7 16 55 46 130 252 632 

Scenario DICE 
IMAGE 16 21 24 32 43 48 60 79 90 102 
MERGE Optimistic 10 13 15 19 25 28 35 44 50 58 
MESSAGE 14 18 20 26 35 40 49 64 73 83 
MiniCAM Base 13 17 20 26 35 39 49 65 73 85 
5th Scenario 12 15 17 22 30 34 43 58 67 79 

Scenario FUND 
IMAGE -13 -4 0 8 18 23 33 51 65 99 
MERGE Optimistic -7 -1 2 8 17 21 29 45 57 95 
MESSAGE -14 -6 -2 5 14 18 26 41 52 82 
MiniCAM Base -7 -1 3 9 19 23 33 50 63 101 
5th Scenario -22 -11 -6 1 8 11 18 31 40 62 

12 See 2010 TSD for a description of these scenarios. 
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Table A4: 2020 Global SCC Estimates at 5 Percent Discount Rate (2007$/metric ton CO2) 

Percentile 1st 5th 10th 25th 50th Avg 75th 90th 95th 99th 
Scenario PAGE 
IMAGE 1 2 2 4 10 27 26 68 118 234 
MERGE Optimistic 1 1 2 3 6 17 17 43 72 146 
MESSAGE 1 1 2 4 8 23 22 58 102 207 
MiniCAM Base 1 1 2 3 8 20 20 52 90 182 
5th Scenario 0 1 1 2 5 17 14 39 75 199 

Scenario DICE 
IMAGE 6 8 9 11 14 15 18 22 25 27 
MERGE Optimistic 4 5 6 7 9 10 12 15 16 18 
MESSAGE 6 7 8 10 12 13 16 20 22 25 
MiniCAM Base 5 6 7 8 11 12 14 18 20 22 
5th Scenario 5 6 6 8 10 11 14 17 19 21 

Scenario FUND 
IMAGE -9 -5 -4 -1 2 3 6 10 14 24 
MERGE Optimistic -6 -4 -2 0 3 4 6 11 15 26 
MESSAGE -10 -6 -4 -1 1 2 5 9 12 21 
MiniCAM Base -7 -4 -2 0 3 4 6 11 14 25 
5th Scenario -11 -7 -5 -3 0 0 3 5 7 13 
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Table A5: Additional Summary Statistics of 2020 Global SCC Estimates 

Discount rate: 5.0% 3.0% 2.5% 
Statistic: Mean Variance Skewness Kurtosis Mean Variance Skewness Kurtosis Mean Variance Skewness Kurtosis 

DICE 12 26 2 15 38 409 3 24 57 1097 3 30 
PAGE 21 1481 5 32 68 13712 4 22 97 26878 4 23 
FUND 3 41 5 179 19 1452 -42 8727 33 6154 -73 14931 
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Appendix B 

The November 2013 revision of this technical support document is based on two corrections to the runs 

based on the FUND model. First, the potential dry land loss in the algorithm that estimates regional coastal 

protections was misμε̼͊Ή͔Ή͊͆ Ή φΆ͊ ΡΩ͆͊Λ͞μ ̼ΩΡεϡφ͊θ ̼Ω͆͊΄ This correction is covered in an erratum to 

Anthoff and Tol (2013) published in the same journal (Climatic Change) in October 2013 (Anthoff and Tol 

(2013b)). Second, the equilibrium climate sensitivity distribution was inadvertently specified as a 

truncated Gamma distribution (the default in FUND) as opposed to the truncated Roe and Baker 

distribution as was intended. The truncated Gamma distribution used in the FUND runs had approximately 

the same mean and upper truncation point, but lower variance and faster decay of the upper tail, as 

compared to the intended specification based on the Roe and Baker distribution. The difference between 

the original estimates reported in the May 2013 version of this technical support document and this 

revision are generally one dollar or less. 

The July 2015 revision of this technical support document is based on two corrections. First, the DICE 

model had been run up to 2300 rather than through 2300, as was intended, thereby leaving out the 

marginal damages in the last year of the time horizon. Second, due to an indexing error, the results from 

the PAGE model were in 2008 U.S. dollars rather than 2007 U.S. dollars, as was intended. In the current 

revision, all models have been run through 2300, and all estimates are in 2007 U.S. dollars. On average 

the revised SCC estimates are one dollar less than the mean SCC estimates reported in the November 

2013 version of this technical support document. The difference between the 95th percentile estimates 

with a 3% discount rate is slightly larger, as those estimates are heavily influenced by results from the 

PAGE model. 
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Executive Summary 
 
The signs of climate change are all around us. The average temperature in the United States 
during the past decade was 0.8° Celsius (1.5° Fahrenheit) warmer than the 1901-1960 average, 
and the last decade was the warmest on record both in the United States and globally. Global sea 
levels are currently rising at approximately 1.25 inches per decade, and the rate of increase 
appears to be accelerating. Climate change is having different impacts across regions within the 
United States. In the West, heat waves have become more frequent and more intense, while 
heavy downpours are increasing throughout the lower 48 States and Alaska, especially in the 
Midwest and Northeast.1 The scientific consensus is that these changes, and many others, are 
largely consequences of anthropogenic emissions of greenhouse gases.2  
 
The emission of greenhouse gases such as carbon dioxide (CO2) harms others in a way that is not 
reflected in the price of carbon-based energy, that is, CO2 emissions create a negative externality. 
Because the price of carbon-based energy does not reflect the full costs, or economic damages, 
of CO2 emissions, market forces result in a level of CO2 emissions that is too high. Because of this 
market failure, public policies are needed to reduce CO2 emissions and thereby to limit the 
damage to economies and the natural world from further climate change. 
 
There is a vigorous public debate over whether to act now to stem climate change or instead to 
delay implementing mitigation policies until a future date. This report examines the economic 
consequences of delaying implementing such policies and reaches two main conclusions, both of 
which point to the benefits of implementing mitigation policies now and to the net costs of 
delaying taking such actions.  
 
First, although delaying action can reduce costs in the short run, on net, delaying action to limit 
the effects of climate change is costly. Because CO2 accumulates in the atmosphere, delaying 
action increases CO2 concentrations. Thus, if a policy delay leads to higher ultimate CO2 
concentrations, that delay produces persistent economic damages that arise from higher 
temperatures and higher CO2 concentrations. Alternatively, if a delayed policy still aims to hit a 
given climate target, such as limiting CO2 concentration to given level, then that delay means that 
the policy, when implemented, must be more stringent and thus more costly in subsequent years. 
In either case, delay is costly. 
 
These costs will take the form of either greater damages from climate change or higher costs 
associated with implementing more rapid reductions in greenhouse gas emissions. In practice, 
delay could result in both types of costs. These costs can be large: 
 

                                                 
1 For a fuller treatment of the current and projected consequences of climate change for U.S. regions and sectors, 

see the Third National Climate Assessment (United States Global Change Research Program (USGCRP) 2014). 
2 See for example the Summary for Policymakers in Working Group I contribution to the Intergovernmental Panel 
on Climate Change Fifth Assessment Report (IPCC WG I AR5 2013). 
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 Based on a leading aggregate damage estimate in the climate economics literature, a 
delay that results in warming of 3° Celsius above preindustrial levels, instead of 2°, could 
increase economic damages by approximately 0.9 percent of global output. To put this 
percentage in perspective, 0.9 percent of estimated 2014 U.S. Gross Domestic Product 
(GDP) is approximately $150 billion. The incremental cost of an additional degree of 
warming beyond 3° Celsius would be even greater. Moreover, these costs are not one-
time, but are rather incurred year after year because of the permanent damage caused 
by increased climate change resulting from the delay. 
 

 An analysis of research on the cost of delay for hitting a specified climate target (typically, 
a given concentration of greenhouse gases) suggests that net mitigation costs increase, 
on average, by approximately 40 percent for each decade of delay. These costs are higher 
for more aggressive climate goals: each year of delay means more CO2 emissions, so it 
becomes increasingly difficult, or even infeasible, to hit a climate target that is likely to 
yield only moderate temperature increases. 

