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NOTICE OF APPEAL 
 

Pursuant to 36 C.F.R. § 215 and 5 U.S.C. § 555(b), WildEarth Guardians, Powder River 
Basin Resource Council, and the Sierra Club (hereafter “Appellants”) hereby appeal the 
September 30, 2011 Record of Decision (“ROD”) signed by Phil Cruz, Supervisor of the 
Medicine Bow-Routt National Forest/Thunder Basin National Grassland, to provide the U.S. 
Forest Service’s (“USFS’s”) consent to lease 5,120.67 acres of the Thunder Basin National 
Grassland (“TBNG”) as part of the North Porcupine Field coal lease by application (hereafter 
referred to as the “North Porcupine LBA”).1, 2  The Bureau of Land Management (“BLM”) is 
considering offering the North Porcupine Field coal LBA for sale, which consists of 6,364 acres 
and over 721 million tons of mineable Federal coal reserves.  Before the BLM can offer the 
lease, the USFS must provide consent to leasing the 5,120.67 acres of lands that are part of the 
TBNG.  See ROD at 2.  

 
The North Porcupine LBA is being proposed by the BLM together with five other LBAs, 

which are collectively referred to as the Wright Area LBAs.  Issuance of these coal leases would 
facilitate the expansion of the Black Thunder and North Antelope Rochelle coal mines, the two 
largest coal mines in the United States.  Five of the six LBAs, including the North Porcupine 
LBA, require USFS consent before they can be issued. 
 
 Consent to the North Porcupine LBA would facilitate coal mining specifically at the 
North Antelope Rochelle coal mine in the Powder River Basin of northeastern Wyoming, the 
largest coal producing region in the United States.  The North Antelope Rochelle coal mine, a 
massive strip mining operation, is one of the largest coal mines in the United States.  See 
Peabody Energy, http://www.peabodyenergy.com/Media/factsheets/NARoch.asp (last accessed 
Nov. 17, 2011).  By issuing his consent, Supervisor Cruz is conceding any future right by the 
USFS to restrict or otherwise modify coal mining activities undertaken to develop the North 
Porcupine LBA. 
 
 

INTRODUCTION 
 
 Appellants bring this appeal because the Supervisor’s decision suffers from a number of 
fatal flaws.  In particular, although the ROD relies on the Wright Area Coal Lease Applications 
Final Environmental Impact Statement (hereafter referred to as the “Wright Area Coal FEIS” or 
“FEIS”) prepared by the BLM, this FEIS was not prepared by the USFS and further fails to 
analyze and assess whether the proposed actions would fully comply with substantive and unique 
USFS obligations, including TBNG Land and Resource Management Plan (hereafter referred to 
as the “Grassland Plan”) standards and guidelines and special use regulations. 
 
 Adding to our concern is that there does not appear to be any legitimate need for the 
North Porcupine LBA.  According to the ROD, even if the North Porcupine LBA is rejected, 
“Other national coal producers have the capacity to produce coal and replace the production from 
                                                 
1 Pursuant to 36 C.F.R. § 215.14(b)(3), WildEarth Guardians is the lead Appellant. 
2 Throughout this appeal, we refer to “USFS” and “Supervisor” interchangeably. 
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this existing mine.”  ROD at 9.  The Supervisor further notes in his ROD that even if the LBA is 
rejected, the North Antelope Rochelle coal mine would continue operating for 9.9 years.  See id.  
The only purported need for issuing the lease appears to be to buttress the competitiveness of the 
North Antelope Rochelle coal mine—not to meet any domestic energy needs.3  As the 
Supervisor states, a denial of the proposed coal lease would only “deny the mine operator the 
ability to compete with other operators in an open market[.]”  Id.  This hardly seems like a valid 
reason to consent to leasing. 
 
 Critically, the Supervisor’s decision inappropriately dismisses taking any reasonable 
action to address the foreseeable impacts of global climate change caused by dramatic increases 
in greenhouse gas emissions, in violation of the National Environmental Policy Act (“NEPA”) 
and the Agency’s substantive duties under its special use regulations.  This is disturbing in light 
of the fact that USFS Chief Tom Tidwell has identified global climate change as a significant 
threat to the forests and grasslands across the country.  As the Chief stated in testimony to the 
Senate Appropriations Committee: 
 

Broad scientific consensus confirms that global climate change is real and that the 
impacts are altering forests and grasslands, increasing the frequency of 
disturbance events and diminishing the ecosystem services they provide.  Some of 
the most urgent forest and grassland management problems of the past 20 years—
wildfires, changing water regimes, and expanding forest insect infestations—have 
been driven, in part, by a changing climate; future impacts are likely to be even 
more severe. 

 
Statement of Tom Tidwell, USDA Forest Service Chief, Before the Senate Committee on 
Appropriates Subcommittee on Interior Environment and Related Agencies (March 17, 2010) at 
4, available at http://appropriations.senate.gov/ht-
interior.cfm?method=hearings.download&id=2bcfbdfe-80cd-4dbb-b0e4-1d6a2d62288f (last 
accessed Nov. 17, 2011).  This statement is attached as Exhibit 1.  Notably, the Chief is not alone 
in his concern over the impacts of global climate change.  On October 5, 2009, President Obama, 
responding to concerns over global climate change, called on all federal agencies to “measure, 
report, and reduce their greenhouse gas emissions from direct and indirect activities.”  President 
Obama, Executive Order No. 13514, Federal Leadership in Environmental, Energy, and 
Economic Performance, Section 1 (Oct. 5, 2009), available at 
http://edocket.access.gpo.gov/2009/pdf/E9-24518.pdf (last accessed Nov. 17, 2011). 
 
 Despite these recognitions that global climate change is a real threat to America’s forests 
and grasslands, and despite calls from the President of the United States to reduce greenhouse 
gas emissions, the Supervisor did nothing to address the global climate change impacts 
associated with the North Porcupine LBA. This was not a minor oversight.  The North Porcupine 
LBA includes 721,154,828 tons of mineable Federal coal reserves.  See ROD at 2.  This coal will 
                                                 
3 In fact, Peabody Energy, the owner of the North Antelope Rochelle coal mine and applicant for the North 
Porcupine LBA, has announced that it is expecting to increase exports of Wyoming coal to Asia.  See Tomich, J., 
“Peabody planning Asian coal shipments through Washington,” St. Louis Post-Dispatch (March 11, 2011), available 
at http://www.stltoday.com/business/local/article_45e1b38e-44ef-5cf9-bea9-2f05b3c1fe04.html (last accessed Nov. 
17, 2011).  This article is attached as Exhibit 2. 
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be sold and burned in power plants, leading to the release of massive amounts of carbon dioxide 
(“CO2”)—the greenhouse gas most responsible for fueling global climate change.4  All told, the 
amount of coal slated to be mined as part of the North Porcupine LBA will lead to the release 
of 1,196,395,860 metric tons of CO2.5  This amount of CO2 is not insignificant—it equals 20 
percent of all CO2 emissions released in the United States in 2009.6 
 
 However, Supervisor Cruz’s oversight is even more significant in light of the cumulative 
role the Powder River Basin—the nation’s largest coal producing region—plays in fueling the 
United States’ contribution to global warming.  Already, the electricity generation sector is the 
largest source of greenhouse gases in the U.S., largely due to CO2 emissions.  See U.S. EPA, 
Inventory of U.S. Greenhouse Gas Emissions and Sinks, 1990-2009, EPA 430-R-11-005 (April 
15, 2011), at 3-1 available at http://www.epa.gov/climatechange/emissions/downloads10/US-
GHG-Inventory-2010_Report.pdf (last accessed Nov. 17, 2011).  The Executive Summary and 
Chapter 3 of this report are attached as Exhibit 3.  The EPA reports, “The process of generating 
electricity is the single largest source of CO2 emissions in the United States, representing 39 
percent of total CO2 emissions from all CO2 emissions sources across the United States.”  Id. at 
3-10.  Coal-fired power plants release more than eighty percent of all greenhouse gases from the 
electricity generation sector, including more than 1.747 billion metric tons of CO2—nearly thirty 
percent of the nation’s total greenhouse gas inventory and thirty-three percent of all CO2 released 
in the U.S.  Id. at 3-8.  This makes coal-fired power plants the largest single source of CO2 in 
the country. 

 
As the largest producer of coal in the United States, coal mining in the Powder River 

Basin is therefore linked to more greenhouse gas emissions than almost any other activity.   
 
The BLM, and by extension the USFS, does not deny this.  According to the BLM, “Coal 

                                                 
4 According to the U.S. Environmental Protection Agency (“EPA”), “six greenhouse gases taken in combination 
endanger both the public health and the public welfare of current and future generations.”  74 Fed. Reg. 66496 (Dec. 
15, 2009).  The Administrator expounded: 

The body of scientific evidence compellingly supports this finding.  The major assessments by the 
U.S. Global Climate Research Program (USGCRP), the Intergovernmental Panel on Climate 
Change (IPCC), and the National Research Council (NRC) serve as the primary scientific basis 
supporting the Administrator’s endangerment finding.  The Administrator reached her 
determination by considering both observed and projected effects of greenhouse gases in the 
atmosphere, their effects on the climate, and the public health and welfare risks and impacts 
associated with such climate change.  The Administrator’s assessment focused on public health 
and public welfare impacts within the United States.  She also examined the evidence with respect 
to impacts in other world regions, and she concluded that these impacts strengthen the case for 
endangerment to public health and welfare because impacts in other world regions can in turn 
adversely affect the United States. 

Id. at 66496, 66497.  Among the six greenhouse gases that the Administrator of the EPA found endangered public 
health and welfare:  carbon dioxide.   
5 According to the BLM, every ton of coal burned releases 1.659 metric tons of CO2.  See FEIS at 4-140. 
6 According to the EPA’s most recent greenhouse gas emission inventory, CO2 emissions in the United States 
equaled 5,505.2 million metric tons.  See U.S. EPA (2011), “Inventory of U.S. Greenhouse Gas Emissions and 
Sinks:  Fast Facts,” available at http://epa.gov/climatechange/emissions/downloads11/GHG-Fast-Facts-2009.pdf  
(last accessed Aug. 25, 2011).  This fact sheet is attached as Exhibit 4. 
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production from the Wyoming PRB [Powder River Basin] represented approximately 43.4 
percent of the coal used for power generation in 2008, which means that combustion of 
Wyoming PRB coal to produce electric power was responsible for about 12.8 percent of the 
estimated U.S. CO2 emissions in 2008.”  FEIS at 4-137.  This amounts to forty percent of all CO2 
released by U.S. coal-fired power plants.  No other activity in the United States contributes as 
much CO2. 

 
This is not the end of it.  According to the BLM, CO2 emissions associated with coal 

mining in the Powder River Basin are expected to increase by more than 20 percent by 2020, 
under both low- and upper-production scenarios.  See FEIS at 4-138.  As the chart below 
indicates, the Powder River Basin could ultimately be responsible for 956 million metric tons of 
CO2 emissions.  The reason?  Because of expanded coal mining facilitated by the approval of 
new coal leases.  Not only is the BLM proposing to offer the North Porcupine LBA, but as the 
Supervisor notes in his ROD, “there are currently 12 pending LBAs in the Wyoming portion of 
the PRB [comprising as originally proposed] approximately 34,571 acres and 3.722 billion tons 
of Federal coal.”  ROD at 35.   
 

 
 
Supervisor Cruz comes up with a number of creative excuses to avoid addressing CO2 

emissions connected with the North Porcupine LBA, but ultimately these excuses are nothing 
more than punting.  The fact is that the USFS was obligated to address the potentially significant 
impacts of the CO2 emissions associated with the North Porcupine LBA.  There was no valid 
reason for ignoring such a duty. 

 
 The failure to adequately address global climate change impacts unfortunately comes as 
no surprise.  Supervisor Cruz’s ROD seems to reflect a complete lack of independent review on 
the part of the USFS and seems only to rubberstamp the BLM’s proposal to offer the North 
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Porcupine LBA.  The ROD primarily repeats assertions and assumptions made by the BLM and 
for the most part, seems as if it was written from the perspective of a BLM decisionmaker, not a 
USFS line officer.  It is notable that Supervisor Cruz’s ROD contains a number of statements 
that are printed verbatim in recent BLM RODs issuing coal leases in the Powder River Basin, 
including the BLM’s most recent North Porcupine ROD.7 
 
 For such a major decision with such significant ramifications, it is disappointing that the 
Supervisor would cut such important corners.  The USFS has an independent duty to assess 
whether it is appropriate to offer its consent to coal leasing on the TBNG in light of its unique 
responsibilities and obligations to the public and to the lands under its management.  The consent 
decision is fully discretionary, meaning the USFS is not limited to simply deferring to the BLM, 
or to shortcutting its deliberative process.  For the reasons fully stated below, Appellants request 
that Supervisor Cruz’s ROD be vacated. 
 
 

APPELLANTS 
 

WILDEARTH GUARDIANS is a Santa Fe, New Mexico-based nonprofit organization 
with offices in Denver and Phoenix, and members throughout the American West.  WildEarth 
Guardians is dedicated to protecting and restoring the wildlife, wild places, and wild rivers of the 
American West, and to safeguarding the Earth’s climate.  WildEarth Guardians has members 
throughout the American West, including Wyoming, that utilize the region that will be affected 
by the proposed decision to allow the leasing of the North Porcupine LBA on the TBNG. 

 
POWDER RIVER BASIN RESOURCE COUNCIL is a member-based conservation 

group in Wyoming.  The majority of Powder River Basin Resource Council’s approximately 
1,000 members live in the Powder River Basin of Wyoming.  The group has a long history of 
involvement working for responsible coal leasing and mining.  Formed in 1973 by 
ranchers and concerned citizens of Wyoming to address the impacts of strip mining on rural 
people and communities, Powder River Basin Resource Council has worked for the preservation 
and enrichment of Wyoming’s agricultural heritage and the responsible use of land, mineral, 
water, and air resources to sustain the livelihood of present and future generations. 
 
 SIERRA CLUB is a national nonprofit organization of approximately 1.3 million 
members and supporters dedicated to exploring, enjoying, and protecting the wild places of the 
earth; to practicing and promoting the responsible use of the earth’s ecosystems and resources; to 
educating and enlisting humanity to protect and restore the quality of the natural and human 
environment; and to using all lawful means to carry out these objectives. The Sierra Club’s 
concerns encompass climate change, air quality impacts, water quality, wildlife, and other 
environmental concerns. The Sierra Club’s highest national priority campaign is its “Move 
Beyond Coal” Campaign, which aims to transition the nation away from coal and toward clean 
                                                 
7 Compare, e.g., Rationale for issuing North Porcupine LBA in BLM, Record of Decision Environmental Impact 
Statement for the North Porcupine Field Coal Lease Application, WYW173408 (October 2011) at 7-12, available at 
http://www.blm.gov/pgdata/etc/medialib/blm/wy/information/NEPA/hpdo/Wright-Coal/n-
porcupine.Par.91450.File.dat/ROD.pdf (last accessed Nov. 17, 2011) with Supervisor’s Rationale in his ROD at 8-
12.  The BLM’s North Porcupine ROD is attached as Exhibit 5. 
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energy solutions.  The Wyoming Chapter of the Sierra Club has approximately 900 members in 
the State of Wyoming. 
 
 Appellants submitted comments on May 16, 2011 on the USFS’s proposed consent to the 
North Porcupine LBA and variously submitted comments on the BLM’s Wright Area Draft EIS 
and FEIS.  

 
 

STATEMENT OF REASONS 
 
 

I.  The USFS Violated NEPA By Failing To Prepare Its Own Environmental 
Analysis. 

 
As a threshold matter, the USFS’s consent decision must be overturned because the 

Supervisor failed to satisfy NEPA’s requirements in issuing the ROD.  Under NEPA, agencies 
must prepare an EIS for actions – such as the North Porcupine LBA—that significantly affect the 
environment.  See e.g. 40 C.F.R. § 1502.4.  Furthermore, even if an action’s environmental 
effects are found to be modest, the agency must still prepare an environmental assessment 
(“EA”) and a finding of no significant impact (“FONSI”).  Id. § 1508.13.  Here, however, the 
USFS did neither.  The agency issued the ROD without preparing an EIS or an EA/FONSI.  By 
issuing a consent decision without an environmental analysis, the Supervisor violated NEPA. 

In his Response to Comments (“RTC”), attached as Appendix C to the ROD, the 
Supervisor repeatedly mentions the USFS’s role as a “cooperating agency” that assisted with the 
preparation of BLM’s EIS.  See e.g. RTC at 50.  However, USFS’s assistance in the preparation 
of BLM’s EIS does not excuse it from meeting its own NEPA obligations.  Under NEPA, each 
federal agency has an independent duty to ensure that NEPA and other federal laws are being 
followed.  An agency cannot simply rely on another agency’s EIS in lieu of performing its own, 
independent environmental analysis.  Anacostia Watershed Society v. Babbitt, 871 F. Supp. 475, 
485 (D.D.C. 1994).  Indeed, “[t]he attempt to rely entirely on the environmental judgments of 
other agencies is in fundamental conflict with the basic purpose of NEPA.”  Idaho v. I.C.C., 35 
F.3d 585, 596 (D.C. Cir. 1994); see also Calvert Cliffs’ Coordinating Comm. v. Atomic Energy 
Comm’n, 449 F.2d 1109, 1129 (D.C. Cir. 1971).   

NEPA’s implementing regulations allow a cooperating agency to use a lead agency’s EIS 
under certain circumstances.  See 40 C.F.R. § 1506.3(c).  But to do so, an agency must first 
satisfy two specific requirements: first, the agency must perform its own independent review of 
the lead agency’s EIS and determine that the EIS satisfies its own standards and procedures; 
second, the agency must actually adopt that EIS as its own.  Id.; Anacostia Watershed, 871 F. 
Supp. at 485.  In this case, the USFS has met neither of these requirements.  The Supervisor 
simply relied on BLM’s FEIS in issuing the ROD.  See ROD at 7 (“Based, in large part, on . . . 
the Final EIS . . . I have decided to approve Alternative 2 as modified.”).  As the U.S. District 
Court for the District of Columbia has held that “an agency may not rely on the compliance of 
other agencies with NEPA as a justification for its failure to comply with the Act.”  871 F. Supp. 
at 185.  Because the USFS improperly relied on another agency’s FEIS, and failed to perform its 



 
APPEAL OF NORTH PORCUPINE FIELD COAL LEASE CONSENT RECORD OF DECISION  PAGE 9 

own, independent environmental analysis, the ROD must be reversed.8 
 

A. The Supervisor Failed to Consider a Reasonable Range of Alternatives 
 

The USFS’s failure to perform its own NEPA analysis is particularly problematic in the 
case of the North Porcupine LBA, as well as the other Wright Area LBAs.  NEPA requires 
federal agencies to “[r]igorously explore and objectively evaluate all reasonable alternatives.” 40 
C.F.R. § 1502.14(a) (emphasis added).  Here, the USFS’s reliance on BLM’s EIS prevented the 
USFS from conducting an adequate alternatives analysis for uses of USFS surface lands within 
the North Porcupine lease area, either alone or cumulatively across the six Wright Area LBAs. 
Mining the six Wright Area lease tracts will result in the removal of over 50,000 acres of topsoil 
and vegetation, greatly impacting lands used for wildlife habitat and rangeland grazing.  FEIS at 
3-185.  By any measure, leasing and subsequent mining of the North Porcupine and at least four 
other Wright Area LBAs will significantly, and in some cases irreversibly, impact USFS lands. It 
is therefore incumbent upon the USFS to conduct an alternatives analysis, which is the “heart” of 
NEPA analysis.  40 C.F.R. § 1502.14. 

 
As discussed below, a host of reasonable alternatives related to climate change, air 

quality, water quality and quantity, and reclamation are fully available to be considered by the 
USFS.  As the surface owner of much of the North Porcupine lease area, USFS has a duty under 
NEPA to consider alternatives, such as lease stipulations, that could be applied to mitigate the 
significant impacts that will result from leasing and subsequent mining of this LBA. The 
Supervisor acknowledges that the USFS has the authority to “prescribe terms and conditions to 
be imposed on that lease.”  ROD at 2, citing 43 C.F.R. §§ 3400.3-1, 3420.4-2.  Further, the USFS 
notes that the agency already imposes “standard coal lease stipulations addressing compliance 
with basic requirements of the environmental statutes.”  ROD at 6.  Including lease stipulations 
such as those suggested by Appellants would be fully consistent with this existing authority.  

 
In addition to failing to consider additional alternatives and mitigation measures as 

required by NEPA, the Supervisor’s reliance on BLM’s alternatives analysis is illegal because 
BLM’s NEPA does not properly disclose the impacts from the alternatives BLM does consider in 
its EIS.  The cumulative impacts section of BLM’s FEIS does not consider the “no action” 
alternative or differentiate between the proposed and preferred alternatives.  See FEIS Chapter 4. 
Additionally, in the lease specific impacts section, BLM combines discussion of impacts of the 
Proposed Action and Alternatives 2 and 3. See FEIS at 3-13, 3-19, 3-30, 3-45, 3-57, 3-82, 3-93, 
3-97, 3-111, 3-143, 3-153, 3-162, 3-173, 3-177, 3-185, 3-192, 3-196, 3-206, 3-210, 3-221, 3-229, 
3-233, 3-263, 3-275, 3-283, 3-294, 3-299, 3-302, 3-323-26.  The “heart” of an EIS is a 
comparison of various alternatives to the proposed action and the impacts analysis within BLM’s 
FEIS is missing this comparison.  

 
The CEQ has provided guidance to agencies that NEPA requires that “cumulative effects 

must be evaluated along with the direct effects and indirect effects… of each alternative…” and 
that “…as the proposed action is modified or other alternatives are developed (usually to avoid 
                                                 
8 Even if the Forest Service could have lawfully relied on BLM’s FEIS to satisfy its NEPA obligations, the ROD 
must still be overturned because BLM’s FEIS is legally deficient.  The inadequacies of BLM’s FEIS are discussed 
below. 
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or minimize adverse effects), additional or different cumulative effects issues may arise.” CEQ, 
Considering Cumulative Effects Under the National Environmental Policy Act, January 1997. 

 
BLM responded that this comparative analysis is not necessary because the cumulative 

effects analysis in the FEIS “gives a ‘worst case’ type of impact analysis as far as the Wright 
area mines[’] contribution to cumulative impact[s], because if the action alternatives are not 
chosen, some of the cumulative production would shift from Wright Area mines to other PRB 
producers, or to producers outside the PRB.” BLM, Analysis and Response of Public Comments 
Received on the Wright Area Coal Final Environmental Impact Statement (March 2011) at 9, 
available at http://www.blm.gov/pgdata/etc/medialib/blm/wy/information/NEPA/hpdo/Wright-
Coal/south_hilight_ROD/FEIS_comments.Par.98623.File.dat/Comment%20Response.pdf (last 
accessed Nov. 17, 2011).  BLM’s argument amounts to mere rhetoric and an unsubstantiated 
excuse for failing to take responsibility and analyze the impacts of its actions.  BLM’s FEIS is 
illegally flawed because it does not compare the environmental trade-offs that directly result 
from the actions of the agency or other Federal agencies, such as the USFS. If the USFS 
continues to consent to leasing more coal, more coal will be available for purchase by utilities 
and this drives down the price of coal and creates a situation where utilities are more likely to 
continue to burn coal as opposed to switching to cleaner sources of energy. Cheap and easily 
obtainable coal supplies are dwindling and the USFS is the surface owner over some of the 
world’s best coal reserves in the TBNG.  BLM’s FEIS notes that production related to these 
lease tracts will likely be between 291 and 307 million tons of coal per year.  See FEIS at 2-9.  
According to Energy Information Administration data, this amounts to over a quarter of U.S. 
production.  See EIA, Coal Production and Number of Mines by State and Mine Type (2009), 
available at http://www.eia.gov/cneaf/coal/page/acr/table1.html (last accessed Nov. 17, 2011).  It 
is very unlikely that this amount of coal could easily be replaced by “other PRB producers” or 
even “producers outside the PRB.”  In fact, BLM even states that the preferred alternative was 
selected “to assure that tracts contain enough coal to allow market demands to be met.” BLM, 
Analysis of Public Comments on FEIS at 9.  Throughout the FEIS, BLM gives short shrift to the 
environmental benefits that could be realized by selecting the no action alternative or choosing 
other environmentally preferable alternatives, such as leasing less coal, leasing fewer tracts of 
coal, or limiting each mine to a single tract as suggested by Appellants in their comments. See 
e.g. Powder River Basin Resource Council, Comments on Wright Area Coal Final 
Environmental Impact Statement (Aug. 30, 2010) at 4, available at 
http://www.blm.gov/pgdata/etc/medialib/blm/wy/information/NEPA/hpdo/Wright-
Coal/south_hilight_ROD/FEIS_comments.Par.44863.File.dat/PRBRC.pdf (last accessed Nov. 
17, 2011).  

 
A comparison of impacts of the various alternatives is especially important in relation to 

climate change impacts. The USFS needs to include a full consideration of qualitative impacts 
that will result from the various alternatives. BLM’s FEIS only includes a very cursory overview 
of climate impacts and does not differentiate impacts from the proposed action or alternatives. 
Although there are some uncertainties regarding the state of climate science and emissions 
accumulate at a global scale, an analysis of likely impacts is possible and should be included as a 
basis for comparison amongst the various alternatives.9 Instead, BLM claims that if it does not 
                                                 
9 In the context of a coal-fired power plant where quantified greenhouse gas emissions were known, EPA told BLM 
that those emissions could reasonably be attributed to climate change impacts.  See Letter from K. Goforth, U.S. 
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lease the coal tracts, carbon emissions will not be reduced.  FEIS at 4-141 (“It is not likely that 
selection of the No Action alternatives would result in a decrease of U.S. CO2 emissions 
attributable to coal mining and coal-burning…”).  Taken in the positive, BLM and the USFS are 
claiming that leasing the coal will not increase carbon emissions. This is an illogical claim and is 
unsupported by any analysis or economic or scientific information.  Clearly, if BLM leases the 
coal, the coal will be mined and burned to produce electricity. This will produce carbon dioxide 
emissions and will contribute to global climate change.  BLM claims that other coal may fill the 
gap for utilities (see FEIS at 4-141), but at the same time the agency acknowledges that “Many 
other states rely on Wyoming for coal reserves in view of the fact that Wyoming coal is used to 
generate electricity in 36 states.”  FEIS, Appendix I, Response to Comments at 14.  As discussed 
above, the Black Thunder and North Antelope Rochelle coal mines represent 50% of Wyoming 
PRB coal production and amount to just over 25% of U.S. production. See FEIS at 4-139. 
Utilities would not easily be able to replace that amount of coal supply and even if they were 
able to replace it, the coal would most likely cost more to mine, transport, and burn (therefore 
increasing the cost of coal-fired electricity vis-à-vis renewable energy and energy efficiency 
alternatives).10  As acknowledged by BLM in the FEIS, the PRB coal leasing program is 
currently necessary to meet the nation’s energy needs.  Thus, a selection of a no action or 
reduced leasing alternative will likely lead to fuel switching by utilities and/or a greater 
investment in demand-side management programs and a subsequent reduction in greenhouse gas 
emissions.  If the USFS or BLM has information that proves otherwise, it needs to be disclosed 
in the FEIS in order to meet the “substantial evidence” and “hard look” requirements of NEPA. 
Robertson v. Methow Valley, 490 U.S. 332, 352 (1989).  

 
BLM’s impacts analysis of the various alternatives is therefore legally flawed and may 

not be relied upon by the USFS to meet NEPA’s requirements. 
 

 
II.  The Secretaries of Agriculture and Interior Have Not Made Findings That 

Surface Mining Can Occur on Lands Within the TBNG That Are Part of the 
North Porcupine LBA 

 
 The Surface Mining Control and Reclamation Act (“SMCRA”) prohibits surface mining 
on National Forest System (“NFS”) lands.  See 30 U.S.C. § 1272(e)(2) and 30 C.F.R. § 
                                                                                                                                                             
EPA, to J. Peterson, BLM, “Subject: Final Environmental Impact Statement for the White Pine Energy Station 
Project Nevada [CEQ# 20080394]” (November 24, 2008) (“[…]conclusions discounting the quantifiability of the 
project’s contributions to climate change do not appear to be accurate in light of other available, recent analyses”).  
In the letter, EPA cites efforts to quantify specific impacts of greenhouse gas emissions by the National Highway 
Transportation and Safety Administration in its Final EIS on the proposed Corporate Average Fuel Economy 
Standards. Corporate Average Fuel Economy Standard Final EIS, available at 
www.nhtsa.dot.gov/staticfiles/DOT/NHTSA/Rulemaking/Rules/Associated Files/CAFE FEIS.pdf (last accessed 
Nov. 17, 2011). 
10 BLM states that “Fueled by recent oversees demand, Appalachian coal prices have increased dramatically. PRB 
coal may help to fill the gap left by the Appalachian coal exports….”  FEIS at 2-69.  The Agency also states, “PRB 
coal reserves are in thick seams, resulting in more production from areas of similar land disturbance, and lower 
mining and reclamation costs.”  FEIS at 4-136.  BLM also asserts that Powder River Basin coal also has lower sulfur 
content than other sources of coal and thus without its availability, utilities may need to deploy expensive sulfur 
dioxide reduction scrubbers or other technology, which would increase the price of coal power.  
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761.11(b).  This prohibition is absolute, except where the Secretary of Interior has found that 
“there are no significant recreational, timber, economic, or other values that may be incompatible 
with surface coal mining operations,” and where: 
 

With respect to lands that do not have significant forest cover within national forests west 
of the 100th meridian, the Secretary of Agriculture has determined that surface mining 
is in compliance with the [Surface Mining Control and Reclamation] Act, the Multiple 
Use Sustained Yield Act of 1960, 16 U.S.C. 528-331; the Federal Coal Leasing 
Amendments Act of 1975, 30 U.S.C. 181 et seq.; and the National Forest Management 
Act of 1976, 16 U.S.C. 1600 et seq. 

 
30 U.S.C. § 1272(e)(2)(B) and 30 C.F.R. § 761.11(b)(2); see also FSM 2822.15.   
 
 Here, there is no question that the prohibition found in SMCRA and its implementing 
regulations applies.  The TBNG is a part of the NFS system of lands.  Furthermore, the TBNG is 
located west of the 100th meridian and “lacks significant forest cover.”  The North Porcupine 
LBA also would exclusively allow surface mining.  Indeed, the LBA would facilitate surface 
mining at the North Antelope Rochelle coal mine, one of the largest coal mines in the United 
States. 
 
 Despite this, the Secretary of Agriculture has not made a determination that surface 
mining of the North Porcupine LBA would be in compliance with those statutes, in accordance 
with 30 U.S.C. § 1272(e)(2)(B) and 30 C.F.R. § 761.11(b)(2).  There is also no evidence that the 
Secretary’s duties under SMCRA have been delegated to any Forest Supervisor.  Thus, in 
consenting to the North Porcupine LBA, the Supervisor’s ROD violates SMCRA and its 
implementing regulations.  Unless and until the Secretary of Agriculture determines that surface 
mining is in compliance with the provisions of 30 U.S.C. § 1272(e)(2)(B) and 30 C.F.R. § 
761.11(b)(2), the USFS cannot consent to the North Porcupine LBA. 
 

In the RTC, the Supervisor does not dispute that the Secretarial findings required by 30 
U.S.C. § 1272(e)(2) and 30 C.F.R. § 761.11(b) were never made.  Instead, he claims that these 
requirements do not apply because the TBNG is not part of a National Forest.  See e.g. RTC at 
48.  The Supervisor’s novel position is unreasonable and should be rejected.  As an initial matter, 
the USFS has already conceded that the TBNG is part of a National Forest.  Indeed, the EIS for 
the Grassland Plan repeatedly recognizes that the TBNG is an administrative unit of the 
Medicine Bow-Rout National Forest.  See Grassland Plan EIS at 1-1, 1-2, 1-4.   

The Supervisor’s position also conflicts with governing law.  Congress has made clear 
that “[t]he ‘National Forest System’ shall include all national forest lands reserved or withdrawn 
from the public domain of the United States, all national forest lands acquired through purchase, 
exchange, donation, or other means, the national grasslands and land utilization projects 
administered under title III of the Bankhead-Jones Farm Tenant Act, and other lands, waters, or 
interests therein which are administered by the Forest Service or are designated for 
administration through the Forest Service as a part of the system.”  30 U.S.C. § 1609 (emphasis 
added); see also 64 Fed. Reg. 70766, 70825 (Dec. 17, 1999) (BLM describing “western national 
forests and national grasslands” as “Section 522(e)(2) lands”); Meridian Land and Mineral Co. 
v. Hodel, 843 F.2d 340, 345 n.3 (9th Cir.1988) (citing SMCRA legislative history which noted 
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that “[t]here are some 7 billion tons of potentially surface minable coal within the boundaries of 
the national forest system.  The starting point of the committee language [for § 1272(e)(2)] is the 
exclusion of all surface coal mining within the national forest system.”) (emphasis added).   

 
In sum, by arguing that 30 U.S.C. § 1272(e)(2) and 30 C.F.R. § 761.11(b) do not apply to 

the TBNG—which is indisputably part of the NFS—the Supervisor violated SMCRA and the 
ROD must be reversed. 

 
Furthermore, it is not clear that the Supervisor could make the required determination that 

surface mining activities will comply with SMCRA, particularly the requirements that mining 
operations engage in contemporaneous reclamation (see 30 U.S.C. § 1202(e); Wyo. Land Quality 
Regulations Ch. 4 § 2(b)(i), (k)(i)), and that they “minimize[] disturbance to the prevailing 
hydrologic balance in the permit area and in adjacent areas.”  Wyo. Land Quality Regulations 
Ch. 4 § 2(h)(ii).  The most recent federal Office of Surface Mining Reclamation and 
Enforcement evaluation of surface coal mining in Wyoming shows that for all mines, including 
the North Antelope Rochelle mine, the gap between acres disturbed and acres reclaimed 
continues to grow.11 See sections IX and X below for further discussion of factors that would 
preclude the USFS from determining that the proposed surface mining operations can be 
conducted in accordance with SMCRA. 

 
Unfortunately, the USFS’s erroneous assertion that it is not obligated to meet the 

requirements of 30 U.S.C. § 1272(e)(2)(B) of SMCRA before offering its consent to the North 
Porcupine LBA prevented the Agency from even assessing whether the North Antelope Rochelle 
mine is compliance with SMCRA.  However, because SMCRA imposes an independent 
obligation on the USFS to determine that mining operations on a proposed lease will comply 
with SMCRA, the USFS cannot merely assume that the mine operator will comply with its 
SMCRA permit, or that the SMCRA regulator (here, the Wyoming Department of 
Environmental Quality) will ensure full compliance with the law. At the very least, the USFS 
should have withheld its consent until such time as the mines can explicitly demonstrate their 
current compliance with SMCRA, and their capacity to comply with SMCRA in the future.  The 
Supervisor’s ROD must be reversed on this ground. 

 
 

III.  The Supervisor Failed to Analyze and Assess Global Climate Change 
Impacts in Accordance with NEPA 

 
 Congress enacted NEPA to, among other things, “encourage productive and enjoyable 
harmony between man and his environment” and to promote government efforts “that will 
prevent or eliminate damage to the environment.”  42 U.S.C. § 4321.  To fulfill this goal, NEPA 
requires federal agencies to prepare an EIS for all “major Federal actions significantly affecting 
the environment.”  42 U.S.C. § 4332(2)(C); 40 C.F.R. § 1501.4.  The Agency must describe “any 
adverse environmental effects which cannot be avoided should the proposal be implemented.”  
42 U.S.C. § 4332(C)(ii).  Overall, an EIS must “provide [a] full and fair discussion of significant 
impacts” associated with a federal decision and “inform decisionmakers and the public of the 
                                                 
11 See OSMRE, 2010 Evaluation Report for Wyoming at Appendix C, available at 
http://www.osmre.gov/Reports/EvalInfo/2010/WY10-reg.pdf (last accessed Nov. 17, 2011). 
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reasonable alternatives which would avoid or minimize adverse impacts or enhance the quality 
of the human environment.”  40 C.F.R. § 1502.1.  
 
 In an EIS, the federal Agency must analyze and assess the significance of the direct, 
indirect, and cumulative impacts of a major Federal action.  42 U.S.C. § 4332(2)(C); 40 C.F.R. 
§§ 1502.16, 1508.7,  and1508.8.  NEPA requires federal agencies, including the USFS, to 
include within an EIS “alternatives to the proposed action.”  42 U.S.C. § 4332(2)(C)(iii).  The 
alternatives analysis is the “heart” of a NEPA document, and the statute’s implementing 
regulations emphasize an Agency’s duty to “[r]igorously explore and objectively evaluate all 
reasonable alternatives.”  40 C.F.R. § 1502.16.  NEPA also requires that agencies mitigate the 
adverse environmental impacts of their actions.  Id. at §§ 1502.14(f) and 1502.16(h).  Mitigation 
includes avoiding impacts, minimizing impacts, rectifying impacts, or compensating for impacts.  
Id. at § 1508.20. 