 
Second, climate policy can be thought of as “climate insurance” taken out against the most severe 
and irreversible potential consequences of climate change. Events such as the rapid melting of 
ice sheets and the consequent increase of global sea levels, or temperature increases on the 
higher end of the range of scientific uncertainty, could pose such severe economic consequences 
as reasonably to be thought of as climate catastrophes. Confronting the possibility of climate 
catastrophes means taking prudent steps now to reduce the future chances of the most severe 
consequences of climate change. The longer that action is postponed, the greater will be the 
concentration of CO2 in the atmosphere and the greater is the risk. Just as businesses and 
individuals guard against severe financial risks by purchasing various forms of insurance, 
policymakers can take actions now that reduce the chances of triggering the most severe climate 
events. And, unlike conventional insurance policies, climate policy that serves as climate 
insurance is an investment that also leads to cleaner air, energy security, and benefits that are 
difficult to monetize like biological diversity. 
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I.  Introduction 
 
The changing climate and increasing atmospheric greenhouse gas (GHG) concentrations are 
projected to accelerate multiple threats, including more severe storms, droughts, and heat 
waves, further sea level rise, more frequent and severe storm surge damage, and acidification of 
the oceans (USGCRP 2014). Beyond the sorts of gradual changes we have already experienced, 
global warming raises additional threats of large-scale changes, either changes to the global 
climate system, such as the disappearance of late-summer Arctic sea ice and the melting of large 
glacial ice sheets, or ecosystem impacts of climate change, such as critical endangerment or 
extinction of a large number of species. 
 
Emissions of GHGs such as carbon dioxide (CO2) generate a cost that is borne by present and 
future generations, that is, by people other than those generating the emissions. These costs, or 
economic damages, include costs to health, costs from sea level rise, and damage from 
increasingly severe storms, droughts, and wildfires. These costs are not reflected in the price of 
those emissions. In economists’ jargon, emitting CO2 generates a negative externality and thus a 
market failure. Because the price of CO2 emissions does not reflect its true costs, market forces 
alone are not able to solve the problem of climate change. As a result, without policy action, 
there will be more emissions and less investment in emissions-reducing technology than there 
would be if the price of emissions reflected their true costs. 
 
This report examines the cost of delaying policy actions to stem climate change, and reaches two 
main conclusions. First, delaying action is costly. If a policy delay leads to higher ultimate CO2 
concentrations, then that delay produces persistent additional economic damages caused by 
higher temperatures, more acidic oceans, and other consequences of higher CO2 concentrations. 
Moreover, if delay means that the policy, when implemented, must be more stringent to meet a 
given target, then it will be more costly.  
 
Second, uncertainty about the most severe, irreversible consequences of climate change adds 
urgency to implementing climate policies now that reduce GHG emissions. In fact, climate policy 
can be seen as climate insurance taken out against the most damaging potential consequences 
of climate change—consequences so severe that these events are sometimes referred to as 
climate catastrophes. The possibility of climate catastrophes leads to taking prudent steps now 
to sharply reduce the chances that they occur. 
 
The costs of inaction underscore the importance of taking meaningful steps today towards 
reducing carbon emissions. An example of such a step is the Environmental Protection Agency’s 
(EPA) proposed rule (2014) to regulate carbon pollution from existing power plants. By adopting 
economically efficient mechanisms to reduce emissions over the coming years, this proposed 
rule would generate large positive net benefits, which EPA estimates to be in the range of $27 - 
50 billion annually in 2020 and $49 - 84 billion in 2030. These benefits include benefits to health 
from reducing particulate emissions as well as benefits from reducing CO2 emissions.  
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Delaying Climate Policies Increases Costs 
Delaying climate policies avoids or reduces expenditures on new pollution control technologies 
in the near term. But this short-term advantage must be set against the disadvantages, which are 
the costs of delay. The costs of delay are driven by fundamental elements of climate science and 
economics. Because the lifetime of CO2 in the atmosphere is very long, if a mitigation policy is 
delayed, it must take as its starting point a higher atmospheric concentration of CO2. As a result, 
delayed mitigation can result in two types of cost, which we would experience in different 
proportions depending on subsequent policy choices. 
 
First, if delay means an increase in the ultimate end-point concentration of CO2, then delay will 
result in additional warming and additional economic damages resulting from climate change. As 
is discussed in Section II, economists who have studied the costs of climate change find that 
temperature increases of 2° Celsius above preindustrial levels or less are likely to result in 
aggregate economic damages that are a small fraction of GDP. This small net effect masks 
important differences in which some regions could benefit somewhat from this warming while 
other regions could experience net costs. But global temperatures have already risen nearly 1° 
above preindustrial levels, and it will require concerted effort to hold temperature increases to 
within the narrow range consistent with small costs.3 For temperature increases of 3° Celsius or 
more above preindustrial levels, the aggregate economic damages from climate change are 
expected to increase sharply.  
 
Delay that causes a climate target to be missed creates large estimated economic damages. For 
example, a calculation in Section II of this report, based on a leading climate model (the DICE 
model as reported in Nordhaus 2013), shows that if a delay causes the mean global temperature 
increase to stabilize at 3° Celsius above preindustrial levels, instead of 2°, that delay will induce 
annual additional damages of approximately 0.9 percent of global output, as shown in Figure 1.4 
To put this percentage in perspective, 0.9 percent of estimated 2014 U.S. GDP is approximately 
$150 billion.5 The next degree increase, from 3° to 4°, would incur greater additional annual costs 
of approximately 1.2 percent of global output. These costs are not one-time: they are incurred 
year after year because of the permanent damage caused by additional climate change resulting 
from the delay. 
  

                                                 
3 The Working Group III contribution to the Intergovernmental Panel on Climate Change (IPCC) Fifth Assessment 

Report (IPCC WG III AR5 2014) does not analyze scenarios producing temperatures in 2100 less than 1.5 Celsius 
above preindustrial, because this is considered so difficult to achieve. 
4 Nordhaus (2013) stresses that these estimates “are subject to large uncertainties…because of the difficulty of 
estimating impacts in areas such as the value of lost species and damage to ecosystems.” (pp. 139-140). 
5 These percentages apply to gross world output and the application of them to U.S. GDP is illustrative. 
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The second type of cost of delay is the increased cost of reducing emissions more sharply if, 
instead, the delayed policy is to achieve the same climate target as the non-delayed policy. Taking 
meaningful steps now sends a signal to the market that reduces long-run costs of meeting the 
target. Part of this signal is that new carbon-intensive polluting facilities will be seen as bad 
investments; this reduces the amount of locked-in high-carbon infrastructure that is expensive 
to replace. Second, taking steps now to reduce CO2 emissions signals the value of developing new 
low- and zero-emissions technologies, so additional steps towards a zero-carbon future can be 
taken as policy action incentivizes the development of new technologies. For both reasons, the 
least-cost mitigation path to achieve a given concentration target typically starts with a relatively 
low price of carbon to send these signals to the market, and subsequently increases as new low-
carbon technology becomes available.6  
 
The research discussed in Section II of this report shows that any short run gains from delay tend 
to be outweighed by the additional costs arising from the need to adopt a more abrupt and 
stringent policy later.7 An analysis of the collective results from that research, described in more 
detail in Section II, suggests that the cost of hitting a specific climate target increases, on average, 
by approximately 40 percent for each decade of delay. These costs are higher for more aggressive 
climate goals: the longer the delay, the more difficult it becomes to hit a climate target. 
Furthermore, the research also finds that delay substantially decreases the chances that even 
concerted efforts in the future will hit the most aggressive climate targets. 
 

                                                 
6 The 2010 National Research Council, Limiting the Magnitude of Future Climate Change, also stressed the 
importance of acting now to implement mitigation policies as a way to reduce costs. The NRC emphasized the 
importance of technology development in holding down costs, including by providing clear signals to the private 
sector through predictable policies that support development of and investment in low-carbon technologies. 
7 The IPCC WG III AR5 (2014) includes an extensive discussion of mitigation, including sectoral detail, potential for 

technological progress, and the timing of mitigation policies. 
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Although global action is essential to meet climate targets, unilateral steps both encourage 
broader action and benefit the United States. Climate change is a global problem, and it will 
require strong international leadership to secure cooperation among both developed and 
developing countries to solve it. America must help forge a truly global solution to this global 
challenge by galvanizing international action to significantly reduce emissions. By taking credible 
steps toward mitigation, the United States will also reap the benefits of early action, such as 
investing in low-carbon infrastructure now that will reduce the costs of reaching climate targets 
in the future. 
 

Climate Policy as Climate Insurance 
Individuals and businesses routinely purchase insurance to guard against various forms of risk 
such as fire, theft, or other loss. This logic of self-protection also applies to climate change. Much 
is known about the basic science of climate change: there is a scientific consensus that, because 
of anthropogenic emissions of CO2 and other GHGs, global temperatures are increasing, sea 
levels are rising, and the world’s oceans are becoming more acidic. These and other climate 
changes are expected to be harmful, on balance, to the world’s natural and economic systems. 
Nevertheless, uncertainty remains about the magnitude and timing of these and other aspects 
of climate change, even if we assume that future climate policies are known in advance. For 
example, the Working Group I contribution to the IPCC’s Fifth Assessment Report (IPCC WG I AR5 
2013) provides a likely range of 1.5° to 4.5° Celsius for the equilibrium climate sensitivity, which 
is the long-run increase in global mean surface temperature that is caused by a sustained 
doubling of atmospheric CO2 concentrations. The upper end of that range would imply severe 
climate impacts under current emissions trajectories, and current scientific knowledge indicates 
that values in excess of this range are also possible.8  
 
An additional, related source of climate uncertainty is the possibility of irreversible, large-scale 
changes that have wide-ranging and severe consequences. These are sometimes called abrupt 
changes because they could occur extremely rapidly as measured in geologic time, and are also 
sometimes called climate catastrophes. We are already witnessing one of these events—the 
rapid trend towards disappearance of late-summer Arctic sea ice. A recent study from the 
National Research Council (NRC 2013) found that this strong trend toward decreasing sea-ice 
cover could have large effects on a variety of components of the Arctic ecosystem and could 
potentially alter large-scale atmospheric circulation and its variability. The NRC also found that 
another large-scale change has been occurring, which is the critical endangerment or loss of a 
significant percentage of marine and terrestrial species. Other events judged by the NRC to be 
likely in the more distant future (after 2100) include, for example, the possible rapid melting of 
the Western Antarctic ice and Greenland ice sheets and the potential thawing of Arctic 
permafrost and the consequent release of the potent GHG methane, which would accelerate 
global warming. These and other potential large-scale changes are irreversible on relevant time 

                                                 
8 It is important to note that, as a global average, the equilibrium climate sensitivity masks the expectation that 
temperature change will be higher over land than the oceans, and that there will be substantial regional variations 
in temperature increases. The equilibrium climate sensitivity describes a long-term effect and is only one 
component of determining near term warming due to the buildup of GHGs in the atmosphere. 
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scales—if an ice sheet melts, it cannot be reconstituted—and they could potentially have massive 
global consequences and costs. For many of these events, there is thought to be a “tipping point,” 
for example a temperature threshold, beyond which the transition to the new state becomes 
inevitable, but the values or locations of these tipping points are typically unknown. 
 
Section III of this report examines the implications of these possible climate-related catastrophes 
for climate policy. Research on the economic and policy implications of such threats is relatively 
recent. As detailed in Section III, a conclusion that clearly emerges from this young but active 
literature is that the threat of a climate catastrophe, potentially triggered by crossing an unknown 
tipping point, implies erring on the side of prudence today. Accordingly, in a phrase used by 
Weitzman (2009, 2012), Pindyck (2011), and others, climate policy can be thought of as “climate 
insurance.” The logic here is that of risk management, in which one acts now to reduce the 
chances of worst-case outcomes in the future. Here, too, there is a cost to delay: the longer 
emission reductions are postponed, the greater are atmospheric concentrations of GHGs, and 
the greater is the risk arising from delay. 
 

Other Costs of Delay and Benefits of Acting Now 
An additional benefit of adopting meaningful mitigation policies now is that doing so sends a 
strong signal to the market to spur the investments that will reduce mitigation costs in the future. 
An argument sometimes made is that mitigation policies should be postponed until new low-
carbon technologies become available. Indeed, ongoing technological progress has dramatically 
improved productivity and welfare in the United States because of vast inventions and process 
improvements in the private sector (see for example CEA 2014, Chapter 6). The private sector 
invests in research and development, and especially in process improvements, because those 
technological advances reap private rewards. But low-carbon technologies, and environmental 
technologies more generally, face a unique barrier: their benefits – the reduction in global 
impacts of climate change – accrue to everyone and not just to the developer or adopter of such 
technologies.9 Thus private sector investment in low-carbon technologies requires confidence 
that those investments, if successful, will pay off, that is, the private sector needs to have 
confidence that there will be a market for low-carbon technologies now and in the future. Public 
policies that set out a clear and ongoing mitigation path provide that confidence. Simply waiting 
for a technological solution, but not providing any reason for the private sector to create that 
solution, is not an effective policy. Although public financing of basic research is warranted 
because many of the benefits of basic research cannot be privately appropriated, many of the 
productivity improvements and cost reductions seen in new technologies come from incremental 
advances and process improvements that only arise through private-sector experience producing 
the product and learning-by-doing. These advances are protected through the patent system and 
as trade secrets, but those advances will only transpire if it is clear that they will have current and 

                                                 
9 Popp, Newell, and Jaffe (2010) provide a thorough review of the literature regarding technological change and 
the environment. 
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future value. In other words, policy action induces technological change. 10  Although a full 
treatment of the literature on technological change is beyond the scope of this report, providing 
the private sector with the certainty needed to invest in low-carbon technologies and produce 
such technological change is a benefit of adopting meaningful mitigation policies now. 
 
Finally, because this report examines the economic costs of delay, it focuses on actions or 
consequences that have a market price. But the total costs of climate change include much that 
does not trade in the market and to which it is difficult to assign a monetary value, such as the 
loss of habitat preservation, decreased value of ecosystem goods and services, and mass 
extinctions. Although some studies have attempted to quantify these costs, including all relevant 
climate impacts is infeasible. Accordingly, the monetized economic costs of delay analyzed in this 
report understate the true total cost of delaying action to mitigate climate change. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                 
10 For example, Popp (2003) provides empirical evidence that Title IV of the 1990 Clean Air Act Amendments 
(CAAA) led to innovations that reduced the cost of the environmental technologies that reduced SO2 emissions 
from coal-fired power plants. Other literature shows evidence linking environmental regulation more broadly to 
innovation (e.g., Popp 2006, Jaffe and Palmer 1997, Lanjouw and Mody 1996). 
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II.  Costs from Delaying Policy Action 
 
Delaying action on climate change can increase economic costs in two ways. First, if the delayed 
policy is no more stringent, it will miss the climate target of the original, non-delayed policy, 
resulting in atmospheric GHG concentrations that are permanently higher, thereby increasing 
the economic damages from climate change. Second, suppose a delayed policy alternatively 
strove to achieve the original climate target; if so, it would require a more stringent path to 
achieve that target. But this delayed, more stringent policy typically will result in additional 
mitigation costs by requiring more rapid adjustment later. In reality, delay might result in a mix 
of these two types of costs. The estimates of the costs of delay in this section draw on large 
bodies of research on these two types of costs. We first examine the economic damages from 
higher temperatures, then turn to the increased mitigation costs arising from delay. 
 
Our focus here is on targets that limit GHG concentrations, both because this is what most of the 
“delay” literature considers and because concentration limits have been the focus of other 
assessments. These concentration targets are typically expressed as concentrations of CO2-
equivalent (CO2e) GHGs, so they incorporate not just CO2 concentrations but also methane and 
other GHGs. The CO2e targets translate roughly into ranges of temperature changes as estimated 
by climate models and into the cumulative GHG emissions budgets discussed in some other 
climate literature. More stringent concentration targets decrease the odds that global average 
temperature exceeds 2°C above preindustrial levels by 2100. According to the IPCC WG III AR5 
(2014), meeting a concentration target of 450 parts per million (ppm) CO2e makes it “likely” 
(probability between 66 and 100 percent) that the temperature increase will be at most 2°C, 
relative to preindustrial levels, whereas stabilizing at a concentration level of 550 ppm CO2e 
makes it “more unlikely than likely” (less than a 50 percent probability) that the temperature 
increase by 2100 will be limited to 2°C (IPCC WG III AR5 2014).11 
 

Increasing Damages if Delay Means Missing Climate Targets 
If delay means that a climate target slips, then the ultimate GHG concentrations, temperatures, 
and other changes in global climate would be greater than without the delay.12 
 