 
 In this case, the USFS failed to adequately analyze and assess the climate change impacts 
of consenting to the issuance of the North Porcupine LBA and failed to consider alternatives to 
address these impacts.  As explained already, this oversight is monumental.  In consenting to the 
sale of over 721 million tons of coal, the USFS has in turn consented to the release of 
1,196,395,860 metric tons of CO2 resulting from the combustion of that coal, which is by any 
measure a significant amount.  According to the EPA, this amount of CO2 equals the amount of 
annual greenhouse gas emissions from 234,587,424 passenger vehicles or, put another way, the 
annual CO2 emissions of 283 coal-fired power plants.  See EPA, Greenhouse Gas Equivalencies 
Calculator, http://www.epa.gov/cleanenergy/energy-resources/calculator.html#results (last 
accessed Nov. 17, 2011).  The BLM has already disclosed that coal from the Powder River Basin 
as a whole is responsible for roughly 13 percent of the nation’s CO2 emissions, and that this 
amount is projected to increase 20% by 2020.  See FEIS at 4-137—4-138.  The North Porcupine 
LBA therefore promises to exacerbate the role of both the Powder River Basin cumulatively and 
the North Antelope Rochelle coal mine specifically as major contributors to global climate 
change in the United States.  Despite this, the Supervisor made no effort to address these impacts 
under NEPA.  In failing to adequately address these impacts, the Supervisor’s consent to the 
North Porcupine LBA is fatally flawed. 
 

A. The Supervisor Failed to Analyze and Assess the Impacts of CO2 Emissions 
that Would Result from the North Porcupine LBA 

 
 To begin with, the Supervisor failed to analyze and assess the indirect CO2 emissions that 
would result from the North Porcupine LBA.  The Wright Area Coal FEIS discloses that “almost 
all coal that is currently being mined in the Wyoming PRB is being used by coal-fired power 
plants to generate electricity to generate electricity.” FEIS at 3-323.  Thus, consent to the sale 
and issuance of the North Porcupine LBA will in turn lead to the burning of coal in power plants 
and the associated release of CO2.  Such impacts are indirect in that they “are caused by the 
action and are later in time or farther removed in distance, but are still reasonably foreseeable.”  
40 C.F.R. § 1508.8(b) (emphasis added).   
 
 It is not disputed that the combustion of coal is a foreseeable impact of consenting to the 
North Porcupine LBA.  Indeed, the Supervisor asserts in his ROD that the LBA is purportedly 
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needed to meet the nation’s energy needs.  Furthermore, together with other past, present, and 
reasonably foreseeable impacts, these impacts are cumulative in accordance with 40 C.F.R. § 
1508.7. 
 
 Under NEPA regulations, an EIS is required to include an analysis and assessment of 
impacts, including a discussion of “indirect effects and their significance.”  40 C.F.R. § 
1502.16(b).  Effects include “cumulative impacts.”  40 C.F.R. § 1508.8.  In this case, although 
the Supervisor recognized that consenting to the issuance of the North Porcupine LBA would 
lead to the release of CO2 emissions, he did not adequately analyze these effects, nor assess their 
significance in accordance with 40 C.F.R. § 1502.16(b). 
 
 The Wright Area Coal FEIS does make qualitative statements regarding the potential CO2 
emissions from the North Porcupine LBA, stating that “CO2 emissions related to burning coal 
that is produced from the three applicant mines to generate electricity would be extended as a 
result of leasing and mining[.]”  FEIS at 4-138.  However, the FEIS then asserts that, “[i]t is not 
possible to accurately project the level of CO2 emissions that burning the coal from the six WAC 
[Wright Area Coal] LBA tracts would produce due to uncertainties about what emission limits 
would be in place at that time or where and how the coal in these LBA tracts would be used if 
they are leased and the coal is mined.”  Id. at 4-139.  This supporting logic is confusing, to say 
the least.  Although the FEIS may be uncertain “about what emission limits will be in place” in 
the future, this uncertainty does not overshadow the certainty that exists today, which is that 
there are currently no limits on CO2 emissions from coal-fired power plants—a fact stated in the 
FEIS on page 4-143.  This perceived “uncertainty” about the future does not absolve the Agency 
of complying with its duties under NEPA in the present.  Further, the FEIS’s uncertainty about 
“where and how the coal” would be used is simply absurd.  There is no question that the coal 
from the North Porcupine LBA will be mined and burned in coal-fired power plants.12 
 
 The Supervisor appears to rest his analysis on his belief that the CO2 emissions from the 
North Porcupine LBA would simply come from other coal sources.  He asserts in his ROD that if 
the leases are not authorized, the coal will simply be produced by other mines outside the 
Powder River Basin, in essence arguing that the CO2 emissions simply do not matter.  The 
Supervisor claims, for instance, that “[t]he inability of the North Antelope Rochelle Mine...to 
offer reserves in the coal market would not cause electric generators to stop burning coal” and 
that “[o]ther national coal producers have the capacity to produce coal and replace the production 
from this existing mine.”  ROD at 9 see also FEIS at 4-141 (“It is not likely that selection of the 
No Action alternatives would result in a decrease of U.S. CO2 emissions attributable to coal 
mining and coal-burning power plants in the longer term[.]”).  Not only is there is no analysis or 
information presented or cited to support this assertion, but this baseless assertion is contrary to 
reality.   
 

                                                 
12 In fact, annual fuel receipt data from the EIA specifically lists every single coal-fired power plant that burned coal 
from the North Antelope Rochelle coal mine.  See Exhibit 6, EIA Form 923 Data for North Antelope Rochelle coal 
mine (2010), available at http://www.eia.gov/cneaf/electricity/page/eia423.html (last accessed Nov. 17, 2011).  
According to this data, there are at least 98 coal-fired power plants that fully or partially burned coal from the North 
Antelope Rochelle mine in 2009.  Thus, it is clearly possible to reasonably ascertain where and how coal from the 
North Antelope Rochelle coal mine will be used, contrary to the Supervisor’s and the FEIS’s assertion otherwise. 
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 The North Antelope Rochelle coal mine is one of the largest coal mines in the United 
States.  In fact, it is not only the largest coal producer in the Powder River Basin, but also the 
largest producer in the United States.  See Energy Information Administration (“EIA”), Major 
U.S. Coal Mines, 2009 (2010), http://www.eia.doe.gov/cneaf/coal/page/acr/table9.html (last 
accessed Nov. 17, 2011).  In 2009 it was reported that the North Antelope Rochelle coal mine 
produced 98,279,377 tons of coal.  Id.  It is unclear how the production capacity of the North 
Antelope Rochelle coal mine could be replaced given that no other mines are producing as much 
coal.  It is further difficult to understand the basis for the Supervisor’s assertion in light of the 
fact that the Powder River Basin produces more coal than any other region of the country and 
has for a number of years.  In 2009, the region produced a record 455,503,000 tons of coal, 1.25 
times more coal than the entire Appalachian Region of the United States and more than three 
times the amount of coal produced by the rest of Western United States. See EIA, Coal 
Production and Number of Mines by State and Mine Type (2010), 
http://www.eia.doe.gov/cneaf/coal/page/acr/tables2.html (last accessed Nov. 17, 2011).  The 
North Antelope Rochelle coal mine produced more than twenty-one percent of the of the Powder 
River Basin’s total coal production.  It strains credulity to assume that more than twenty-one 
percent of the coal produced in the largest coal producing region in the country could simply be 
replaced.  Simply put, the Supervisor’s “runs counter to the evidence before the agency.”  Motor 
Veh. Mfrs. Ass’n v. State Farm Mut. Auto. Ins. Co., 463 U.S. 29, 43 (1983). 
 
 The Supervisor’s position is especially arbitrary because it ignores the cumulative effects 
of consenting to the North Porcupine LBA together with other pending lease by applications in 
the Powder River Basin.  As the Supervisor states in his ROD, “Including the North Porcupine 
Field LBA tract there are currently 12 pending LBAs in the Wyoming portion of the PRB.  As 
applied for, the pending coal lease applications include approximately 34,571 acres and 3.722 
billion tons of Federal coal.”  ROD at 35.  On a cumulative basis, there is no way the Supervisor 
could reasonably assert that the coal from the North Porcupine LBA, together with the 3.722 
billion tons proposed through the 12 pending lease by applications in the Powder River Basin, 
would simply be “replaced” by coal from other regions.  The total amount of coal to be leased—
nearly four billion tons—is more than five times the total amount of coal produced outside the 
Powder River Basin in 2009.  See EIA, Coal Production and Number of Mines by State and 
Mine Type (2010), http://www.eia.doe.gov/cneaf/coal/page/acr/table9.html (last accessed Nov. 
17, 2011). 
 
 Moreover, the Supervisor cannot ignore his duty to analyze impacts simply because he 
believes similar impacts may occur from other similar activities.  This fundamentally undermines 
the USFS’s duties under NEPA, which requires a hard look at the impacts of the major Federal 
action proposed for authorization, including indirect and cumulative impacts.  Simply because 
another activity may pose similar impacts does not let the USFS off the hook in terms of 
responsibility for its own actions.  This is particularly true here, where, with the exception of the 
12 pending coal lease by applications in the Powder River Basin, there does not appear to be 
any single action likely to be responsible for more CO2 emissions in the United States. 
 
 Tellingly, the Supervisor’s flawed logic is underscored by the fact that coal from the 
Powder River Basin of Wyoming produces more CO2 emissions on average than virtually every 
other coal type mined in the United States.  According to a report by the EIA, subbituminous 
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coals from the Powder River Basin release on average 212.7 pounds of CO2 per million Btus.  
See Hong, B.D. and E.R. Slatick, “Carbon Dioxide Emission Factors for Coal,” EIA, Quarterly 
Coal Report, January—April 1994, DOE/EIA-0121 (94/Q1) (Aug. 1994), available at 
http://205.254.135.24/cneaf/coal/quarterly/co2_article/co2.html (last accessed Nov. 17, 2011).  
This report is attached as Exhibit 7.  Yet bituminous coals produced in the Appalachian and 
Interior coal producing regions, which according to the EIA is the primary coal type produced in 
these regions (see EIA, Coal Production and Number of Mines by State and Coal Rank (2010), 
http://www.eia.gov/cneaf/coal/page/acr/table6.html (last accessed Nov. 17, 2011)), release on 
average only a little more than 200 pounds of CO2 per million Btus.13  For instance, bituminous 
coal from West Virginia produces on average 207.1 pounds of CO2 per million Btus.  Compared 
to coal from the Powder River Basin, other coal types produced in other parts of the country 
therefore produce fewer CO2 emissions when burned.  Indeed, based on the BLM’s assessment 
that coal from the Powder River Basin averages 8,600 Btus per ton of coal (see FEIS at 4-136), a 
comparable amount (i.e., 309,700,000 tons) of West Virginia bituminous coal would release 
500,397,893 metric tons of CO2 when burned, nearly 13 million metric tons less than are 
projected to be released by coal from the North Porcupine LBA.14, 15 

 
 Thus, even if the coal proposed to be leased under the North Porcupine LBA, or all 
pending LBAs in the Powder River Basin, could reasonably be replaced, all indications are that 
such an outcome could actually produce fewer CO2 emissions.  Although there is no support for 
the Supervisor’s assertion that coal production is as fluid as he believes, even assuming he may 
be correct, he fails to analyze the fact that Powder River Basin coal releases more CO2 emissions 
when burned than other types of coal produced in the United States, in particular bituminous 
coals from the Appalachian and Interior coal producing regions.  This further highlights the 
flaws in his analysis and ROD.  It further underscores the fact that the USFS, simply by denying 
the North Porcupine LBA, could actually reduce CO2 emissions within the United States. 
 
 The Supervisor’s unsupported, and indeed contradictory, assertion that the CO2 emissions 
simply would be “replaced” by other coal sources if the North Porcupine LBA was not issued 
underscores the failure of the USFS to assess the significance of the CO2 emissions.  NEPA 
regulations clearly require not only an analysis of impacts, but also an assessment of the 
significance of indirect impacts.  See 40 C.F.R. § 1502.16(b).  Under NEPA, significance is 
defined in terms of “context” and “intensity.”  See 40 C.F.R. § 1508.27.   In this case, the Wright 

                                                 
13 Even other subbituminous coals, including subbituminous coal from Iowa, New Mexico, Oregon, Utah, and 
Washington produce fewer CO2 emissions on a per million Btu basis according to the EIA report. 
14 This assumes that the Btu content of West Virginia bituminous coal is the same as Powder River Basin 
subbituminous coal.  However, the Btu content of bituminous coal is higher than subbituminous.  See EIA, Annual 
Coal Report, 2009, DOE-EIA-0584 (2009) at 67 (noting average Btu content of bituminous coal in the U.S. is 24 
million Btus per ton) and 72 (noting average Btu content of subbituminous coal in the U.S. is 17-18 million Btus per 
ton), available at http://www.eia.gov/cneaf/coal/page/acr/acr.pdf (last accessed Nov. 17, 2011).  This means that 
fewer tons of West Virginia bituminous coal than Powder River Basin sibbituminous coal are needed to generate the 
same amount of energy.  This means that total CO2 emissions on a per ton basis would actually be much lower for 
West Virginia bituminous coal, or any bituminous coal for that matter, than Powder River Basin subbituminous coal. 
15 13 million metric tons is not insignificant.  According to the EPA, this equals the total annual CO2 emissions from 
3.1 coal-fired power plants. See EPA, Greenhouse Gas Equivalencies Calculator, 
http://www.epa.gov/cleanenergy/energy-resources/calculator.html#results (last accessed Nov. 17, 2011). 
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Area Coal FEIS did not at all assess the significance of CO2 emissions associated with the North 
Porcupine LBA, further undermining the Agency’s implication that CO2 emissions from the 
North Porcupine LBA do not matter. 
 
 The failure to assess significance is particularly troublesome in light of context and 
intensity of the CO2 emissions associated with the North Porcupine LBA.  As already explained, 
the level of CO2 emissions appears to be significant in a number of regards, both in terms of 
context and intensity.  Although the FEIS asserted it was “not possible” to project potential CO2 
emissions, the FEIS does disclose that the North Porcupine LBA will contribute to an increase in 
the amount of CO2 emissions associated with the combustion of Powder River Basin coal.  
Coupled with the facts that the Powder River Basin is already responsible for more CO2 
emissions than any other region of the United States and that Powder River Basin subbituminous 
coal produces more CO2 emissions when burned than other types of coal, this is certainly not an 
insignificant consequence.  Indeed, taking into account the impacts of past, present, and 
reasonably foreseeable coal mining and coal combustion, we are hard pressed to think of any 
USFS decision that would result in such a large amount of CO2 emissions. 
 
 The context of the associated CO2 emissions bolsters our concerns and can be summed up 
this way:  The North Porcupine LBA would maintain the Powder River Basin as the leading 
source of coal for coal-fired power plants and the leading source of CO2 in the United States.  
The significance of the North Porcupine LBA was not assessed in this context, further 
demonstrating that the Supervisor failed to comply with NEPA. 
 
 Ultimately, not only did the Supervisor fail to adequately analyze the CO2 emissions 
associated with the North Porcupine LBA, he also failed to assess their significance, in violation 
of NEPA.  The failure to analyze and assess such impacts fatally flaws his decision to consent to 
the North Porcupine LBA. 
 

B. The Supervisor Failed to Analyze and Assess the Potentially Significant 
Climate Change Impacts of the North Porcupine LBA 

 
Our second concern is over the failure of the Supervisor to analyze and assess how the 

direct, indirect, and cumulative greenhouse gas emissions associated with the North Porcupine 
LBA will influence global climate change.  As the Supervisor indicates in his ROD, it can be 
assumed that the release of greenhouse gases associated with the North Porcupine LBA will 
contribute to climate change.  See e.g. ROD at 29.  Furthermore, the Wright Area Coal FEIS 
does generally outline the effects associated with global climate change.  See FEIS at 4-130 to 4-
134.  Unfortunately, the Supervisor made no attempt to analyze and assess such impacts in 
relation to the North Porcupine LBA. 

 
 The Wright Area Coal FEIS asserts that, “given the state of the science, it is impossible to 
determine what effect any given amount of GHG emissions resulting from an activity might have 
on the phenomena of global warming, climate change or the environmental effects stemming 
from it.” FEIS at 4-143.  We are rightfully skeptical of this assertion, particularly in light of 
BLM statements that, “Reducing human-caused GHG [greenhouse gas] emissions would help to 
lessen any harmful effects that they may be causing to global climate.”  Exhibit 5, BLM North 
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Porcupine ROD at 8.  Indeed, neither the FEIS nor the Supervisor’s ROD cite nor present 
information or analysis demonstrating that the “state of the science” is such that an analysis of 
climate change impacts is impossible for the North Porcupine LBA.   
 
 We are further skeptical given that the USFS itself has noted that, although there may be 
uncertainty associated with climate change impacts, “based on climate change science, we can 
recognize the relative potential of some types of proposals and alternatives to affect or influence 
climate change and therefore provide qualitative analysis to help inform project decisions.”  
USFS, Climate Change Considerations in Project Level NEPA Analysis (Jan. 13, 2009) at 6-7, 
available at http://www.fs.fed.us/emc/nepa/climate_change/includes/cc_nepa_guidance.pdf (last 
accessed Nov. 17, 2011).  This guidance is attached as Exhibit 8.  In light of the fact that the 
USFS Chief himself has recognized global climate change as a significant threat to NFS 
resources, the Supervisor’s indirect assertion that it is “impossible” to analyze or assess climate 
change impacts seems all the more unjustified. 
 
 However, even assuming the Supervisor may be correct, his assertion does not satisfy 
NEPA’s disclosure requirements.  NEPA’s implementing regulations require that the USFS 
“evaluate reasonably foreseeable significant adverse effects on the human environment,” even 
where information relevant to making this evaluation is “incomplete or unavailable.”  40 C.F.R. 
§ 1502.22.  If, as the FEIS asserts, it is “impossible” to analyze climate impacts, the USFS must 
clearly show that the information is “lacking” by providing what credible scientific information 
it does have on such reasonably foreseeable impacts and making an effort to analyze these 
impacts based on this information.  Id.  Specifically, even if it cannot obtain complete 
information about those effects, “the agency shall [still] include in the environmental impact 
statement”: 

 
(1)  A statement that such information is incomplete or unavailable; (2) a 
statement of the relevance of the incomplete or unavailable information to 
evaluating reasonably foreseeable significant adverse impacts on the human 
environment; (3) a summary of existing credible scientific evidence which is 
relevant to evaluating the reasonably foreseeable significant adverse impacts on 
the human environment, and (4) the agency’s evaluation of such impacts based 
upon theoretical approaches or research methods generally accepted in the 
scientific community. 

 
40 C.F.R. § 1502.22(b).  Under this section, reasonably foreseeable impacts “include[] impacts 
which have catastrophic consequences, even if their probability of occurrence is low, provided 
that the analysis of the impacts is supported by credible scientific evidence, is not based on pure 
conjecture, and is within the rule of reason.”  Id. 
 
 Despite the Supervisor’s claim that the USFS is unable to analyze and assess the climate 
change impacts associated with the North Porcupine LBA, nowhere in the Wright Area Coal 
FEIS or the ROD is it apparent that the requirements of 40 C.F.R. § 1502.22 have been met.  In 
fact, neither document even references 40 C.F.R. § 1502.22.  Of particular concern is that the 
Supervisor made no effort to evaluate climate change impacts using theoretical approaches or 
research methods generally accepted by the scientific community in accordance with 40 C.F.R. § 
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1502.22(b)(4).  The Supervisor did not even prepare a qualitative assessment of global climate 
change impacts, which could have at least provided information to the public and the 
decisionmaker regarding the potentially significant impacts and seems justified in light of the 
USFS’s own guidance on the matter.  Put simply, the Supervisor made no effort to evaluate 
climate change impacts using the credible scientific information available to the USFS.  In other 
words, he made no effort to do the best he could with the information he had, as 40 C.F.R. § 
1502.22 requires.   
 
 This failure to comply with NEPA is particularly troublesome given the apparent 
significance of the indirect and cumulative greenhouse gas emissions associated with the North 
Porcupine LBA, as well as the Wright Area Coal FEIS’s general disclosure regarding the 
impacts of climate change.  As it stands, the Supervisor failed to comply with NEPA with 
regards to the analysis and assessment of the climate change impacts associated with the North 
Porcupine LBA. 
 

C. The Supervisor Failed to Analyze in Detail a Range of Alternatives to 
Address Greenhouse Gas Emissions and Climate Change Impacts 
 

 In addition to failing to adequately analyze and assess global climate change impacts, the 
Supervisor also failed to analyze in detail a range of alternatives to address the indirect and 
cumulative CO2 emissions and the likely climate change impacts of the North Porcupine LBA.  
In particular, the Supervisor failed to consider alternatives to mitigate adverse climate change 
impacts in accordance with 40 C.F.R. §§ 1502.14(f) and 1502.16(h), including alternatives raised 
by Appellant WildEarth Guardians in comments on both the Wright Area Coal DEIS and FEIS, 
which were extensively referenced by the Appellants in their comments on the USFS’s proposed 
consent to the North Porcupine LBA.  This failure is especially problematic because prior to 
consenting to a coal lease, the USFS is explicitly obligated under the FSM to analyze a “[r]ange 
of alternatives available for operations and land uses and for environmental protection.”  FSM 
2822.41(11). 
 
 It is unclear exactly why the Supervisor did not consider in detail alternatives to address 
significant impacts and public concern related to greenhouse gas emissions.  In his ROD, the 
Supervisor did not assert that such alternatives were outside the purpose and need for the project.  
Furthermore, the Supervisor did not assert that such alternatives were speculative.  In fact, it does 
not appear as if the USFS even responded to Appellants’ comments at all.  In fact, in the RTC, 
the USFS simply references the FEIS, asserting that, “This comment was previously brought up 
throughout the process and addressed in the formal response to comments on both the DEIS and 
FEIS.”  RTC at 67.  Indeed, although the BLM provided a response to Appellants’ comments 
regarding the range of alternatives in the Wright Area Coal DEIS (see FEIS, Appendix I), there 
is no corollary response to comments from the USFS included in the FEIS or in the Supervisor’s 
ROD.16 
 
 On the one hand, this seems to indicate that the Supervisor did not even review 
                                                 
16 In fact, the title of Appendix I is, “Draft EIS Comment Letters, BLM Responses, and Hearing Summary.”  Wright 
Area Coal FEIS, Appendix I at 1 (emphasis added).  There is no mention in Appendix I, or anywhere else in the 
Wright Area Coal FEIS for that matter, of any explicit USFS response to comments. 
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Appellants comments and therefore made no effort to meaningfully respond to concerns over the 
range of alternatives.  This seems to squarely violate NEPA’s requirement that the USFS respond 
to comments in accordance with 40 C.F.R. § 1503.4.  On the other hand, even assuming that the 
Supervisor simply deferred to the BLM’s response to comments on the range of alternatives 
issue, even this response falls short of complying with NEPA.  We respond to the BLM’s 
arguments below. 
 
 The BLM responds to Appellant WildEarth Guardians’ proposed alternatives in 
Comment Response 2 and, to a lesser degree, Comment Response 5.  See FEIS, Appendix I at 
BLM Response to Comments, 2 and 4-5.  This response to comments, however, does not 
actually specifically address any of the alternatives proposed by WildEarth Guardians.  Instead, 
the BLM seems to proffer two extremely generalized arguments against any alternative that 
would address global climate changes impacts:  1) The Agency analyzed a range of reasonable 
alternatives and 2) BLM “does not regulate” GHG emissions.  Both of these arguments fail to 
provide a rational justification for not considering in detail the alternatives proposed by 
WildEarth Guardians. 
 
 To begin with, BLM cites its Handbook at H-1790-1 as support for its assertion that it 
considered in detail a range of reasonable alternatives.  The BLM’s NEPA handbook, however, 
provides no justification for the USFS to violate NEPA with regards to considering a range of 
reasonable alternatives.17  In this case, BLM did not explain how Appellant WildEarth 
Guardians’ proposed alternatives were speculative, unreasonable, or otherwise not consistent 
with the purpose and need for the proposed action.  
 
 With regards to regulating greenhouse gas emissions, Appellants nowhere asked the 
BLM to regulate greenhouse gas emissions.  Instead, Appellants requested that the BLM 
consider imposing stipulations that would address the global climate change impacts of the North 
Porcupine LBA.  For example, WildEarth Guardians requested that the BLM limit the tonnage 
and acreage of the lease, an action that BLM has complete authority to regulate.  Thus, BLM 
grossly misconstrued WildEarth Guardians’ comments and in doing so, overlooked reasonable 
opportunities to address greenhouse gas emissions associated with the North Porcupine LBA. 
 
 In comments on the Wright Area DEIS, WildEarth Guardians requested, in detail and 
with explanation, that the BLM thoroughly analyze the following alternatives: 
 

• Alternatives with varied tonnage and acreage limits to leases so that changes can be made 
in the future to respond to GHG emissions regulation 
 

• An alternative that establishes a renewable energy fund to spur solar and wind 
development in Wyoming to mitigate carbon emissions and to create long-term jobs.  

 
• An alternative that requires the coal lessees to purchase carbon offsets.  

 

                                                 
17 Notably, the BLM Handbook does not guide USFS actions. 
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• An alternative that would require that all carbon emissions from Wright Area coal used 
for electricity generation be captured and sequestered geologically.   

  
• An alternative that establishes a Renewable Energy Standard (“RES”) for coal mine 

operators.  
 

• An alternative that would require all mine vehicles to be run on alternative fuels.   
 
WildEarth Guardians’ Comments on Wright Area Coal DEIS at 12-14.  Every single one of these 
alternatives is squarely within the authority of the BLM to implement.  Indeed, BLM has a duty 
to impose any stipulations that are “deem[ed] appropriate.”  43 C.F.R. § 3475.1.  In light of the 
fact that the BLM has a nondiscretionary duty to reject any LBA that “for environmental or other 
sufficient reasons, would be contrary to the public interest” (43 C.F.R. § 3425.1-8(a)(3), it is 
clear that the Agency has broad authority to impose stipulations to safeguard the environment.  
This is underscored by the fact that the BLM has the authority to “prescribe additional terms and 
conditions [] to safeguard the public welfare.”  43 C.F.R. § 3420.4-2(b).  The alternatives 
proposed by WildEarth Guardians could have been adopted as lease stipulations to ensure greater 
protection of the Earth’s climate, which clearly is a matter of environmental protection and 
public welfare.  The BLM’s failure to meaningfully analyze the merits of these alternatives, or to 
even accept that the Agency has a duty to safeguard the environment at the leasing stage, is a 
clear violation of NEPA.  Thus, the USFS’s deference to the BLM’s response to comments is 
further indicative of a violation of NEPA and the Supervisor’s ROD must be reversed. 
 

 
IV.  The Supervisor Failed to Adequately Analyze and Assess Air Quality 

Impacts 
 
 The USFS further failed to adequately analyze and assess air quality impacts associated 
with development of the North Porcupine LBA in accordance with NEPA.  This oversight is 
significant given not only the public health and welfare ramifications of air pollution, but given 
the Wright Area Coal FEIS’s own disclosure that development of the North Porcupine LBA 
would significantly exacerbate air quality impacts.   
 
 The USFS not only has authority to address air quality impacts, but a duty.  Under the 
TBNG Grassland Plan, the Agency is required to “[c]onduct all land management activities in 
such a manner as to comply with all applicable federal, state, and local air-quality standards and 
regulations” and “[e]nsure emissions from projects on the Grassland and forest management 
activities are within Class I or Class II ranges” (see Grassland Plan at 1-9, Physical Resources, 
Air Standards 1 and 3).  Thus, the failure to adequate analyze and assess air quality impacts 
renders the Supervisor’s ROD fatally flawed.  Our specific concerns are as follows: 
 

A. Ozone 
 
 Ozone is a harmful gas for which the EPA has established NAAQS in order to protect 
public health.  See 40 C.F.R. § 50.15.  The Wright Area Coal FEIS explains:  
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Potential health risks associated with inhalation of ground level O3 [ozone] [] 
include acute respiratory problems, aggravated asthma, decreases in lung capacity 
in some healthy adults, inflammation of lung tissue, respiratory-related hospital 
admissions and emergency room visits, and increased susceptibility to respiratory 
illnesses, including bronchitis and pneumonia (EPA 2007b). 

 
FEIS at 3-81.  The Wright Area Coal FEIS states, “Ground level ozone is not emitted directly 
into the air, but is created by chemical reactions between NOx [nitrogen oxides] and VOCs 
[volatile organic compounds] on the presence of sunlight.”  Id. at 3-49.   
 
 Currently, the NAAQS limit ozone concentrations to no more than 0.075 parts per 
million over an eight hour period (often referred to as the “8-hour ozone NAAQS”).  According 
to the EPA, an exceedance of the standard occurs whenever ambient ozone concentrations reach 
0.076 parts per million or higher and a violation occurs whenever the three year average of the 
fourth highest annual 8-hour ozone concentrations is 0.076 parts per million or higher.  See 40 
C.F.R. § 50.15.18  
 
 In its comments, Appellants raised concerns over the impacts of the North Porcupine 
LBA to ambient 8-hour ozone concentrations in the region.  Unfortunately, neither the BLM nor 
the USFS prepared any analysis or assessment of the impacts of the North Porcupine LBA to 
ambient ozone.  In its RTC, the USFS simply asserts that, “Ozone was fully considered and 
analyzed throughout the document (FEIS).”  RTC at 67-68.  However, this was not the case.  
There was no analysis in the FEIS.  The Wright Area Coal FEIS in fact seemed to imply that 
ozone is not an issue with regards to the LBA.  However, this is contradicted in a number of 
regards and the USFS’s assertion that its obligations to analyze and assess ozone impacts under 
NEPA are unfounded. 
 
 Indeed, the FEIS appeared to assert that the region where the North Porcupine LBA is 
located is in compliance with the 8-hour ozone NAAQS, and therefore an analysis or assessment 
of direct, indirect, and cumulative impacts is not warranted.  This assertion ignores the fact that 
numerous exceedances of the NAAQS have occurred in the region, and that the region is not 
only nearly violating the NAAQS, but will most likely violate new ozone NAAQS that have 
been proposed by the EPA. 
 
 Two monitors are in operation in Campbell County, one in the TBNG and the other in 
southern Campbell County.  According to data from these monitors, ozone concentrations in 
Campbell County, Wyoming have exceeded the current 8-hour ozone NAAQS on 16 occasions 
since 2001.  See table below.  According to this data, 8-hour ozone concentrations have peaked 
as high as 0.088 parts per million.  According to this data, the three year average of the fourth 
highest annual 8-hour ozone readings for the years 2008-2010 is 0.061 parts per million at the 

                                                 
18 Contrary to BLM’s assertion otherwise in its FEIS, an exceedance of the ozone NAAQS does not occur only 
when the fourth highest daily maximum value is above the standard.  Anytime the NAAQS are exceeded is 
considered an exceedance.  An exceedance of the NAAQS is considered to reflect poor air quality and as such, EPA 
requires that health warnings be issued to the general public whenever an exceedance occurs or is projected to occur.  
See 40 C.F.R. § 58, Appendix G, disclosing that an exceedance of the ozone NAAQS should lead to a categorization 
of “unhealthy.”   
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South Campbell County Monitor and 0.066 parts per million at the TBNG monitor. 
 

Number of days above the current ozone NAAQS at Campbell County, Wyoming Ozone 
Monitors.  Peak ozone concentration in parentheses (in parts per million).19 

 
Monitor 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 

Thunder 
Basin 
National 
Grassland 

0 1 
(0.088) 

2 
(0.085 0 0 0 3 

(0.081) 
3 

(0.078) 0 0 

South 
Campbell 
County 

-- -- 6 
(0.083) 0 0 0 1 

(0.076) 0 0 0 

 
 In fact, just since 2005, EPA reports that there have been more than 200 days of 
“moderate” air quality based on 8-hour ozone concentrations monitored in Campbell County, 
Wyoming and seven days of air quality deemed “Unhealthy for Sensitive Groups” based on these 
same ozone concentrations.  See U.S. EPA, Daily Ozone AQI Levels, 2005-2010, Campbell 
County, Wyoming, available at http://www.epa.gov/cgi-
bin/htmSQL/mxplorer/trend_tile.hsql?msaorcountyName=msacode&msaorcountyValue=-
1&poll=44201&county=-1&msa=-
1&sy=2010&flag=Y&_debug=2&_service=data&_program=dataprog.trend_tile_dm.sas (last 
accessed Nov. 17, 2011).  This data is attached as Exhibit 9.  Not surprisingly, even the EPA 
itself has commented that it is “concerned with measured ozone concentrations in the 
surrounding area.”  See U.S. EPA, Comments on Wright Area Coal DEIS (Sept. 10, 2009) at 2, 
available at 
http://yosemite.epa.gov/oeca/webeis.nsf/(PDFView)/20090209/$file/20090209.PDF?OpenEleme
nt (last accessed Nov. 17, 2011).  These comments are attached as Exhibit 10. 
 
 The likelihood of high ozone levels in the region is consistent with recent modeling 
prepared for the Western Regional Air Partnership (“WRAP”), which indicates that large areas 
of the Rocky Mountain West, including northeastern Wyoming, are projected to exceed and/or 
violate the ozone NAAQS by 2018.  In 2008 presentation given at a WRAP Technical Analysis 
Meeting in Denver, Colorado, it was reported that the modeling “predicts exceedance of the 8-
hour average ozone standard in much of the southwestern US, mostly in spring.”  Tonnesen, G., 
                                                 
19 See EPA, Monitor Values Report, Campbell County, Wyoming, 2001-2008, available at 
http://iaspub.epa.gov/airsdata/adaqs.monvals?geotype=co&geocode=56005+56009&geoinfo=co~56005+56009~Ca
mpbell+Co%2C+Converse+Co%2C+Wyoming&pol=O3&year=2008+2007+2006+2005+2004+2003+2002+2001+
2000&fld=monid&fld=siteid&fld=address&fld=city&fld=county&fld=stabbr&fld=regn&rpp=25 (last accessed 
Aug. 25, 2011); see also, EPA, AirExplorer Query, Campbell County, Wyoming, 2009 and 2010, available at 
http://www.epa.gov/cgi-bin/broker?msaorcountyName=&msaorcountyValue=&poll=44201&county=56005&site=-
1&msa=-1&state=-
1&sy=2010&flag=Y&query=view&_debug=2&_service=data&_program=dataprog.query_daily3P_dm.sas and 
http://www.epa.gov/cgi-bin/broker?msaorcountyName=&msaorcountyValue=&poll=44201&county=56005&site=-
1&msa=-1&state=-
1&sy=2010&flag=Y&query=view&_debug=2&_service=data&_program=dataprog.query_daily3P_dm.sas (last 
accessed Aug. 25, 2011). 



 
APPEAL OF NORTH PORCUPINE FIELD COAL LEASE CONSENT RECORD OF DECISION  PAGE 25 

Z. Wang, M. Omary, C. Chien, Z. Adelman, and R. Morris, et al., Review of Ozone Performance 
in WRAP Modeling and Relevance to Future Regional Ozone Planning, presentation given at 
WRAP Technical Analysis Meeting (July 30, 2008) at unnumbered slide 30, available at 
http://wrapair.org/forums/toc/meetings/080729m/RMC_Denver_OzoneMPE_Final2.pdf (last 
accessed Aug. 25, 2011).  This presentation is attached as Exhibit 11.  The image below from the 
WRAP presentation shows areas projected to exceed and/or violate the current and future ozone 
NAAQS.   
 

 
 

Projected 2018 annual fourth maximum ozone concentrations.  Orange and red indicate 
exceedances and/or violations of the ozone NAAQS of 0.075 parts per million.   

See Exhibit 11 at unnumbered slide 28. 
 
 The likelihood of high ozone in the area of the North Porcupine LBA is also underscored 
by the projected NOx emissions, which the Wright Area Coal FEIS indicates is a precursor to 
ozone.  According to the BLM, NOx emissions are estimated to be as high as 3,856 tons/year in 
2017 at the North Antelope Rochelle coal mine.  To put this into perspective, this as much NOx 
pollution as is released annually by more than 201,884 passenger vehicles.20 
 

                                                 
20 According to EPA, an average passenger vehicle releases 38.2 pounds of NOx annually.  See 
http://www.epa.gov/otaq/consumer/f00013.htm (last accessed Nov. 17, 2011). 
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 Although USFS may claim that the State of Wyoming will address any potentially 
significant direct, indirect, and cumulative ozone impacts, this claim is misplaced.  To begin 
with, no modeling has been prepared by the State of Wyoming to assure compliance with the 
eight-hour ozone NAAQS.  In fact, the State of Wyoming does not even require or otherwise 
prepare ozone modeling prior to issuing air permits for coal mining operations in the Powder 
River Basin.  According to the Wyoming Department of Environmental Quality, coal companies 
only model their impacts to the annual particulate matter and annual nitrogen dioxide NAAQS 
prior to receiving an air quality permit.  See Wyoming DEQ, PRB Coal Mine Permitting 
Guidance (February 27, 2006), available at 
http://deq.state.wy.us/aqd/Oil%20and%20Gas/PRB%20Permit%20Guidance_4.pdf (last 
accessed Nov. 17, 2011).  No other air quality modeling or analysis is required.  Thus the USFS 
would be incorrect to argue that the State of Wyoming will analyze and assess ozone impacts.21 
 
 It is true that violation of the 8-hour ozone NAAQS has yet to occur, but the duty to 
analyze and assess air quality impacts does not hinge upon an area falling into violation of 
ambient air quality standards.  This duty is all the more imperative in the Powder River Basin in 
light of signs that the region could violate the NAAQS as a result of the North Porcupine LBA.  
These signs include monitored exceedances of the NAAQS, the fact that the three year average 
of the fourth highest annual eight hour ozone concentrations at the Thunder Basin National 
Grassland ozone monitor is 0.066 parts per million, the fact that regional modeling projects 
exceedances and/or violations of the ozone NAAQS in the near future, and the fact that the 
region will likely violate the EPA’s proposed revision to the ozone NAAQS.  Even the EPA has 
commented that it is “particularly important [to use a] current state-of-science photochemical 
grid model [whenever elevated ozone levels are recorded].”  See U.S. EPA, Comments on Draft 
Supplemental Environmental Impact Statement for the Pinedale Anticline Oil and Gas 
Exploration and Development Project, Sublette County, Wyoming (February 14, 2008) at 3, 
available at 
http://www.wyomingoutdoorcouncil.org/html/what_we_do/air_quality/pdfs/EPA%20EU3%20L
etter%20on%20Revised%20Draft%20SEIS.pdf (last accessed Nov. 17, 2011).  This comment 
letter is attached as Exhibit 12.  
 
 In this case, the USFS did not even explain why a photochemical grid model was not 
necessary, other than to apparently defer to the BLM’s assertion that the region is not currently 
violating the NAAQS.  This is bizarre logic.  The point of NEPA is to address and avoid 
potentially significant impacts before they occur, not wait for them to occur before taking action. 
 
 In light of this, the USFS’s failure to analyze and assess the impacts of the North 
Porcupine LBA to ambient ozone concentrations represents a fatal flaw in the agency’s analysis 
and ROD and a fundamental violation of NEPA. 

 
B. Nitrogen Dioxide 

 
 The USFS failed to analyze and assess the potentially significant impacts to the current 

                                                 
21 We are further concerned with any claim that the State of Wyoming will adequately analyze and assess air quality 
impacts in light of the fact that NEPA does not apply to state actions. 
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NAAQS for nitrogen dioxide.  On February 9, 2010, the EPA finalized revisions to the nitrogen 
dioxide NAAQS, supplementing the current annual standard of 53 parts per billion with a 1-hour 
standard of 100 parts per billion.  See 75 Fed. Reg. 6474-6537 (Feb. 9, 2010).  These NAAQS 
were originally proposed on July 15, 2009.  See 74 Fed. Reg. 34404-34466 (July 15, 2009).  
These NAAQS became effective on April 12, 2010. 

 
 Nowhere did the USFS attempt to analyze the degree to which the North Porcupine LBA 
would affect nitrogen dioxide concentrations on an hourly basis.  In fact, the RTC simply states, 
“NO2 was fully considered and analyzed throughout the document (FEIS).”  RTC at 68.  This is 
simply not the case.   
 
 Although the Wright Area Coal FEIS notes that in 2010, the EPA set a new 1-hour NO2 
standard, there is no analysis of the LBA to concentrations of this harmful pollutant.  This is 
disconcerting not only in light of what the NAAQS require, but in light of the Wright Area Coal 
FEIS’s disclosure regarding the danger of nitrogen dioxide.  As the FEIS states, “[N]itrogen 
dioxide (NO2) [] is a highly reactive, reddish brown gas that is heavier than air and has a pungent 
odor.  NO2 is by far the most toxic of several species of NOx.”  FEIS at 3-78.  The BLM 
continues to note that nitrogen dioxide “may cause significant toxicity because of its ability to 
form nitric acid with water in the eye, lung mucous membranes, and skin,” “may cause death by 
damaging the pulmonary system,” and “may exacerbate pre-existing respiratory conditions, or 
increase the incidence of respiratory infections.”  Id.  The BLM discloses, “there is concern 
about the potential health risk associated with short-term exposure to NO2 from blasting 
emission.”  FEIS at 3-81.  
 
 The failure to analyze and assess impacts of the North Porcupine LBA to 1-hour NO2 
concentrations is further troubling because according to the BLM, on a cumulative basis, there 
are violations occurring in the Powder River Basin that are projected to worsen.  Modeling 
prepared for the BLM as part of the Powder River Basin Coal Review shows that background 1-
hour NO2 concentrations in Montana are at 217.43 parts per billion, already more than twice the 
NAAQS.  See AECOM, Update of Task 3A Report for the Powder River Basin Coal Review 
Cumulative Air Quality Effects for 2020, Prepared for Bureau of Land Management, High Plains 
District Office, Wyoming State Office, and Miles City Field Office (Dec. 2009) at ES-6, 
available at 
http://www.blm.gov/wy/st/en/programs/energy/Coal_Resources/PRB_Coal/prbdocs/coalreview/t
ask_3a-2020.html (last accessed Nov. 17, 2011).  This report is attached as Exhibit 13.  As the 
table below shows, by 2020, these concentrations are expected to worsen to as high as 235.35 
parts per billion.  As the Wright Area Coal FEIS itself notes, “the modeling results indicate that 
the 1-hour NO2 concentrations at Montana near-field receptors for 2020 would exceed EPA’s 
new 1-hour NAAQS (0.001 [parts per million] or 188.1 [micrograms/cubic meter].”  FEIS at 4-
48.  Unfortunately, the FEIS makes no effort to analyze cumulative NO2 impacts in the Wyoming 
portion of the Powder River Basin. 
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Baseline and Projected Levels of 1-hour NO2.22 
 

NAAQS Standard 2004 Baseline 
Concentration 

2020 Lower Coal 
Development 

Scenario 

2020 Upper Coal 
Development 

Scenario 
1-hour NO2 100 ppb 217.43 ppb 233.97 ppb 235.35 ppb 

 
 The Wright Area Coal FEIS may assert that voluntary mitigation measures will address 
any potentially significant short-term NO2 impacts from the North Porcupine LBA, but there is 
no analysis, including any air quality analysis, or assessment to support such an assertion.  
Indeed, there is no assessment of the effectiveness of any mitigation measures, voluntary or 
otherwise, to address short-term nitrogen dioxide impacts in the context of the NAAQS.  
Furthermore, by all measures, any mitigation measures in the FEIS will fail.  As the FEIS notes, 
on a cumulative basis, hourly NO2 concentrations will exceed the NAAQS.  Furthermore, to the 
extent that the FEIS relies on voluntary measures to address any potentially significant nitrogen 
dioxide impacts, such measures cannot serve to mitigate impacts given that they are 
unenforceable. 
 
 Although it may be claimed that the State of Wyoming will address any potentially 
significant direct, indirect, and cumulative 1-hour NO2 impacts, this claim is misplaced.  To 
begin with, no modeling has been prepared by the State of Wyoming to assure compliance with 
the 1-hour NO2  NAAQS.  In fact, the State of Wyoming does not even require or otherwise 
prepare NO2 modeling prior to issuing air permits for coal mining operations in the Powder River 
Basin.  As explained already, the Wyoming Department of Environmental Quality only requires 
coal companies to model impacts to the annual particulate matter and annual NO2 NAAQS prior 
to receiving an air quality permit.  See Wyoming DEQ, PRB Coal Mine Permitting Guidance.  
No other air quality modeling or analysis is required, thus it would be incorrect to assert that the 
State of Wyoming will analyze and assess 1-hour NO2 impacts.23 
 

C. PM2.5 NAAQS 
 

 The USFS failed to analyze and assess the potentially significant impacts to the current 
NAAQS for particulate matter less than 2.5 microns in diameter (“PM2.5”).  The current NAAQS 
limit annual PM2.5 concentrations to no more than 15 micrograms/cubic meter and 24-hour 
concentrations to no more than 35 micrograms/cubic meter.  See FEIS at 3-50.  This raises 
serious concerns that the USFS failed to adequately analyze and assess the public health impacts 
of the North Porcupine LBA.  As the Wright Area Coal FEIS notes, the PM2.5 NAAQS were 
established “based on their link to serious health problems.”  FEIS at 3-51.     
 
                                                 
22 See Powder River Basin Coal Review report, Exhibit 13 at ES-6.  Data for NO2 is presented in the report in terms 
of microgram/cubic meter concentrations.  For ease of comparison with the NAAQS, which are expressed in terms 
of parts per billion, the microgram/cubic meter concentration was converted to parts per billion.  Additionally, the 1-
hour NO2 concentrations were only modeled for the Montana portion of the Powder River Basin. 
23 Furthermore, as mentioned in the ozone discussion above, NEPA does not apply to state actions.  Thus, any 
Wyoming Department of Environmental Quality permitting process cannot possibly be relied upon as a substitute 
for NEPA compliance. 
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 We are particularly concerned that, although the Wright Area Coal FEIS in one section 
seems to imply that current PM2.5  concentrations are not exceeding the NAAQS, the cumulative 
effects analysis indicates that current background PM2.5 concentrations are exceeding the 24-
hour NAAQS and are projected to exceed both the annual and 24-hour NAAQS.  Contrast FEIS 
at 3-50 with FEIS at 4-47.  Either way, nowhere in the FEIS does the USFS analyze the degree to 
which the North Porcupine LBA will affect annual and 24-hour PM2.5 concentrations or assess 
the significance of these impacts.  In fact, the Supervisor’s ROD does not even mention PM2.5.  

 
 The failure to analyze and assess impacts of the North Porcupine LBA to annual and 24-
hour PM2.5 concentrations is particularly troubling in light of the current and projected 
exceedances.  Modeling prepared for the BLM as part of the Powder River Basin Coal Review 
shows that background 24-hour PM2.5 concentrations are, on a cumulative basis, already at 87.6 
micrograms/cubic meter, more than twice the NAAQS.  See Powder River Basin Coal Review 
report, Exhibit 13 at ES-6.  As the table below shows, by 2020, these concentrations are expected 
to worsen and exceedances of both the annual and 24-hour NAAQS are projected under both a 
low and upper coal development scenario.  Furthermore, the modeling shows that coal mines and 
coal-related activities are going to be significant contributors to annual and 24-hour PM2.5 
concentrations.  Id. at 3-4.   
 

Baseline and Projected Levels of PM2.5.24
 

 

NAAQS Standard 2004 Baseline 
Concentration 

2020 Lower Coal 
Development 

Scenario 

2020 Upper Coal 
Development 

Scenario 
Annual PM2.5 15 µg/m3 13.4 µg/m3 16.3 µg/m3 16.3 µg/m3 
24-hour PM2.5 35 µg/m3 87.6 µg/m3 218.4 µg/m3 218.4 µg/m3 
 
 Finally, although it may again be claimed that the State of Wyoming will address any 
potentially significant direct, indirect, and cumulative PM2.5 impacts, this claim is misplaced.  To 
begin with, no modeling has been prepared by the State of Wyoming to assure compliance with 
the PM2.5 NAAQS.  Furthermore, as explained already, the Wyoming Department of 
Environmental Quality only requires coal companies to model impacts to the annual particulate 
matter and annual NO2 NAAQS prior to receiving an air quality permit.  See Wyoming DEQ, 
PRB Coal Mine Permitting Guidance.  No other air quality modeling or analysis is required, thus 
it would be incorrect to assert that the State of Wyoming will analyze and assess PM2.5 impacts, 
or that any State process will serve as a reasonable surrogate for the USFS to rely upon to 
comply with NEPA.25 
 

D. PM2.5 Increments for Class I Areas 
 

 The USFS failed to analyze and assess the potentially significant impacts to the current 
                                                 
24 See Powder River Basin Coal Review report, Exhibit 13 at ES-6.   
25 Furthermore, as mentioned in the ozone discussion above, NEPA does not apply to state actions.  Thus, any 
Wyoming Department of Environmental Quality permitting process cannot possibly be relied upon as a substitute 
for NEPA compliance. 
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Class I increments for 24-hour PM2.5.  Increments are similar to the NAAQS, although they 
apply based on whether an area is designated as Class I or Class II.  In this case, the EPA 
adopted Class I increments for 24-hour PM2.5 on October 20, 2010, limiting concentrations to no 
more than 2 micrograms/cubic meter.  See 75 Fed. Reg. 64864-64907. 
 
 Despite this, there is no analysis or assessment of the impacts of the North Porcupine 
LBA to the 24-hour PM2.5 increment.  In fact, the Wright Area Coal FEIS does not even 
acknowledge the existence of the 24-hour PM2.5 increment  See FEIS at 3-50.  This is 
disconcerting because again, modeling prepared for the BLM as part of the Powder River Basin 
Coal Review shows that background 24-hour PM2.5 concentrations are, on a cumulative basis, 
already exceeding the increment in three nearby Class I areas—the Northern Cheyenne Indian 
Reservation in Montana, Badlands National Park in South Dakota, and Wind Cave National Park 
also in South Dakota.  See Powder River Basin Coal Review report, Exhibit 13 at ES-7.  As the 
tables below show, by 2020, background 24-hour PM2.5 concentrations are expected to worsen, 
with exceedances of the increment reported in all three Class I areas under both low and upper 
coal production scenarios.  The modeling also shows that coal mines and coal-related activities 
are going to be significant contributors to annual and 24-hour PM2.5 concentrations.  Id. at 3-4.   
 

Baseline and Projected Increment Levels,  
Northern Cheyenne Indian Reservation (MT).26 

 

Increment Standard 
(µg/m3) 

2004 Baseline 
Concentration 

(µg/m3) 

2020 Lower Coal 
Development 

Scenario (µg/m3) 

2020 Upper Coal 
Development 

Scenario (µg/m3) 
24-hour PM2.5 2 3.4 4.5 4.6 
 

Baseline and Projected Increment Levels,  
Badlands National Park (SD). 

 

Increment Standard 
(µg/m3) 

2004 Baseline 
Concentration 

(µg/m3) 

2020 Lower Coal 
Development 

Scenario (µg/m3) 

2020 Upper Coal 
Development 

Scenario (µg/m3) 
24-hour PM2.5 2 2.1 3.0 3.1 
 

Baseline and Projected Increment Levels,  
Wind Cave National Park (SD). 

 

Increment Standard 
(µg/m3) 

2004 Baseline 
Concentration 

(µg/m3) 

2020 Lower Coal 
Development 

Scenario (µg/m3) 

2020 Upper Coal 
Development 

Scenario (µg/m3) 
24-hour PM2.5 2 3.8 4.6 4.7 
 
 The failure of the USFS to analyze and assess impacts to the 24-hour PM2.5 increment is 

                                                 
26 All increment data is presented in the Powder River Basin Coal Review report, Exhibit 13 at ES-7. 
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especially of concern because the Grassland Plan explicitly requires the Agency to “[e]nsure 
emissions from projects on the Grassland [] are within Class I [] ranges.”  Grassland Plan at 1-1-
9, Physical Resources, Air Standard 3.  Without an analysis of the impacts of the North 
Porcupine LBA to 24-hour PM2.5 increments in Class I areas, the Supervisor has no basis to 
assert that consent to the North Porcupine LBA will ensure compliance with the Grassland Plan. 
 

E. PM10 NAAQS and Increments 
 
 Particulate matter less than 10 microns in diameter, or PM10, is a harmful pollutant for 
which the EPA has established NAAQS and increments in order to protect public health.  See 40 
C.F.R. §§ 50.10 and 52.21(c).  The Wright Area Coal FEIS explains:  
 

Particulates, especially fine particles, have been linked to numerous respiratory 
related illnesses and can adversely affect individuals with pre-existing heart or 
lung diseases (EPA 2007a).  They are also a major cause of visibility impairment 
in many parts of the United States.  While individual particles cannot be seen with 
the naked eye, collectively they can appear as black soot, dust clouds, or gray 
hazes. 

 
FEIS at 3-55-3-66. Currently, the NAAQS limit PM10 concentrations to no more than 150 
micrograms/cubic meter, although Wyoming ambient air quality standards also limit annual 
PM10 concentrations to no more than 50 micrograms/cubic meter.  See FEIS at 3-50.  The 
increments limit 24-hour PM10 concentrations to no more than 8 micrograms/cubic meter in 
Class I areas. 
 
 In analyzing the impacts of the North Porcupine LBA, the Wright Area Coal FEIS did not 
overlook the fact that a number of exceedances of the 24-hour PM10 NAAQS have occurred in 
the region of the North Antelope Rochelle coal mine.  As the Agency states, “From 2001 through 
2006 there were a total of nine exceedances of the 24-hour PM10 particulate matter standard 
associated with the Black Thunder, Jacobs Ranch, and North Antelope Rochelle mines.”  FEIS at 
3-55.  Nor did the FEIS deny that the North Porcupine LBA would contribute to future 
exceedances of the 24-hour PM10 NAAQS.  As the FEIS, the cumulative impacts of the North 
Porcupine LBA would include exceedances of the 24-hour PM10 NAAQS, leading to 
concentrations as high as 624.1 micrograms/cubic meter, even under a low production scenario.  
See FEIS at 4-41.  This is more than four times the level of the NAAQS.  Nor did the FEIS gloss 
over the fact that exceedances of the 24-hour PM10 increments are not only currently occurring in 
Class I areas, but that exceedances are projected to occur on a cumulative basis in no fewer than 
three nearby Class I areas.  See FEIS at 4-50. 
 
 Despite these disclosures, the USFS concluded that the North Porcupine LBA would 
comply with the 24-hour PM10 NAAQS and increments.   Unfortunately, what the USFS failed 
to do is prepare any analysis and assessment to support this finding.  On the contrary, the 
analysis and assessment in the FEIS seems to support an entirely opposite conclusion. 
 
 The FEIS appears to assert that compliance with State of Wyoming air quality permitting 
requirements would prevent exceedances of the 24-hour PM10 NAAQS and increments.  This is a 
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dubious statement, to say the least.  Even under current air quality permits, exceedances of the 
NAAQS are occurring.  This is significant because BLM discloses that, “monitoring results have 
been used in lieu of short-term (24-hour) modeling for assessing short-term coal mining-related 
impacts in the PRB.”  FEIS at 3-58.  In other words, only monitoring, not modeling, has been 
used to ensure compliance with the NAAQS.  In light of this, there is no indication that future 
permits will ensure compliance in light of monitored exceedances.  This is underscored by the 
FEIS’s own cumulative effects analysis, which shows that exceedances of the 24-hour PM10 
NAAQS will occur, even at similarly permitted production rates.  
 
 Furthermore, as the FEIS clearly demonstrates, exceedances of the 24-hour PM10 
increments are currently occurring on the Northern Cheyenne Indian Reservation and in Wind 
Cave National Park.  See FEIS at 4-50; see also, Powder River Basin Coal Review report, 
Exhibit 13 at ES-7.  By 2020, exceedances are projected in these two Class I areas, in addition to 
Badlands National Park, even under a low coal production scenario.  The tables below illustrate 
the increment exceedances that are occurring and are projected to occur. 
 

Baseline and Projected Increment Levels,  
Northern Cheyenne Indian Reservation (MT).27 

 

Increment Standard 
(µg/m3) 

2004 Baseline 
Concentration 

(µg/m3) 

2020 Lower Coal 
Development 

Scenario (µg/m3) 

2020 Upper Coal 
Development 

Scenario (µg/m3) 
24-hour PM10 8 9.6 12.9 13.2 
 

Baseline and Projected Increment Levels,  
Badlands National Park (SD). 

 

Increment Standard 
(µg/m3) 

2004 Baseline 
Concentration 

(µg/m3) 

2020 Lower Coal 
Development 

Scenario (µg/m3) 

2020 Upper Coal 
Development 

Scenario (µg/m3) 
24-hour PM10 8 5.9 8.5 8.8 
 

Baseline and Projected Increment Levels,  
Wind Cave National Park (SD). 

 

Increment Standard 
(µg/m3) 

2004 Baseline 
Concentration 

(µg/m3) 

2020 Lower Coal 
Development 

Scenario (µg/m3) 

2020 Upper Coal 
Development 

Scenario (µg/m3) 
24-hour PM10 8 10.9 13.0 13.3 
 
 The fact is that state air quality permitting requirements and rules do not always prevent 
exceedances or violations of the NAAQS or increments.  Comments from the EPA directly 
spoke to this fact.  As the Agency stated, “mine emissions or emissions from other area sources 

                                                 
27 All increment data is presented in the Powder River Basin Coal Review report, Exhibit 13 at ES-7. 
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must be reduced before PRB operations are expanded to realize the upper range of future coal 
production.”  EPA Comments on Wright Area Coal DEIS, Exhibit 10 at 1 (emphasis added).  
The EPA further stated, “We recommend that the Final EIS add additional mitigation measures 
to reduce fugitive dust emissions.  Id.  In fact, the EPA pointed out that existing best available 
control measures for PM10, stating: 
 

[W]e are recommending that the Final EIS analyze more effective dust control 
measures than the current Best Available Control Technology (BACT) and Best 
Available Control Measure practices and require additional mitigation to reduce 
fugitive dust from mining the lease tracts and the cumulative effects of mining in 
the surrounding area.   

 
EPA Comments, Exhibit 10, Cover Letter at 1.  This further exemplifies that there is no support 
for any claim that state air quality rules and permitting requirements will assure compliance with 
the 24-hour PM10 NAAQS and increments.  Absent “additional mitigation measures” or a 
demonstration that mine emissions will be reduced, the USFS further has no basis for asserting 
that the FEIS adequately analyzes and assess impacts to the 24-hour PM10 NAAQS or the 
increments 
 
 Perhaps the failure to conduct an adequate analysis and assessment of PM10 impacts 
stems from the USFS’s claim that it lacks authority to mitigate air quality impacts.  This 
assertion is baseless as Grassland Plan explicitly requires the USFS to “Conduct all land 
management activities in such a manner as to comply with all applicable federal, state, and local 
air-quality standards and regulations” and to ensure that emissions “are within Class I [] ranges.”  
The 24-hour PM10 NAAQS and increments are both clearly federal air quality standards and 
what’s more, the increments represent the “Class I” ranges referred to in the Grassland Plan.  
Thus, the USFS not only has the authority, but the duty, to mitigate impacts in order to protect 
these standards, and therefore to ensure that impacts are adequately analyzed and assessed.  The 
failure to do so violates NEPA. 
 

F. Visibility 
 
 The Wright Area FEIS disclosed that visibility would be further impaired in a number of 
special areas, including Class I areas under the Clean Air Act and other sensitive Class II areas.  
Unfortunately, the USFS made no effort to assess the significance of these impacts in accordance 
with NEPA. 
 
 This oversight is significant, particularly in the context of Class I areas under the Clean 
Air Act.  The Wright Area Coal FEIS discloses that nationally, the Clean Air Act has set a goal 
of “prevent[ing] any future, and remedy[ing] any existing, impairment of visibility in mandatory 
Federal Class I areas that result from manmade pollution.”  FEIS at 3-91.  EPA regulations state 
that the term “visibility impairment” is defined as “any humanly perceptible change in visibility 
(light extinction, visual range, contrast, coloration) from that which would have existed under 
natural conditions.” 40 C.F.R. § 51.301.  The regulations state that “[a] single source that is 
responsible for a 1.0 deciview change or more should be considered to ‘cause’ visibility 
impairment” and that “determining whether a source ‘contributes’ to visibility impairment 
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should not be higher than 0.5 deciviews.”  40 C.F.R. § 51 Appendix Y, Section III A. 1.28 
 
 The FEIS discloses that, even under a low production scenario, the North Porcupine LBA 
will increase the number of additional days in which visibility impacts will be greater than 1.0 
deciview at 16 Class I areas, including Badlands National Park, Bridger Wilderness Area, 
Fitzpatrick Wilderness area, Fort Peck Indian Reservation, Gates of the Mountain Wilderness 
Area, Grand Teton National Park, North Absaroka Wilderness Area, North Cheyenne Indian 
Reservation, Red Rock Lakes, Scapegoat Wilderness Area, Teton Wilderness Area, Theodore 
Roosevelt National Park, UL Bend Wilderness Area, Washakie Wilderness Area, Wind Cave 
National Park, and Yellowstone National Park.  See FEIS at 4-51.  In the case of the Northern 
Cheyenne Indian Reservation and Badlands National Park, the number of additional days where 
visibility impacts will be greater than 1.0 deciview will be 59 and 44, respectively, under the low 
development scenario, the highest of any Class I areas. 
 
 Despite these disturbing disclosures, the USFS made no attempt to assess the significance 
of these projected visibility impacts, or to otherwise address such impacts through mitigation or 
other measures.  It is as if the Agency simply disclosed the potential impacts, then did nothing 
more.  This is utterly contrary to NEPA, which not only requires an analysis, but an assessment 
of the significance of impacts to ensure informed decisionmaking.  See 40 C.F.R. §§ 1502.16, 
1508.7, and 1508.8. 
 
 The failure of the USFS to assess visibility impacts arising from the North Porcupine 
LBA is especially disconcerting in light of the fact that the State of Wyoming has done nothing 
to address such impacts.  Indeed, the EPA has officially declared that Wyoming, among many 
other states, has failed to submit rules to address visibility impacts from sources of air pollution 
within the State.  See Finding of Failure to Submit State Implementation Plans Required by the 
1999 Regional Haze Rule, 74 Fed. Reg. 2392-2395 (Jan. 15, 2009).  Thus, the USFS has no 
reasonable basis upon which to rely on the State of Wyoming to address visibility impacts under 
NEPA. 
 
 

V.  The Supervisor Failed to Adequately Analyze Indirect and Cumulative Air 
Quality Impacts 

 
The North Porcupine consent decision is also unlawful because the Supervisor failed to 

adequately analyze the indirect and cumulative air quality impacts associated with the North 
Porcupine LBA.  As mentioned above, NEPA requires the USFS to analyze the indirect impacts 
of the North Porcupine consent decision, as well as the cumulative impact of this decision when 
combined with all other past, present, and reasonably foreseeable future actions.  See 40 C.F.R. § 
1508.25(c), 1508.7.   Moreover, these analyses must be comparative: NEPA requires a robust 
comparison of the indirect and cumulative impacts of different alternatives.  Id. §§ 1502.14, 
1502.16. 
 
                                                 
28 The BLM explains a deciview is a “general measure of view impairment (13 deciviews equals a view of 
approximately 60 miles) caused by pollution.  A 10 percent change in extinction corresponds to 1.0 dv.”  FEIS at 7-
3. 
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One of the principal indirect effects of the USFS’s consent decision are the emissions 
resulting from coal combustion at the power plants receiving coal from the North Antelope 
Rochelle mine.  In addition to the CO2 emissions discussed above, coal-fired power plants emit 
significant quantities of other pollutants, such as mercury and other air toxics, sulfur dioxide 
(“SO2”), NOx, PM10, and PM2.5.  It is undisputed that these pollutants, which are generated by 
coal combustion, negatively affect human health and the environment.  See generally 
http://www.epa.gov/airquality/urbanair/ (last accessed Nov. 17, 2011) (links describing human 
health and environmental effects of SO2, NOx, PM pollution); EPA, National Emission 
Standards for Hazardous Air Pollutants From Coal and Oil-Fired Electric Utility Steam 
Generating Units and Standards of Performance for Fossil-Fuel-Fired  Electric Utility, 
Industrial-Commercial- Institutional, and Small Industrial- Commercial-Institutional Steam 
Generating Units: Proposed Rule, 76 Fed. Reg. 24976 (May 3, 2011).  Indeed, BLM itself 
admits that “pollutants generated by coal combustion that can cause health problems are 
particulates, sulfur and nitrogen oxides, trace elements[,] . . . organic compounds,” mercury, and 
other metals such as lead and cadmium.  FEIS at 4-151.  Thus, in order to satisfy NEPA, the 
USFS and BLM were required to (a) thoroughly consider the environmental and health effects of 
power plant emissions resulting from this additional supply of North Antelope Rochelle coal, and 
(b) compare those estimated emissions under different alternatives.  See 40 C.F.R. §§ 1502.14, 
1502.16. 

 
Here, however, the USFS and BLM completely failed to analyze the indirect air quality 

effects of the North Porcupine LBA.  Neither the FEIS nor the ROD include any discussion of 
the effects of mercury and other air toxics, SO2, NOx, PM10, and PM2.5, and other emissions that 
will result from the combustion of this coal.  This omission is a patent violation of NEPA.  On 
this basis alone the North Porcupine ROD must be overturned. 

 
Although the FEIS does include a few brief mentions of mercury emissions (see 

generally FEIS at 4-151 to 4-154), these conclusory paragraphs do not meet NEPA’s 
requirements.  See e.g. Davis v. Mineta, 302 F.3d 1104, 1122-23 (10th Cir. 2002) (rejecting 
indirect effects analysis that consisted of conclusory statements).  Conspicuously missing from 
the FEIS is any attempt to quantify or otherwise analyze the environmental, health, and 
economic impacts resulting from such emissions.  Nor does BLM make any attempt to compare 
the magnitude of these effects under different alternatives.  Because the FEIS wholly fails to 
consider the indirect impacts of mercury and other air toxics, SO2, NOx, PM10, and PM2.5, and 
other emissions from coal-fired power plants under different alternatives, the ROD violates 
NEPA. 

 
Nor can the Supervisor evade this NEPA requirement by claiming that these indirect air 

quality impacts are too diffuse to be analyzed.  Information about the amount and destination of 
North Antelope Rochelle coal is readily available from the Department of Energy.  As noted 
earlier, annual fuel receipt data from the EIA discloses every coal-fired power plant that burns 
coal from the North Antelope Rochelle coal mine.  See Exhibit 6.   Furthermore, by using the 
EPA’s Clean Air Markets data website (see http://camddataandmaps.epa.gov/gdm/index.cfm) 
and Toxic Release Inventory website (see www.epa.gov/tri), the USFS could have estimated the 
emissions mercury and other air toxics, SO2, NOx, PM10, and PM2.5, and other emissions 
associated with the combustion of this coal, and therefore could have analyzed the anticipated 
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emissions (and their effects) resulting from the North Porcupine LBA. 
 
Indeed, a quick assessment of EPA’s Clean Air Markets data indicates that coal from the 

North Antelope Rochelle mine is responsible for hundreds of thousands of tons of SO2 and NOx.  
Just looking at the 13 coal-fired power plants that burn North Antelope Rochelle coal in Arizona, 
Colorado, Kansas, Nebraska, Oklahoma, and Wyoming, EPA’s Clean Air Markets website 
discloses that these plants released 166,891 tons of SO2 and 111,771.7 tons of NOx.  See EPA, 
Clean Air Markets Data for 13 Coal-fired Power Plants (Aug. 27, 2011).  This data is attached as 
Exhibit 14.  Additionally, data regarding mercury and other toxic emissions for these facilities 
can be easily obtained from EPA’s Toxic Release Inventory website.29  For example, this data 
reports that the Martin Drake coal-fired power plant in Colorado released 92,138.22 pounds of 
toxic emissions into the air in 2010, including 7.8 pounds of lead, 10.9 pounds of mercury, and 
more.  See EPA, Toxic Release Inventory Data for Martin Drake Coal-fired Power Plant (2011), 
available at http://oaspub.epa.gov/enviro/tris_control.tris_print?tris_id=80903MRTND700SC 
(last accessed Nov. 17, 2011).  This data is also attached as Exhibit 15. 

 
Even if the USFS lacked sufficient information to fully analyze the impacts of these 

emissions, the USFS cannot simply ignore them.  See e.g. Mid States Coalition for Progress v. 
Surface Transp. Bd., 345 F.3d 520, 549 (8th Cir. 2003) (“[W]hen the nature of the effect is 
reasonably foreseeable but its extent is not, we think that the agency may not simply ignore the 
effect.”).  Instead, where there is incomplete information about air quality impacts, the Agency 
must follow the specific procedures set forth in 40 C.F.R. § 1502.22.  See Mid States, 345 F.3d at 
549-50.  Here, however, neither the BLM Nor the USFS made any attempt to satisfy the 
requirements of 40 C.F.R. § 1502.22.  Given these deficiencies, the Supervisor could not 
lawfully issue his ROD. 

 
BLM and USFS’s failure to analyze the environmental, human health, and economic 

impacts of burning the North Porcupine LBA coal is compounded by the agencies’ failure to 
consider the cumulative impacts of this consent decision.  Under NEPA, “every EIS . . . requires 
cumulative analysis of possible environmental impacts.”  New Mexico ex rel. Richardson v. 
BLM, 565 F.3d 683, 719 n.45 (10th Cir. 2009) (citing 40 C.F.R. § 1508.25(c)).  To satisfy this 
cumulative impacts requirement, at minimum the USFS should have analyzed (a) the combined 
effect of air emissions from the combustion of all the coal contained within the six Wright Area 
LBAs, and (b) the cumulative effect of these Wright Area emissions when combined with all 
other coal leases within the PRB.  The USFS did neither.  Simply put, the EIS and North 
Porcupine ROD completely fail to analyze the cumulative impacts of these coal combustion 
emissions when combined with other past, present, and reasonably foreseeable future actions.  
The North Porcupine ROD must be reversed. 
 
 

VI.  The Supervisor Failed to Comply with Grassland Plan Standards Related to 
Air Quality Protection 

 
The USFS has a duty to ensure its actions are consistent with the Grassland Plan in 

                                                 
29 Toxic Release Inventory data can also easily be accessed through EPA’s Environmental and Compliance History 
Online website at http://www.epa-echo.gov/echo/ (last accessed Nov. 17, 2011). 
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accordance with the National Forest Management Act (“NFMA”).  See 16 U.S.C. § 1604(i) 
(stating, “[r]esource plans and permits, contracts, and other instruments for the use and 
occupancy of National Forest System lands shall be consistent with the land management 
plans”).  Unfortunately, in this case the Supervisor failed to ensure that before consenting the 
North Porcupine LBA, that substantive air quality standards in the Grassland Plan would be met. 

 
The Grassland Plan in particular contains three substantive air quality standards: 

 
1. Conduct all land management activities in such a manner as to comply with all applicable 

federal, state, and local air-quality standards and regulations including: Federal Clean Air 
Act, as amended, 1990 (42 USC 7401-7671)[.] 

 
2. Meet requirements of the Prevention of Significant Deterioration (PSD), State 

Implementation Plans (SIP), and applicable Smoke Management Plans.  
 
3. Ensure emissions from projects on the Grassland and forest management activities are 

within Class I or Class II ranges. (See APPENDIX A regarding Class I Areas)[.] 
 
Grassland Plan at 1-9, Physical Resources, Air Standards 1-3.  The mandatory standards make 
clear that the USFS is obligated to comply with all “applicable federal, state, and local air-quality 
standards,” to meet requirements of “the Prevention of Significant Deterioration,” and to ensure 
emissions from projects are within “Class I or Class II ranges” as identified in Appendix A of the 
Grassland Plan. 

 
The Supervisor’s ROD in this case fell short of its legal obligations under NFMA in two 

critical ways.  First, the USFS cannot fulfill its responsibility to ensure compliance with 
applicable air quality standards in accordance with the Grassland Plan without first analyzing the 
impacts of its actions to the air quality standards.  In this case, the Supervisor blindly gave his 
consent to the North Porcupine LBA without even analyzing certain air quality impacts.  Thus 
there is no rational basis for asserting the Supervisor has complied with the Grassland Plan. 

 
Second, the Supervisor cannot approve the project knowing that its emissions, when 

combined with existing and reasonably foreseeable emissions, will result in significant 
deterioration of air quality and/or violations of NAAQS and other applicable air quality 
standards, including Class I increments.  In this case the Wright Area Coal FEIS and modeling 
prepared by the BLM shows that development of the North Porcupine LBA will exceed a 
number of federal air quality standards that apply to this area, including Class I increments, 
contrary to its duties under NFMA and the Grassland Plan.  The specific shortcomings are as 
follows: 
 

A. Ozone 
 
 The USFS entirely failed to analyze or assess the impacts of developing the North 
Porcupine LBA to ambient ozone concentrations, notwithstanding the fact that monitors in the 
region have detected numerous exceedances of the ozone NAAQS, that the Thunder Basin 
National Grassland monitor is within ninety-two percent of the NAAQS, that modeling indicates 
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ozone levels will exceed and/or violate the NAAQS, and that emissions of NOx from operations 
at the North Antelope Rochelle coal mine are expected to be significant.  In failing to analyze or 
assess the impacts of the North Porcupine LBA to ambient ozone concentrations, there is no 
support for any assertion that the USFS has complied with NFMA and the Grassland Plan’s 
requirement that “federal [] air-quality standards” be complied with. 
 

B. Nitrogen Dioxide 
 
 Similarly, the USFS did not analyze or assess the impacts of developing the North 
Porcupine LBA to the recently adopted 1-hour NO2 NAAQS, at least in the Wyoming portion of 
the Powder River Basin, which is where the North Porcupine LBA is located.  To the extent that 
the Wright Area Coal FEIS analyzed impacts to the 1-hour NO2 NAAQS in Montana, the FEIS 
shows that exceedances of the NAAQS will occur.  As the FEIS states, “the modeling results 
indicate that the 1-hour NO2 concentrations at Montana near-field receptors for 2020 would 
exceed EPA’s new 1-hour NAAQS[.]”  FEIS at 4-48.  The failure to analyze and assess the 
impacts of the North Porcupine LBA to the 1-hour NO2 NAAQS in Wyoming, coupled with the 
fact that the FEIS clearly shows that the NAAQS will be exceeded in Montana, clearly indicates 
that the USFS has failed to ensure compliance with Grassland Plan standards, in violation of 
NFMA. 
 