A growing body of work examines the costs that climate change imposes on specific aspects of 
economic activity. The IPCC WG II AR5 (2014) surveys this growing literature and summarizes the 
impacts of projected climate change by sector. Impacts include decreased agricultural 
production; coastal flooding, erosion, and submergence; increases in heat-related illness and 
other stresses due to extreme weather events; reduction in water availability and quality; 

                                                 
11 IPCC WG III AR5 (2014, ch. 6) provides a further refinement of these probabilities, associating a concentration 
target of 450 ppm of CO2e with an approximate 70-85 percent probability of maintaining temperature change 
below 2°C, and a concentration level of 550 CO2e with an approximate 30-45 percent probability of maintaining 
temperature change below 2°C. 
12 For information on the impacts of climate change at various levels of warming see Climate Stabilization Targets: 
Emissions, Concentrations, and Impacts over Decades to Millennia (NRC 2011).  
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displacement of people and increased risk of violent conflict; and species extinction and 
biodiversity loss. Although these impacts vary by region, and some impacts are not well-
understood, evidence of these impacts has grown in recent years.13  
 
A new class of empirical studies draw similar conclusions. Dell, Jones, and Olken (2013) review 
academic research that draws on historical variation in weather patterns to infer the effects of 
climate change on productivity, health, crime, political instability, and other social and economic 
outcomes. This approach complements physical science research by estimating the economic 
impacts of historical weather events that can be used to extrapolate to those expected in the 
future climate. The research finds evidence of economically meaningful impacts of climate 
change on a variety of outcomes. For example, when the temperature is greater than 100° 
Fahrenheit in the United States, labor supply in outdoor industries declines up to one hour per 
day relative to temperatures in the 76°-80° Fahrenheit range (Graff Zivin and Neidell 2014). Also 
in the United States, each additional day of extreme heat (exceeding 90° Fahrenheit) relative to 
a moderate day (50° to 59° Fahrenheit) increases the annual age-adjusted mortality rate by 
roughly 0.11 percent (Deschênes and Greenstone 2011). 
 
These studies provide insights into the response of specific sectors or aspects of the economy to 
climate change. But because they focus on specific aspects of climate change, use different data 
sources, and use a variety of outcome measures, they do not provide direct estimates of the 
aggregate, or total, cost of climate change. Because estimating the total cost of climate change 
requires specifying future baseline economic and population trajectories, efforts to estimate the 
total cost of climate change typically rely on integrated assessment models (IAMs). IAMs are a 
class of economic and climate models that incorporate both climate and economic dynamics so 
that the climate responds to anthropogenic emissions and economic activity responds to the 
climate. In addition to projecting future climate variables and other economic variables, the IAMs 
estimate the total economic damages (and, in some cases, benefits) of climate change which 
includes impacts on agriculture, health, ecosystems services, productivity, heating and cooling 
demand, sea level rise, and adaptation. 
 
Overall costs of climate change are substantial, according to IAMs. Nordhaus (2013) estimates 
global costs that increase with the rise in global average temperature, and Tol (2009, 2014) 
surveys various estimates. Two themes are common among these damage estimates. First, 
damage estimates remain uncertain, especially for large temperature increases. Second, the 
costs of climate change increase nonlinearly with the temperature change. Based on Nordhaus’s 
(2013, Figure 22) net damage estimates, a 3° Celsius temperature increase above preindustrial 
levels, instead of 2°, results in additional damages of 0.9 percent of global output.14 To put this 

                                                 
13 The EPA’s Climate Change Impacts and Risk Analysis project collects new research that estimates the potential 
damages of inaction and the benefits of GHG mitigation at national and regional scales for many important sectors, 
including human health, infrastructure, water resources, electricity demand and supply, ecosystems, agriculture, 
and forestry (Waldhoff et al. 2014). 
14 Some studies estimate that small temperature increases have a net economic benefit, for instance due to 
increased agricultural production in regions with colder climates. However, projected temperature increases even 
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percentage in perspective, 0.9 percent of estimated 2014 U.S. GDP is approximately $150 billion. 
The next degree increase, from 3° to 4°, would incur additional costs of 1.2 percent of global 
output. Moreover, these costs are not one-time, rather they recur year after year because of the 
permanent damage caused by increased climate change resulting from the delay. It should be 
stressed that these illustrative estimates are based on a single (albeit leading) model, and there 
is uncertainty associated with the aggregate monetized damage estimates from climate change; 
see for example the discussion in IPCC WG II AR5 (2014). 
 

Increased Mitigation Costs from Delay 
The second type of cost of delay arises if policy is delayed but still hits the climate target, for 
example stabilizing CO2e concentrations at 550 ppm. Because a delay results in additional near-
term accumulation of GHGs in the atmosphere, delay means that the policy, when implemented, 
must be more stringent to achieve the given long-term climate target. This additional stringency 
increases mitigation costs, relative to those that would be incurred under the least-cost path 
starting today. 
 
This section reviews the recent literature on the additional mitigation costs of delay, under the 
assumption that both the original and delayed policy achieve a given climate target. We review 
16 studies that compare 106 pairs of policy simulations based on integrated climate mitigation 
models (the studies are listed and briefly described in the Appendix). The simulations comprising 
each pair implement similar policies that lead to the same climate target (typically a 
concentration target but in some cases a temperature target) but differ in the timing of the policy 
implementation, nuanced in some cases by variation in when different countries adopt the 
policy. Because the climate target is the same for each scenario in the pair, the environmental 
and economic damages from climate change are approximately the same for each scenario. The 
additional cost of delaying implementation thus equals the difference in the mitigation costs in 
the two scenarios in each paired comparison. The studies reflect a broad array of climate targets, 
delayed timing scenarios, and modeling assumptions as discussed below. We focus on studies 
published in 2007 or later, including recent unpublished manuscripts. 
 
In each case, a model computes the path of cost-effective mitigation policies, mitigation costs, 
and climate outcomes over time, constraining the emissions path so that the climate target is hit. 
Each path weighs technological progress in mitigation technology and other factors that 
encourage starting out slowly against the costs that arise if mitigation, delayed too long, must be 
undertaken rapidly. Because the models typically compute the policy in terms of a carbon price, 
the carbon price path computed by the model starts out relatively low and increases over the 
course of the policy. Thus a policy started today typically has a steadily increasing carbon price, 
whereas a delayed policy typically has a carbon price of zero until the start date, at which point 
it jumps to a higher initial level then increases more rapidly than the optimal immediate policy. 

                                                 
under immediate action fall in a range with a strong consensus that the costs of climate change exceed such 
benefits. The cost estimates presented here are net of any benefits expected to accrue. 
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The higher carbon prices after a delay typically lead to higher total costs than a policy that would 
impose the carbon price today.15 
 
The IPCC WG III AR5 (2014) includes an overview of the literature on the cost of delayed action 
on climate change. They cite simulation studies showing that delay is costly, both when all 
countries delay action and when there is partial delay, with some countries delaying acting alone 
until there is a more coordinated international effort. The present report expands on that 
overview by further analyzing the findings of the studies considered by the IPCC report as well as 
additional studies. Like the IPCC report, we find broad agreement across the scenario pairs 
examined that delayed policy action is more costly compared to immediate action conditional on 
a particular climate target. This finding is consistent across a range of climate targets, policy 
participants, and modeling assumptions. The vast majority of studies estimate that delayed 
action incurs greater mitigation costs compared to immediate action. Furthermore, some models 
used in the research predict that the most stringent climate targets are feasible only if immediate 
action is taken under full participation. One implication is that considering only comparisons with 
numerical cost estimates may understate the true costs of delay, as failing to reach a climate 
target means incurring the costs from the associated climate change.  
 
The costs of delay in these studies depend on a number of factors, including the length of delay, 
the climate target, modeling assumptions, future baseline emissions, future mitigation 
technology, delay scenarios, the participants implementing the policy, and geographic location. 
More aggressive targets are more costly to achieve, and meeting them is predicted to be 
particularly costly, if not infeasible, if action is delayed. Similarly, international coordination in 
policy action reduces mitigation costs, and the cost of delay depends on which countries 
participate in the policy, as well as the length of delay. 
 