C. PM2.5 NAAQS and Increments 
 
 Similar to the ozone and NO2 NAAQS, the Wright Area Coal FEIS entirely fails to 
analyze and assess impacts to the 24-hour PM2.5 increments for Class I areas.  This fact, coupled 
with the fact that the FEIS and modeling prepared by the BLM indicates that exceedances of the 
24-hour PM2.5 Class I increments are occurring on the Northern Cheyenne Indian Reservation, in 
Badlands National Park, and in Wind Cave National Park, clearly indicates the USFS failed to 
comply with Grassland Plan standards that require the Agency to protect federal air quality 
standards, as well as ensure emissions are within “Class I” ranges.  
 
 Furthermore, as discussed earlier, the Wright Area Coal FEIS clearly shows that on a 
cumulative basis, the development of the North Porcupine LBA will exceed the 24-hour PM2.5 
NAAQS.  Although the FEIS asserts have been no “monitored” exceedances of the PM2.5 
NAAQS, the FEIS also discloses that there are no PM2.5 monitors in operation at the North 
Antelope Rochelle coal mine, or any of the other mines applying for coal leases under the Wright 
Area Coal FEIS.  See FEIS at 3-52—3-54.  Indeed, although the FEIS asserts that background 
24-hour PM2.5 concentrations were established based on “[d]ata collected at the Black Thunder 
Mine” (FEIS at 3-50), the FEIS show that there are only PM10 monitors in operation at the mine.  
See FEIS at 3-52.  Regardless, the USFS has an affirmative duty to protect federal air quality 
standards under the Grassland Plan, which means that the Agency has a duty to prevent future 
exceedances of the 24-hour PM2.5 NAAQS, which are clearly projected by the FEIS.  The failure 
to ensure that development of the North Porcupine LBA will prevent future exceedances of the 
24-hour PM2.5 NAAQS renders the Supervisor’s ROD in violation of NFMA. 
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D. PM10 NAAQS and Increments 
 
 As discussed earlier, the Wright Area Coal FEIS shows that on a cumulative basis, the 
development of the North Porcupine LBA will exceed the 24-hour PM10 NAAQS and increments 
for Class I areas, and that numerous exceedances of the 24-hour PM10 NAAQS have been 
recorded in recent years within the Powder River Basin. 
 
 The USFS does not seem to deny that exceedances of the 24-hour PM10 NAAQS have 
been recorded, or that the FEIS projects exceedances of the NAAQS and Class I increments, but 
rather seems to do nothing about it.  This omission is wholly misplaced in light of the Grassland 
Plan’s crystal clear and affirmative requirement that the USFS not only comply with federal air 
quality standards, but also ensure that emissions are within “Class I” ranges.  The ranges referred 
to in Appendix A of the Grassland Plan include the 24-hour PM10 Class I increment.  See 
Grassland Plan at Appendix A.  Clearly, the USFS has failed to comply with its Grassland Plan 
in accordance with NFMA. 
 
 

VII.  The Supervisor Failed to Assure Compliance with Ferruginous Hawk 
Standards 

 
 The Supervisor’s ROD violates NFMA by authorizing destruction of at least five active 
ferruginous hawk nests, in direct violation of the TBNG Grassland Plan. The ferruginous hawk is 
a USFS-designated sensitive species.  The TBNG Grassland Plan explicitly prohibits the 
development of new facilities within 0.25 miles of an active ferruginous hawk nest.  See 
Grassland Plan at 1-21, Biological Resources, Fish, Wildlife, and Rare Plants Standard 76.  The 
Plan further prohibits construction activities within 0.5 miles of an active ferruginous hawk nest 
site from between March 1 to July 31.  See id., Standard 77.  As is clear, the Grassland Plan 
outright prohibits certain activities during certain times within certain distances of active 
ferruginous hawk nests.   
 
 Despite this, the Supervisor’s ROD consenting to the North Porcupine LBA allows 
construction activities and the development of new facilities that will destroy at least five active 
ferruginous hawk nests. The Supervisor’s ROD itself nowhere mentions the need to protect 
ferruginous hawks within the lease area, or even the need to comply with the Grassland Plan. 
However, the FEIS indicates that there are at least five existing ferruginous hawk nests within 
the lease area.  See FEIS at 3-203.  It is unclear why the Supervisor did not address the impacts 
to these five ferruginous hawk nests, or explain how his ROD complied with the Grassland 
Plan’s restrictions on development.   
 
 Instead, the USFS appears to impermissibly rely on the actions of other agencies to 
satisfy its own duties under the Grassland Plan and NFMA. In the RTC, the USFS asserts that, 
because “the State of Wyoming and the U.S. Fish and Wildlife Service were both consulted,” it 
is permissible to violate the Grassland Plan’s ferruginous hawk protection standard.  See RTC at 
55.  The USFS may not, however, waive or otherwise modify its Grassland Plan standards 
simply because it may have consulted with the State of Wyoming and U.S. Fish and Wildlife 
Service. Such an approach runs squarely afoul of NFMA.   
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 The USFS seems to assert that where a “wildlife agency permit has been issued,” 
Grassland Plan Standards may be waived. This approach is not only an egregious 
misinterpretation of the Plan, it is not supported by the facts of this case.  Indeed, neither the 
State of Wyoming nor the U.S. Fish and Wildlife Service issue “wildlife agency permits” 
authorizing impacts to ferruginous hawks or other species on the TBNG that will directly result 
from coal leasing. Furthermore, to the extent “wildlife agency permits” may authorize the USFS 
in some instances to permit activities otherwise prohibited by the Grassland Plan, this provision 
does not allow the USFS to unilaterally waive Standards, such as those related to the protection 
of the ferruginous hawk.   
 
  As stated in the Grassland Plan, the USFS can only deviate from Standards on a site-
specific basis if it first “analyze[s] and document[s] [such a deviation] in management plan 
amendments.” Grassland Plan at G-56. Federal courts have recognized this requirement under 
NFMA that the USFS must amend a Plan before the USFS may issue a decision authorizing 
activities prohibited by that Plan. See Ctr. for Sierra Nevada Conservation v. U.S. Forest Serv., 
CIV. S-09-2523 LKK, 2011 WL 2119101 at *23-24 (E.D. Cal. May 26, 2011) (holding that a 
USFS “Travel Management Decision” that was inconsistent with two Forest Plans was 
prohibited because the USFS did not first amend those plans to allow the activities authorized by 
the decision). Furthermore, such amendments to the Grassland Plan may themselves require the 
preparation of an EIS. See id. at footnote 23. In issuing its consent to the North Porcupine LBA, 
the USFS has not proposed to amend the Grassland Plan.  Thus, the USFS may not simply ignore 
Standards enumerated in the Plan that protect the ferruginous hawk and its nesting sites.  
 
 The Supervisor’s ROD flagrantly violates NFMA and the Grassland Plan standards 
prohibiting new facilities and construction activities within certain distances of ferruginous hawk 
nests. The destruction of five active ferruginous hawk nests can hardly be representative of 
compliance with the Grassland Plan, and the Supervisor has provided no valid reason for 
consenting to the North Porcupine LBA without first ensuring compliance with ferruginous hawk 
protection requirements, or at the very least amending the Plan to authorize activities that are 
currently prohibited by those protection requirements.  
 
 

VIII.  The USFS Failed to Adequately Analyze and Assess Grazing Impacts 
 
 The USFS has an independent duty under NEPA to properly analyze any environmental 
and socio-economic impacts related to its proposed actions.  While BLM’s NEPA analysis is 
focused on developing the mineral estate underlying these leases, the USFS’s NEPA analysis 
should be focused on the surface estate and particularly impacts to existing land uses of the 
TBNG.  In this case, the main existing use of the proposed North Porcupine LBA is rangeland 
for livestock and wildlife.  As the ROD states, livestock grazing is a “significant management 
activit[y]” in the North Porcupine LBA area.  ROD at 7.  Unfortunately, the USFS failed to 
adequately analyze the impacts of the North Porcupine LBA to livestock grazing. 
  

Indeed, although the USFS largely defers to the BLM’s NEPA analysis, that analysis 
gave only a cursory overview of impacts to grazing lessees that will result from the leasing and 
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subsequent mining of the North Porcupine LBA.  In fact, BLM’s socio-economic impacts 
analysis in its FEIS is focused solely on projected tax revenue and employment that the mining 
activity will bring.  See FEIS at 3-300.  BLM’s analysis ignores the substantial socio-economic 
impacts that will result to area ranchers from a direct loss of grazing leases.  This exactly the 
kind of impacts analysis the USFS is required to do, but that unfortunately the Agency fell short 
of completing.  
 

The ROD and RTC merely underscore the USFS’s failure to analyze the socioeconomic 
impacts resulting from the loss of grazing land.  First, rather than acknowledge its independent 
duty under NEPA to analyze such impacts, the USFS simply recites its status as a cooperating 
agency and then cites to BLM’s EIS.  See RTC at 51-52.  As discussed earlier in this appeal, 
however, the agency’s status as a cooperating agency does not excuse it from ensuring 
compliance with NEPA.   

 
Second, even if the USFS could rely on the BLM’s EIS to satisfy its NEPA obligations, 

BLM’s own analysis was inadequate.  The USFS claims that “impacts to grazing” were 
addressed in five pages of the FEIS.  See RTC at 52.  In fact, the socioeconomic impacts from 
the loss of grazing land were not analyzed at all.  The FEIS simply lists the number of acres and 
allotments that would be lost, admits that several ranchers would lose their allotments, and 
cursorily observed that such losses might “negatively impact the ranchers that were allocated 
those AUMs for their livestock operations,” and that “the loss of TBNG grazing use due to the 
leasing and subsequent mining of the WAC LBA tracts could cause serious impacts to 
[ranchers’] livestock operations and family ranches.”  FEIS at 3-263 to 3-264.  The ROD simply 
echoes these statements.  See ROD at 25-26.  These disclosures, however, do not remedy the fact 
that the USFS has not completed any actual analysis of the social and economic effects of this 
loss of grazing land.  NEPA requires that in analyzing and assessing direct, indirect, and 
cumulative effects an EIS must consider both social and economic impacts.  See 40 C.F.R. §§ 
1502.16, 1508.8.  The FEIS and ROD are inadequate because they are merely post-hoc 
rationalizations and in fact confirm that the USFS failed to conduct an analysis of socio-
economic impacts to livestock grazing through the NEPA process.  

 
BLM’s analysis of grazing-related impacts is also inadequate because the EIS fails to 

compare those impacts under different alternatives.  Under NEPA, the discussion of a project’s 
environmental, social, and economic effects must identify how those impacts vary under 
different alternatives.  See 40 C.F.R. §§ 1502.14, 1502.15.  Here, BLM made no attempt to do 
so with respect to grazing-related impacts and the USFS’s ROD and RTC further fail to analyze 
how the impacts to livestock grazing vary by alternative.  By failing to provide a robust 
comparison of the anticipated effects under different alternatives, the FEIS violated NEPA, and 
the Supervisor’s ROD must be reversed. 

 
IX.  The USFS Failed to Adequately Analyze and Assess Compliance with 

Contemporaneous Reclamation Requirements and Associated 
Environmental Impacts 

The Supervisor also illegally relied upon BLM’s EIS because it fails to analyze the 
reclamation status at the North Antelope Rochelle coal mine as well as the ongoing direct, 
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indirect and cumulative impacts that continue to occur as a result of a lack of contemporaneous 
reclamation at not only the mine, but coal mines throughout the PRB.  One of the most important 
legal requirements for coal mining in the United States is that reclamation of mined land must be 
“as contemporaneous as possible.”  30 U.S.C. § 1202(e). Contemporaneous reclamation 
promotes environmental protection of land and water resources by minimizing the length of time 
lands are disturbed, maintaining stable non-eroding mine sites, reducing fugitive dust from un-
vegetated areas, and helping to achieve productive end land uses.  

 
Absent ensured contemporaneous reclamation, land may not be able to be restored “to a 

condition equal to or greater than the ‘highest previous use’” as required by Federal and 
Wyoming laws. See Wyo. Land Quality Regulations Ch. 3 § 2(a)(i). Contemporaneous 
reclamation is an integral part of SMCRA which Congress passed to “ensure that coal mining 
operations are conducted in an environmentally responsible manner and that the land is 
adequately reclaimed during and following the mining process.” See Office of Surface Mining 
Reclamation and Enforcement, Regulating Coal Mines.30  As Congress identified, “[b]y 
imposing workable reclamation standards nationwide through the enactment of [SMCRA], the 
unnecessary degradation of land and water resources will be avoided as the country makes good 
use of its abundant coal supply.” H.R. REP. NO. 95-218, at 57 (1977). Contemporaneous 
reclamation is especially important in the context of public grasslands because if it does not 
occur, excessive amounts of land will be tied up in coal mining operations and unavailable for 
other uses, including livestock grazing, wildlife, and recreation. Achieving contemporaneous 
reclamation and return of previously mined lands to USFS control is thus necessary to ensure 
that the “multiple use” mandate of the Forest Service is being met. 
 
 The USFS acknowledges that SMCRA is one of the legal authorities under which the 
agency and BLM evaluated the LBA tract.  See ROD at 7.  However, further review of the FEIS 
demonstrates that the USFS did not evaluate SMCRA compliance of the mine or proposed lease 
either independently or even in conjunction with BLM’s FEIS.  In the FEIS, BLM failed to meet 
the “hard look” requirements to consider environmental impacts related to bond release status. 
While BLM briefly mentions the amount of acreage of PRB mines that have attained Phase I, II, 
and III bond release in 2009 (see FEIS at 3-189), merely listing the numbers does not accurately 
analyze the cumulative reclamation status of the North Antelope Rochelle coal mine or other 
Wyoming coal mines.31  In its FEIS, BLM failed to disclose the bond release status for each of 
the Wright Area mines, including the North Antelope Rochelle coal mine. Additionally, and 
importantly, BLM does not disclose any environmental impacts related to the lack of bond 
release and subsequent lack of contemporaneous reclamation.  
 

BLM has acknowledged that it has not done this analysis, instead claiming that “a 
percentage assessment of lands that have been released from final bonding requirements is not an 
accurate assessment of ‘contemporaneous’ reclamation.”  FEIS, Appendix I, Response to 
Comments at 11; Analysis of Public Comments at 11.  BLM’s claim ignores the requirements of 
its sister agency, the Office of Surface Mining Reclamation and Enforcement (“OSMRE”), and 
REG-8 and other directives dictating that bond release is a measure of reclamation status and 
                                                 
30 See http://www.osmre.gov/rcm/rcm.shtm (last accessed Nov. 17, 2011).  
31 BLM only includes the numbers from evaluation year 2009. The cumulative numbers must be considered.  
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success.  OSMRE has repeatedly recognized the lack of progress that Wyoming coal mines are 
making on bond release.32  OSMRE has determined that the Wyoming program “[is] not 
effective in facilitating and encouraging bond release” as defined by the agency.  OSMRE, 
Wyoming Annual Oversight Report (2004) at 8, available at 
http://www.osmre.gov/Reports/EvalInfo/2004/wyoming04.pdf (last accessed Nov. 17, 2011).  
This report is attached as Exhibit 16. Partially as a result of the lack of bond release, particularly 
Phase III bonds, agency reports also express concern about the lack of contemporaneous 
reclamation. In its 2005 Wyoming Annual Oversight Report, for example, OSM found that, 
notwithstanding “the intent of SMCRA to assure that” mined land is reclaimed “as 
contemporaneously as possible,” “the gap between the acres disturbed versus reclaimed is 
widening.”  2005 Wyoming Annual Oversight Report at 7; see also 2004 Wyoming Annual 
Oversight Report at 11; 2006 Wyoming Annual Oversight Report at 9.  In 2008, OSM stated that 
the agency “has continued to review and evaluate the contemporaneous reclamation provisions 
of the Wyoming program for more than a decade.  Each review has raised some general concern 
that contemporaneous reclamation and movement of reclaimed acres towards eventual bond 
release is not fully consistent with the intent of the State’s reclamation program.”  2008 
Wyoming Annual Oversight Report at 17. 

 
By 2009, “151,186 acres have been disturbed and of that 6,197 acres (5.3%) have 

received Phase III bond release in Wyoming.” 2009 Wyoming Annual Oversight Report at 8-9. 
This ratio dropped even further in the 2010 evaluation report, with only 6,517 acres receiving 
Phase III bond release out of 162, 249 acres disturbed, or 4% acres total.  2010 Wyoming Annual 
Oversight Report at 7.  Only 341 acres were released from Phase III bonds in Fiscal Year 2009 
whereas 5,497 acres were disturbed. 2009 Report at 27.  This is a ratio of 0.06.  In 2010, only 
320 acres received Phase III release, and 5,566 acres were disturbed. 2010 Report at 8.  This is 
also a ratio of nearly 0.06. 

 
While Wyoming’s DEQ may have delegated authority to issue mining permits for the 

North Antelope Rochelle mine, the USFS has a duty under NEPA to analyze environmental, 
public health and socio-economic impacts that may result from leasing the North Porcupine tract 
for additional coal development – including ongoing and future impacts from continued 
(non)contemporaneous reclamation at the mine(s) in the PRB. As BLM’s FEIS rightly 
concludes, even though the Federal agencies “do[] not authorize mining,” they still must, 
pursuant to NEPA, consider “the impacts of mining the coal” because these impacts “are a 
logical consequence of issuing a maintenance lease to an existing mine.” FEIS at 1-4. 

 
The USFS, as the Federal surface owner for much of this LBA, is under a statutory duty 

pursuant to NEPA to analyze the direct, indirect and cumulative impacts of the impacts of 
consenting to BLM’s proposed lease including impacts that will result from a lack of reclamation 
at both the North Antelope Rochelle mine as well as other coal mines in the PRB.  This duty 
must be realized prior to authorizing additional leasing.  The NEPA process must “analyze not 
                                                 
32 See e.g., Wyoming Annual Oversight Reports for 2002, 2003, 2004, 2005, 2006, 2008, 2009, and 2010.  These 
reports are all available at http://www.osmre.gov/Reports/EvalInfo/EvalInfo.shtm (last accessed Nov. 17, 2011).  
The Wyoming reports for both 2003 and 2004 note (at page 8) not only the lack of bond releases, but also that the 
industry is trying to change performance requirements for release, rather than actually moving forward with bond 
release applications. 
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only the direct impacts of a proposed action, but also the indirect and cumulative impacts of 
‘past, present, and reasonable foreseeable future actions regardless of what agency (Federal or 
non-Federal) or person undertakes such other actions.’”  Custer County Action Ass’n v. Garvey, 
256 F.3d 1024, 1035 (10th Cir. 2001).  One of the twin aims of NEPA is that “it places upon an 
agency the obligation to consider every significant aspect of the environmental impact of a 
proposed action.” Balt. Gas & Elec. Co. v. NRDC, 462 U.S. 87, 97 (1983) (cite omitted). 
Additionally, as discussed above, the USFS evaluates a proposal to lease coal under several legal 
authorities, including NEPA and SMCRA. In order to properly evaluate the proposal under those 
authorities, the USFS should analyze documents and other information from cooperating 
agencies on the EIS (OSM and DEQ) that show that the North Antelope Rochelle mine and coal 
mines across the Powder River Basin are failing to meet contemporaneous reclamation criteria, 
as discussed above.  See 40 C.F.R. §1508.5 (cooperating agencies); accord 46 Fed. Reg. 18062 
(1981) (40 Most Asked Questions Concerning CEQ’s NEPA Regulations) (requiring that NEPA 
documents analyze and include “joint research and studies, planning activities…” from 
cooperating agencies). “[A] reviewing court ‘may properly be skeptical as to whether an EIS’s 
conclusions have a substantial basis in fact if the responsible agency has apparently ignored the 
conflicting views of other agencies having pertinent expertise.’” Davis v. Mineta, 302 F.3d 1104 
(10th Cir. 2002) (cite omitted). 

 
If a logical result of leasing the coal is that more land will be disturbed and not reclaimed 

in a timely manner, as the information from OSM and DEQ affirmatively demonstrates, then 
the USFS must analyze those impacts through a NEPA document analyzing the impacts of 
authorizing the additional lease of national public coal reserves.  See 40 C.F.R. § 1502.16 
(requiring analysis of direct and indirect effects including “[t]he environmental effects of 
alternatives including the proposed action.”).  The USFS’s failure to analyze this issue resulted in 
the agency’s concurrent failure to analyze any environmental, socio-economic, or public health 
impacts that result because of untimely reclamation.  
 

In addition to failing to analyze reclamation status and resulting impacts—now or 
foreseeable in the future—the USFS has not complied with its duties under NEPA to consider a 
reasonable range of alternatives and mitigation options related to reclamation.  

 
Through comments on BLM’s draft and final EISs, Appellant Powder River Basin 

Resource Council asked BLM to consider several reasonable alternatives related to reclamation, 
including delaying the lease of proposed tracts until reclamation at current tracts is complete.  
See e.g. Powder River Basin Resource Council Comments on FEIS at 4 and Comments on DEIS 
at 7-8. 

 
While BLM considered, but eliminated from detailed analysis, a delay alternative, that 

alternative was framed in the context of “tak[ing] advantage of higher coal prices and/or 
allow[ing] recovery of the potential coal bed natural gas resources in the tract prior to mining.” 
FEIS at 2-8, 2-67-68.  BLM, or the USFS, failed to consider the environmental benefits of a 
delay alternative associated with delaying a lease of the tract until the mines achieve 
contemporaneous reclamation as indicated by bond release status. Delaying leasing would not 
unduly harm the applicant because the North Antelope Rochelle mine has roughly ten years of 
recoverable coal reserves at current mining rates.  See ROD at 9.  
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Powder River Basin Resource Council also asked BLM to consider lease stipulations 

related to reclamation, suggesting that “BLM could propose a lease stipulation that would 
prevent mining associated with the lease tract until the mine achieves a certain level of final bond 
release of previously mined lands (30%, 50%, or 75% for example).”  Powder River Basin 
Resource Council Comments on FEIS at 4. 

 
Finally, Powder River Basin Resource Council suggested that BLM analyze alternatives 

such as decreasing the amount of coal leased or “leas[ing] only one tract of coal per mine, which 
would limit expansion of mining operations to one direction and allow a greater emphasis on 
reclamation.” Powder River Basin Resource Council Comments on FEIS at 4.  The Council 
explained that “if BLM slows its leasing pace, this may help to promote contemporaneous 
reclamation of previously mined lands” because more leased acreage would only be available 
after reclamation and bond release of previously leased areas. Id. 

 
By failing to consider these reasonable alternatives suggested by Powder River Basin 

Resource Council, BLM’s FEIS does not meet the requirements of NEPA. See e.g. Friends of 
Southeast’s Future v. Morrison, 153 F.3d 1059, 1065 (9th Cir. 1998) (holding that “The 
existence of reasonable but unexamined alternatives renders an EIS inadequate”). This once 
again demonstrates that the FEIS is a legally deficient document that cannot be relied upon by 
the USFS.  Additionally, as discussed above, the USFS has an independent duty to analyze 
impacts and consider alternatives related to its consent of the North Porcupine LBA. The USFS 
has failed to meet these requirements in the case of considering impacts and alternatives related 
to reclamation. 

 
In addition to failing to consider alternatives, the USFS also failed to consider mitigation 

measures related to reclamation.  Federal agencies are required to develop, discuss in detail, and 
identify the likely environmental consequences of proposed mitigation measures.  See 40 C.F.R. 
§§ 1508.25(b), 1502.14(f), 1502.16(h), and 1505.2(c). 
 
 

X.  The Supervisor Failed to Consider Mitigation Measures Related to 
Groundwater Impacts or to Ensure Compliance with SMCRA’s Mandates to 
Minimize Impacts to the Hydrologic Balance 

 
The Powder River Basin is an arid environment, with limited rainfall and surface water 

resources.  Therefore, most residents, including Appellants’ members, rely upon groundwater 
resources for home and ranch use, including water from the coal seams of the PRB.  In 
evaluating additional leasing, the USFS fails to analyze how, if at all, hydrologic reclamation 
will occur and, in particular, alternatives and mitigation measures which would ensure 
reestablishment of the hydrologic balance. 

 
The FEIS discloses significant site-specific and cumulative impacts to groundwater 

resources. Through surface coal mining, “[t]he overburden and coal aquifers within the leased 
tracts would be completely dewatered and removed, and the area of drawdown caused by 
overburden and coal removal would be extended…”  FEIS at 3-111.  BLM states that “[t]he rate 
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and extent of the actual drawdown in the coal is currently much greater than the life-of-mine 
drawdown predictions” and that “[r]oughly 30 years of surface mining and the more recent 
CBNG [coal-bed natural gas] development have resulted in complete dewatering of the coal 
aquifer in localized areas…”  FEIS at ES-40, 3-118.  Additionally, the Agency discloses that 
“resaturation of coal mine pit backfill to form backfill aquifers may take approximately 100 
years after cessation of mining.” FEIS at ES-67. The information in the FEIS indicates that there 
are substantial and irreparable impacts to the aquifers that will result from continued (or in this 
case expanded) mining of the North Porcupine LBA and cumulatively with the other Wright 
Area coal leases.  However, in reaching these conclusions, the BLM’s FEIS fails to analyze 
measures for hydrologic reclamation (i.e. the extent to which these adverse effects “can be 
avoided” or mitigated).  Robertson, 490 U.S. at 351-52 (emphasis supplied); see e.g. 40 C.F.R. § 
1502.14(f) (an EIS must “[i]nclude appropriate mitigation measures not already included in the 
proposed action or alternatives”). 

 
The USFS must conduct a thorough analysis of impacts and mitigation measures to 

demonstrate their enforceability and effectiveness.  See e.g. 40 C.F.R. § 1502.14(f) (an EIS must 
“[i]nclude appropriate mitigation measures not already included in the proposed action or 
alternatives”).  The USFS has a duty to consider mitigation clearly within its authority (such as 
lease stipulations) and mitigation and alternatives not within its jurisdiction.  

 
Moreover, BLM’s analysis of groundwater impacts and water restoration in the FEIS 

fails to properly analyze compliance with SMCRA’s requirements. The BLM’s cooperating 
agency on the FEIS, OSM, has determined that achievement of surface water quality and 
quantity restoration and ground water recharge capacity and quantity and quality restoration is to 
be measured by Phase III bond release.  See OSM Directive REG-8, Oversight of State 
Regulatory Programs (December 21, 2006) at 1-12, available at 
www.osmre.gov/guidance/directives/archive/directive921.pdf (last accessed Nov. 17, 2011).  By 
this measure, hydrologic reclamation is not being achieved in the Powder River Basin or at the 
North Antelope Rochelle coal mine.  See 2009 Wyoming Annual Oversight Report at 8-9 (AR 
093587) (“[t]o date 151,186 acres have been disturbed and of that 6,197 acres (5.3%) have 
received Phase III bond release in Wyoming.”) 

 
BLM also has an obligation to analyze cumulative impacts and consider reasonable 

measures to mitigate those impacts. As BLM’s FEIS acknowledges, “groundwater impacts from 
CBNG [coalbed natural gas] development and surface coal mining are additive in nature 
and…the addition of CBNG development has greatly extended the area experiencing a loss of 
hydraulic head to the west of the mining area.”  FEIS at ES-65.  The FEIS further states that 
“[d]ewatering activities associated with CBNG development have overlapped with and expanded 
the area of groundwater drawdown in the coal aquifer in the PRB over what would occur due to 
coal mining development alone, and this would be expected to continue” with the addition of the 
new lease tracts.  FEIS at 4-62. That said it is incumbent upon BLM to determine, analyze and 
mitigate the cumulative impacts of dewatering for mining (in conjunction with overlapping 
CBNG development). 

 
BLM fails to conduct any analysis of mitigation measures related to groundwater impacts 

in this FEIS and thus violates NEPA’s “hard look” requirements.  Consequently, the 
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Supervisor’s ROD is similarly in violation of NEPA and must be reversed. 
 
 

REQUEST FOR RELIEF 
 

 For the aforementioned reasons, the Appellants hereby request the following relief: 
 
1. That the ROD consenting to the issuance of the North Porcupine LBA be set aside on 

the grounds that it violates NEPA, SMCRA, NFMA, the Grassland Plan, the 
Administrative Procedure Act, and other federal laws and regulations.    

 
2. That if the USFS decides to continue offering its consent to the North Porcupine 

LBA, the Supervisor be instructed to complete an independent analysis of the 
impacts, including consideration of a range of reasonable alternatives, of consenting 
to the LBA in accordance with NEPA. 

 
3. That if the USFS decides to continue offering its consent to the North Porcupine 

LBA, that the Secretary of Agriculture first determine whether the lands in question 
are suitable for surface mining in accordance with SMCRA and ensure compliance 
with SMCRA’s substantive requirements. 

 
4. That if the USFS decides to continue offering its consent to the North Porcupine 

LBA, that the Supervisor be instructed to fully analyze and assess the indirect and 
cumulative global climate change impacts associated with the LBA, and fully 
consider in detail a range of alternatives to address the global climate change impacts 
associated with the LBA. 

 
5. That if the USFS decides to continue offering its consent to the North Porcupine 

LBA, that the Supervisor be instructed to fully analyze and assess the direct, indirect, 
and cumulative air quality impacts associated with development of the LBA and 
protect air quality standards in accordance with the Grassland Plan. 

 
6. That if the USFS decides to continue offering its consent to the North Porcupine 

LBA, that the Supervisor be instructed to fully comply with all other Grassland Plan 
standards and guidelines, including standards related to the protection of ferruginous 
hawk nest sites. 

 
7. That if the USFS decides to continue offering its consent to the North Porcupine 

LBA, that the Supervisor be instructed to complete a full analysis of the socio-
economic impacts to livestock grazing. 

 
8. That if the USFS decides to continue offering its consent to the North Porcupine 

LBA, that the Supervisor be instructed to Ensure Compliance with Contemporaneous 
Reclamation Requirements and Groundwater Protection Requirements Under 
SMCRA. 
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Statement of 
Tom Tidwell, USDA Forest Service Chief 

 
Before the 

Senate Committee on Appropriations 
Subcommittee on Interior, Environment, and Related Agencies 

 
Concerning 

 
The President’s Budget Request for the USDA Forest Service in Fiscal Year 2011 

 
March 17, 2010 

 
Madam Chairman and members of the subcommittee, it is a privilege to be here today to discuss 
the President’s Budget request for the Forest Service in fiscal year (FY) 2011. I appreciate the 
support this subcommittee has shown the Forest Service in the past, and I look forward to 
collaborating in the future to provide more of the things the American people want and need 
from our Nation’s forests and grasslands. I am confident that this budget will enable the Forest 
Service to do just that.  
 
Our Nation’s forests and grasslands, both public and private, are social, economic, and 
environmental assets. They provide many ecosystem services on which society relies, including 
clean water, scenic beauty, outdoor recreation, fish and wildlife habitat, natural resource jobs, 
forest products, renewable energy, carbon sequestration, and more. In pursuit of these and other 
services, the Forest Service manages 193 million acres on 155 national forests and 20 grasslands. 
In addition, to help improve stewardship of lands outside the National Forest System, the agency 
partners with and provides technical assistance to a range of other Federal agencies as well as 
State, local, and Tribal governments, private landowners, and nonprofit organizations. The 
agency also engages in cutting-edge research on climate change, wildfires, forest pests and 
diseases, ecological restoration, and a range of other conservation issues.  
 
The Budget reflects the President’s priorities and Secretary of Agriculture Tom Vilsack’s vision 
for restoring and enhancing the resilience and productivity of America’s forests. In accordance 
with our mission of sustaining the health, diversity, and productivity of the nation’s forests and 
grasslands, the Forest Service is taking an all-lands approach, working across boundaries and 
ownerships to address the critical issues facing our Nation’s forest and grassland ecosystems on a 
landscape scale. Further, the budget proposes to integrate Forest Service programs in a new way 
that will better position the agency to tackle long-standing and urgent forest health, wildlife, 
forest restoration, and community vitality needs.   
 
The President’s Budget request for the Forest Service for FY11 totals $5.38 billion in 
discretionary appropriations, a $61 million increase over the FY10 enacted level. The Budget 
reflects a new and significant shift in the way the agency will address forest management on 
National Forest System (NFS) lands.  The President’s Budget focuses Forest Service resources to 
support more watershed and ecosystem improvement efforts based upon a variety of 
management actions, including mechanical removal of timber, road decommissioning, and 
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wildlife habitat improvement. The Budget adopts an ecosystem-based approach to forest 
management that focuses on enhancing forest and watershed resiliency, preventing the loss of 
large carbon sinks, and maintaining jobs.  To address the need to protect forest resources and 
wildlife habitat in an era of global climate change, the Budget establishes a pilot program for 
long-term, landscape scale restoration activities that emphasize resiliency, health, and sustainable 
economic development. 
 
 
Ecological Restoration  
 
In FY 2011, the Forest Service will work to meet the challenge of restoring healthy, resilient 
ecosystems capable of delivering the ecosystem services that Americans depend upon, especially 
clean and abundant water.  The Administration proposes restructuring the Forest Service budget 
as a key step that will allow us to focus more on high priority restoration work.  The new budget 
line item, Integrated Resource Restoration, will combine the Forest Products, Vegetation and 
Watershed Management, and Wildlife and Fisheries Management budget line items.  The FY 
2011 budget proposes $694 million for Integrated Resource Restoration work under this line 
item.   
 
We believe this new line item better reflects much of the current work we do and, even more 
importantly, better forecasts the future direction we need to take to achieve ecological restoration 
work.  The agency will integrate traditional timber activities predominately within the context of 
larger restoration objectives, focusing on priority watersheds in most need of stewardship and 
restoration work, pursuing forest products when they support watershed, wildlife, and restoration 
goals.  We will also greatly expand the use of the stewardship contracting authority to meet 
restoration objectives and build in longer-term contracting certainty for communities and the 
private sector to invest in the kind of forest restoration infrastructure we will need to achieve 
these objectives. 
 
The new budget line item consists of three activities:  $604 million for Restoration and 
Management of Ecosystems, $40 million for the Collaborative Forest Landscape Restoration Act 
(CFLRA), and $50 million for Priority Watersheds and Job Stabilization.  Projects under the 
second two will be selected through a national competitive process and are discussed below.  The 
$604 million for Restoration and Management of Ecosystems will be allocated in part based on 
the number of smaller watersheds (6th level hydrological unit codes, which average 10,000 acres) 
in critical need of restoration, while a substantial portion of the funds will be used to fund 
restoration activities across the National Forest System.  This will allow National Forests to 
focus local projects on improving watershed condition while continuing to carryout critical, 
ongoing ecological restoration work.  While we have not worked out the specifics for allocating 
these funds, I am convinced that this multi-pronged approach will improve our ability to achieve 
restoration and watershed improvement at various scales – from landscape level work under the 
nationally selected projects under CFLRA and the Priority Watersheds initiatives to work within 
individual NFS watersheds in need of critical restoration – while allowing the Forest Service to 
place greater focus on improving watersheds without forgoing critical ongoing restoration 
efforts.  We look forward to working with the subcommittee as we explore the best way to 
allocate these funds. 
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Collaborative Forest Landscape Restoration Fund 
 
The FY11 President’s Budget requests $40 million to fund ecosystem restoration under the 
Forest Landscape Restoration Act of 2009, the maximum amount authorized under the Act.  
Restoration treatments will focus on reducing the risk of catastrophic wildfire, improving 
watershed conditions, and building resilience to climate change on large landscapes greater than 
50,000 acres. Through the Collaborative Forest Landscape Restoration Program, the Forest 
Service will use federal funding to leverage local resources, engaging partners in collaborative 
restoration efforts on a landscape scale. Potential projects will be developed and proposed 
through multi-stakeholder collaborative planning, and will be selected by the Secretary of 
Agriculture, as advised by a Federal Advisory Committee.  Proposals must have a substantially 
complete restoration strategy, be primarily composed of National Forest System land, and be on 
lands accessible by wood-processing infrastructure. The $50 million priority watersheds 
initiative and the CFLRF will provide perfect complement to each other within the Integrated 
Resource Restoration line item, enabling the agency to target management to the diversity of 
landscape, forest, and community needs.  In FY11, the Forest Service would fund 10 projects at 
$4 million each through CFLRF.  No more than two proposals will be selected for funding in any 
one Region of the NFS.   
 
Priority Watersheds and Job Stabilization  
 
Perhaps the most important service that Americans get from wildland ecosystems has to do with 
a basic human need: water. Nearly 53 percent of the Nation’s freshwater supply originates on 
public and private forest lands, and more than 200 million people rely for their daily drinking 
water on forests and grasslands. Watersheds in good health provide good water quality, and 
watersheds that deliver plentiful supplies of pure, clean water also deliver a full range of other 
services that people need—soil protection, carbon storage, wildlife habitat, opportunities for 
outdoor recreation, and more.  
 
In FY 2011, the Forest Service proposes to invest $50 million under the new Integrated Resource 
Restoration program in Priority Watersheds and Job Stabilization. Under this initiative, the 
agency will assess the health of all of its watersheds, carry out forest restoration in national 
priority watersheds, and then focus on job creation by utilizing stewardship contracts and putting 
youth to work in rural areas.  This initiative complements the work to be accomplished under the 
Collaborative Forest Landscape Restoration Fund (CFLRF).  These watersheds will be identified 
and prioritized using State Forest Assessments, watershed conditions, costs and input from local 
communities.  Projects will be selected in areas greater than 10,000 acres.  Through this process, 
the Forest Service will work collaboratively to maintain or improve water quality and watershed 
function, improve habitat for fish and wildlife, and create local jobs in forest-based communities.   
 
Attached to the end of this statement is a list of the 12 indicators that we plan on using to assess 
the health of our watersheds under this initiative.  Fire regime condition class and percent 
vegetative cover are two examples.  These Watershed Condition Indicators are diagnostic 
indicators of the health and trend of various biological, chemical, and physical components of 
aquatic systems and associated terrestrial uplands.  The indicators represent the processes or 
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mechanisms by which management actions can potentially affect watersheds, the species which 
inhabit them, and their riparian functions and ecological processes.   
 
This initiative will yield the following results by the end of FY 2011. 
 

• Funding for projects that will improve the watershed condition class of approximately 
100 NFS watersheds that are important to the public.  

• Approximately 20 ten-year stewardship contracts offered in targeted areas around the 
Country that would provide a steady supply of forest products.  

• Over 1,000 jobs created, including a focus on jobs for youth in rural areas. 
• A map depicting the condition of the National Forest System’s approximately 12,000 

highest priority watersheds at the start of FY 2011. 
• A map depicting the locations and approximate quantities of the biomass that NFS 

intends to make available over the next ten years. 
• Experience with an alternative to litigation through the piloting of a new Appeals process.  

 
 
Responding to Climate Change 
 
Broad scientific consensus confirms that global climate change is real and that the impacts are 
altering forests and grasslands, increasing the frequency of disturbance events and diminishing 
the ecosystem services they provide. Some of the most urgent forest and grassland management 
problems of the past 20 years— wildfires, changing water regimes, and expanding forest insect 
infestations—have been driven, in part, by a changing climate; future impacts are likely to be 
even more severe.1

 

 Because America’s forests and grasslands are vital to our nation, the Forest 
Service program of work in FY11 will focus on making ecosystems more resistant to climate-
related stresses and more resilient to changing conditions. Helping ecosystems adapt to both 
current and future climates will ensure that they continue to provide the ecosystem services that 
Americans want and need, including sequestration of the heat-trapping gases that are the main 
cause of global warming. 

The President’s Budget will go a long way in supporting and reinforcing the importance of 
managing forests and grasslands to respond and adapt to changing climate.  Our new Integrated 
Resource Restoration line item is built partially around the notion that we need to adapt to 
climate change and will provide an outlet for implementation of forest level climate action plans.  
Further, I’d like to draw your attention to a very small but significant $2 million investment in 
Urban and Community forests that will result in significant and direct climate benefits by 
planting trees in the right places in our communities to help sequester carbon and reduce heating 
and cooling costs.  This cost-share program will make use of a prioritization system to maximize 
the tons of carbon removed from the atmosphere per federal dollar spent. 
 
                                                 
1 Backlund, P.; Janetos, A; Schimel, D., lead authors. 2008. The effects of climate change on agriculture, land 

resources, water resources, and biodiversity in the United States. Final report, synthesis and assessment product 
4.3. A report by the U.S. Climate Change Science Program and the Subcommittee on Global Change Research, 
Washington, DC. 342 p. 
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Fuels and Forest Health Treatments 
 
During the average fire season from 2000 to 2009, about 1.3 million acres under Forest Service 
protection have burned.  Communities expanding into the wildland/urban interface (WUI) are 
compounding the challenges of suppressing wildfire and highlighting the need to focus 
treatments in the WUI.  The Forest Service has a major role to play in reducing the threat of 
wildfire to homes and communities by reducing hazardous fuels and restoring forest and 
grassland health. 
 
In FY11, the Forest Service will direct $349 million to reducing hazardous fuels, treating 1.6 
million acres in the WUI. The agency will focus areas for treatment in partnership with 
communities using their community wildfire protection plans (CWPP), resulting in a doubling of 
the acres to be treated in areas identified in CWPPs over what is planned for FY 2010.  This 
intense focus on the WUI is part of the initiative to responsibly budget for fires.  Fires in the 
interface present the greatest risk to communities and firefighters, are the most expensive, and 
are the most complex to suppress.  By treating high-priority areas in the WUI, the Forest Service 
will reduce the threat of large wildfires and increase the effectiveness of suppression actions, 
thereby protecting communities, reducing risks to firefighters and the public, and lowering the 
costs of large wildfires.  
 
Fire Suppression and Preparedness  
 
The FY11 President’s Budget request continues to reflect the Presidential urgency to responsibly 
budget for wildfire. It provides $2.4 billion for managing wildland fire, including a more 
accurate accounting of preparedness costs while continuing full funding of the 10-year average 
for suppression costs.  To enhance accountability for fire suppression, the budget proposes 
managing fire suppression by establishing three separate accounts.  All fire suppression costs 
would be paid out of the fire suppression account, initially funded at $595 million.  This level 
would cover the costs of initial and smaller extended attack operations consistent with our target 
of maintaining a 98 percent success rate.  In addition, the budget requests $291 million for the 
FLAME account.  Funds from this account would be available for larger, more complex fires 
that escape initial attack.  The budget outlines a new approach to risk management and fire 
spending accountability, including the process for FLAME funds availability, requiring a formal 
risk decision by the Secretary of Agriculture before funds can be transferred from FLAME into 
the suppression account. 
 
In addition to fully covering the anticipated suppression costs, $282 million is proposed for a 
Presidential Wildland Fire Contingency Reserve.  These funds would be available if the Nation 
experiences an exceptional fire season and the Forest Service anticipates exhausting the amounts 
appropriated for both the suppression and FLAME funds. The Presidential Contingency account 
reduces the risk that the Forest Service would need to borrow from other programs to pay for the 
costs of fire suppression.  In such an event, increased accountability for fire spending requires a 
Presidential Declaration certifying the Forest Service is operating in an effective and accountable 
manner with all funds previously released before Contingency Funds would be made available.  
The FLAME and Presidential Contingency accounts complement each other in providing a 
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higher level of accountability for fire spending and reducing the risk that funds will need to be 
transferred from other mission critical programs to support the costs of fire suppression.   
 
I would like to thank the members of this subcommittee and their colleagues for the work they 
put in this past year in crafting and passing legislation for the FLAME Wildfire Suppression 
Reserve Fund for the Forest Service. In the past, large fire seasons have resulted in funding 
transfers from other Forest Service accounts to the detriment of critical Forest Service work.  
Funding of the FLAME Wildfire Suppression Reserve Fund and the Presidential Wildland Fire 
Contingency Reserve in the FY11 budget will enable critical Forest Service activities to proceed, 
including fuels and forest health treatments in the wildland-urban interface (WUI).   
 
The FY11 budget also contains a significant change by realigning Preparedness and Suppression 
funding, shifting readiness costs from the Suppression account into Preparedness.  This structure 
provides better transparency by realigning costs that were shifted into the Suppression account 
beginning in FY 2005.  Consistent with congressional direction, these program readiness costs 
have been moved back into the Preparedness with no net change in resource availability from 
FY10.  In sum, the President’s Budget will promote safe, effective, and accountable outcomes 
from investments made in managing fire on a landscape scale. 
 
 
Thriving Rural Communities 
 
The Secretary’s vision for 2010 and beyond calls for building a forest restoration economy that 
generates green jobs and rural prosperity. In FY11, the Forest Service will continue to develop 
new ways of bringing jobs and economic activity to rural communities. The agency will build on 
2 years of funding and project success under the American Recovery and Reinvestment Act 
(ARRA) of 2009.  ARRA projects bring jobs and economic stimulus to areas hit hardest by the 
national recession, including many forest-based communities. For example, the ARRA-funded 
Huron Fuels Reduction project in northeastern Michigan has brought $3.9 million to an area hit 
hard by the economic recession, and created over 50 jobs on fuels reduction crews for 
unemployed or underemployed members of the local communities.  Many ARRA projects 
address high-priority forestry needs, such as fuels and forest health treatments and biomass 
utilization. Our involvement has helped to stimulate collaborative efforts related to restoration, 
climate change, fire and fuels, and landscape-scale conservation.  
 
The Forest Service will also play an important role in providing expertise to landowners in  
forest-based communities to help sustain the economic viability of forest stewardship.  In 
addition, an increased focus on restoration, particularly in priority watersheds, will lead to the 
creation of more jobs in forest-based communities to carry out this high-priority work. 
 
Conclusion 
 
The President’s Budget request for FY 2011 addresses the stresses and disturbances, partly 
caused by climate change, that pose challenges to the health of America’s forests and grasslands. 
We will respond with treatments to priority watersheds identified in a science-based approach 
and restore their health to enhance their capacity in delivering ecosystem services that Americans 
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want and need. Our restoration treatments will be on a landscape scale, taking an all-lands 
approach looking across landownership boundaries to solve problems to conservation based on 
collaboration with State, Tribal, local, private, and other Federal stakeholders to achieve mutual 
goals. The Forest Service stands ready, working in tandem with other USDA agencies through 
this budget, to bring health to our forests and enhance the economic vitality of communities.   
The budget request does not include any funding for any new road construction, allowing us to 
focus on maintaining existing high-clearance and closed roads.  We are using the Travel 
Management Planning process to guide our efforts in right-sizing the Agency’s road system.  
The President’s Budget for the USDA Forest Service also contains funding for many other 
important items, such $50 million for the Legacy Roads program to help improve water quality 
and stream conditions, and an increase in the recreation budget that will help rural economies 
while creating opportunities to reconnect people to forest lands.  I look forward to sharing more 
with you about the budget and working with you to see many of those budget proposals take 
shape.   
 
Thank you for your time, and I look forward to answering your questions. 
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Attachment 1:  12 Core Watershed Condition Indicators 
 
AQUATIC PHYSICAL INDICATORS 
1. Water Quality Condition This indicator addresses the expressed alteration of 

physical, biological, or chemical impacts to water quality. 
2. Water Quantity (Flow 
regime) Condition 

This indicator addresses changes to the natural flow 
regime with respect to the magnitude, duration, or timing 
of natural streamflows hydrograph. 

3. Stream and Habitat 
Condition 

This indicator addresses stream channel and aquatic 
habitat condition with respect to habitat fragmentation, 
aquatic organism passage, wood, streambank stability, 
channel geometry, and floodplain connectivity. 

AQUATIC BIOLOGICAL INDICATORS  
4. Aquatic Biota Condition This indicator addresses the distribution, structure, and 

density of native and introduced aquatic fauna. 
5. Riparian Vegetation 
Condition 

This indicator addresses the proper functioning condition 
of riparian vegetation along streams and water bodies. 

TERRESTRIAL PHYSICAL INDICATORS  
6. Road and Trail 
Condition 

This indicator addresses the altered hydrologic and 
sediment regime changes due to the density, location, 
distribution, and maintenance of the road network.  

7. Soil Condition This indicator addresses alteration to natural soil 
condition, including erosion, nutrients, productivity, and 
physical, chemical, and biological characteristics. 

TERRESTRIAL BIOLOGICAL INDICATORS 
8. Fire Effects and Regime 
Condition  

This indicator addresses the potential for altered 
hydrologic and sediment regimes due to vegetation 
departures from historical ranges of variability. 

9. Forest Cover Condition  This indicator addresses the presence/absence of forest 
cover on lands classified as forest lands and the need to 
reestablish or restore forest cover. 

10 .Rangeland, Grassland, 
and Open Area Condition 

This indicator addresses the vegetative condition of 
rangelands, grasslands, and open areas. 

11. Terrestrial Non-native 
Invasive Species Condition 

This indicator addresses potential impacts to soil and 
water resources due to terrestrial non-native invasive 
species. 

12. Forest Health 
Condition 

This indicator addresses the condition of forest mortality 
due to major insects and diseases outbreaks and air 
pollution. 
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Tomich, J., “Peabody planning Asian coal shipments through Washington,” St. Louis Post-
Dispatch (March 2, 2011) 



STLtoday.com

Peabody planning Asian coal shipments through Washington
BY JEFFREY TOMICH • jtomich@post-dispatch.com > 314-340-8320 | Posted: Wednesday, March 2, 2011 12:00 am

Peabody Energy Corp. is joining the controversial race to supply millions of tons of coal to Asian power plants through Pacific Northwest ports.

The coal miner is partnering with Carrix Inc., the largest U.S. container terminal operator, to initially ship as much as 24 million metric tons of coal through a bulk goods terminal planned for northwest Washington.

"We're opening the door to a new era of U.S. exports from the nation's largest and most productive coal region to the world's best market for coal," Gregory H. Boyce, Peabody's chief executive, said in a statement late Monday.

The company did not release financial terms of the agreement. St. Louis-based Peabody, the world's largest private-sector coal producer, has been studying sites to accommodate Asian coal shipments for the past year. Its plans are similar to
those being pursued by Creve Coeur-based Arch Coal Inc., which is planning a coal export terminal in southwest Washington in a partnership with and Australia's Millennium Bulk Terminals LLC.

Arch and Peabody have shipped small volumes of Wyoming coal to fast-growing countries like China and India over the past couple of years.

Peabody is looking to exports of Powder River Basin coal to complement its fast-growing Australian mining operations. The company expects the global seaborne coal trade to exceed 1 billion metric tons for the first time this year with most of
the demand coming from Asia.

Increasing shipments requires new port space. Most existing coal cargoes to Asia go through British Columbia, where port capacity is limited, or the Gulf Coast, a longer, more expensive trip. No port on the U.S. West Coast has dedicated
coal-handling terminals and equipment.

Peabody's coal shipments would go through a terminal being developed near Ferndale, Wash., less than 20 miles from the Canadian border, company spokeswoman Beth Sutton said. The company developing the terminal, Seattle-based SSA
Marine, a unit of Carrix, filed a permit application with the state on Monday.

Shipments could begin within a few years, and the terminal could later be expanded to accommodate as much as 48 million tons of coal, plus 6 million to 10 million tons of other dry bulk goods such as grain, potash and iron ore, Sutton said.

The plans are certain to draw scrutiny from environmental groups already challenging a permit for the Millennium Bulk Terminals project at a former aluminum mill near Longview, Wash.

Peabody is looking to exports of Powder River Basin coal to complement its fast-growing Australian mining operations. The company expects the global seaborne coal trade to exceed 1 billion metric tons for the first time this year with most of
the demand coming from Asia.

Arch paid $25 million for a 38-percent stake in the project, which could be used to send up to 5 million tons of coal to overseas power plant owners.

The company also has an agreement with the operator of a British Columbia shipping terminal that will enable the shipment of an additional 2 million tons of Powder River Basin coal to Asia.

Critics say plans for shipping millions of tons of American coal to Asia fly in the face of efforts to limit coal use and greenhouse gas emissions in the United States.

Controversy around the Longview project escalated last month following the disclosure of documents indicating Millenium Bulk Terminals may be planning a much larger operation than originally proposed in a state permit application.

Peabody planning Asian coal shipments through Washington http://www.stltoday.com/business/local/article_45e1b38e-44ef-5cf9-bea9-2f05b3c1fe04.html?print=1
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Executive Summary 
An emissions inventory that identifies and quantifies a country's primary anthropogenic1 sources and sinks of 
greenhouse gases is essential for addressing climate change.  This inventory adheres to both (1) a comprehensive 
and detailed set of methodologies for estimating sources and sinks of anthropogenic greenhouse gases, and (2) a 
common and consistent mechanism that enables Parties to the United Nations Framework Convention on Climate 
Change (UNFCCC) to compare the relative contribution of different emission sources and greenhouse gases to 
climate change.  

In 1992, the United States signed and ratified the UNFCCC.  As stated in Article 2 of the UNFCCC, “The ultimate 
objective of this Convention and any related legal instruments that the Conference of the Parties may adopt is to 
achieve, in accordance with the relevant provisions of the Convention, stabilization of greenhouse gas 
concentrations in the atmosphere at a level that would prevent dangerous anthropogenic interference with the 
climate system.  Such a level should be achieved within a time-frame sufficient to allow ecosystems to adapt 
naturally to climate change, to ensure that food production is not threatened and to enable economic development to 
proceed in a sustainable manner.”2 

Parties to the Convention, by ratifying, “shall develop, periodically update, publish and make available…national 
inventories of anthropogenic emissions by sources and removals by sinks of all greenhouse gases not controlled by 
the Montreal Protocol, using comparable methodologies…”3  The United States views this report as an opportunity 
to fulfill these commitments. 

This chapter summarizes the latest information on U.S. anthropogenic greenhouse gas emission trends from 1990 
through 2009.  To ensure that the U.S. emissions inventory is comparable to those of other UNFCCC Parties, the 
estimates presented here were calculated using methodologies consistent with those recommended in the Revised 
1996 Intergovernmental Panel on Climate Change (IPCC) Guidelines for National Greenhouse Gas Inventories 
(IPCC/UNEP/OECD/IEA 1997), the IPCC Good Practice Guidance and Uncertainty Management in National 
Greenhouse Gas Inventories (IPCC 2000), and the IPCC Good Practice Guidance for Land Use, Land-Use Change, 
and Forestry (IPCC 2003).  Additionally, the U.S. emission inventory has continued to incorporate new 
methodologies and data from the 2006 IPCC Guidelines for National Greenhouse Gas Inventories (IPCC 2006).  
The structure of this report is consistent with the UNFCCC guidelines for inventory reporting.4  For most source 
categories, the IPCC methodologies were expanded, resulting in a more comprehensive and detailed estimate of 
emissions. 

 

[BEGIN BOX] 

Box ES-1: Methodological approach for estimating and reporting U.S. emissions and sinks 

In following the UNFCCC requirement under Article 4.1 to develop and submit national greenhouse gas emissions 
inventories, the emissions and sinks presented in this report are organized by source and sink categories and 
calculated using internationally-accepted methods provided by the IPCC.5  Additionally, the calculated emissions 
and sinks in a given year for the U.S. are presented in a common manner in line with the UNFCCC reporting 
guidelines for the reporting of inventories under this international agreement.6  The use of consistent methods to 
calculate emissions and sinks by all nations providing their inventories to the UNFCCC ensures that these reports 

                                                           
1 The term “anthropogenic”, in this context, refers to greenhouse gas emissions and removals that are a direct result of human 
activities or are the result of natural processes that have been affected by human activities (IPCC/UNEP/OECD/IEA 1997). 
2 Article 2 of the Framework Convention on Climate Change published by the UNEP/WMO Information Unit on Climate 
Change.  See <http://unfccc.int>. 
3 Article 4(1)(a) of the United Nations Framework Convention on Climate Change (also identified in Article 12).  Subsequent 
decisions by the Conference of the Parties elaborated the role of Annex I Parties in preparing national inventories.  See 
<http://unfccc.int>. 
4 See < http://unfccc.int/resource/docs/2006/sbsta/eng/09.pdf>. 
5 See < http://www.ipcc-nggip.iges.or.jp/public/index.html>. 
6 See < http://unfccc.int/national_reports/annex_i_ghg_inventories/national_inventories_submissions/items/5270.php>. 
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are comparable. In this regard, U.S. emissions and sinks reported in this inventory report are comparable to 
emissions and sinks reported by other countries.  Emissions and sinks provided in this inventory do not preclude 
alternative examinations, but rather this inventory report presents emissions and sinks in a common format 
consistent with how countries are to report inventories under the UNFCCC.  The report itself follows this 
standardized format, and provides an explanation of the IPCC methods used to calculate emissions and sinks, and 
the manner in which those calculations are conducted. 

 

[END BOX] 

 

Background Information 
Naturally occurring greenhouse gases include water vapor, carbon dioxide (CO2), methane (CH4), nitrous oxide 
(N2O), and ozone (O3).  Several classes of halogenated substances that contain fluorine, chlorine, or bromine are 
also greenhouse gases, but they are, for the most part, solely a product of industrial activities.  Chlorofluorocarbons 
(CFCs) and hydrochlorofluorocarbons (HCFCs) are halocarbons that contain chlorine, while halocarbons that 
contain bromine are referred to as bromofluorocarbons (i.e., halons).  As stratospheric ozone depleting substances, 
CFCs, HCFCs, and halons are covered under the Montreal Protocol on Substances that Deplete the Ozone Layer.  
The UNFCCC defers to this earlier international treaty.  Consequently, Parties to the UNFCCC are not required to 
include these gases in their national greenhouse gas emission inventories.7  Some other fluorine-containing 
halogenated substances—hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), and sulfur hexafluoride (SF6)—do 
not deplete stratospheric ozone but are potent greenhouse gases.  These latter substances are addressed by the 
UNFCCC and accounted for in national greenhouse gas emission inventories. 

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), and non-CH4 
volatile organic compounds (NMVOCs).  Aerosols, which are extremely small particles or liquid droplets, such as 
those produced by sulfur dioxide (SO2) or elemental carbon emissions, can also affect the absorptive characteristics 
of the atmosphere. 

Although the direct greenhouse gases CO2, CH4, and N2O occur naturally in the atmosphere, human activities have 
changed their atmospheric concentrations.  From the pre-industrial era (i.e., ending about 1750) to 2005, 
concentrations of these greenhouse gases have increased globally by 36, 148, and 18 percent, respectively (IPCC 
2007).   

Beginning in the 1950s, the use of CFCs and other stratospheric ozone depleting substances (ODS) increased by 
nearly 10 percent per year until the mid-1980s, when international concern about ozone depletion led to the entry 
into force of the Montreal Protocol.  Since then, the production of ODS is being phased out.  In recent years, use of 
ODS substitutes such as HFCs and PFCs has grown as they begin to be phased in as replacements for CFCs and 
HCFCs.  Accordingly, atmospheric concentrations of these substitutes have been growing (IPCC 2007). 

Global Warming Potentials 
Gases in the atmosphere can contribute to the greenhouse effect both directly and indirectly.  Direct effects occur 
when the gas itself absorbs radiation.  Indirect radiative forcing occurs when chemical transformations of the 
substance produce other greenhouse gases, when a gas influences the atmospheric lifetimes of other gases, and/or 
when a gas affects atmospheric processes that alter the radiative balance of the earth (e.g., affect cloud formation or 
albedo).8   The IPCC developed the Global Warming Potential (GWP) concept to compare the ability of each 
greenhouse gas to trap heat in the atmosphere relative to another gas. 

                                                           
7 Emissions estimates of CFCs, HCFCs, halons and other ozone-depleting substances are included in the annexes of the 
Inventory report for informational purposes. 
8 Albedo is a measure of the Earth’s reflectivity, and is defined as the fraction of the total solar radiation incident on a body that 
is reflected by it. 
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The GWP of a greenhouse gas is defined as the ratio of the time-integrated radiative forcing from the instantaneous 
release of 1 kilogram (kg) of a trace substance relative to that of 1 kg of a reference gas (IPCC 2001).  Direct 
radiative effects occur when the gas itself is a greenhouse gas.  The reference gas used is CO2, and therefore GWP-
weighted emissions are measured in teragrams (or million metric tons) of CO2 equivalent (Tg CO2 Eq.).9,10 All 
gases in this Executive Summary are presented in units of Tg CO2 Eq.   

The UNFCCC reporting guidelines for national inventories were updated in 2006,11 but continue to require the use 
of GWPs from the IPCC Second Assessment Report (SAR) (IPCC 1996).  This requirement ensures that current 
estimates of aggregate greenhouse gas emissions for 1990 to 2009 are consistent with estimates developed prior to 
the publication of the IPCC Third Assessment Report (TAR) (IPCC 2001) and the IPCC Fourth Assessment Report 
(AR4) (IPCC 2007).  Therefore, to comply with international reporting standards under the UNFCCC, official 
emission estimates are reported by the United States using SAR GWP values.  All estimates are provided throughout 
the report in both CO2 equivalents and unweighted units.  A comparison of emission values using the SAR GWPs 
versus the TAR and AR4 GWPs can be found in Chapter 1 and, in more detail, in Annex 6.1 of this report.  The 
GWP values used in this report are listed below in Table ES-1. 

Table ES-1:  Global Warming Potentials (100-Year Time Horizon) Used in this Report 
Gas GWP 
CO2 1 
CH4* 21 
N2O 310 
HFC-23 11,700 
HFC-32 650 
HFC-125 2,800 
HFC-134a 1,300 
HFC-143a 3,800 
HFC-152a 140 
HFC-227ea 2,900 
HFC-236fa 6,300 
HFC-4310mee 1,300 
CF4 6,500 
C2F6 9,200 
C4F10 7,000 
C6F14 7,400 
SF6 23,900 

Source:  IPCC (1996) 
* The CH4 GWP includes the direct effects and those indirect effects due to the production of tropospheric ozone and 
stratospheric water vapor.  The indirect effect due to the production of CO2 is not included. 
 

Global warming potentials are not provided for CO, NOx, NMVOCs, SO2, and aerosols because there is no agreed-
upon method to estimate the contribution of gases that are short-lived in the atmosphere, spatially variable, or have 
only indirect effects on radiative forcing (IPCC 1996). 

Recent Trends in U.S. Greenhouse Gas Emissions and Sinks  
In 2009, total U.S. greenhouse gas emissions were 6,633.2 Tg or million metric tons CO2 Eq.  While total U.S. 
emissions have increased by 7.3 percent from 1990 to 2009, emissions decreased from 2008 to 2009 by 6.1 percent 
(427.9 Tg CO2 Eq.).  This decrease was primarily due to (1) a decrease in economic output resulting in a decrease in 
energy consumption across all sectors; and (2) a decrease in the carbon intensity of fuels used to generate electricity 
due to fuel switching as the price of coal increased, and the price of natural gas decreased significantly.  Since 1990, 
U.S. emissions have increased at an average annual rate of 0.4 percent.   

                                                           
9 Carbon comprises 12/44ths of carbon dioxide by weight. 
10 One teragram is equal to 1012 grams or one million metric tons. 
11 See <http://unfccc.int/resource/docs/2006/sbsta/eng/09.pdf>. 
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Figure ES-1 through Figure ES-3 illustrate the overall trends in total U.S. emissions by gas, annual changes, and 
absolute change since 1990.  Table ES-2 provides a detailed summary of U.S. greenhouse gas emissions and sinks 
for 1990 through 2009. 

 

Figure ES-1:  U.S. Greenhouse Gas Emissions by Gas 

 

Figure ES-2:  Annual Percent Change in U.S. Greenhouse Gas Emissions 

 

Figure ES-3:  Cumulative Change in Annual U.S. Greenhouse Gas Emissions Relative to 1990 

 

Table ES-2:  Recent Trends in U.S. Greenhouse Gas Emissions and Sinks (Tg CO2 Eq. or million metric tons CO2 
Eq.)  
Gas/Source 1990 2000 2005 2006 2007 2008 2009
CO2 5,099.7 5,975.0 6,113.8 6,021.1 6,120.0 5,921.4 5,505.2

Fossil Fuel Combustion 4,738.4 5,594.8 5,753.2 5,653.1 5,756.7 5,565.9 5,209.0 
Electricity Generation 1,820.8 2,296.9 2,402.1 2,346.4 2,412.8 2,360.9 2,154.0 
Transportation 1,485.9 1,809.5 1,896.6 1,878.1 1,894.0 1,789.9 1,719.7
Industrial 846.5 851.1 823.1 848.2 842.0 802.9 730.4
Residential 338.3 370.7 357.9 321.5 342.4 348.2 339.2
Commercial 219.0 230.8 223.5 208.6 219.4 224.2 224.0
U.S. Territories 27.9 35.9 50.0 50.3 46.1 39.8 41.7 

Non-Energy Use of Fuels 118.6 144.9 143.4 145.6 137.2 141.0 123.4
Iron and Steel Production & 

Metallurgical Coke 
Production 99.5 85.9 65.9 68.8 71.0 66.0 41.9

Natural Gas Systems 37.6 29.9 29.9 30.8 31.1 32.8 32.2 
Cement Production 33.3 40.4 45.2 45.8 44.5 40.5 29.0
Incineration of Waste 8.0 11.1 12.5 12.5 12.7 12.2 12.3 
Ammonia Production and 

Urea Consumption 16.8 16.4 12.8 12.3 14.0 11.9 11.8 
Lime Production 11.5 14.1 14.4 15.1 14.6 14.3 11.2 
Cropland Remaining 

Cropland 7.1 7.5 7.9 7.9 8.2 8.7 7.8 
Limestone and Dolomite Use 5.1 5.1 6.8 8.0 7.7 6.3 7.6 
Soda Ash Production and 

Consumption 4.1 4.2 4.2 4.2 4.1 4.1 4.3 
Aluminum Production 6.8 6.1 4.1 3.8 4.3 4.5 3.0 
Petrochemical Production 3.3 4.5 4.2 3.8 3.9 3.4 2.7 
Carbon Dioxide 

Consumption 1.4 1.4 1.3 1.7 1.9 1.8 1.8 
Titanium Dioxide Production 1.2 1.8 1.8 1.8 1.9 1.8 1.5 
Ferroalloy Production 2.2 1.9 1.4 1.5 1.6 1.6 1.5
  
Wetlands Remaining 

Wetlands 1.0 1.2 1.1 0.9 1.0 1.0 1.1 
Phosphoric Acid Production 1.5 1.4 1.4 1.2 1.2 1.2 1.0 
Zinc Production 0.7 1.0 1.1 1.1 1.1 1.2 1.0 
Lead Production 0.5 0.6 0.6 0.6 0.6 0.6 0.5 
Petroleum Systems 0.6 0.5 0.5 0.5 0.5 0.5 0.5 
Silicon Carbide Production 

and Consumption 0.4 0.2 0.2 0.2 0.2 0.2 0.1 
Land Use, Land-Use (861.5) (576.6) (1,056.5) (1,064.3) (1,060.9) (1,040.5) (1,015.1)
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Change, and Forestry 
(Sink)a 

Biomass - Woodb 215.2 218.1 206.9 203.8 203.3 198.4 183.8
International Bunker Fuelsc 111.8 98.5 109.7 128.4 127.6 133.7 123.1
Biomass - Ethanolb 4.2 9.4 23.0 31.0 38.9 54.8 61.2

CH4 674.9 659.9 631.4 672.1 664.6 676.7 686.3
Natural Gas Systems 189.8 209.3 190.4 217.7 205.2 211.8 221.2 
Enteric Fermentation 132.1 136.5 136.5 138.8 141.0 140.6 139.8 
Landfills 147.4 111.7 112.5 111.7 111.3 115.9 117.5 
Coal Mining 84.1 60.4 56.9 58.2 57.9 67.1 71.0 
Manure Management 31.7 42.4 46.6 46.7 50.7 49.4 49.5 
Petroleum Systems 35.4 31.5 29.4 29.4 30.0 30.2 30.9 
Wastewater Treatment 23.5 25.2 24.3 24.5 24.4 24.5 24.5 
Forest Land Remaining 

Forest Land 3.2 14.3 9.8 21.6 20.0 11.9 7.8 
Rice Cultivation 7.1 7.5 6.8 5.9 6.2 7.2 7.3 
Stationary Combustion 7.4 6.6 6.6 6.2 6.5 6.5 6.2 
Abandoned Underground 

Coal Mines 6.0 7.4 5.5 5.5 5.6 5.9 5.5 
Mobile Combustion 4.7 3.4 2.5 2.3 2.2 2.0 2.0 
Composting 0.3 1.3 1.6 1.6 1.7 1.7 1.7 
Petrochemical Production 0.9 1.2 1.1 1.0 1.0 0.9 0.8 
Iron and Steel Production & 

Metallurgical Coke 
Production 1.0 0.9 0.7 0.7 0.7 0.6 0.4 

Field Burning of Agricultural 
Residues 0.3 0.3 0.2 0.2 0.2 0.3 0.2 

Ferroalloy Production + + + + + + + 
Silicon Carbide Production 

and Consumption + + + + + + + 
Incineration of Waste + + + + + + + 
International Bunker Fuelsc 0.2 0.1 0.1 0.2 0.2 0.2 0.1

N2O 315.2 341.0 322.9 326.4 325.1 310.8 295.6
Agricultural Soil 

Management 197.8 206.8 211.3 208.9 209.4 210.7 204.6 
Mobile Combustion 43.9 53.2 36.9 33.6 30.3 26.1 23.9 
Manure Management 14.5 17.1 17.3 18.0 18.1 17.9 17.9 
Nitric Acid Production 17.7 19.4 16.5 16.2 19.2 16.4 14.6 
Stationary Combustion 12.8 14.6 14.7 14.4 14.6 14.2 12.8 
Forest Land Remaining 

Forest Land 2.7 12.1 8.4 18.0 16.7 10.1 6.7 
Wastewater Treatment 3.7 4.5 4.8 4.8 4.9 5.0 5.0 
N2O from Product Uses 4.4 4.9 4.4 4.4 4.4 4.4 4.4 
Adipic Acid Production 15.8 5.5 5.0 4.3 3.7 2.0 1.9 
Composting 0.4 1.4 1.7 1.8 1.8 1.9 1.8 
Settlements Remaining 

Settlements 1.0 1.1 1.5 1.5 1.6 1.5 1.5 
Incineration of Waste 0.5 0.4 0.4 0.4 0.4 0.4 0.4 
Field Burning of Agricultural 

Residues 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
Wetlands Remaining 

Wetlands + + + + + + + 
International Bunker Fuelsc 1.1 0.9 1.0 1.2 1.2 1.2 1.1

HFCs 36.9 103.2 120.2 123.5 129.5 129.4 125.7
Substitution of Ozone 

Depleting Substancesd 0.3 74.3 104.2 109.4 112.3 115.5 120.0 
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HCFC-22 Production 36.4 28.6 15.8 13.8 17.0 13.6 5.4 
Semiconductor Manufacture 0.2 0.3 0.2 0.3 0.3 0.3 0.3 

PFCs 20.8 13.5 6.2 6.0 7.5 6.6 5.6 
Semiconductor Manufacture 2.2 4.9 3.2 3.5 3.7 4.0 4.0 
Aluminum Production  18.5 8.6 3.0 2.5 3.8 2.7 1.6 

SF6 34.4 20.1 19.0 17.9 16.7 16.1 14.8 
Electrical Transmission and 

Distribution 28.4 16.0 15.1 14.1 13.2 13.3 12.8 
Magnesium Production and 

Processing 5.4 3.0 2.9 2.9 2.6 1.9 1.1 
Semiconductor Manufacture 0.5 1.1 1.0 1.0 0.8 0.9 1.0 

Total  6,181.8 7,112.7 7,213.5 7,166.9 7,263.4 7,061.1 6,633.2
Net Emissions (Sources and 
Sinks) 5,320.3 6,536.1 6,157.1 6,102.6 6,202.5 6,020.7 5,618.2

+ Does not exceed 0.05 Tg CO2 Eq. 
a Parentheses indicate negative values or sequestration.  The net CO2 flux total includes both emissions and sequestration, and 
constitutes a net sink in the United States.  Sinks are only included in net emissions total. 
b Emissions from Wood Biomass and Ethanol Consumption are not included specifically in summing energy sector totals. Net 
carbon fluxes from changes in biogenic carbon reservoirs are accounted for in the estimates for Land Use, Land-Use Change, and 
Forestry. 
c Emissions from International Bunker Fuels are not included in totals. 
d Small amounts of PFC emissions also result from this source. 
Note:  Totals may not sum due to independent rounding.  
 

Figure ES-4 illustrates the relative contribution of the direct greenhouse gases to total U.S. emissions in 2009.  The 
primary greenhouse gas emitted by human activities in the United States was CO2, representing approximately 83.0 
percent of total greenhouse gas emissions.  The largest source of CO2, and of overall greenhouse gas emissions, was 
fossil fuel combustion.  CH4 emissions, which have increased by 1.7 percent since 1990, resulted primarily from 
natural gas systems, enteric fermentation associated with domestic livestock, and decomposition of wastes in 
landfills.  Agricultural soil management and mobile source fuel combustion were the major sources of N2O 
emissions.  Ozone depleting substance substitute emissions and emissions of HFC-23 during the production of 
HCFC-22 were the primary contributors to aggregate HFC emissions.  PFC emissions resulted as a by-product of 
primary aluminum production and from semiconductor manufacturing, while electrical transmission and distribution 
systems accounted for most SF6 emissions. 

 

Figure ES-4:  2009 Greenhouse Gas Emissions by Gas (percents based on Tg CO2 Eq.) 

 

Overall, from 1990 to 2009, total emissions of CO2 and CH4 increased by 405.5 Tg CO2 Eq. (8.0 percent) and 11.4 
Tg CO2 Eq. (1.7 percent), respectively. Conversely, N2O emissions decreased by 19.6 Tg CO2 Eq. (6.2 percent).  
During the same period, aggregate weighted emissions of HFCs, PFCs, and SF6 rose by 54.1 Tg CO2 Eq. (58.8 
percent).  From 1990 to 2009, HFCs increased by 88.8 Tg CO2 Eq. (240.41 percent), PFCs decreased by 15.1 Tg 
CO2 Eq. (73.0 percent), and SF6 decreased by 19.5 Tg CO2 Eq. (56.8 percent).  Despite being emitted in smaller 
quantities relative to the other principal greenhouse gases, emissions of HFCs, PFCs, and SF6 are significant because 
many of these gases have extremely high global warming potentials and, in the cases of PFCs and SF6, long 
atmospheric lifetimes.  Conversely, U.S. greenhouse gas emissions were partly offset by carbon sequestration in 
forests, trees in urban areas, agricultural soils, and landfilled yard trimmings and food scraps, which, in aggregate, 
offset 15.3 percent of total emissions in 2009.  The following sections describe each gas’ contribution to total U.S. 
greenhouse gas emissions in more detail.   