                                                 
15 Some models explicitly identify the carbon price path that minimizes total social costs. These optimization 
models always find equal or greater costs for scenarios with a delay constraint. Other models forecast carbon 
prices that result in the climate target but do not demand that the path results in minimal cost. These latter 
models can predict that delay reduces costs, and a small number of comparisons we review report negative delay 
costs. 
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An important determinant of costs is the role of technological progress and the availability of 
mitigation technologies (see the box). The models typically assume technological progress in 
mitigation technology, which means that the cost of reducing emissions declines over time as 
energy technologies improve. As a result, it is cost-effective to start with a relatively less stringent 
policy, then increase stringency over time, and the models typically build in this cost-effective 
tradeoff. However, most models still find that immediate initiation of a less stringent policy 
followed by increasing stringency incurs lower costs than delaying policy entirely and then 
increasing stringency more rapidly.  
 
We begin by characterizing the primary findings in the literature broadly, discussing the estimates 
of delay costs and how the costs vary based on key parameters of the policy scenarios; additional 
details can be found in the Appendix. We then turn to a statistical analysis of all the available 

THE ROLE OF TECHNOLOGICAL PROGRESS IN COST ESTIMATES 
 

Assumptions about energy technology play an important role in estimating mitigation costs. For 
example, many models assume that carbon capture and storage (CCS) will enable point sources 
of emission to capture the bulk of carbon emissions and store them with minimal leakage into 
the atmosphere over a long period. Some comparisons also assume that CCS will combine with 
large-scale bio-energy (“bio-CCS”), effectively generating “negative emissions” since biological 
fuels extract atmospheric carbon during growth. Such technology could facilitate reaching a long-
term atmospheric concentration target despite relatively modest near-term mitigation efforts. 
However, the IPCC warns that “There is only limited evidence on the potential for large-scale 
deployment of [bio-CCS], large-scale afforestation, and other [CO2 removal] technologies and 
methods” (IPCC WG III AR5 2014). In addition, models must also specify the cost and timing of 
availability of such technology, potentially creating further variation in mitigation cost estimates.  
 
The potential importance of technology, especially bio-CCS, is manifested in differences across 
models. Clarke et al. (2009) present delay cost estimates for 10 models simulating a 550 ppm CO2 
equivalent target by 2100 allowing for overshoot. The three models that assume bio-CCS 
availability estimate global present values of the cost of delay ranging from $1.4 trillion to $4.7 
trillion. Among the seven models without bio-CCS, four predict higher delay costs, one predicts 
that the concentration target was infeasible under a delay, and two predict lower delay costs. 
The importance of bio-CCS is even clearer with a more stringent target. For example, two of the 
three models with bio-CCS find that a 450 ppm CO2 equivalent target is feasible under a delay 
scenario, while none of the seven models without bio-CCS find the stringent target to be feasible. 
 
The Department of Energy sponsors ongoing research on CCS for coal-fired power plants. As part 
of its nearly $6 billion commitment to clean coal technology, the Administration, partnered with 
industry, has already invested in four commercial-scale and 24 industrial-scale CCS projects that 
together will store more than 15 million metric tons of CO2 per year. 
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delay cost estimates that we could gather in a standardized form, that is, we conduct a meta-
analysis of the literature on delay cost estimates. 

Effect on Costs of Climate Targets, Length of Delay, and International Coordination 

  
Climate Targets  

Researchers estimate a range of climate and economic impacts from a given concentration of 
GHGs and find that delaying action is much costlier for more stringent targets. Two recent major 
modeling simulation projects conducted by the Energy Modeling Forum (Clarke et al. 2009) and 
by AMPERE (Riahi et al. 2014) consider the economic costs of delaying policies to reach a range 
of CO2e concentration targets from 450 to 650 ppm in 2100. In the Energy Modeling Forum 
simulations in Clarke et al. (2009), the median additional cost (global present value) for a 20-year 
delay is estimated to be $0.7 trillion for 650 ppm CO2e but a substantially greater $4.7 trillion for 
550 ppm CO2e. Many of the models in these studies suggest that delay causes a target of 450 
ppm CO2e to be much more costly to achieve, or possibly even infeasible. 
 
Length of Delay 

The longer the delay, the greater the cumulative emissions before action begins and the shorter 
the available time to meet a given target. Several recent studies examine the cost implications of 
delayed climate action and find that even a short delay can add substantial costs to meeting a 
stringent concentration target, or even make the target impossible to meet. For example, Luderer 
et al. (2012) find that delay from 2010 to 2020 to stabilize CO2 concentration levels at 450 ppm 
by 2100 raises mitigation cost by 50 to 700 percent.16 Furthermore, Luderer et al. find that delay 
until 2030 renders the 450 ppm target infeasible. Edmonds et al. (2008) find that additional 
mitigation costs of delay by newly developed and developing countries are substantial. In fact, 
they find that stabilizing CO2 concentrations at 450 ppm even for a relatively short delay from 
2012 to 2020 increases costs by 28 percent over the idealized case, and a delay to 2035 increased 
costs by more than 250 percent. 
 
International Coordination 

Meeting stringent climate targets with action from only one country or a small group of countries 
is difficult or impossible, making international coordination of policies essential. Recent research 
shows, however, that even if a delay in international mitigation efforts occurs, unilateral or 
fragmented action reduces the costs of delay: although immediate coordinated international 
action is the least costly approach, unilateral action is less costly than doing nothing.17 More 
specifically, Jakob et al. (2012) consider a 10-year delay of mitigation efforts to reach a 450 ppm 
CO2 target by 2100 and find that global mitigation costs increase by 43 to 700 percent if all 
countries begin mitigation efforts in 2020 rather than 2010. However, early action in 2010 by 
more developed countries reduces this increase to 29 to 300 percent. In a similar scenario, 

                                                 
16 We present a range of cost estimates which comes from the three IAMs – ReMIND-R, WITCH and IMACLIM-R – 

used by Luderer et al. (2012). These scenarios also allow temporary overshoot of the target. 
17 Waldhoff and Fawcett (2011) find that early mitigation action by industrialized economies significantly reduces 
the likelihood of large temperature changes in 2100 while also increasing the likelihood of lower temperature 
changes, relative to a no policy scenario. 
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Luderer et al. (2012) find that costs increase by 50 to 700 percent with global delay from 2010 to 
2020, however if the industrialized countries begin mitigation efforts unilaterally in 2010 (and 
are joined by all countries in 2020), the estimated cost increases range from zero to about 200 
percent. Luderer et al. (2013) and Riahi et al. (2014) find that costs of delay are smaller when 
fewer countries delay mitigation efforts, or when short-term actions during the delay are more 
aggressive.  
 
Jakob et al. (2012) find it is in the best interest of the European Union to begin climate action in 
2010 rather than delaying action with all other countries until 2020. They also estimate that the 
cost increase to the United States from delaying climate action with all other countries until 2020 
is from 28 to 225 percent, relative to acting early along with other industrialized economies.18 
McKibbin, Morris, and Wilcoxen (2014) consider the impact that a delay in imposing a unilateral 
price of carbon would have on economic outcomes in the United States including GDP, 
investment, consumption and employment. They find that although unilateral mitigation efforts 
do incur costs, delay is costlier.  

Summary: Quantifying Patterns across the Studies 

We now turn to a quantitative summary and assessment, or meta-analysis, of the studies 
discussed above.19 The data set for this analysis consists of the results on all available numerical 
estimates of the average or total cost of delayed action from our literature search. Each estimate 
is a paired comparison of a delay scenario and its companion scenario without delay. To make 
results comparable across studies, we convert the delay cost estimates (presented in the original 
studies variously as present values of dollars, percent of consumption, or percent of GDP) to 
percent change in costs as a result of delay.20 We capture variation across study and experimental 
designs using variables that encode the length of the delay in years; the target CO2e 
concentration; whether only the relatively more-developed countries act immediately (partial 
delay); the discount rate used to calculate costs; and the model used for the simulation.21 All 
comparisons consider policies and outcomes measured approximately through the end of the 
century. To reduce the effect of outliers, the primary regression analysis only uses results with 
less than a 400 percent increase in costs (alternative methods of handling the outliers are 

                                                 
18 Note that the IMACLIM model finds that U.S. mitigation declines to the point in which they are slightly negative 
(i.e. net gains compared to business-as-usual).  
19 A study of the results of other studies is referred to as a meta-analysis, and there is a rich body of statistical 

tools for meta-analysis, see for example Borenstein et al. (2009). 
20 For example, if in some paired comparison delay increased mitigation costs from 0.20 percent of GDP to 0.30 

percent of GDP, the cost increase would be 50 percent. Comparisons for which the studies provided insufficient 
information to calculate the percentage increase in costs (including all comparisons from Riahi et al. 2014) are 
excluded. Also excluded are comparisons that report only the market price of carbon emissions at the end of the 
simulation, which is not necessarily proportional to total mitigation costs. 
21 When measuring delay length for policies with multiple stages of implementation, we count the delay as ending 

at the start of any new participation in mitigation by any party after the start of the simulation. We also exclude 
scenarios with delays exceeding 30 years. When other climate targets were provided (e.g., CO2 concentration or 
global average temperature increase), the corresponding CO2e concentration levels are estimated using 
conversions from IPCC WG III AR5 (2014). 
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discussed below as sensitivity checks), and only includes paired comparisons for which both the 
primary and delayed policies are feasible (i.e. the model was able to solve for both cases).22 The 
dataset contains a total of 106 observations (paired comparisons), with 58 included in the 
primary analysis. All observations in the data set are weighted equally. 
 