Carbon Dioxide Emissions 
The global carbon cycle is made up of large carbon flows and reservoirs.  Billions of tons of carbon in the form of 
CO2 are absorbed by oceans and living biomass (i.e., sinks) and are emitted to the atmosphere annually through 
natural processes (i.e., sources).  When in equilibrium, carbon fluxes among these various reservoirs are roughly 
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balanced.  Since the Industrial Revolution (i.e., about 1750), global atmospheric concentrations of CO2 have risen 
about 36 percent (IPCC 2007), principally due to the combustion of fossil fuels.  Within the United States, fossil fuel 
combustion accounted for 94.6 percent of CO2 emissions in 2009.  Globally, approximately 30,313 Tg of CO2 were 
added to the atmosphere through the combustion of fossil fuels in 2009, of which the United States accounted for 
about 18 percent.12  Changes in land use and forestry practices can also emit CO2 (e.g., through conversion of forest 
land to agricultural or urban use) or can act as a sink for CO2 (e.g., through net additions to forest biomass). In 
addition to fossil-fuel combustion, several other sources emit significant quantities of CO2. These sources include, 
but are not limited to non-energy use of fuels, iron and steel production and cement production (Figure ES-5). 

 

Figure ES-5: 2009 Sources of CO2 Emissions 

 

As the largest source of U.S. greenhouse gas emissions, CO2 from fossil fuel combustion has accounted for 
approximately 78 percent of GWP-weighted emissions since 1990, growing slowly from 77 percent of total GWP-
weighted emissions in 1990 to 79 percent in 2009.  Emissions of CO2 from fossil fuel combustion increased at an 
average annual rate of 0.4 percent from 1990 to 2009.  The fundamental factors influencing this trend include (1) a 
generally growing domestic economy over the last 20 years, and (2) overall growth in emissions from electricity 
generation and transportation activities.  Between 1990 and 2009, CO2 emissions from fossil fuel combustion 
increased from 4,738.4 Tg CO2 Eq. to 5,209.0 Tg CO2 Eq.—a 9.9 percent total increase over the twenty-year period.  
From 2008 to 2009, these emissions decreased by 356.9 Tg CO2 Eq. (6.4 percent), the largest decrease in any year 
over the twenty-year period.  

Historically, changes in emissions from fossil fuel combustion have been the dominant factor affecting U.S. 
emission trends.  Changes in CO2 emissions from fossil fuel combustion are influenced by many long-term and 
short-term factors, including population and economic growth, energy price fluctuations, technological changes, and 
seasonal temperatures.  In the short term, the overall consumption of fossil fuels in the United States fluctuates 
primarily in response to changes in general economic conditions, energy prices, weather, and the availability of non-
fossil alternatives.  For example, in a year with increased consumption of goods and services, low fuel prices, severe 
summer and winter weather conditions, nuclear plant closures, and lower precipitation feeding hydroelectric dams, 
there would likely be proportionally greater fossil fuel consumption than a year with poor economic performance, 
high fuel prices, mild temperatures, and increased output from nuclear and hydroelectric plants.  In the long term, 
energy consumption patterns respond to changes that affect the scale of consumption (e.g., population, number of 
cars, and size of houses), the efficiency with which energy is used in equipment (e.g., cars, power plants, steel mills, 
and light bulbs) and behavioral choices (e.g., walking, bicycling, or telecommuting to work instead of driving). 

 

Figure ES-6: 2009 CO2 Emissions from Fossil Fuel Combustion by Sector and Fuel Type 

 

Figure ES-7:  2009 End-Use Sector Emissions of CO2, CH4, and N2O from Fossil Fuel Combustion 

 

The five major fuel consuming sectors contributing to CO2 emissions from fossil fuel combustion are electricity 
generation, transportation, industrial, residential, and commercial.  CO2 emissions are produced by the electricity 
generation sector as they consume fossil fuel to provide electricity to one of the other four sectors, or “end-use” 
sectors.  For the discussion below, electricity generation emissions have been distributed to each end-use sector on 
the basis of each sector’s share of aggregate electricity consumption.  This method of distributing emissions assumes 
that each end-use sector consumes electricity that is generated from the national average mix of fuels according to 
their carbon intensity.  Emissions from electricity generation are also addressed separately after the end-use sectors 
have been discussed.   

                                                           
12 Global CO2 emissions from fossil fuel combustion were taken from Energy Information Administration International Energy 
Statistics 2010 < http://tonto.eia.doe.gov/cfapps/ipdbproject/IEDIndex3.cfm> EIA (2010a). 
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Note that emissions from U.S. territories are calculated separately due to a lack of specific consumption data for the 
individual end-use sectors.       

Figure ES-6, Figure ES-7, and Table ES-3 summarize CO2 emissions from fossil fuel combustion by end-use sector. 

Table ES-3:  CO2 Emissions from Fossil Fuel Combustion by Fuel Consuming End-Use Sector (Tg or million metric 
tons CO2 Eq.) 
End-Use Sector 1990 2000  2005 2006 2007 2008 2009 
Transportation 1,489.0  1,813.0  1,901.3 1,882.6 1,899.0 1,794.6 1,724.1 

Combustion 1,485.9  1,809.5  1,896.6 1,878.1 1,894.0 1,789.9 1,719.7 
Electricity 3.0  3.4  4.7 4.5 5.0 4.7 4.4 

Industrial 1,533.2  1,640.8  1,560.0 1,560.2 1,572.0 1,517.7 1,333.7 
Combustion 846.5  851.1  823.1 848.2 842.0 802.9 730.4 
Electricity 686.7  789.8  737.0 712.0 730.0 714.8 603.3 

Residential 931.4  1,133.1  1,214.7 1,152.4 1,198.5 1,182.2 1,123.8 
Combustion 338.3  370.7  357.9 321.5 342.4 348.2 339.2 
Electricity 593.0  762.4  856.7 830.8 856.1 834.0 784.6 

Commercial 757.0  972.1  1,027.2 1,007.6 1,041.1 1,031.6 985.7 
Combustion 219.0  230.8  223.5 208.6 219.4 224.2 224.0 
Electricity 538.0  741.3  803.7 799.0 821.7 807.4 761.7 

U.S. Territoriesa 27.9  35.9  50.0 50.3 46.1 39.8 41.7 
Total 4,738.4  5,594.8  5,753.2 5,653.1 5,756.7 5,565.9 5,209.0 
Electricity Generation 1,820.8  2,296.9  2,402.1 2,346.4 2,412.8 2,360.9 2,154.0 
Note:  Totals may not sum due to independent rounding.  Combustion-related emissions from electricity generation are allocated 
based on aggregate national electricity consumption by each end-use sector. 
a Fuel consumption by U.S. territories (i.e., American Samoa, Guam, Puerto Rico, U.S. Virgin Islands, Wake Island, and other 
U.S. Pacific Islands) is included in this report. 
 

Transportation End-Use Sector.  Transportation activities (excluding international bunker fuels) accounted for 33 
percent of CO2 emissions from fossil fuel combustion in 2009.13  Virtually all of the energy consumed in this end-
use sector came from petroleum products.  Nearly 65 percent of the emissions resulted from gasoline consumption 
for personal vehicle use.  The remaining emissions came from other transportation activities, including the 
combustion of diesel fuel in heavy-duty vehicles and jet fuel in aircraft.  From 1990 to 2009, transportation 
emissions rose by 16 percent due, in large part, to increased demand for travel and the stagnation of fuel efficiency 
across the U.S. vehicle fleet.  The number of vehicle miles traveled by light-duty motor vehicles (passenger cars and 
light-duty trucks) increased 39 percent from 1990 to 2009, as a result of a confluence of factors including population 
growth, economic growth, urban sprawl, and low fuel prices over much of this period.   

Industrial End-Use Sector.  Industrial CO2 emissions, resulting both directly from the combustion of fossil fuels and 
indirectly from the generation of electricity that is consumed by industry, accounted for 26 percent of CO2 from 
fossil fuel combustion in 2009.  Approximately 55 percent of these emissions resulted from direct fossil fuel 
combustion to produce steam and/or heat for industrial processes.  The remaining emissions resulted from 
consuming electricity for motors, electric furnaces, ovens, lighting, and other applications.  In contrast to the other 
end-use sectors, emissions from industry have steadily declined since 1990.  This decline is due to structural changes 
in the U.S. economy (i.e., shifts from a manufacturing-based to a service-based economy), fuel switching, and 
efficiency improvements.   

Residential and Commercial End-Use Sectors.  The residential and commercial end-use sectors accounted for 22 
and 19 percent, respectively, of CO2 emissions from fossil fuel combustion in 2009.  Both sectors relied heavily on 
electricity for meeting energy demands, with 70 and 77 percent, respectively, of their emissions attributable to 
electricity consumption for lighting, heating, cooling, and operating appliances.  The remaining emissions were due 
to the consumption of natural gas and petroleum for heating and cooking.  Emissions from these end-use sectors 
have increased 25 percent since 1990, due to increasing electricity consumption for lighting, heating, air 

                                                           
13 If emissions from international bunker fuels are included, the transportation end-use sector accounted for 35 percent of U.S. 
emissions from fossil fuel combustion in 2009. 
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conditioning, and operating appliances.    

Electricity Generation.  The United States relies on electricity to meet a significant portion of its energy demands.  
Electricity generators consumed 36 percent of U.S. energy from fossil fuels and emitted 41 percent of the CO2 from 
fossil fuel combustion in 2009.  The type of fuel combusted by electricity generators has a significant effect on their 
emissions.  For example, some electricity is generated with low CO2 emitting energy technologies, particularly non-
fossil options such as nuclear, hydroelectric, or geothermal energy.  However, electricity generators rely on coal for 
over half of their total energy requirements and accounted for 95 percent of all coal consumed for energy in the 
United States in 2009.  Consequently, changes in electricity demand have a significant impact on coal consumption 
and associated CO2 emissions. 

Other significant CO2 trends included the following:  

• CO2 emissions from non-energy use of fossil fuels have increased 4.7 Tg CO2 Eq. (4.0 percent) from 1990 
through 2009.  Emissions from non-energy uses of fossil fuels were 123.4 Tg CO2 Eq. in 2009, which 
constituted 2.2 percent of total national CO2 emissions, approximately the same proportion as in 1990.   

• CO2 emissions from iron and steel production and metallurgical coke production decreased by 24.1 Tg CO2 
Eq. (36.6 percent) from 2008 to 2009, continuing a trend of decreasing emissions from 1990 through 2009 
of 57.9 percent (57.7 Tg CO2 Eq.).  This decline is due to the restructuring of the industry, technological 
improvements, and increased scrap utilization.   

• In 2009, CO2 emissions from cement production decreased by 11.5 Tg CO2 Eq. (28.4 percent) from 2008.  
After decreasing in 1991 by two percent from 1990 levels, cement production emissions grew every year 
through 2006; emissions decreased in the last three years. Overall, from 1990 to 2009, emissions from 
cement production decreased by 12.8 percent, a decrease of 4.3 Tg CO2 Eq. 

• Net CO2 uptake from Land Use, Land-Use Change, and Forestry increased by 153.5 Tg CO2 Eq. (17.8 
percent) from 1990 through 2009.  This increase was primarily due to an increase in the rate of net carbon 
accumulation in forest carbon stocks, particularly in aboveground and belowground tree biomass, and 
harvested wood pools.  Annual carbon accumulation in landfilled yard trimmings and food scraps slowed 
over this period, while the rate of carbon accumulation in urban trees increased. 

Methane Emissions 
Methane (CH4) is more than 20 times as effective as CO2 at trapping heat in the atmosphere (IPCC 1996).  Over the 
last two hundred and fifty years, the concentration of CH4 in the atmosphere increased by 148 percent (IPCC 2007).  
Anthropogenic sources of CH4 include natural gas and petroleum systems, , agricultural activities, landfills, coal 
mining, wastewater treatment, stationary and mobile combustion, and certain industrial processes (see Figure ES-8). 

 

Figure ES-8:  2009 Sources of CH4 Emissions 

 

Some significant trends in U.S. emissions of CH4 include the following:  

• In 2009, CH4 emissions from coal mining were 71.0 Tg CO2 Eq., a 3.9 Tg CO2 Eq. (5.8 percent) increase 
over 2008 emission levels.  The overall decline of 13.0 Tg CO2 Eq. (15.5 percent) from 1990 results from 
the mining of less gassy coal from underground mines and the increased use of CH4 collected from 
degasification systems. 

• Natural gas systems were the largest anthropogenic source category of CH4 emissions in the United States 
in 2009 with 221.2 Tg CO2 Eq. of CH4 emitted into the atmosphere. Those emissions have increased by 
31.4 Tg CO2 Eq. (16.6 percent) since 1990.  Methane emissions from this source increased 4 percent from 
2008 to 2009 due to an increase in production and production wells. 

• Enteric Fermentation is the second largest anthropogenic source of CH4 emissions in the United States.  In 
2009, enteric fermentation CH4 emissions were 139.8 Tg CO2 Eq. (20 percent of total CH4 emissions), 
which represents an increase of 7.7 Tg CO2 Eq. (5.8 percent) since 1990.  
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• Methane emissions from manure management increased by 55.9 percent since 1990, from 31.7 Tg CO2 Eq. 
in 1990 to 49.5 Tg CO2 Eq. in 2009.  The majority of this increase was from swine and dairy cow manure, 
since the general trend in manure management is one of increasing use of liquid systems, which tends to 
produce greater CH4 emissions.  The increase in liquid systems is the combined result of a shift to larger 
facilities, and to facilities in the West and Southwest, all of which tend to use liquid systems.  Also, new 
regulations limiting the application of manure nutrients have shifted manure management practices at 
smaller dairies from daily spread to manure managed and stored on site.   

• Landfills are the third largest anthropogenic source of CH4 emissions in the United States, accounting for 
17 percent of total CH4 emissions (117.5 Tg CO2 Eq.) in 2009.  From 1990 to 2009, CH4 emissions from 
landfills decreased by 29.9 Tg CO2 Eq. (20 percent), with small increases occurring in some interim years.  
This downward trend in overall emissions is the result of increases in the amount of landfill gas collected 
and combusted,14 which has more than offset the additional CH4 emissions resulting from an increase in the 
amount of municipal solid waste landfilled.   

Nitrous Oxide Emissions 
N2O is produced by biological processes that occur in soil and water and by a variety of anthropogenic activities in 
the agricultural, energy-related, industrial, and waste management fields.  While total N2O emissions are much 
lower than CO2 emissions, N2O is approximately 300 times more powerful than CO2 at trapping heat in the 
atmosphere (IPCC 1996).  Since 1750, the global atmospheric concentration of N2O has risen by approximately 18 
percent (IPCC 2007).  The main anthropogenic activities producing N2O in the United States are agricultural soil 
management, fuel combustion in motor vehicles, manure management, nitric acid production and stationary fuel 
combustion, (see Figure ES-9). 

 

Figure ES-9:  2009 Sources of N2O Emissions 

Some significant trends in U.S. emissions of N2O include the following: 

• In 2009, N2O emissions from mobile combustion were 23.9 Tg CO2 Eq. (approximately 8.1 percent of U.S. 
N2O emissions).  From 1990 to 2009, N2O emissions from mobile combustion decreased by 45.6 percent.  
However, from 1990 to 1998 emissions increased by 25.6 percent, due to control technologies that reduced 
NOx emissions while increasing N2O emissions.  Since 1998, newer control technologies have led to an 
overall decline in N2O from this source. 

• N2O emissions from adipic acid production were 1.9 Tg CO2 Eq. in 2009, and have decreased significantly 
since 1996 from the widespread installation of pollution control measures.  Emissions from adipic acid 
production have decreased by 87.7 percent since 1990, and emissions from adipic acid production have 
remained consistently lower than pre-1996 levels since 1998.  

• Agricultural soils accounted for approximately 69.2 percent of N2O emissions in the United States in 2009.  
Estimated emissions from this source in 2009 were 204.6 Tg CO2 Eq.  Annual N2O emissions from 
agricultural soils fluctuated between 1990 and 2009, although overall emissions were 3.4 percent higher in 
2009 than in 1990.   

HFC, PFC, and SF6 Emissions 
HFCs and PFCs are families of synthetic chemicals that are used as alternatives to ODS, which are being phased out 
under the Montreal Protocol and Clean Air Act Amendments of 1990.  HFCs and PFCs do not deplete the 
stratospheric ozone layer, and are therefore acceptable alternatives under the Montreal Protocol. 

These compounds, however, along with SF6, are potent greenhouse gases.  In addition to having high global 
warming potentials, SF6 and PFCs have extremely long atmospheric lifetimes, resulting in their essentially 
irreversible accumulation in the atmosphere once emitted.  Sulfur hexafluoride is the most potent greenhouse gas the 

                                                           
14 The CO2 produced from combusted landfill CH4 at landfills is not counted in national inventories as it is considered part of the 
natural C cycle of decomposition. 
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IPCC has evaluated (IPCC 1996). 

Other emissive sources of these gases include electrical transmission and distribution systems, HCFC-22 production, 
semiconductor manufacturing, aluminum production, and magnesium production and processing (see Figure ES-10). 

 

Figure ES-10:  2009 Sources of HFCs, PFCs, and SF6 Emissions 

 

Some significant trends in U.S. HFC, PFC, and SF6 emissions include the following: 

• Emissions resulting from the substitution of ODS (e.g., CFCs) have been consistently increasing, from 
small amounts in 1990 to 120.0 Tg CO2 Eq. in 2009.  Emissions from ODS substitutes are both the largest 
and the fastest growing source of HFC, PFC, and SF6 emissions.  These emissions have been increasing as 
phase-outs required under the Montreal Protocol come into effect, especially after 1994, when full market 
penetration was made for the first generation of new technologies featuring ODS substitutes. 

• HFC emissions from the production of HCFC-22 decreased by 85.2 percent (31.0 Tg CO2 Eq.) from 1990 
through 2009, due to a steady decline in the emission rate of HFC-23 (i.e., the amount of HFC-23 emitted 
per kilogram of HCFC-22 manufactured) and the use of thermal oxidation at some plants to reduce HFC-23 
emissions.   

• SF6 emissions from electric power transmission and distribution systems decreased by 54.8 percent (15.6 
Tg CO2 Eq.) from 1990 to 2009, primarily because of higher purchase prices for SF6 and efforts by industry 
to reduce emissions. 

• PFC emissions from aluminum production decreased by 91.5 percent (17.0 Tg CO2 Eq.) from 1990 to 
2009, due to both industry emission reduction efforts and lower domestic aluminum production.   

Overview of Sector Emissions and Trends 
In accordance with the Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories 
(IPCC/UNEP/OECD/IEA 1997), and the 2003 UNFCCC Guidelines on Reporting and Review (UNFCCC 2003), 
Figure ES-11 and Table ES-4 aggregate emissions and sinks by these chapters.  Emissions of all gases can be 
summed from each source category from IPCC guidance.  Over the twenty-year period of 1990 to 2009, total 
emissions in the Energy and Agriculture sectors grew by 463.3 Tg CO2 Eq. (9 percent), and 35.7 Tg CO2 Eq. (9 
percent), respectively.  Emissions decreased in the Industrial Processes, Waste, and Solvent and Other Product Use 
sectors by 32.9 Tg CO2 Eq. (10 percent), 24.7 Tg CO2 Eq. (14 percent) and less than 0.1 Tg CO2 Eq. (0.4 percent), 
respectively.  Over the same period, estimates of net C sequestration in the Land Use, Land-Use Change, and 
Forestry sector (magnitude of emissions plus CO2 flux from all LULUCF source categories) increased by 143.5 Tg 
CO2 Eq. (17 percent). 

 

Figure ES-11:  U.S. Greenhouse Gas Emissions and Sinks by Chapter/IPCC Sector 

 

Table ES-4:  Recent Trends in U.S. Greenhouse Gas Emissions and Sinks by Chapter/IPCC Sector (Tg or million 
metric tons CO2 Eq.) 
Chapter/IPCC Sector 1990 2000 2005 2006 2007 2008 2009
Energy 5,287.8 6,168.0 6,282.8 6,210.2 6,290.7 6,116.6 5,751.1 
Industrial Processes 315.8 348.8 334.1 339.4 350.9 331.7 282.9 
Solvent and Other Product Use 4.4 4.9 4.4 4.4 4.4 4.4 4.4 
Agriculture 383.6 410.6 418.8 418.8 425.8 426.3 419.3 
Land Use, Land-Use Change, and 
Forestry (Emissions) 15.0 36.3 28.6 49.8 47.5 33.2 25.0 

Waste 175.2 143.9 144.9 144.4 144.1 149.0 150.5 
Total Emissions 6,181.8 7,112.7 7,213.5 7,166.9 7,263.4 7,061.1 6,633.2 
Net CO2 Flux from Land Use, Land- (861.5) (576.6) (1,056.5) (1,064.3) (1,060.9) (1,040.5) (1,015.1)
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Use Change, and Forestry (Sinks)*  
Net Emissions (Sources and Sinks) 5,320.3 6,536.1 6,157.1 6,102.6 6,202.5 6,020.7 5,618.2 
* The net CO2 flux total includes both emissions and sequestration, and constitutes a sink in the United States.  Sinks are only 
included in net emissions total. 
Note:  Totals may not sum due to independent rounding.  Parentheses indicate negative values or sequestration. 
 

Energy  
The Energy chapter contains emissions of all greenhouse gases resulting from stationary and mobile energy 
activities including fuel combustion and fugitive fuel emissions.  Energy-related activities, primarily fossil fuel 
combustion, accounted for the vast majority of U.S. CO2 emissions for the period of 1990 through 2009.  In 2009, 
approximately 83 percent of the energy consumed in the United States (on a Btu basis) was produced through the 
combustion of fossil fuels.  The remaining 17 percent came from other energy sources such as hydropower, biomass, 
nuclear, wind, and solar energy (see Figure ES-12).  Energy-related activities are also responsible for CH4 and N2O 
emissions (49 percent and 13 percent of total U.S. emissions of each gas, respectively).  Overall, emission sources in 
the Energy chapter account for a combined 87 percent of total U.S. greenhouse gas emissions in 2009. 

 

Figure ES-12:  2009 U.S. Energy Consumption by Energy Source 

 

Industrial Processes 
The Industrial Processes chapter contains by-product or fugitive emissions of greenhouse gases from industrial 
processes not directly related to energy activities such as fossil fuel combustion.  For example, industrial processes 
can chemically transform raw materials, which often release waste gases such as CO2, CH4, and N2O.  These 
processes include iron and steel production and metallurgical coke production, cement production, ammonia 
production and urea consumption, lime production, limestone and dolomite use (e.g., flux stone, flue gas 
desulfurization, and glass manufacturing), soda ash production and consumption, titanium dioxide production, 
phosphoric acid production, ferroalloy production, CO2 consumption, silicon carbide production and consumption, 
aluminum production, petrochemical production, nitric acid production, adipic acid production, lead production, and 
zinc production.  Additionally, emissions from industrial processes release HFCs, PFCs, and SF6.  Overall, emission 
sources in the Industrial Process chapter account for 4 percent of U.S. greenhouse gas emissions in 2009. 

Solvent and Other Product Use 
The Solvent and Other Product Use chapter contains greenhouse gas emissions that are produced as a by-product of 
various solvent and other product uses.  In the United States, emissions from N2O from product uses, the only source 
of greenhouse gas emissions from this sector, accounted for about 0.1 percent of total U.S. anthropogenic 
greenhouse gas emissions on a carbon equivalent basis in 2009.  

Agriculture 
The Agricultural chapter contains anthropogenic emissions from agricultural activities (except fuel combustion, 
which is addressed in the Energy chapter, and agricultural CO2 fluxes, which are addressed in the Land Use, Land-
Use Change, and Forestry Chapter).  Agricultural activities contribute directly to emissions of greenhouse gases 
through a variety of processes, including the following source categories: enteric fermentation in domestic livestock, 
livestock manure management, rice cultivation, agricultural soil management, and field burning of agricultural 
residues.  CH4 and N2O were the primary greenhouse gases emitted by agricultural activities.  CH4 emissions from 
enteric fermentation and manure management represented 20 percent and 7 percent of total CH4 emissions from 
anthropogenic activities, respectively, in 2009.  Agricultural soil management activities such as fertilizer application 
and other cropping practices were the largest source of U.S. N2O emissions in 2009, accounting for 69 percent.  In 
2009, emission sources accounted for in the Agricultural chapters were responsible for 6.3 percent of total U.S. 
greenhouse gas emissions. 
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Land Use, Land-Use Change, and Forestry  
The Land Use, Land-Use Change, and Forestry chapter contains emissions of CH4 and N2O, and emissions and 
removals of CO2 from forest management, other land-use activities, and land-use change.  Forest management 
practices, tree planting in urban areas, the management of agricultural soils, and the landfilling of yard trimmings 
and food scraps resulted in a net uptake (sequestration) of C in the United States.  Forests (including vegetation, 
soils, and harvested wood) accounted for 85 percent of total 2009 net CO2 flux, urban trees accounted for 9 percent, 
mineral and organic soil carbon stock changes accounted for 4 percent, and landfilled yard trimmings and food 
scraps accounted for 1 percent of the total net flux in 2009.  The net forest sequestration is a result of net forest 
growth and increasing forest area, as well as a net accumulation of carbon stocks in harvested wood pools.  The net 
sequestration in urban forests is a result of net tree growth in these areas.  In agricultural soils, mineral and organic 
soils sequester approximately 5.5 times as much C as is emitted from these soils through liming and urea 
fertilization.  The mineral soil C sequestration is largely due to the conversion of cropland to permanent pastures and 
hay production, a reduction in summer fallow areas in semi-arid areas, an increase in the adoption of conservation 
tillage practices, and an increase in the amounts of organic fertilizers (i.e., manure and sewage sludge) applied to 
agriculture lands.  The landfilled yard trimmings and food scraps net sequestration is due to the long-term 
accumulation of yard trimming carbon and food scraps in landfills.   

Land use, land-use change, and forestry activities in 2009 resulted in a net C sequestration of 1,015.1 Tg CO2 Eq. 
(Table ES-5).  This represents an offset of 18 percent of total U.S. CO2 emissions, or 15 percent of total greenhouse 
gas emissions in 2009.  Between 1990 and 2009, total land use, land-use change, and forestry net C flux resulted in a 
17.8 percent increase in CO2 sequestration, primarily due to an increase in the rate of net C accumulation in forest C 
stocks, particularly in aboveground and belowground tree biomass, and harvested wood pools.  Annual C 
accumulation in landfilled yard trimmings and food scraps slowed over this period, while the rate of annual C 
accumulation increased in urban trees.   

Table ES-5: Net CO2 Flux from Land Use, Land-Use Change, and Forestry (Tg or million metric tons CO2 Eq.) 
Sink Category 1990 2000 2005 2006 2007 2008 2009
Forest Land Remaining Forest Land1 (681.1) (378.3) (911.5) (917.5) (911.9) (891.0) (863.1)
Cropland Remaining Cropland (29.4) (30.2) (18.3) (19.1) (19.7) (18.1) (17.4)
Land Converted to Cropland 2.2 2.4 5.9 5.9 5.9 5.9 5.9 
Grassland Remaining Grassland (52.2) (52.6) (8.9) (8.8) (8.6) (8.5) (8.3)
Land Converted to Grassland (19.8) (27.2) (24.4) (24.2) (24.0) (23.8) (23.6)
Settlements Remaining Settlements2 (57.1) (77.5) (87.8) (89.8) (91.9) (93.9) (95.9)
Other (Landfilled Yard Trimmings and 
Food Scraps) (24.2) (13.2) (11.5) (11.0) (10.9) (11.2) (12.6)

Total (861.5) (576.6) (1,056.5)(1,064.3)(1,060.9) (1,040.5) (1,015.1)
Note:  Totals may not sum due to independent rounding.  Parentheses indicate net sequestration.  

Emissions from Land Use, Land-Use Change, and Forestry are shown in Table ES-6.  The application of crushed 
limestone and dolomite to managed land (i.e., liming of agricultural soils) and urea fertilization resulted in CO2 
emissions of 7.8 Tg CO2 Eq. in 2009, an increase of 11 percent relative to 1990.  The application of synthetic 
fertilizers to forest and settlement soils in 2009 resulted in direct N2O emissions of 1.9 Tg CO2 Eq.  Direct N2O 
emissions from fertilizer application to forest soils have increased by 455 percent since 1990, but still account for a 
relatively small portion of overall emissions. Additionally, direct N2O emissions from fertilizer application to 
settlement soils increased by 55 percent since 1990.  Forest fires resulted in CH4 emissions of 7.8 Tg CO2 Eq., and 
in N2O emissions of 6.4 Tg CO2 Eq.  in 2009. CO2 and N2O emissions from peatlands totaled 1.1 Tg CO2 Eq. and 
less than 0.01 Tg CO2 Eq. in 2009, respectively. 

 

Table ES-6:  Emissions from Land Use, Land-Use Change, and Forestry (Tg or million metric tons CO2 Eq.) 
Source Category 1990 2000 2005 2006 2007 2008 2009
CO2 8.1 8.8 8.9 8.8 9.2 9.6 8.9
Cropland Remaining Cropland:   Liming of 
Agricultural Soils  4.7 4.3 4.3 4.2 4.5 5.0 4.2 

Cropland Remaining Cropland:   Urea 
Fertilization 2.4 3.2 3.5 3.7 3.7 3.6 3.6 
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Wetlands Remaining Wetlands: Peatlands 
Remaining Peatlands 1.0 1.2 1.1 0.9 1.0 1.0 1.1

CH4 3.2 14.3 9.8 21.6 20.0 11.9 7.8
Forest Land Remaining Forest Land: Forest Fires 3.2 14.3 9.8 21.6 20.0 11.9 7.8
N2O 3.7 13.2 9.8 19.5 18.3 11.6 8.3
Forest Land Remaining Forest Land: Forest Fires 2.6 11.7 8.0 17.6 16.3 9.8 6.4
Forest Land Remaining Forest Land: Forest Soils 0.1 0.4 0.4 0.4 0.4 0.4 0.4 
Settlements Remaining Settlements: Settlement 
Soils 1.0 1.1 1.5 1.5 1.6 1.5 1.5 

Wetlands Remaining Wetlands: Peatlands 
Remaining Peatlands + + + + + + + 

Total 15.0 36.3 28.6 49.8 47.5 33.2 25.0
+ Less than 0.05 Tg CO2 Eq. 
Note:  Totals may not sum due to independent rounding.   

Waste 
The Waste chapter contains emissions from waste management activities (except incineration of waste, which is 
addressed in the Energy chapter).  Landfills were the largest source of anthropogenic greenhouse gas emissions in 
the Waste chapter, accounting for just over 78 percent of this chapter’s emissions, and 17 percent of total U.S. CH4 
emissions.15  Additionally, wastewater treatment accounts for 20 percent of Waste emissions, 4 percent of U.S. CH4 
emissions, and 2 percent of U.S. N2O emissions.  Emissions of CH4 and N2O from composting are also accounted 
for in this chapter; generating emissions of 1.7 Tg CO2 Eq. and 1.8 Tg CO2 Eq., respectively.  Overall, emission 
sources accounted for in the Waste chapter generated 2.3 percent of total U.S. greenhouse gas emissions in 2009. 

Other Information 

Emissions by Economic Sector 
Throughout the Inventory of U.S. Greenhouse Gas Emissions and Sinks report, emission estimates are grouped into 
six sectors (i.e., chapters) defined by the IPCC:  Energy; Industrial Processes; Solvent Use; Agriculture; Land Use, 
Land-Use Change, and Forestry; and Waste.  While it is important to use this characterization for consistency with 
UNFCCC reporting guidelines, it is also useful to allocate emissions into more commonly used sectoral categories.  
This section reports emissions by the following economic sectors:  Residential, Commercial, Industry, 
Transportation, Electricity Generation, Agriculture, and U.S. Territories.   

Table ES-7 summarizes emissions from each of these sectors, and Figure ES-13 shows the trend in emissions by 
sector from 1990 to 2009. 

 

Figure ES-13:  Emissions Allocated to Economic Sectors 

 

Table ES-7:  U.S. Greenhouse Gas Emissions Allocated to Economic Sectors (Tg or million metric tons CO2 Eq.) 
Implied Sectors 1990 2000 2005 2006 2007 2008 2009
Electric Power Industry 1,868.9 2,337.6 2,444.6 2,388.2 2,454.0 2,400.7 2,193.0
Transportation 1,545.2 1,932.3 2,017.4 1,994.4 2,003.8 1,890.7 1,812.4
Industry 1,564.4 1,544.0 1,441.9 1,497.3 1,483.0 1,446.9 1,322.7
Agriculture 429.0 485.1 493.2 516.7 520.7 503.9 490.0
Commercial 395.5 381.4 387.2 375.2 389.6 403.5 409.5
Residential 345.1 386.2 371.0 335.8 358.9 367.1 360.1
U.S. Territories 33.7 46.0 58.2 59.3 53.5 48.4 45.5

                                                           
15 Landfills also store carbon, due to incomplete degradation of organic materials such as wood products and yard trimmings, as 
described in the Land-Use, Land-Use Change, and Forestry chapter of the Inventory report. 
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Total Emissions 6,181.8 7,112.7 7,213.5 7,166.9 7,263.4 7,061.1 6,633.2
Land Use, Land-Use Change, and 
Forestry (Sinks) (861.5) (576.6) (1,056.5) (1,064.3) (1,060.9) (1,040.5) (1,015.1)

Net Emissions (Sources and Sinks) 5,320.3 6,536.1 6,157.1 6,102.6 6,202.5 6,020.7 5,618.2
Note:  Totals may not sum due to independent rounding.  Emissions include CO2, CH4, N2O, HFCs, PFCs, and SF6. 
See Table 2-12 for more detailed data. 
 

Using this categorization, emissions from electricity generation accounted for the largest portion (33 percent) of 
U.S. greenhouse gas emissions in 2009.  Transportation activities, in aggregate, accounted for the second largest 
portion (27 percent), while emissions from industry accounted for the third largest portion (20 percent) of U.S. 
greenhouse gas emissions in 2009.  In contrast to electricity generation and transportation, emissions from industry 
have in general declined over the past decade.  The long-term decline in these emissions has been due to structural 
changes in the U.S. economy (i.e., shifts from a manufacturing-based to a service-based economy), fuel switching, 
and energy efficiency improvements.  The remaining 20 percent of U.S. greenhouse gas emissions were contributed 
by, in order of importance, the agriculture, commercial, and residential sectors, plus emissions from U.S. territories.  
Activities related to agriculture accounted for 7 percent of U.S. emissions; unlike other economic sectors, 
agricultural sector emissions were dominated by N2O emissions from agricultural soil management and CH4 
emissions from enteric fermentation.  The commercial sector accounted for 6 percent of emissions while the 
residential sector accounted for 5 percent of emissions and U.S. territories accounted for 1 percent of emissions; 
emissions from these sectors primarily consisted of CO2 emissions from fossil fuel combustion. 

CO2 was also emitted and sequestered by a variety of activities related to forest management practices, tree planting 
in urban areas, the management of agricultural soils, and landfilling of yard trimmings.   

Electricity is ultimately consumed in the economic sectors described above.  Table ES-8 presents greenhouse gas 
emissions from economic sectors with emissions related to electricity generation distributed into end-use categories 
(i.e., emissions from electricity generation are allocated to the economic sectors in which the electricity is 
consumed).  To distribute electricity emissions among end-use sectors, emissions from the source categories 
assigned to electricity generation were allocated to the residential, commercial, industry, transportation, and 
agriculture economic sectors according to retail sales of electricity.16  These source categories include CO2 from 
fossil fuel combustion and the use of limestone and dolomite for flue gas desulfurization, CO2 and N2O from 
incineration of waste, CH4 and N2O from stationary sources, and SF6 from electrical transmission and distribution 
systems. 

When emissions from electricity are distributed among these sectors, Industrial activities account for the largest 
share of U.S. greenhouse gas emissions (29 percent) in 2009.  Transportation is the second largest contributor to 
total U.S. emissions (28 percent).  The commercial and residential sectors contributed the next largest shares of total 
U.S. greenhouse gas emissions in 2009. Emissions from these sectors increase substantially when emissions from 
electricity are included, due to their relatively large share of electricity consumption (e.g., lighting, appliances, etc.).  
In all sectors except agriculture, CO2 accounts for more than 80 percent of greenhouse gas emissions, primarily from 
the combustion of fossil fuels.  Figure ES-14 shows the trend in these emissions by sector from 1990 to 2009. 

Table ES-8:  U.S Greenhouse Gas Emissions by Economic Sector with Electricity-Related Emissions Distributed 
(Tg or million metric tons CO2 Eq.) 
Implied Sectors 1990 2000 2005 2006 2007 2008 2009
Industry 2,238.3 2,314.4 2,162.5 2,194.6 2,192.9 2,146.5 1,910.9
Transportation 1,548.3 1,935.8 2,022.2 1,999.0 2,008.9 1,895.5 1,816.9
Commercial 947.7 1,135.8 1,205.1 1,188.5 1,225.3 1,224.5 1,184.9
Residential 953.8 1,162.2 1,242.9 1,181.5 1,229.6 1,215.1 1,158.9
Agriculture 460.0 518.4 522.7 544.1 553.2 531.1 516.0
U.S. Territories 33.7 46.0 58.2 59.3 53.5 48.4 45.5
Total Emissions 6,181.8 7,112.7 7,213.5 7,166.9 7,263.4 7,061.1 6,633.2
Land Use, Land-Use Change, (861.5) (576.6) (1,056.5) (1,064.3) (1,060.9) (1,040.5) (1,015.1)

                                                           
16 Emissions were not distributed to U.S. territories, since the electricity generation sector only includes emissions related to the 
generation of electricity in the 50 states and the District of Columbia. 
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and Forestry (Sinks) 
Net Emissions (Sources and 
Sinks) 5,320.3 6,536.1 6,157.1 6,102.6 6,202.5 6,020.7 5,618.2

See Table 2-14 for more detailed data. 
 

 

Figure ES-14:  Emissions with Electricity Distributed to Economic Sectors 

 

 

[BEGIN BOX] 

 

Box ES-2: Recent Trends in Various U.S. Greenhouse Gas Emissions-Related Data 

Total emissions can be compared to other economic and social indices to highlight changes over time.  These 
comparisons include:  (1) emissions per unit of aggregate energy consumption, because energy-related activities are 
the largest sources of emissions; (2) emissions per unit of fossil fuel consumption, because almost all energy-related 
emissions involve the combustion of fossil fuels; (3) emissions per unit of electricity consumption, because the 
electric power industry—utilities and nonutilities combined—was the largest source of U.S. greenhouse gas 
emissions in 2009; (4) emissions per unit of total gross domestic product as a measure of national economic activity; 
and (5) emissions per capita.   

Table ES-9 provides data on various statistics related to U.S. greenhouse gas emissions normalized to 1990 as a 
baseline year.  Greenhouse gas emissions in the United States have grown at an average annual rate of 0.4 percent 
since 1990.  This rate is slightly slower than that for total energy and for fossil fuel consumption, and much slower 
than that for electricity consumption, overall gross domestic product and national population (see Figure ES-15).   

Table ES-9:  Recent Trends in Various U.S. Data (Index 1990 = 100) 

Variable 1990 2000 2005 2006 2007 2008 2009
Growth 

Ratea

GDPb 100 140 157 162 165 165 160 2.5%
Electricity Consumptionc 100 127 134 135 138 138 132 1.5%
Fossil Fuel Consumptionc 100 117 119 117 119 116 108 0.5%
Energy Consumptionc 100 116 118 118 120 118 112 0.6%
Populationd 100 113 118 120 121 122 123 1.1%
Greenhouse Gas Emissionse 100 115 117 116 117 114 107 0.4%
a  Average annual growth rate 
b  Gross Domestic Product in chained 2005 dollars (BEA 2010) 
c  Energy content-weighted values (EIA 2010b) 
d  U.S. Census Bureau (2010) 
e  GWP-weighted values 

 

Figure ES-15:  U.S. Greenhouse Gas Emissions Per Capita and Per Dollar of Gross Domestic Product 
Source:  BEA (2010), U.S. Census Bureau (2010), and emission estimates in this report. 

 

[END BOX] 
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Indirect Greenhouse Gases (CO, NOx, NMVOCs, and SO2)  
The reporting requirements of the UNFCCC17 request that information be provided on indirect greenhouse gases, 
which include CO, NOx, NMVOCs, and SO2.  These 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, by affecting 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. 

Since 1970, the United States has published estimates of annual emissions of CO, NOx, NMVOCs, and SO2 (EPA 
2010, EPA 2009),18 which are regulated under the Clean Air Act.  Table ES- 10 shows that fuel combustion 
accounts for the majority of emissions of these indirect greenhouse gases.  Industrial processes—such as the 
manufacture of chemical and allied products, metals processing, and industrial uses of solvents—are also significant 
sources of CO, NOx, and NMVOCs. 

Table ES- 10:  Emissions of NOx, CO, NMVOCs, and SO2 (Gg) 
Gas/Activity 1990 2000 2005 2006 2007 2008 2009
NOx 21,707 19,116 15,900 15,039 14,380 13,547 11,468

Mobile Fossil Fuel Combustion 10,862 10,199 9,012 8,488 7,965 7,441 6,206
Stationary Fossil Fuel Combustion 10,023 8,053 5,858 5,545 5,432 5,148 4,159
Industrial Processes 591 626 569 553 537 520 568
Oil and Gas Activities 139 111 321 319 318 318 393
Incineration of Waste 82 114 129 121 114 106 128
Agricultural Burning 8 8 6 7 8 8 8
Solvent Use 1 3 3 4 4 4 3
Waste 0 2 2 2 2 2 2

CO 130,038 92,243 70,809 67,238 63,625 60,039 51,452
Mobile Fossil Fuel Combustion 119,360 83,559 62,692 58,972 55,253 51,533 43,355
Stationary Fossil Fuel Combustion 5,000 4,340 4,649 4,695 4,744 4,792 4,543
Industrial Processes  4,125 2,216 1,555 1,597 1,640 1,682 1,549
Incineration of Waste 978 1,670 1,403 1,412 1,421 1,430 1,403
Agricultural Burning  268 259 184 233 237 270 247
Oil and Gas Activities  302 146 318 319 320 322 345
Waste  1 8 7 7 7 7 7
Solvent Use  5 45 2 2 2 2 2

NMVOCs 20,930 15,227 13,761 13,594 13,423 13,254 9,313
Mobile Fossil Fuel Combustion 10,932 7,229 6,330 6,037 5,742 5,447 4,151
Solvent Use  5,216 4,384 3,851 3,846 3,839 3,834 2,583
Industrial Processes  2,422 1,773 1,997 1,933 1,869 1,804 1,322
Stationary Fossil Fuel Combustion 912 1,077 716 918 1,120 1,321 424
Oil and Gas Activities  554 388 510 510 509 509 599
Incineration of Waste 222 257 241 238 234 230 159
Waste  673 119 114 113 111 109 76
Agricultural Burning  NA NA NA NA NA NA NA

SO2 20,935 14,830 13,466 12,388 11,799 10,368 8,599
Stationary Fossil Fuel Combustion 18,407 12,849 11,541 10,612 10,172 8,891 7,167
Industrial Processes  1,307 1,031 831 818 807 795 798
Mobile Fossil Fuel Combustion 793 632 889 750 611 472 455
Oil and Gas Activities  390 287 181 182 184 187 154
Incineration of Waste 38 29 24 24 24 23 24
Waste  0 1 1 1 1 1 1
Solvent Use  0 1 0 0 0 0 0

                                                           
17 See <http://unfccc.int/resource/docs/cop8/08.pdf>. 
18 NOx and CO emission estimates from field burning of agricultural residues were estimated separately, and therefore not taken 
from EPA (2008). 
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Agricultural Burning  NA NA NA NA NA NA NA
Source:  (EPA 2010, EPA 2009) except for estimates from field burning of agricultural residues. 
NA (Not Available) 
Note:  Totals may not sum due to independent rounding. 
 

Key Categories 
The 2006 IPCC Guidelines for National Greenhouse Gas Inventories (IPCC 2006)  defines a key category as a 
“[source or sink category] that is prioritized within the national inventory system because its estimate has a 
significant influence on a country’s total inventory of direct greenhouse gases in terms of the absolute level of 
emissions, the trend in emissions, or both.”19   By definition, key categories are sources or sinks that have the 
greatest contribution to the absolute overall level of national emissions in any of the years covered by the time 
series.  In addition, when an entire time series of emission estimates is prepared, a thorough investigation of key 
categories must also account for the influence of trends of individual source and sink categories.  Finally, a 
qualitative evaluation of key categories should be performed, in order to capture any key categories that were not 
identified in either of the quantitative analyses. 

Figure ES-16 presents 2009 emission estimates for the key categories as defined by a level analysis (i.e., the 
contribution of each source or sink category to the total inventory level).  The UNFCCC reporting guidelines request 
that key category analyses be reported at an appropriate level of disaggregation, which may lead to source and sink 
category names which differ from those used elsewhere in the inventory report.  For more information regarding key 
categories, see section 1.5 and Annex 1. 

 

Figure ES-16:  2009 Key Categories 

 

Quality Assurance and Quality Control (QA/QC) 
The United States seeks to continually improve the quality, transparency, and credibility of the Inventory of U.S. 
Greenhouse Gas Emissions and Sinks.  To assist in these efforts, the United States implemented a systematic 
approach to QA/QC.  While QA/QC has always been an integral part of the U.S. national system for inventory 
development, the procedures followed for the current inventory have been formalized in accordance with the 
QA/QC plan and the UNFCCC reporting guidelines. 

Uncertainty Analysis of Emission Estimates  
While the current U.S. emissions inventory provides a solid foundation for the development of a more detailed and 
comprehensive national inventory, there are uncertainties associated with the emission estimates.  Some of the 
current estimates, such as those for CO2 emissions from energy-related activities and cement processing, are 
considered to have low uncertainties.  For some other categories of emissions, however, a lack of data or an 
incomplete understanding of how emissions are generated increases the uncertainty associated with the estimates 
presented.  Acquiring a better understanding of the uncertainty associated with inventory estimates is an important 
step in helping to prioritize future work and improve the overall quality of the Inventory.  Recognizing the benefit of 
conducting an uncertainty analysis, the UNFCCC reporting guidelines follow the recommendations of the IPCC 
Good Practice Guidance (IPCC 2000) and require that countries provide single estimates of uncertainty for source 
and sink categories. 

Currently, a qualitative discussion of uncertainty is presented for all source and sink categories.  Within the 
discussion of each emission source, specific factors affecting the uncertainty surrounding the estimates are 
discussed.  Most sources also contain a quantitative uncertainty assessment, in accordance with UNFCCC reporting 
guidelines. 

                                                           
19 See Chapter 7 “Methodological Choice and Recalculation” in IPCC (2000). <http://www.ipcc-
nggip.iges.or.jp/public/gp/gpgaum.htm> 
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[BEGIN BOX] 

 

Box ES-3: Recalculations of Inventory Estimates 

Each year, emission and sink estimates are recalculated and revised for all years in the Inventory of U.S. Greenhouse 
Gas Emissions and Sinks, as attempts are made to improve both the analyses themselves, through the use of better 
methods or data, and the overall usefulness of the report.  In this effort, the United States follows the 2006 IPCC 
Guidelines (IPCC 2006), which states, “Both methodological changes and refinements over time are an essential 
part of improving inventory quality. It is good practice to change or refine methods” when: available data have 
changed; the previously used method is not consistent with the IPCC guidelines for that category; a category has 
become key; the previously used method is insufficient to reflect mitigation activities in a transparent manner; the 
capacity for inventory preparation has increased; new inventory methods become available; and for correction of 
errors.”  In general, recalculations are made to the U.S. greenhouse gas emission estimates either to incorporate new 
methodologies or, most commonly, to update recent historical data. 

In each Inventory report, the results of all methodology changes and historical data updates are presented in the 
"Recalculations and Improvements" chapter; detailed descriptions of each recalculation are contained within each 
source's description contained in the report, if applicable.  In general, when methodological changes have been 
implemented, the entire time series (in the case of the most recent inventory report, 1990 through 2009) has been 
recalculated to reflect the change, per the 2006 IPCC Guidelines (IPCC 2006).  Changes in historical data are 
generally the result of changes in statistical data supplied by other agencies.  References for the data are provided for 
additional information. 

 

[END BOX] 





1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
Total: 6,182 6,142 6,244 6,367 6,466 6,551 6,767 6,807 6,850 6,916
Please see the orange box on the "Figure Data" page for which figures need to be continuously updated manually.

Figure ES-1:  U.S. Greenhouse Gas Emissions by Gas

6,182 6,142 6,244 6,367 6,466 6,551 6,767 6,807 6,850 6,916 7,113 6,999 7,039 7,065 7,175 7,214 7,167 7,263 7,061
6,633

0 

1,000 

2,000 

3,000 

4,000 

5,000 

6,000 

7,000 

8,000 
19

90

19
91

19
92

19
93

19
94

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

Tg
 C

O
2

Eq
.

HFCs, PFCs, & Nitrous Oxide

Methane Carbon Dioxide

SF6

-0.6%

1.7% 2.0% 1.6% 1.3%

3.3%

0.6% 0.6% 1.0%

2.8%

-1.6%

0.6% 0.4%

1.6%
0.5%

-0.6%

1.3%

-2.8%

-6.1%

-8%

-6%

-4%

-2%

0%

2%

4%

1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Figure ES-2:  Annual Percent Change in U.S. Greenhouse Gas Emissions

Figure ES-3:  Cumulative Change in Annual U.S. Greenhouse Gas Emissions Relative to 1990
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Figure ES-4:  2009 Greenhouse Gas Emissions by Gas (percents based on Tg CO2 Eq.)
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Figure ES-5:  2009 Sources of CO2 Emissions
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Figure ES-6:  2009 CO2 Emissions from Fossil Fuel Combustion by Sector and Fuel Type
Note:  Electricity generation also includes emissions of less than 0.5 Tg CO2 Eq. from geothermal-based electricity generation.
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Figure ES-7:  2009 End-Use Sector Emissions of CO2, CH4, and N2O from Fossil Fuel Combustion
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Figure ES-8:  2009 Sources of CH4 Emissions
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Figure ES-9:  2009 Sources of N2O Emissions
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Figure ES-10:  2009 Sources of HFCs, PFCs, and SF6 Emissions
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Figure ES-11:  U.S. Greenhouse Gas Emissions and Sinks by Chapter/IPCC Sector
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Figure ES-12:  2009 U.S. Energy Consumption by Energy Source
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Figure ES-13:  Emissions Allocated to Economic Sectors
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Note: Does not include U.S. Territories.
Figure ES-14:  Emissions with Electricity Distributed to Economic Sectors
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Figure ES-15:  U.S. Greenhouse Gas Emissions Per Capita and Per Dollar of Gross Domestic Product
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Figure ES-16: 2009 Key Categories
Notes: For a complete discussion of the key category analysis, see Annex 1.
            Black bars indicate a Tier 1 level assessment key category.
            Gray bars indicate a Tier 2 level assessment key category.

0 200 400 600 800 1,000 1,200 1,400 1,600 1,800 2,000

CH4 Emissions from Rice Cultivation

Non-CO2 Emissions from Stationary Combustion

CH4 Emissions from Wastewater Treatment

Fugitive Emissions from Petroleum Systems

CO2 Emissions from Natural Gas Systems

CO2 Em. from Iron and Steel Prod. & Metallurgical Coke Prod.

Indirect N2O Emissions from Applied Nitrogen

CH4 Emissions from Manure Management

Fugitive Emissions from Coal Mining

CO2 Emissions from Mobile Combustion: Other

CH4 Emissions from Landfills

Emissions from Substitutes for Ozone Depleting Substances

CO2 Emissions from Non-Energy Use of Fuels

CH4 Emissions from Enteric Fermentation

CO2 Emissions from Mobile Combustion - Aviation

Direct N2O Emissions from Agricultural Soil Management

Fugitive Emissions from Natural Gas Systems

CO2 Emissions from Stationary Combustion - Oil

CO2 Emissions from Stationary Combustion - Gas

CO2 Emissions from Mobile Combustion - Road

CO2 Emissions from Stationary Combustion - Coal

Tg CO2 Eq.

96.1%

Key Categories as a Portion of All 
Emissions



Energy      3-1 

3. Energy 
Energy-related activities were the primary sources of U.S. anthropogenic greenhouse gas emissions, accounting for 
86.7 percent of total greenhouse gas emissions on a carbon dioxide (CO2) equivalent basis52 in 2009.  This included 
98, 49, and 13 percent of the nation's CO2, methane (CH4), and nitrous oxide (N2O) emissions, respectively.  
Energy-related CO2 emissions alone constituted 81 percent of national emissions from all sources on a CO2 
equivalent basis, while the non-CO2 emissions from energy-related activities represented a much smaller portion of 
total national emissions (5.6 percent collectively). 

Emissions from fossil fuel combustion comprise the vast majority of energy-related emissions, with CO2 being the 
primary gas emitted (see Figure 3-1).  Globally, approximately 30,398 Tg of CO2 were added to the atmosphere 
through the combustion of fossil fuels in 2009, of which the United States accounted for about 18 percent.53 Due to 
their relative importance, fossil fuel combustion-related CO2 emissions are considered separately, and in more detail 
than other energy-related emissions (see Figure 3-2).  Fossil fuel combustion also emits CH4 and N2O, and mobile 
fossil fuel combustion was the second largest source of N2O emissions in the United States. 

 

Figure 3-1:  2009 Energy Chapter Greenhouse Gas Sources 

 

Figure 3-2:  2009 U.S. Fossil Carbon Flows (Tg CO2 Eq.) 

 

Energy-related activities other than fuel combustion, such as the production, transmission, storage, and distribution 
of fossil fuels, also emit greenhouse gases.  These emissions consist primarily of fugitive CH4 from natural gas 
systems, petroleum systems, and coal mining. 

Table 3-1 summarizes emissions from the Energy sector in units of teragrams (or million metric tons) of CO2 
equivalents (Tg CO2 Eq.), while unweighted gas emissions in gigagrams (Gg) are provided in Table 3-2.  Overall, 
emissions due to energy-related activities were 5,751.1 Tg CO2 Eq. in 2009, an increase of 9 percent since 1990. 

Table 3-1:  CO2, CH4, and N2O Emissions from Energy (Tg CO2 Eq.) 
Gas/Source 1990  2000  2005 2006 2007 2008 2009 
CO2 4,903.2  5,781.3  5,939.4 5,842.5 5,938.2 5,752.3 5,377.3 
Fossil Fuel Combustion 4,738.4  5,594.8  5,753.2 5,653.1 5,756.7 5,565.9 5,209.0 
   Electricity Generation 1,820.8   2,296.9  2,402.1 2,346.4 2,412.8  2,360.9  2,154.0 
   Transportation 1,485.9   1,809.5  1,896.6 1,878.1 1,894.0  1,789.9  1,719.7 
   Industrial 846.5   851.1  823.1 848.2 842.0  802.9  730.4 
   Residential 338.3   370.7  357.9 321.5 342.4  348.2  339.2 
   Commercial 219.0   230.8  223.5 208.6 219.4  224.2  224.0 
   U.S. Territories 27.9   35.9  50.0 50.3 46.1  39.8  41.7 
Non-Energy Use of Fuels 118.6  144.9  143.4 145.6 137.2 141.0 123.4 
Natural Gas Systems 37.6  29.9  29.9 30.8 31.1 32.8 32.2 
Incineration of Waste 8.0  11.1  12.5 12.5 12.7 12.2 12.3 
Petroleum Systems 0.6  0.5  0.5 0.5 0.5 0.5 0.5 
Biomass - Wood* 215.2  218.1  206.9 203.8 203.3 198.4 183.8 
International Bunker Fuels* 111.8  98.5  109.7 128.4 127.6 133.7 123.1 
Biomass – Ethanol* 4.2  9.4  23.0 31.0 38.9 54.8 61.2 
CH4 327.4  318.6  291.3 319.2 307.3 323.6 336.8 
Natural Gas Systems 189.8  209.3  190.4 217.7 205.2 211.8 221.2 

                                                           
52 Estimates are presented in units of teragrams of carbon dioxide equivalent (Tg CO2 Eq.), which weight each gas by its global 
warming potential, or GWP, value.  See section on global warming potentials in the Executive Summary. 
53 Global CO2 emissions from fossil fuel combustion were taken from Energy Information Administration International Energy 
Statistics 2010 < http://tonto.eia.doe.gov/cfapps/ipdbproject/IEDIndex3.cfm> EIA (2010). 
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Coal Mining 84.1  60.4  56.9 58.2 57.9 67.1 71.0 
Petroleum Systems 35.4  31.5  29.4 29.4 30.0 30.2 30.9 
Stationary Combustion 7.4  6.6  6.6 6.2 6.5 6.5 6.2 
Abandoned Underground 
Coal Mines  6.0  7.4  5.5 5.5 5.6 5.9 5.5 

Mobile Combustion 4.7  3.4  2.5 2.3 2.2 2.0 2.0 
Incineration of Waste +  +  + + + + + 
International Bunker Fuels* 0.2  0.1  0.1 0.2 0.2 0.2 0.1 
N2O 57.2  68.1  52.1 48.5 45.2 40.7 37.0 
Mobile Combustion 43.9  53.2  36.9 33.6 30.3 26.1 23.9 
Stationary Combustion 12.8  14.6  14.7 14.4 14.6 14.2 12.8 
Incineration of Waste 0.5  0.4  0.4 0.4 0.4 0.4 0.4 
International Bunker Fuels* 1.1  0.9  1.0 1.2 1.2 1.2 1.1 
Total 5,287.8  6,168.0  6,282.8 6,210.2 6,290.7 6,116.6 5,751.1 
+ Does not exceed 0.05 Tg CO2 Eq. 
* These values are presented for informational purposes only, in line with IPCC methodological guidance and UNFCCC 
reporting obligations, and are not included in the specific energy sector contribution to the totals, and are already accounted for 
elsewhere. 
Note:  Totals may not sum due to independent rounding. 
 

Table 3-2:  CO2, CH4, and N2O Emissions from Energy (Gg) 
Gas/Source 1990  2000  2005 2006 2007 2008 2009 
CO2  4,903,171  5,781,303  5,939,434 5,842,464 5,938,203 5,752,327 5,377,271 
Fossil Fuel Combustion 4,738,422  5,594,848  5,753,200 5,653,116 5,756,746 5,565,925 5,208,981 
Non-Energy Use of 
Fuels 118,630  144,933  143,392 145,574 137,233 140,952 123,356 

Natural Gas Systems  37,574  29,877  29,902 30,755 31,050 32,828 32,171 
Incineration of Waste 7,989  11,112  12,450 12,531 12,700 12,169 12,300 
Petroleum Systems 555  534  490 488 474 453 463 
Biomass -Wood* 215,186  218,088  206,865 203,846 203,316 198,361 183,777 
International Bunker 
Fuels* 111,828  98,482  109,750 128,384 127,618 133,704 123,127 

Biomass - Ethanol* 4,229  9,352  22,956 31,002 38,946 54,770 61,231 
CH4  15,590  15,171  13,872 15,202 14,634 15,408 16,037 
Natural Gas Systems 9,038  9,968  9,069 10,364 9,771 10,087 10,535 
Coal Mining 4,003  2,877  2,710 2,774 2,756 3,196 3,382 
Petroleum Systems 1,685  1,501  1,398 1,398 1,427 1,439 1,473 
Stationary Combustion 354  315  312 293 308 310 293 
Abandoned 
Underground Coal 
Mines  288  350  264 261 267 279 262 

Mobile Combustion 223  160  119 112 105 97 93 
Incineration of Waste +  +  + + + + + 
International Bunker 
Fuels* 8  6  7 8 8 8 7 

N2O  185  220  168 156 146 131 120 
Mobile Combustion 142  172  119 108 98 84 77 
Stationary Combustion 41  47  47 47 47 46 41 
Incineration of Waste 2  1  1 1 1 1 1 
International Bunker 
Fuels* 3  3  3 4 4 4 4 

+ Does not exceed 0.05 Tg CO2 Eq. 
* These values are presented for informational purposes only, in line with IPCC methodological guidance and UNFCCC 
reporting obligations, and are not included in the specific energy sector contribution to the totals, and are already accounted for 
elsewhere. 
Note:  Totals may not sum due to independent rounding. 
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3.1. Fossil Fuel Combustion (IPCC Source Category 1A) 
Emissions from the combustion of fossil fuels for energy include the gases CO2, CH4, and N2O. Given that CO2 is 
the primary gas emitted from fossil fuel combustion and represents the largest share of U.S. total emissions, CO2 
emissions from fossil fuel combustion are discussed at the beginning of this section. Following that is a discussion 
of emissions of all three gases from fossil fuel combustion presented by sectoral breakdowns.  Methodologies for 
estimating CO2 from fossil fuel combustion also differ from the estimation of CH4 and N2O emissions from 
stationary combustion and mobile combustion.  Thus, three separate descriptions of methodologies, uncertainties, 
recalculations, and planned improvements are provided at the end of this section. Total CO2, CH4, and N2O 
emissions from fossil fuel combustion are presented in Table 3-3 and Table 3-4.  

Table 3-3:  CO2, CH4, and N2O Emissions from Fossil Fuel Combustion (Tg CO2 Eq.) 
Gas 1990  2000  2005 2006 2007 2008 2009 
CO2 4,738.4  5,594.8  5,753.2 5,653.1 5,756.7 5,565.9 5,209.0 
CH4 12.1  10.0  9.1 8.5 8.7 8.5 8.1 
N2O 56.8  67.7  51.7 48.1 44.9 40.4 36.7 
Total 4,807.3  5,627.6  5,813.9 5,709.7 5,810.3 5,614.8 5,253.8 
Note:  Totals may not sum due to independent rounding. 
 

Table 3-4:  CO2, CH4, and N2O Emissions from Fossil Fuel Combustion (Gg) 
Gas 1990  2000  2005 2006 2007 2008 2009 
CO2 4,738,422  5,594,848  5,753,200 5,653,116 5,756,746 5,565,925 5,208,981 
CH4 577  476  431 405 413 407 386 
N2O 183  219  167 155 145 130 118 
Note:  Totals may not sum due to independent rounding. 
 

CO2 from Fossil Fuel Combustion 
CO2 is the primary gas emitted from fossil fuel combustion and represents the largest share of U.S. total greenhouse 
gas emissions. CO2 emissions from fossil fuel combustion are presented in Table 3-5. In 2009, CO2 emissions from 
fossil fuel combustion decreased by 6.4 percent relative to the previous year. This decrease represents the largest 
annual decrease in CO2 emissions from fossil fuel combustion for the twenty-year period.54 The decrease in CO2 
emissions from fossil fuel combustion was a result of multiple factors including: (1) a decrease in economic output 
resulting in a decrease in energy consumption across all sectors; (2) a decrease in the carbon intensity of fuels used 
to generate electricity due to fuel switching as the price of coal increased, and the price natural gas decreased 
significantly; and (3) an increase in non-fossil fuel consumption by approximately 2 percent.  In 2009, CO2 
emissions from fossil fuel combustion were 5,209.0 Tg CO2 Eq., or almost 10 percent above emissions in 1990 (see 
Table 3-5).55  

Table 3-5:  CO2 Emissions from Fossil Fuel Combustion by Fuel Type and Sector (Tg CO2 Eq.) 
Fuel/Sector 1990  2000  2005 2006 2007 2008 2009 
Coal 1,718.4   2,065.5  2,112.3 2,076.5 2,106.0 2,072.5  1,841.0 

Residential 3.0   1.1  0.8 0.6 0.7 0.7  0.6 
Commercial 12.0   8.8  9.3 6.2 6.7 6.5  5.8 
Industrial 155.3   127.3  115.3 112.6 107.0 102.6  83.4 
Transportation NE  NE  NE NE NE NE NE 
Electricity Generation 1,547.6   1,927.4  1,983.8 1,953.7 1,987.3 1,959.4  1,747.6 
U.S. Territories 0.6   0.9  3.0 3.4 4.3 3.3  3.5 

Natural Gas 1,000.6   1,217.4  1,159.0 1,141.3 1,218.0 1,226.0  1,200.9 

                                                           
54 This decrease also represents the largest absolute and percentage decrease since the beginning of EIA’s record of annual 
energy consumption data, beginning in 1949 (EIA 2010a). 
55 An additional discussion of fossil fuel emission trends is presented in the Trends in U.S. Greenhouse Gas Emissions Chapter. 
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Residential 238.0   270.7  262.2 237.3 257.0 264.4  257.2 
Commercial 142.1   172.5  162.9 153.8 164.0 170.2  167.9 
Industrial 409.1   457.2  380.8 377.7 389.0 391.0  365.0 
Transportation 36.0   35.6  33.1 33.1 35.3 36.8  36.3 
Electricity Generation 175.3   280.8  318.8 338.0 371.3 361.9  373.1 
U.S. Territories NO  0.7  1.3 1.4 1.4 1.6  1.5 

Petroleum 2,019.0   2,311.6  2,481.5 2,434.9 2,432.4 2,267.1  2,166.7 
Residential 97.4   98.8  94.9 83.6 84.6 83.1  81.4 
Commercial 64.9   49.6  51.3 48.5 48.7 47.4  50.3 
Industrial 282.1   266.6  326.9 357.9 346.0 309.3  282.0 
Transportation 1,449.9   1,773.9  1,863.5 1,845.0 1,858.7 1,753.1  1,683.4 
Electricity Generation 97.5   88.4  99.2 54.4 53.9 39.2  32.9 
U.S. Territories 27.2   34.2  45.7 45.5 40.4 35.0  36.7 

Geothermal*  0.4    0.4   0.4  0.4  0.4  0.4   0.4 
Total 4,738.4   5,594.8  5,753.2 5,653.1 5,756.7 5,565.9  5,209.0 
NE (Not estimated) 
NO (Not occurring) 
* Although not technically a fossil fuel, geothermal energy-related CO2 emissions are included for reporting purposes. 
Note:  Totals may not sum due to independent rounding. 
 

Trends in CO2 emissions from fossil fuel combustion are influenced by many long-term and short-term factors.  On 
a year-to-year basis, the overall demand for fossil fuels in the United States and other countries generally fluctuates 
in response to changes in general economic conditions, energy prices, weather, and the availability of non-fossil 
alternatives.  For example, in a year with increased consumption of goods and services, low fuel prices, severe 
summer and winter weather conditions, nuclear plant closures, and lower precipitation feeding hydroelectric dams, 
there would likely be proportionally greater fossil fuel consumption than a year with poor economic performance, 
high fuel prices, mild temperatures, and increased output from nuclear and hydroelectric plants. 

Longer-term changes in energy consumption patterns, however, tend to be more a function of aggregate societal 
trends that affect the scale of consumption (e.g., population, number of cars, size of houses, and number of houses), 
the efficiency with which energy is used in equipment (e.g., cars, power plants, steel mills, and light bulbs), and 
social planning and consumer behavior (e.g., walking, bicycling, or telecommuting to work instead of driving). 

CO2 emissions also depend on the source of energy and its carbon (C) intensity.  The amount of C in fuels varies 
significantly by fuel type.  For example, coal contains the highest amount of C per unit of useful energy.  Petroleum 
has roughly 75 percent of the C per unit of energy as coal, and natural gas has only about 55 percent.56  Table 3-6 
shows annual changes in emissions during the last five years for coal, petroleum, and natural gas in selected sectors. 

Table 3-6:  Annual Change in CO2 Emissions and Total 2009 Emissions from Fossil Fuel Combustion for Selected 
Fuels and Sectors (Tg CO2 Eq. and Percent) 
Sector Fuel Type 2005 to 2006 2006 to 2007 2007 to 2008 2008 to 2009 Total 2009
Electricity Generation  Coal -30.1 -1.5% 33.6 1.7% -27.9 -1.4% -211.7 -10.8% 1,747.6 
Electricity Generation Natural Gas 19.2 6.0% 33.3 9.9% -9.3 -2.5% 11.1 3.1% 373.1 
Electricity Generation Petroleum -44.8 -45.2% -0.5 -0.9% -14.7 -27.2% -6.3 -16.0% 32.9 
Transportation a Petroleum -18.5 -1.0% 13.7 0.7% -105.6 -5.7% -69.7 -4.0% 1,683.4
Residential Natural Gas -24.9 -9.5% 19.7 8.3% 7.4 2.9% -7.3 -2.8% 257.2
Commercial Natural Gas -9.1 -5.6% 10.2 6.6% 6.2 3.8% -2.3 -1.3% 167.9
Industrial Coal -2.8 -2.4% -5.6 -5.0% -4.4 -4.1% -19.2 -18.7% 83.4
Industrial Natural Gas -3.1 -0.8% 11.3 3.0% 2.0 0.5% -26.0 -6.6% 365.0
All Sectors b All Fuels b -100.1 -1.7% 103.6 1.8% -190.8 -3.3% -356.9 -6.4% 5,209.0 
a Excludes emissions from International Bunker Fuels. 
b Includes fuels and sectors not shown in table. 
 

                                                           
56 Based on national aggregate carbon content of all coal, natural gas, and petroleum fuels combusted in the United States. 
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In the United States, 83 percent of the energy consumed in 2009 was produced through the combustion of fossil 
fuels such as coal, natural gas, and petroleum (see Figure 3-3 and Figure 3-4). The remaining portion was supplied 
by nuclear electric power (9 percent) and by a variety of renewable energy sources57 (8 percent), primarily 
hydroelectric power and biofuels (EIA 2010).  Specifically, petroleum supplied the largest share of domestic energy 
demands, accounting for an average of 42 percent of total fossil fuel based energy consumption in 2009.  Natural gas 
and coal followed in order of importance, accounting for approximately 32 and 27 percent of total consumption, 
respectively.  Petroleum was consumed primarily in the transportation end-use sector and the vast majority of coal 
was used in electricity generation. Natural gas was broadly consumed in all end-use sectors except transportation 
(see Figure 3-5) (EIA 2010). 

 

Figure 3-3:  2009 U.S. Energy Consumption by Energy Source 

 

Figure 3-4:  U.S. Energy Consumption (Quadrillion Btu) 

 

Figure 3-5:  2009 CO2 Emissions from Fossil Fuel Combustion by Sector and Fuel Type 

 

Fossil fuels are generally combusted for the purpose of producing energy for useful heat and work.  During the 
combustion process, the C stored in the fuels is oxidized and emitted as CO2 and smaller amounts of other gases, 
including CH4, CO, and NMVOCs.58  These other C containing non-CO2 gases are emitted as a by-product of 
incomplete fuel combustion, but are, for the most part, eventually oxidized to CO2 in the atmosphere.  Therefore, it 
is assumed that all of the C in fossil fuels used to produce energy is eventually converted to atmospheric CO2. 

 

[BEGIN BOX] 

 

Box 3-1:  Weather and Non-Fossil Energy Effects on CO2 from Fossil Fuel Combustion Trends 

In 2009, weather conditions remained constant in the winter and slightly cooler in the summer compared to 2008, as 
heating degree days decreased slightly and cooling degree days decreased by 3.8 percent. Winter conditions were 
relatively constant in 2009 compared to 2008, and the winter was slightly warmer than normal, with heating degree 
days in the United States 0.7 percent below normal (see Figure 3-6).  Summer conditions were slightly cooler in 
2009 compared to 2008, and summer temperatures were slightly cooler than normal, with cooling degree days 1 
percent below normal (see Figure 3-7) (EIA 2010).59  

 

Figure 3-6:  Annual Deviations from Normal Heating Degree Days for the United States (1950–2009) 

 

Figure 3-7:  Annual Deviations from Normal Cooling Degree Days for the United States (1950–2009) 

                                                           
57 Renewable energy, as defined in EIA’s energy statistics, includes the following energy sources: hydroelectric power, 
geothermal energy, biofuels, solar energy, and wind energy 
58 See the sections entitled Stationary Combustion and Mobile Combustion in this chapter for information on non-CO2 gas 
emissions from fossil fuel combustion. 
59 Degree days are relative measurements of outdoor air temperature.  Heating degree days are deviations of the mean daily 
temperature below 65° F, while cooling degree days are deviations of the mean daily temperature above 65° F.  Heating degree 
days have a considerably greater affect on energy demand and related emissions than do cooling degree days.  Excludes Alaska 
and Hawaii.  Normals are based on data from 1971 through 2000.  The variation in these normals during this time period was ±10 
percent and ±14 percent for heating and cooling degree days, respectively (99 percent confidence interval). 
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Although no new U.S. nuclear power plants have been constructed in recent years, the utilization (i.e., capacity 
factors60) of existing plants in 2009 remained high at just over 90 percent.  Electricity output by hydroelectric power 
plants increased in 2009 by approximately 6.8 percent.  Electricity generated by nuclear plants in 2009 provided 
nearly 3 times as much of the energy consumed in the United States as hydroelectric plants (EIA 2010).  Nuclear, 
hydroelectric, and wind power capacity factors since 1990 are shown in Figure 3-8. 

 

Figure 3-8:  Nuclear, Hydroelectric, and Wind Power Plant Capacity Factors in the United States (1990–2009) 

 

[END BOX] 

 

Fossil Fuel Combustion Emissions by Sector 
In addition to the CO2 emitted from fossil fuel combustion, CH4 and N2O are emitted from stationary and mobile 
combustion as well. Table 3-7 provides an overview of the CO2, CH4, and N2O emissions from fossil fuel 
combustion by sector.  