Analysis of these data suggests two main conclusions, both consistent with findings from specific 
papers in the underlying literature. The first is that, looking across studies, costs increase with 
the length of the delay. Figure 2 shows the delay costs as a function of the delay time. Although 
there is considerable variability in costs for a given delay length because of variations across 
models and experiments, there is an overall pattern of costs increasing with delay.  

 

  
 
For example, of the 14 paired simulations with 10 years of delay (these are represented by the 
points in Figure 2 with 10 years of delay), the average delay cost is 39 percent. The regression 
line shown in Figure 2 estimates an average cost of delay per year using all 58 paired experiments 
under the assumption of a constant increasing delay cost per year (and, by definition, no cost if 
there is no delay), and this estimate is 37 percent per decade. This analysis ignores possible 
confounding factors, such as longer delays being associated with less stringent targets, and the 
multiple regression analysis presented below controls for such confounding factors. 
 
The second conclusion is that the more ambitious the climate target, the greater are the costs of 
delay. This can be seen in Figure 3, in which the lowest (most stringent) concentration targets 
tend to have the highest cost estimates. In fact, close inspection of Figure 2 reveals a related 
pattern: the relationship between delay length and additional costs is steeper for the points 
representing CO2e targets of 500 ppm or less than for those in the other two ranges. That is, costs 

                                                 
22 In the event that a model estimates a cost for a first-best scenario but determines the corresponding delay 

scenario to be infeasible, the comparison is coded as having costs exceeding 400 percent. In addition, one 
comparison from Clarke et al. (2009) is excluded because a negative baseline cost precludes the calculation of a 
percent increase. 
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of delay are particularly high for scenarios with the most stringent target and the longest delay 
lengths. 

 

 
 

Table 1 presents the results of multiple regression analysis that summarizes how various factors 
affect predictions from the included studies, holding constant the other variables included in 
the regression. The dependent variable is the cost of delay, measured as the percentage 
increase relative to the comparable no-delay scenario, and the length of delay is measured in 
decades. Specifications (1) and (2) correspond to Figures 2 and 3, respectively. Each subsequent 
specification includes the length of the delay in years, an indicator variable for a partial delay 
scenario, and the target CO2e concentration. In addition to the coefficients shown, specification 
(4) includes model fixed effects, which control for systematic differences across models, and 
each specification other than column (1) includes an intercept. 
 
The results in Table 1 quantify the two main findings mentioned above. The coefficients in 
column (3) indicate that, looking across these studies, a one decade increase in delay length is 
on average associated with a 41 percent increase in mitigation cost relative to the no-delay 
scenario. This regression does not control for possible differences in baseline costs across the 
different models, however, so column (4) reports a variant that includes an additional set of 
binary variables indicating the model used (“model fixed effects”). Including model fixed effects 
increases the delay cost to 56 percent per decade. When the cost of a delay is estimated 
separately for different concentration target bins (column (5)), delay is more costly the more 
ambitious is the concentration target. But even for the least ambitious target – a CO2e 
concentration exceeding 600 ppm – delay is estimated to increase costs by approximately 24 
percent per decade. Because of the relatively small number of cases (58 paired comparisons), 
which are further reduced when delay is estimated within target bins, the standard errors are 
large, especially for the least ambitious scenarios, so for an overall estimate of the delay cost 
we do not differentiate between the different targets. While the regression in column (4) 
desirably controls for differences across models, other (unreported) specifications that handle 
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the outliers in different ways and include other control variables give per-decade delay 
estimates both larger and smaller than the regression in column (3).23 We therefore adopt the 
estimate in regression (3) of 41 percent per decade as the overall annual estimate of delay 
costs.  
 
One caveat concerning this analysis is that it only considers cases in which model solutions 
exist. The omitted, infeasible cases tend to be ones with ambitious targets that cannot be met 
when there is long delay, given the model’s technology assumptions. For this reason, omitting 
these cases arguably understates the costs of delay reported in Table 1.24 Additionally, we note 
that estimates of the effect of a partial delay (when some developed nations act now and other 
nations delay action) are imprecisely estimated, perhaps reflecting the heterogeneity of partial 
delay scenarios examined in the studies. 
 

                                                 
23 The results in Table 1 are generally robust to using a variety of other specifications and regression methods, 
including: using the percent decrease from the delay case, instead of the percent increase from the no-delay case, 
as the dependent variable as an alternative way to handle outliers; using median regression, also as an alternative 
way to handle outliers; and including the discount factor as additional explanation of variation in the cost of delay, 
but this coefficient is never statistically significant. These regressions use linear compounding, not exponential, 
because the focus is on the per-decade delay cost not the annual delay cost. An alternative approach is to specify 
the dependent variable in logarithms (although this eliminates the negative estimates), and doing so yields 
generally similar results after compounding to those in Table 1.  
24 An alternative approach to omitting the infeasible-solution observations is to treat their values as censored at 
some level. Accordingly, the regressions in Table 1 were re-estimated using tobit regression, for which values 
exceeding 400 percent (including the non-solution cases) are treated as censored. As expected, the estimated 
costs of delay per year estimated by tobit regression exceed the ordinary least squares estimates. A linear 
probability model (not shown) indicates that scenarios with longer delay and more stringent targets are more likely 
to have delay cost increases exceeding 400 percent (including non-solution cases). The assumption of bio-CCS 
technology has no statistically significant correlation with delay cost increase in a censored regression but is 
associated with a significantly lower probability of delay cost increases exceeding 400 percent. 
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III.  Climate Policy as Climate Insurance 
 
As discussed in the 2013 NRC report, Abrupt Impacts of Climate Change: Anticipating Surprises, 
the Earth’s climate history suggests the existence of “tipping points,” that is, thresholds beyond 
which major changes occur that may be self-reinforcing and are likely to be irreversible over 
relevant time scales. Some of these changes, such as the rapid decline in late-summer Arctic sea 
ice, are already under way. Others represent potential events for which a tipping point likely 
exists, but cannot at the present be located. For example, there is new evidence that we might 
already have crossed a previously unrecognized tipping point concerning the destabilization of 
the West Antarctic Ice Sheet (Joughin, Smith, and Medley 2014 and Rignot et. al. 2014). A tipping 
point that is unknown, but thought unlikely to be reached in this century, is the release of 
methane from thawing Arctic permafrost, which could reinforce the greenhouse effect and spur 
additional warming and exacerbate climate change. Tipping points can also be crossed by slower 
climate changes that exceed a threshold at which there is a large-scale change in a biological 
system, such as the rapid extinction of species. Such impacts could pose such severe 
consequences for societies and economies that they are sometimes called potential climate 
catastrophes. 
 
This section examines the implications of these potentially severe outcomes for climate policy, a 
topic that has been the focus of considerable recent research in the economics literature. The 
main conclusion emerging from this growing body of work is that the potential of these events 
to have large-scale impacts has important implications for climate policy. Because the probability 
of a climate catastrophe increases as GHG emissions rise, missing climate targets because of 
postponed policies increases risks. Uncertainty about the likelihood and consequences of 
potential climate catastrophes adds further urgency to implementing policies now to reduce GHG 
emissions. 
 

Tail Risk Uncertainty and Possible Large-Scale Changes 
Were some of these large-scale events to occur, they would have severe consequences and 
would effectively be irreversible. Because these events are thought to be relatively unlikely, at 
least in the near term – that is, they occur in the “tail” of the distribution – but would have severe 
consequences, they are sometimes referred to as “tail risk” events. Because these tail risk events 
are outside the range of modern human experience, uncertainty surrounds both the science of 
their dynamics and the economics of their consequences. 
 
Because many of these events are triggered by warming, their likelihood depends in part on the 
equilibrium climate sensitivity. The IPCC WG I AR5 (2013) provides a likely range of 1.5° to 4.5° 
Celsius for the equilibrium climate sensitivity. However, considerably larger values cannot be 
ruled out and are more likely than lower values (i.e. the probability distribution is skewed towards 
higher values). Combinations of high climate sensitivity and high GHG emissions can result in 
extremely large end-of-century temperature changes. For example, the IPCC WG III AR5 (2014) 
cites a high-end projected warming of 7.8° Celsius by 2100, relative to 1900-1950. 
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A second way to express this risk is to focus on specific large-scale changes in Earth or biological 
systems that could be triggered and locked in by GHG concentrations rising beyond a certain 
point. At higher climate sensitivities, the larger temperature response to atmospheric GHG 
concentrations would make it even more likely that we would cross temperature-related tipping 
points in the climate system. The potential for additional releases of methane, a potent GHG, 
from thawing permafrost, thus creating a positive feedback to further increase temperatures, is 
an example of such a tail risk event. Higher carbon dioxide concentrations in the atmosphere, by 
increasing the acidity of the oceans, could also trigger and lock in permanent changes to ocean 
ecosystems, such as diminished coral reef-building, which decreases biodiversity supported on 
reefs and decreases the breakwater effects that protect shorelines. The probability of significant 
negative effects from ocean acidification can be increased by other stressors such as higher 
temperatures and overfishing. 
 

The box summarizes some of these potential large-scale events, which are sometimes also 
referred to as “abrupt” because they occur in a very brief period of geological time. These events 
are sufficiently large-scale they have the potential for severely disrupting ecosystems and human 
societies, and thus are sometimes referred to as catastrophic outcomes. 
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ABRUPT IMPACTS OF CLIMATE CHANGE: ANTICIPATING SURPRISES 
 
The National Research Council’s 2013 report, Abrupt Impacts of Climate Change: Anticipating 
Surprises, discusses a number of abrupt climate changes with potentially severe consequences. 
These events include: 
• Late-summer Arctic sea ice disappearance: Strong trends of accelerating late-summer sea ice 

loss have been observed in the Arctic. The melting of Arctic sea ice comprises a positive 
feedback loop, as less ice means more sunlight will be absorbed into the dark ocean, causing 
further warming.  

• Sea level rise (SLR) from destabilization of West Antarctic ice sheets (WAIS): The WAIS 
represents a potential SLR of 3-4 meters as well as coastal inundation and stronger storm 
surges. Much remains unknown of the physical processes at the ice-ocean frontier. However, 
two recent studies (Joughin, Smith, and Medley 2014, Rignot et. al. 2014) report evidence 
that irreversible WAIS destabilization has already started. 

• Sea level rise from other ice sheets melting: Losing all other ice sheets, including Greenland, 
may cause SLR of up to 60 meters as well as coastal inundation and stronger storm surges. 
Melting of the Greenland ice sheet alone may induce SLR of 7m, but it is not expected to 
destabilize rapidly within this century. 

• Disruption to Atlantic Meridional Overturning Circulation (AMOC): Potential disruptions to 
the AMOC may disrupt local marine ecosystems and shift tropical rain belts southward. 
Although current models do not indicate that an abrupt shift in the AMOC is likely within the 
century, the deep ocean remains understudied with respect to measures necessary for AMOC 
calculations.  

• Decrease in ocean oxygen: As the solubility of gases decrease with rising temperature, a 
warming of the ocean will decrease the oxygen content in the surface ocean and expand 
existing Oxygen Minimum Zones. This will pose a threat to aerobic marine life as well as 
release nitrous oxide—a potent GHG—as a byproduct of microbial processes. The NRC study 
assesses a moderate likelihood of an abrupt increase in oxygen minimum zones in this 
century. 

• Increasing release of carbon stores in soils and permafrost: Northern permafrost contains 
enough carbon to trigger a positive feedback response to warming temperatures. With an 
estimated stock of 1700-1800 Gt, the permafrost carbon stock could amplify considerably 
human-induced climate change. Small trends in soil carbon releases have been already 
observed. 

• Increasing release of methane from ocean methane hydrates: This is a particularly potent 
long-term risk due to hydrate deposits through changes in ocean water temperature; the 
likely timescale for the physical processes involved spans centuries, however, and there is low 
risk this century.  
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Implications of Tail Risk 
An implication of the theory of decision-making under uncertainty is that the risks posed by 
irreversible catastrophic events can be substantial enough to influence or even dominate 
decisions. 

Weitzman’s Dismal Theorem 

Over the past few years, economists have examined the implications of decision-making under 
uncertainty for climate change policy. In a particularly influential treatment, Weitzman (2009) 
proposes his so-called “Dismal Theorem,” which provides a set of assumptions under which the 
current generation would be willing to bear very large (in fact, arbitrarily large) costs to avoid a 
future event with widespread, large-scale costs. The intuition behind Weitzman’s mathematical 
result rests with the basic insight that because individuals are risk-averse, they prefer to buy 
health, home, and auto insurance than to take their chances of a major financial loss. Similarly, if 
major climate events have the potential to reduce aggregate consumption by a large amount, 
society will be better off if it can take out “climate insurance” by paying mitigation costs now that 
will reduce the odds of a large-scale—in Weitzman’s (2009) word, catastrophic—drop in 
consumption later.25 
 

                                                 
25 This logic has its basis in expected utility theory. Because individuals are risk averse, each additional dollar of 

consumption provides less value, or utility, to individuals than the previous dollar. To avoid this major loss, an 
individual will buy home insurance. That insurance is provided by the market because an insurance company can 
offer home insurance to many homeowners in different regions of the country, and through diversification the 
company will on average have many homeowners paying premiums and a few collecting insurance, so 
diversification allows the company to run a relatively low-risk business. But risks from severe climate change are 
not diversifiable because their enormous costs would impact the global economy. Consequently, as long as there is 
a non-negligible probability of a large drop in consumption, and therefore a very large drop in utility, arising from a 
large-scale loss in consumption, society today should be willing to pay a substantial amount if doing so would avoid 
that loss. 

• Rapid state changes in ecosystems, species range shifts, and species boundary changes: 
Research shows that climate change is an important component of abrupt ecosystem state-
changes, with a prominent example being the Sahel region of Africa. Such state-changes from 
forests to savanna, from savanna to grassland, et cetera, will cause extensive habitat loss to 
animal species and threaten food and water supplies. The NRC study assesses moderate risk 
during this century and high risk afterwards. 

• Increases in extinctions of marine and terrestrial species: Abrupt climate impacts include 
extensive extinctions of marine and terrestrial species; examples such as the destruction of 
coral reef ecosystems are already underway. Numerous land mammal, bird, and amphibian 
species are expected to become extinct with a high probability within the next one or two 
centuries.  
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Weitzman’s (2009) dismal theorem has spurred a substantial amount of research on the 
economics of what this literature often refers to as climate catastrophes. A number of authors 
(e.g. Newbold and Daigneault 2009, Ackerman et al. 2010, Pindyck 2011, 2013, Nordhaus 2011, 
2012, Litterman 2013, Millner 2013), including Weitzman (2011, 2014), stress that although the 
strong version of Weitzman’s (2009) result—that society would be willing to pay an arbitrarily 
large amount to avoid future large-scale economic losses—depends on specific mathematical 
assumptions, the general principle of taking action to prevent such events does not. The basic 
insight is that, just as the sufficiently high threat of a fire justifies purchasing homeowners 
insurance, the threat of large-scale losses from climate change justifies purchasing “climate 
insurance” in the form of mitigation policies now (Pindyck 2011), and that taking actions today 
could help to avoid worst-case outcomes (Hwang, Tol, and Hofkes 2013). According to this line 
of thinking, the difficulty of assessing the probabilities of such large-scale losses or the location 
of tipping points does not change the basic conclusion that, because their potential costs are so 
overwhelming, the threat of very large losses due to climate change warrants implementing 
mitigation policies now. 
 
Several recent studies have started down the road of quantifying the implications of the 
precautionary motive for climate policy. One approach is to build the effects of large-scale 
changes into IAMs, either by modeling the different risks explicitly or by simulation using heavy-
tailed distributions for key parameters such as the equilibrium climate sensitivity or parameters 
of the economic damage function. Research along these lines includes Ackerman, Stanton, and 
Bueno (2013), Pycroft et al. (2011), Dietz (2011), Ceronsky et al. (2011), and Link and Tol (2011). 
Another approach is to focus on valuation of the extreme risks themselves outside an IAM, for 
example as examined by Pindyck (2012) and van der Ploeg and de Zeeuw (2013). Kopits, Marten, 
and Wolverton (2013) review some of the tail risk literature and literature on large-scale Earth 
system changes, and suggest steps forward for incorporating such events in IAMs, identifying 
ways in which the modeling could be improved even within current IAM frameworks and where 
additional work is needed. One of the challenges in assessing these large-scale events is that 
some of the most extreme events could occur in the distant future, and valuing consumption 
losses beyond this century raises additional uncertainty about intervening economic growth rates 
and questions about how to discount the distant future.26 The literature is robust in showing that 
the potential for such events could have important climate policy implications, however, the 
scientific community has yet to derive robust quantitative policy recommendations based on a 
detailed analyses of the link between possible large-scale Earth system changes and their 
economic consequences. 

Implications of Uncertainty about Tipping Points  

Although research that embeds tipping points into climate models is young, one qualitative 
conclusion is that the prospect of a potential tipping point with unknown location enhances the 
precautionary motive for climate policy (Baranzini, Chesney, and Morisset 2003, Brozovic and 
Schlenker 2011, Cai, Judd, and Lontzek 2013, Lemoine and Traeger 2012, Barro 2013, van der 

                                                 
26 For various perspectives on the challenges of evaluating long-term climate risks, see Dasgupta (2008), Barro 

(2013), Ackerman, Stanton, and Bueno (2013), Roe and Bauman (2013), and Weitzman (2013). 
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Ploeg 2014). To develop the intuition, first suppose that the tipping point is a known temperature 
increase, say 3° Celsius above preindustrial levels, and that the economic consequences of 
crossing the tipping point are severe, and temporarily put aside other reasons for reducing 
carbon emissions. Under these assumptions climate policy would allow temperature to rise, 
stopping just short of the 3° increase. In contrast, now suppose that the tipping point is unknown 
and that its estimated mean is 3°, but that it could be less or more with equal probability. In this 
case, the policy that stops just short of 3° warming runs a large risk of crossing the true tipping 
point. Because that mistake would be very costly, the uncertainty about the tipping point 
generally leads to a policy that is more stringent today than it would be absent uncertainty. To 
the extent that delayed implementation means higher long-run CO2 concentrations, then the 
risks of hitting a tipping point increase with delay. 
 
As a simplification, the above description assumes away other costs of climate change that 
increase smoothly with temperature, as well as the reality that important tipping points in 
biological systems could be crossed by small gradual changes in temperatures, so as to focus on 
the consequences of uncertainty about large-scale temperature changes. When the two sets of 
costs are combined, the presence of potential large-scale changes increases the benefits of 
mitigation policies, and the presence of uncertainty about tipping points that would produce 
abrupt changes increases those benefits further.27 Cai, Judd, and Lontzek (2013) use a dynamic 

stochastic general equilibrium version of DICE model that is modified to include multiple tipping 
points with unknown (random) locations. To avoid the Weitzman “infinities” problem, they focus 
on tipping events with economic consequences that are large (5 or 10 percent of global GDP) but 
fall short of global economic collapses. They conclude that the possibility of future tipping points 
increases the optimal carbon price today: in their benchmark case, the optimal pre-tipping 
carbon price more than doubles, relative to having no tipping point dynamics. Similarly, Lemoine 
and Traeger (2012) embed unknown tipping points in the DICE model and estimate that the 
optimal carbon price increases by 45 percent as a result. In complementary work, Barro (2013) 
considers a simplified model in which the only benefits of reducing carbon emissions come from 
reducing the probability of potential climate catastrophes, and finds that this channel alone can 
justify investment in reducing GHG pollution of one percent of GDP or more, beyond what would 
normally occur in the market absent climate policy. 
 
 
 
 
 

                                                 
27 Cai, Judd, and Lontzek (2013) provide a stark example of this dynamic. Their analysis, which is undertaken using 

a modified version of Nordhaus’s (2008) DICE-2007 model, includes both the usual reasons for emissions 
mitigation (damages that increase smoothly with temperature) and the possibility of a tipping point at an 
uncertain future temperature which results in a jump in damages.  
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Appendix: Literature on Delay Costs 
 
This appendix lists the studies reviewed Section II and used in the meta-analysis, and briefly 
describes the scenarios they analyzed. 
 
The EMF22 project engaged ten leading integrated assessment models to analyze the climate 
and economic consequences of delay scenarios. The EMF22 studies consist of Loulou, Labriet, 
and Kanudia (2009), Tol (2009), Gurney, Ahammad, and Ford (2009), van Vliet, den Elzen, and 
van Vuuren (2009), Blanford, Richels, and Rutherford (2009), Krey and Riahi (2009), Calvin et al. 
(2009a, 2009b), Russ and van Ierland (2009), and Bosetti, Carraro, and Tavoni (2009), with Clarke 
et al. (2009) providing an overview of the project. 28  Among other objectives, each study 
estimates the mitigation costs associated with five climate targets under both an immediate 
action scenario and a harmonized delay scenario. The targets are 450, 550, and 650 ppm CO2e in 
2100, and the models consider the first two targets alternatively allowing or prohibiting an 
overshoot before 2100.29 In the delay scenario, only more developed countries (minus Russia) 
begin mitigation immediately in 2012 in a coordinated fashion (i.e., with the same carbon 
pricing), with some countries delaying action until 2030, and remaining countries delay action 
until 2050. These scenarios enable calculating the additional mitigation costs associated with 
delay for each concentration target.  
 
The AMPERE project engaged nine modeling teams to analyze the climate and economic 
consequences of global emissions following the proposed policy stringency of the national 
pledges from the Copenhagen Accord and Cancún Agreements to 2030. (The AMPERE scenarios 
were not included in the meta-analysis in Section II because Riahi et al. (2014) did not provide 
sufficient information to calculate the percent increase in mitigation costs for each delay 
scenario.) One of the questions addressed by this project is the economic costs of delaying 
policies to reach CO2e concentration targets of 450 and 550 ppm in 2100 (Riahi et al. 2014). Eight 
models simulate pairs of policy scenarios reaching each target. One simulation in each pair 
assumes that all countries act immediately in a coordinated fashion (i.e., with the same carbon 
pricing), while the other simulation assumes that all countries follow the less stringent emissions 
commitments made during the Copenhagen Accord and Cancun Agreements until 2030, when 
coordinated international action begins. 
 
The meta-analysis includes the following studies not associated with either AMPERE or EMF22: 
Jakob et al. (2012); Luderer et al. (2012, 2013); Edmonds et al. (2008); Richels et al. (2007), and 
Bosetti et al. (2009). Jakob et al. (2012) consider a 10-year delay of mitigation efforts to reach a 
450 ppm CO2 target by 2100, including variations where more developed countries implement 
mitigation immediately. Luderer et al. (2012) consider a similar 10-year delay and the same 450 
ppm CO2 target by 2100, with a scenario where Europe and all other industrialized countries 

                                                 
28 Russ and van Ierland (2009) did not present estimates of total delay costs, so this paper is not included in the 
meta-analysis in Section II. 
29 We included three additional scenarios in van Vliet, den Elzen, and van Vuuren (2009) with alternate targets and 
models that were not reported in Clarke et al. (2009). 
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begin mitigation efforts in 2010. Luderer et al. (2013) analyze a scenario where countries 
implement fragmented policies before coordinating efforts in 2015, 2020, or 2030 to meet a 
target of 2°C above preindustrial levels by 2100, allowing for overshooting. Edmonds et al. (2008) 
consider targets of 450, 550, and 660 ppm CO2, with newly developed and developing countries 
delaying climate action from a start date of 2012 to 2020, 2035 and 2050. Richels et al. (2007) 
estimate the additional cost of delay by newly developing countries until 2050 for a 450 and 550 
ppm CO2 target. Finally, Bosetti et al. (2009) estimate the additional cost when all countries delay 
climate action for 20 years with a goal of reaching a 550 ppm and 650 ppm CO2e target by 2100. 
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