Table 3-7:  CO2, CH4, and N2O Emissions from Fossil Fuel Combustion by Sector (Tg CO2 Eq.) 
End-Use Sector 1990  2000  2005 2006 2007 2008 2009 
Electricity Generation 1,829.5  2,307.5  2,413.2 2,357.2 2,423.8 2,371.7 2,163.7 

CO2 1,820.8  2,296.9  2,402.1 2,346.4 2,412.8 2,360.9 2,154.0 
CH4 0.6  0.7  0.7 0.7 0.7 0.7 0.7 
N2O 8.1  10.0  10.3 10.1 10.3 10.1 9.0 

Transportation 1,534.6  1,866.0  1,936.0 1,914.1 1,926.5 1,818.1 1,745.5 
CO2 1,485.9  1,809.5  1,896.6 1,878.1 1,894.0 1,789.9 1,719.7 
CH4 4.7  3.4  2.5 2.3 2.2 2.0 2.0 
N2O 43.9  53.2  36.9 33.6 30.3 26.1 23.9 

Industrial 851.2  855.9  827.5 852.8 846.5 807.0 734.1 
CO2 846.5  851.1  823.1 848.2 842.0 802.9 730.4 
CH4 1.5  1.6  1.4 1.5 1.4 1.3 1.2 
N2O 3.2  3.2  3.0 3.1 3.0 2.8 2.5 

Residential 343.8  375.0  362.2 325.4 346.6 352.6 343.4 
CO2 338.3  370.7  357.9 321.5 342.4 348.2 339.2 
CH4 4.4  3.4  3.4 3.1 3.4 3.5 3.4 
N2O 1.1  0.9  0.9 0.8 0.9 0.9 0.9 

Commercial 220.2  232.1  224.8 209.7 220.6 225.4 225.2 
CO2 219.0  230.8  223.5 208.6 219.4 224.2 224.0 
CH4 0.9  0.9  0.9 0.8 0.9 0.9 0.9 
N2O 0.4  0.4  0.4 0.3 0.3 0.3 0.3 

U.S. Territories* 28.0  36.0  50.2 50.5 46.3 40.0 41.8 
Total 4,807.3  5,672.6  5,813.9 5,709.7 5,810.3 5,614.8 5,253.8 
Note:  Totals may not sum due to independent rounding.  Emissions from fossil fuel combustion by electricity generation are 
allocated based on aggregate national electricity consumption by each end-use sector. 
* U.S. Territories are not apportioned by sector, and emissions are total greenhouse gas emissions from all fuel combustion 
sources. 
 

Other than CO2, gases emitted from stationary combustion include the greenhouse gases CH4 and N2O and the 

                                                           
60The capacity factor equals generation divided by net summer capacity. Summer capacity is defined as "The maximum output 
that generating equipment can supply to system load, as demonstrated by a multi-hour test, at the time of summer peak demand 
(period of June 1 through September 30)."  Data for both the generation and net summer capacity are from EIA (2010b). 
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indirect greenhouse gases NOx, CO, and NMVOCs.61  CH4 and N2O emissions from stationary combustion sources 
depend upon fuel characteristics, size and vintage, along with combustion technology, pollution control equipment, 
ambient environmental conditions, and operation and maintenance practices. N2O emissions from stationary 
combustion are closely related to air-fuel mixes and combustion temperatures, as well as the characteristics of any 
pollution control equipment that is employed.  CH4 emissions from stationary combustion are primarily a function of 
the CH4 content of the fuel and combustion efficiency. 

Mobile combustion produces greenhouse gases other than CO2, including CH4, N2O, and indirect greenhouse gases 
including NOx, CO, and NMVOCs.  As with stationary combustion, N2O and NOx emissions from mobile 
combustion are closely related to fuel characteristics, air-fuel mixes, combustion temperatures, and the use of 
pollution control equipment.  N2O from mobile sources, in particular, can be formed by the catalytic processes used 
to control NOx, CO, and hydrocarbon emissions.  Carbon monoxide emissions from mobile combustion are 
significantly affected by combustion efficiency and the presence of post-combustion emission controls.  CO 
emissions are highest when air-fuel mixtures have less oxygen than required for complete combustion.  These 
emissions occur especially in idle, low speed, and cold start conditions.  CH4 and NMVOC emissions from motor 
vehicles are a function of the CH4 content of the motor fuel, the amount of hydrocarbons passing uncombusted 
through the engine, and any post-combustion control of hydrocarbon emissions (such as catalytic converters). 

An alternative method of presenting combustion emissions is to allocate emissions associated with electricity 
generation to the sectors in which it is used.  Four end-use sectors were defined: industrial, transportation, 
residential, and commercial.  In the table below, electricity generation emissions have been distributed to each end-
use sector based upon the sector’s share of national electricity consumption, with the exception of CH4 and N2O 
from transportation.62 Emissions from U.S. territories are also calculated separately due to a lack of end-use-specific 
consumption data. This method of distributing emissions assumes that 564 combustion sources focus on the 
alternative method as presented in Table 3-8. 

Table 3-8:  CO2, CH4, and N2O Emissions from Fossil Fuel Combustion by End-Use Sector (Tg CO2 Eq.) 
End-Use Sector 1990  2000  2005 2006 2007 2008 2009 
Transportation 1,537.6  1,869.5  1,940.8 1,918.6 1,931.5 1,822.8 1,750.0 

CO2 1,489.0  1,813.0  1,901.3 1,882.6 1,899.0 1,794.6 1,724.1 
CH4 4.7  3.4  2.5 2.4 2.2 2.0 2.0 
N2O 44.0  53.2  37.0 33.6 30.3 26.2 23.9 

Industrial 1,541.2  1,649.3  1,567.9 1,568.1 1,579.7 1,525.1 1,340.1 
CO2 1,533.2  1,640.8  1,560.0 1,560.2 1,572.0 1,517.7 1,333.7 
CH4 1.8  1.8  1.7 1.7 1.6 1.6 1.4 
N2O 6.3  6.7  6.2 6.2 6.1 5.8 5.0 

Residential 939.7  1,140.9  1,222.9 1,160.1 1,206.7 1,190.4 1,131.6 
CO2 931.4  1,133.1  1,214.7 1,152.4 1,198.5 1,182.2 1,123.8 
CH4 4.6  3.6  3.7 3.3 3.6 3.7 3.6 
N2O 3.7  4.2  4.6 4.4 4.5 4.5 4.2 

Commercial 760.8  976.8  1,032.2 1,012.4 1,046.0 1,036.5 990.3 
CO2 757.0  972.1  1,027.2 1,007.6 1,041.1 1,031.6 985.7 
CH4 1.0  1.1  1.1 1.1 1.1 1.2 1.1 
N2O 2.8  3.6  3.8 3.8 3.8 3.8 3.5 

U.S. Territories* 28.0  36.0  50.2 50.5 46.3 40.0 41.8 
Total 4,807.3  5,672.6  5,813.9 5,709.7 5,810.3 5,614.8 5,253.8 
Note:  Totals may not sum due to independent rounding.  Emissions from fossil fuel combustion by electricity generation are 
allocated based on aggregate national electricity consumption by each end-use sector. 
* U.S. Territories are not apportioned by sector, and emissions are total greenhouse gas emissions from all fuel combustion 
sources. 
 

                                                           
61 Sulfur dioxide (SO2) emissions from stationary combustion are addressed in Annex 6.3. 
62 Separate calculations were performed for transportation-related CH4 and N2O. The methodology used to calculate these 
emissions are discussed in the mobile combustion section. 
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Stationary Combustion 
The direct combustion of fuels by stationary sources in the electricity generation, industrial, commercial, and 
residential sectors represent the greatest share of U.S. greenhouse gas emissions.  Table 3-9 presents CO2 emissions 
from fossil fuel combustion by stationary sources.  The CO2 emitted is closely linked to the type of fuel being 
combusted in each sector (see Methodology section for CO2 from fossil fuel combustion).  Other than CO2, gases 
emitted from stationary combustion include the greenhouse gases CH4 and N2O.  Table 3-10 and Table 3-11 present 
CH4 and N2O emissions from the combustion of fuels in stationary sources.  CH4 and N2O emissions from stationary 
combustion sources depend upon fuel characteristics, size and vintage, along with combustion technology, pollution 
control equipment, ambient environmental conditions, and operation and maintenance practices.  N2O emissions 
from stationary combustion are closely related to air-fuel mixes and combustion temperatures, as well as the 
characteristics of any pollution control equipment that is employed.  CH4 emissions from stationary combustion are 
primarily a function of the CH4 content of the fuel and combustion efficiency.  Please refer to Table 3-7 for the 
corresponding presentation of all direct emission sources of fuel combustion. 

Table 3-9: CO2 Emissions from Stationary Fossil Fuel Combustion (Tg CO2 Eq.) 
Sector/Fuel Type 1990  2000  2005 2006 2007 2008 2009 
Electricity Generation 1,820.8   2,296.9  2,402.1 2,346.4 2,412.8 2,360.9  2,154.0 

Coal 1,547.6   1,927.4  1,983.8 1,953.7 1,987.3 1,959.4  1,747.6 
Natural Gas 175.3   280.8  318.8 338.0 371.3 361.9  373.1 
Fuel Oil 97.5   88.4  99.2 54.4 53.9 39.2  32.9 
Geothermal 0.4   0.4  0.4 0.4 0.4 0.4  0.4 

Industrial 846.5   851.1  823.1 848.2 842.0 802.9  730.4 
Coal 155.3   127.3  115.3 112.6 107.0 102.6  83.4 
Natural Gas 409.1   457.2  380.8 377.7 389.0 391.0  365.0 
Fuel Oil 282.1   266.6  326.9 357.9 346.0 309.3  282.0 

Commercial 219.0   230.8  223.5 208.6 219.4 224.2  224.0 
Coal 12.0   8.8  9.3 6.2 6.7 6.5  5.8 
Natural Gas 142.1   172.5  162.9 153.8 164.0 170.2  167.9 
Fuel Oil 64.9   49.6  51.3 48.5 48.7 47.4  50.3 

Residential 338.3   370.7  357.9 321.5 342.4 348.2  339.2 
Coal 3.0   1.1  0.8 0.6 0.7 0.7  0.6 
Natural Gas  238.0   270.7  262.2 237.3 257.0 264.4  257.2 
Fuel Oil 97.4   98.8  94.9 83.6 84.6 83.1  81.4 

U.S. Territories 27.9   35.9  50.0 50.3 46.1 39.8  41.7 
Coal 0.6   0.9  3.0 3.4 4.3 3.3  3.5 
Natural Gas  NO  0.7  1.3 1.4 1.4 1.6  1.5 
Fuel Oil 27.2   34.2  45.7 45.5 40.4 35.0  36.7 

Total 3,252.5   3,785.3  3,856.6 3,775.0 3,862.8 3,776.0  3,489.3 
* U.S. Territories are not apportioned by sector, and emissions are from all fuel combustion sources (stationary and mobile) are 
presented in this table. 
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Table 3-10:  CH4 Emissions from Stationary Combustion (Tg CO2 Eq.) 
Sector/Fuel Type 1990  2000  2005 2006 2007 2008 2009 
Electricity Generation 0.6   0.7  0.7 0.7 0.7 0.7  0.7 

Coal 0.3   0.4  0.4 0.4 0.4 0.4  0.4 
Fuel Oil 0.1   0.1  0.1 + + +  + 
Natural Gas 0.1   0.1  0.1 0.1 0.1 0.1  0.1 
Wood 0.1   0.1  0.1 0.1 0.1 0.1  0.1 

Industrial 1.5   1.6  1.4 1.5 1.4 1.3  1.2 
Coal 0.3   0.3  0.3 0.3 0.2 0.2  0.2 
Fuel Oil 0.2   0.1  0.2 0.2 0.2 0.2  0.1 
Natural Gas 0.2   0.2  0.1 0.1 0.1 0.1  0.1 
Wood 0.9   1.0  0.9 0.9 0.8 0.8  0.7 

Commercial 0.9   0.9  0.9 0.8 0.9 0.9  0.9 
Coal +   +  + + + +  + 
Fuel Oil 0.2   0.1  0.2 0.1 0.1 0.1  0.1 
Natural Gas 0.3   0.3  0.3 0.3 0.3 0.3  0.3 
Wood 0.4   0.4  0.4 0.4 0.4 0.4  0.4 

Residential 4.4   3.4  3.4 3.1 3.4 3.5  3.4 
Coal 0.2   0.1  0.1 + + +  + 
Fuel Oil 0.3   0.3  0.3 0.3 0.3 0.3  0.3 
Natural Gas 0.4   0.5  0.5 0.4 0.5 0.5  0.5 
Wood 3.5   2.5  2.6 2.3 2.6 2.7  2.6 

U.S. Territories +   0.1  0.1 0.1 0.1 0.1  0.1 
Coal +   +  + + + +  + 
Fuel Oil +   +  0.1 0.1 0.1 0.1  0.1 
Natural Gas +   +  + + + +  + 
Wood +   +  + + + +  + 

Total  7.4    6.6   6.6  6.2  6.5  6.5   6.2 
+ Does not exceed 0.05 Tg CO2 Eq. 
Note:  Totals may not sum due to independent rounding. 
 

Table 3-11:  N2O Emissions from Stationary Combustion (Tg CO2 Eq.) 
Sector/Fuel Type 1990  2000  2005 2006 2007 2008 2009 
Electricity Generation 8.1   10.0  10.3 10.1 10.2 10.1  9.0 

Coal 7.6   9.4  9.7 9.5 9.7 9.6  8.5 
Fuel Oil 0.2   0.2  0.2 0.1 0.1 0.1  0.1 
Natural Gas 0.1   0.2  0.2 0.2 0.2 0.2  0.2 
Wood 0.2   0.2  0.2 0.2 0.2 0.2  0.2 

Industrial 3.2   3.2  3.0 3.1 3.0 2.8  2.5 
Coal 0.8   0.6  0.6 0.6 0.5 0.5  0.4 
Fuel Oil 0.5   0.4  0.5 0.6 0.6 0.5  0.4 
Natural Gas 0.2   0.3  0.2 0.2 0.2 0.2  0.2 
Wood 1.7   1.9  1.7 1.7 1.7 1.6  1.4 

Commercial 0.4   0.4  0.4 0.3 0.3 0.3  0.3 
Coal 0.1   +  + + + +  + 
Fuel Oil 0.2   0.1  0.1 0.1 0.1 0.1  0.1 
Natural Gas 0.1   0.1  0.1 0.1 0.1 0.1  0.1 
Wood 0.1   0.1  0.1 0.1 0.1 0.1  0.1 

Residential 1.1   0.9  0.9 0.8 0.9 0.9  0.9 
Coal +   +  + + + +  + 
Fuel Oil 0.3   0.3  0.3 0.2 0.2 0.2  0.2 
Natural Gas 0.1   0.2  0.1 0.1 0.1 0.1  0.1 
Wood 0.7   0.5  0.5 0.5 0.5 0.5  0.5 

U.S. Territories 0.1   0.1  0.1 0.1 0.1 0.1  0.1 
Coal +   +  + + + +  + 
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Fuel Oil 0.1   0.1  0.1 0.1 0.1 0.1  0.1 
Natural Gas +   +  + + + +  + 
Wood +   +  + + + +  + 

Total 12.8   14.6  14.7 14.4 14.6 14.2  12.8 
+ Does not exceed 0.05 Tg CO2 Eq. 
Note:  Totals may not sum due to independent rounding. 
 

Electricity Generation 

The process of generating electricity is the single largest source of CO2 emissions in the United States, representing 
39 percent of total CO2 emissions from all CO2 emissions sources across the United States.  CH4 and N2O accounted 
for a small portion of emissions from electricity generation, representing less than 0.1 percent and 0.4 percent, 
respectively.63 Electricity generation also accounted for the largest share of CO2 emissions from fossil fuel 
combustion, approximately 41 percent in 2009.  CH4 and N2O from electricity generation represented 8 and 25 
percent of emissions from CH4 and N2O emissions from fossil fuel combustion in 2009, respectively. Electricity was 
consumed primarily in the residential, commercial, and industrial end-use sectors for lighting, heating, electric 
motors, appliances, electronics, and air conditioning (see Figure 3-9). 

 

Figure 3-9:  Electricity Generation Retail Sales by End-Use Sector 

 

The electric power industry includes all power producers, consisting of both regulated utilities and nonutilities (e.g. 
independent power producers, qualifying cogenerators, and other small power producers).  For the underlying 
energy data used in this chapter, the Energy Information Administration (EIA) places electric power generation into 
three functional categories: the electric power sector, the commercial sector, and the industrial sector.  The electric 
power sector consists of electric utilities and independent power producers whose primary business is the production 
of electricity,64 while the other sectors consist of those producers that indicate their primary business is something 
other than the production of electricity. 

The industrial, residential, and commercial end-use sectors, as presented in Table 3-8, were reliant on electricity for 
meeting energy needs.  The residential and commercial end-use sectors were especially reliant on electricity 
consumption for lighting, heating, air conditioning, and operating appliances.  Electricity sales to the residential and 
commercial end-use sectors in 2009 decreased approximately 1.2 percent and 1.0 percent, respectively.  The trend in 
the commercial and residential sectors can largely be attributed to the decreased carbon intensity in the fuels used to 
generate electricity for these sectors.  In addition, electricity consumption in both sectors decreased as a result of the 
less energy-intensive weather conditions compared to 2008.   In 2009, the amount of electricity generated (in kWh) 
decreased by 4 percent from the previous year.  This decline was due to the economic downturn, a decrease in the 
carbon intensity of fuels used to generate electricity due to fuel switching as the price of coal increased, and the 
price of natural gas decreased significantly, and an increase in non-fossil fuel sources used to generate electricity. As 
a result, CO2 emissions from the electric power sector decreased by 8.8 percent as the consumption of coal and 
petroleum for electricity generation decreased by 10.8 percent and 16.6 percent, respectively, in 2009 and the 
consumption of natural gas for electricity generation, increased by 3.1 percent. The decrease in C intensity of the 
electricity supply (see Table 3-15) was the result of a decrease in the carbon intensity of fossil fuels consumed to 
generate electricity and an increase in renewable generation of 5 percent spurred by a 28 percent increase in wind-
generated electricity.   

                                                           
63 Since emissions estimates for U.S. territories cannot be disaggregated by gas in Table 3-7and Table 3-8, the percentages for 
CH4 and N2O exclude U.S. territory estimates.  
64 Utilities primarily generate power for the U.S. electric grid for sale to retail customers.  Nonutilities produce electricity for 
their own use, to sell to large consumers, or to sell on the wholesale electricity market (e.g., to utilities for distribution and resale 
to customers). 
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Industrial Sector 

The industrial sector accounted for 14 percent of CO2 emissions from fossil fuel combustion, 15 percent of CH4 
emissions from fossil fuel combustion, and 7 percent of N2O emissions from fossil fuel combustion. CO2, CH4, and 
N2O emissions resulted from the direct consumption of fossil fuels for steam and process heat production. 

The industrial sector, per the underlying energy consumption data from EIA, includes activities such as 
manufacturing, construction, mining, and agriculture.  The largest of these activities in terms of energy consumption 
is manufacturing, of which six industries—Petroleum Refineries, Chemicals, Paper, Primary Metals, Food, and 
Nonmetallic Mineral Products—represent the vast majority of the energy use (EIA 2010 and EIA 2009c).  

In theory, emissions from the industrial sector should be highly correlated with economic growth and industrial 
output, but heating of industrial buildings and agricultural energy consumption are also affected by weather 
conditions.65  In addition, structural changes within the U.S. economy that lead to shifts in industrial output away 
from energy-intensive manufacturing products to less energy-intensive products (e.g., from steel to computer 
equipment) also have a significant effect on industrial emissions. 

From 2008 to 2009, total industrial production and manufacturing output decreased by 9.3 and 10.9 percent, 
respectively (FRB 2010).  Over this period, output decreased across all production indices for Food, Petroleum 
Refineries, Chemicals, Paper, Primary Metals, and Nonmetallic Mineral Products (see Figure 3-10).  

 

Figure 3-10:  Industrial Production Indices (Index 2002=100) 

 

Despite the growth in industrial output (41 percent) and the overall U.S. economy (60 percent) from 1990 to 2009, 
CO2 emissions from fossil fuel combustion in the industrial sector decreased by 13.7 percent over that time.  A 
number of factors are believed to have caused this disparity between growth in industrial output and decrease in 
industrial emissions, including: (1) more rapid growth in output from less energy-intensive industries relative to 
traditional manufacturing industries, and (2) energy-intensive industries such as steel are employing new methods, 
such as electric arc furnaces, that are less carbon intensive than the older methods.  In 2009, CO2, CH4, and N2O 
emissions from fossil fuel combustion and electricity use within the industrial end-use sector totaled 1,340.1 Tg CO2 
Eq., or approximately 12.1 percent below 2008 emissions.  

Residential and Commercial Sectors 

The residential and commercial sectors accounted for 7 and 4 percent of CO2 emissions from fossil fuel combustion, 
42 and 11 percent of CH4 emissions from fossil fuel combustion, and 2 and 1 percent of N2O emissions from fossil 
fuel combustion, respectively.  Emissions from these sectors were largely due to the direct consumption of natural 
gas and petroleum products, primarily for heating and cooking needs.  Coal consumption was a minor component of 
energy use in both of these end-use sectors.  In 2009, CO2, CH4, and N2O emissions from fossil fuel combustion and 
electricity use within the residential and commercial end-use sectors were 1,131.6 Tg CO2 Eq. and 990.3Tg CO2 
Eq., respectively.  Total CO2, CH4, and N2O emissions from the residential and commercial sectors decreased by 4.9 
and 4.5 percent from 2008 to 2009, respectively.  

Emissions from the residential and commercial sectors have generally been increasing since 1990, and are often 
correlated with short-term fluctuations in energy consumption caused by weather conditions, rather than prevailing 
economic conditions.  In the long-term, both sectors are also affected by population growth, regional migration 
trends, and changes in housing and building attributes (e.g., size and insulation). 

Emissions from natural gas consumption represent about 76 and 75 percent of the direct fossil fuel CO2 emissions 
from the residential and commercial sectors, respectively.  In 2009, natural gas CO2 emissions from the residential 
and commercial sectors decreased by 2.8 percent and 1.3 percent, respectively.  The decrease in natural gas 
emissions in both sectors is a result of less energy-intensive weather conditions in the United States compared to 

                                                           
65 Some commercial customers are large enough to obtain an industrial price for natural gas and/or electricity and are 
consequently grouped with the industrial end-use sector in U.S. energy statistics.  These misclassifications of large commercial 
customers likely cause the industrial end-use sector to appear to be more sensitive to weather conditions. 
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2008.   

U.S. Territories 
Emissions from U.S. territories are based on the fuel consumption in American Samoa, Guam, Puerto Rico, U.S. 
Virgin Islands, Wake Island, and other U.S. Pacific Islands.  As described the Methodology section for CO2 from 
fossil fuel combustion, this data is collected separately from the sectoral-level data available for the general 
calculations.  As sectoral information is not available for U.S. Territories, CO2, CH4, and N2O emissions are not 
presented for U.S. Territories in the tables above, though the emissions will include some transportation and mobile 
combustion sources. 

Transportation Sector  

This discussion of transportation emissions follows the alternative method of presenting combustion emissions by 
allocating emissions associated with electricity generation to the transportation end-use sector, as presented in Table 
3-8.  For direct emissions from transportation (i.e., not including emissions associated with the sector’s electricity 
consumption), please see Table 3-7. 

The transportation end-use sector accounted for 1,745.5 Tg CO2 Eq. in 2009, which represented 33 percent of CO2 
emissions, 24 percent of CH4 emissions, and 65 percent of N2O emissions from fossil fuel combustion, respectively.  
Fuel purchased in the U.S. for international aircraft and marine travel accounted for an additional 123.1 Tg CO2 in 
2009; these emissions are recorded as international bunkers and are not included in U.S. totals according to 
UNFCCC reporting protocols.  Among domestic transportation sources, light duty vehicles (including passenger 
cars and light-duty trucks) represented 64 percent of CO2 emissions, medium- and heavy-duty trucks 20 percent, 
commercial aircraft 6 percent, and other sources 9 percent. Light-duty truck CO2 emissions increased by 60 percent 
(193.4 Tg) from 1990 to 2009, representing the largest percentage increase of any transportation mode. General 
aviation aircraft CO2 emissions also increased by nearly 60 percent (5.7 Tg) from 1990 to 2009.  CO2 from the 
domestic operation of commercial aircraft decreased by 18 percent (24.0 Tg) from 1990 to 2009.   Across all 
categories of aviation, CO2 emissions decreased by 21.6 percent (38.7 Tg) between 1990 and 2009. This includes a 
59 percent (20.3 Tg) decrease in emissions from domestic military operations.  For further information on all 
greenhouse gas emissions from transportation sources, please refer to Annex 3.2. See Table 3-12 for a detailed 
breakdown of CO2 emissions by mode and fuel type.  

From 1990 to 2009, transportation emissions rose by 17 percent due, in large part, to increased demand for travel 
and the stagnation of fuel efficiency across the U.S. vehicle fleet.  The number of vehicle miles traveled by light-
duty motor vehicles (passenger cars and light-duty trucks) increased 39 percent from 1990 to 2009, as a result of a 
confluence of factors including population growth, economic growth, urban sprawl, and low fuel prices over much 
of this period.   

From 2008 to 2009, CO2 emissions from the transportation end-use sector declined 4 percent.  The decrease in 
emissions can largely be attributed to decreased economic activity in 2009 and an associated decline in the demand 
for transportation. Modes such as medium- and heavy-duty trucks were significantly impacted by the decline in 
freight transport. Similarly, increased jet fuel prices were a factor in the 19 percent decrease in commercial aircraft 
emissions since 2007. 

Almost all of the energy consumed for transportation was supplied by petroleum-based products, with more than 
half being related to gasoline consumption in automobiles and other highway vehicles.  Other fuel uses, especially 
diesel fuel for freight trucks and jet fuel for aircraft, accounted for the remainder.  The primary driver of 
transportation-related emissions was CO2 from fossil fuel combustion, which increased by 16 percent from 1990 to 
2009.  This rise in CO2 emissions, combined with an increase in HFCs from close to zero emissions in 1990 to 60.2 
Tg CO2 Eq. in 2009, led to an increase in overall emissions from transportation activities of 17 percent.   

Transportation Fossil Fuel Combustion CO2 Emissions 
Domestic transportation CO2 emissions increased by 16 percent (235.1 Tg) between 1990 and 2009, an annualized 
increase of 0.8 percent.  The 4 percent decline in emissions between 2008 and 2009 followed the previous year’s 
trend of decreasing emissions. Almost all of the energy consumed by the transportation sector is petroleum-based, 
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including motor gasoline, diesel fuel, jet fuel, and residual oil.66 Transportation sources also produce CH4 and N2O; 
these emissions are included in Table 3-13 and Table 3-14 in the “Mobile Combustion” Section.  Annex 3.2 presents 
total emissions from all transportation and mobile sources, including CO2, N2O, CH4, and HFCs.  

Carbon dioxide emissions from passenger cars and light-duty trucks totaled 1,111.7 Tg in 2009, an increase of 17 
percent (161.3 Tg) from 1990. CO2 emissions from passenger cars and light-duty trucks peaked at 1,184.3 Tg in 
2004, and since then have declined about 6 percent.  Over the 1990s through early this decade, growth in vehicle 
travel substantially outweighed improvements in vehicle fuel economy; however, the rate of Vehicle Miles Traveled 
(VMT) growth slowed considerably starting in 2005 (and declined rapidly in 2008) while average vehicle fuel 
economy increased.  Among new vehicles sold annually, average fuel economy gradually declined from 1990 to 
2004 (Figure 3-11), reflecting substantial growth in sales of light-duty trucks—in particular, growth in the market 
share of sport utility vehicles—relative to passenger cars (Figure 3-12).  New vehicle fuel economy improved 
beginning in 2005, largely due to higher light-duty truck fuel economy standards, which have risen each year since 
2005.  The overall increase in fuel economy is also due to a slightly lower light-duty truck market share, which 
peaked in 2004 at 52 percent and declined to 40 percent in 2009.    

 

Figure 3-11:  Sales-Weighted Fuel Economy of New Passenger Cars and Light-Duty Trucks, 1990–2008 

 

Figure 3-12:  Sales of New Passenger Cars and Light-Duty Trucks, 1990–2008 

 

Light-duty truck67  CO2 emissions increased by 60 percent (193.4 Tg) from 1990 to 2009, representing the largest 
percentage increase of any transportation mode. General aviation aircraft CO2 emissions also increased by nearly 60 
percent (5.7 Tg) from 1990 to 2009.  CO2 from the domestic operation of commercial aircraft decreased by 18 
percent (24.0 Tg) from 1990 to 2009.   Across all categories of aviation68, CO2 emissions decreased by 21.6 percent 
(38.7 Tg) between 1990 and 2009.  This includes a 59 percent (20.3 Tg) decrease in emissions from domestic 
military operations.  For further information on all greenhouse gas emissions from transportation sources, please 
refer to Annex 3.2. 

Table 3-12:  CO2 Emissions from Fossil Fuel Combustion in Transportation End-Use Sector (Tg CO2 Eq.) a 
Fuel/Vehicle Type 1990  2000  2005 2006 2007 2008 2009 
Gasoline 983.7    1,135.0   1,187.8 1,178.2 1,181.2  1,130.3  1,125.7 
Passenger Cars 621.4    640.6   658.0 635.0 628.7  594.0  593.3 
Light-Duty Trucks 309.1    446.4   478.7 491.5 500.1  486.5  485.9 
Medium- and Heavy-Duty 
Trucksb 38.7    36.0   34.9 35.5 36.1  33.7  30.6 
Buses 0.3    0.4   0.4 0.4 0.4  0.4  0.3 
Motorcycles 1.7    1.8   1.6 1.9 2.1  2.1  2.1 
Recreational Boats 12.4    9.8   14.1 14.0 13.9  13.5  13.4 
Distillate Fuel Oil 
(Diesel) 262.9    402.5   451.8 470.3 476.3  443.5  402.5 
Passenger Cars 7.9    3.7   4.2 4.1 4.1  3.9  3.9 
Light-Duty Trucks 11.5    20.1   25.8 26.8 27.3  26.9  26.7 
Medium- and Heavy-Duty 190.5    309.6   360.6 370.1 376.1  356.0  321.8 

                                                           
66 Biofuel estimates are presented for informational purposes only in the Energy chapter, in line with IPCC 
methodological guidance and UNFCCC reporting obligations.  Net carbon fluxes from changes in biogenic carbon 
reservoirs in croplands are accounted for in the estimates for Land Use, Land-Use Change, and Forestry (see 
Chapter 7).  More information and additional analyses on biofuels are available  at EPA's "Renewable Fuels: 
Regulations & Standards" web page: http://www.epa.gov/otaq/fuels/renewablefuels/regulations.htm   
T

67Includes “light-duty trucks” fueled by gasoline, diesel and LPG. 
T

68 Includes consumption of jet fuel and aviation gasoline.  Does not include aircraft bunkers, which are not included in national 
emission totals, in line with IPCC methodological guidance and UNFCCC reporting obligations.  
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Trucksb 
Buses 8.0    10.2   10.6 10.8 10.8  10.3  9.3 
Rail 35.5    42.1   45.6 47.8 46.6  43.2  36.2 
Recreational Boats 2.0    2.7   3.1 3.2 3.3  0.9  3.5 
Ships and Other Boats 7.5    14.1   8.1 7.5 8.2  2.2  1.2 
International Bunker 
Fuels c 11.7    6.3   9.4 8.8 8.2  9.0  8.3 
Jet Fuel  176.2    199.8   194.2 169.5 168.7 155.1 138.8 
Commercial Aircraft 135.4    169.2   161.2 137.1 138.1  122.2  111.4 
Military Aircraft 34.4    21.1   18.1 16.4 16.1  16.3  14.1 
General Aviation Aircraft 6.4    9.5   14.9 16.0 14.5  16.6  13.3 
International Bunker 
Fuels c 46.4    58.8   56.7 74.6 73.8  75.5  69.4 
Aviation Gasoline 3.1    2.5   2.4 2.3 2.2  2.0  1.8 
General Aviation Aircraft 3.1    2.5   2.4 2.3 2.2  2.0  1.8 
Residual Fuel Oil 22.6    33.3   19.3 23.0 29.0  19.9  12.0 
Ships and Other Boatsd 22.6    33.3   19.3 23.0 29.0  19.9  12.0 
International Bunker 
Fuels c  53.7    33.3   43.6 45.0 45.6  49.2  45.4 
Natural Gas 36.0    35.6   33.1 33.1 35.3  36.8  36.3 
Passenger Cars +    +   + + +  +  + 
Light-Duty Trucks +    +   + + +  +  + 
Buses +    0.4   0.8 0.8 1.0  1.1  1.1 
Pipeline 36.0    35.2   32.2 32.3 34.3  35.7  35.2 
LPG 1.4    0.7   1.7 1.7 1.4  2.4  2.5 
Light-Duty Trucks 0.6    0.5   1.3 1.2 1.0  1.8  1.8 
Medium- and Heavy-Duty 
Trucksb 0.8    0.3   0.4 0.5 0.4  0.7  0.7 
Buses +    +   + + +  +  + 
Electricity 3.0    3.4   4.7 4.5 5.0  4.7  4.4 
Rail 3.0    3.4   4.7 4.5 5.0  4.7  4.4 
Total 1,489.0    1,813.0   1,901.3 1,882.6 1,899.0  1,794.6  1,724.1 
Total (Including 
Bunkers) c 1,600.8    1,911.4   2,011.1 2,011.0 2,026.6  1,928.3  1,847.2 
a This table does not include emissions from non-transportation mobile sources, such as agricultural equipment and 
construction/mining equipment; it also does not include emissions associated with electricity consumption by pipelines or 
lubricants used in transportation. 
b Includes medium- and heavy-duty trucks over 8,500 lbs. 
c Official estimates exclude emissions from the combustion of both aviation and marine international bunker fuels; however, 
estimates including international bunker fuel-related emissions are presented for informational purposes. 
Note: Totals may not sum due to independent rounding. 
Note: See section 3.10 of this chapter, in line with IPCC methodological guidance and UNFCCC reporting obligations, for more 
information on ethanol. 
+ Less than 0.05 Tg CO2 Eq. 
- Unreported or zero 

Mobile Fossil Fuel Combustion CH4 and N2O Emissions  
Mobile combustion includes emissions of CH4 and N2O from all transportation sources identified in the U.S. 
inventory with the exception of pipelines, which are stationary; mobile sources also include non-transportation 
sources such as construction/mining equipment, agricultural equipment, vehicles used off-road, and other sources 
(e.g., snowmobiles, lawnmowers, etc.).  Annex 3.2 includes a summary of all emissions from both transportation 
and mobile sources.  Table 3-13 and Table 3-14 provide CH4 and N2O emission estimates in Tg CO2 Eq.69   

                                                           

T

69 See Annex 3.2 for a complete time series of emission estimates for 1990 through 2009. 
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Mobile combustion was responsible for a small portion of national CH4 emissions (0.3 percent) but was the second 
largest source of U.S. N2O emissions (9 percent).  From 1990 to 2009, mobile source CH4 emissions declined by 58 
percent, to 2.0 Tg CO2 Eq. (93 Gg), due largely to control technologies employed in on-road vehicles since the mid-
1990s to reduce CO, NOx, NMVOC, and CH4 emissions.  Mobile source emissions of N2O decreased by 46 percent, 
to 23.9 Tg CO2 Eq. (77 Gg).  Earlier generation control technologies initially resulted in higher N2O emissions, 
causing a 26 percent increase in N2O emissions from mobile sources between 1990 and 1998.  Improvements in 
later-generation emission control technologies have reduced N2O output, resulting in a 50 percent decrease in 
mobile source N2O emissions from 1998 to 2009 (Figure 3-13).  Overall, CH4 and N2O emissions were 
predominantly from gasoline-fueled passenger cars and light-duty trucks.  

 

Figure 3-13:  Mobile Source CH4 and N2O Emissions  

 

Table 3-13:  CH4 Emissions from Mobile Combustion (Tg CO2 Eq.) 
Fuel Type/Vehicle Typea 1990 2000 2005 2006 2007 2008 2009
Gasoline On-Road 4.2 2.8 1.9 1.7 1.6 1.4 1.3 
Passenger Cars 2.6 1.6 1.1 1.0 0.9 0.8 0.7 
Light-Duty Trucks 1.4 1.1 0.7 0.6 0.6 0.6 0.6 
Medium- and Heavy-Duty 
Trucks and Buses 0.2 0.1 0.1 0.1 0.1 0.1 0.1 

Motorcycles + + + + + + + 
Diesel On-Road + + + + + + + 
Passenger Cars + + + + + + + 
Light-Duty Trucks + + + + + + + 
Medium- and Heavy-Duty   
Trucks and Buses + + + + + + + 

Alternative Fuel On-Road + + + 0.1 0.1 0.1 0.1 
Non-Road 0.4 0.5 0.6 0.6 0.5 0.5 0.5
Ships and Boats + + + + + + + 
Rail 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
Aircraft  0.2 0.2 0.2 0.1 0.1 0.1 0.1 
Agricultural Equipmentb 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Construction/Mining 
Equipmentc + 0.1 0.1 0.1 0.1 0.1 0.1 

Otherd 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
Total 4.7 3.4 2.5 2.3 2.2 2.0 2.0
a See Annex 3.2 for definitions of on-road vehicle types.  
b Includes equipment, such as tractors and combines, as well as fuel consumption from trucks that are used off-road in 
agriculture. 
c Includes equipment, such as cranes, dumpers, and excavators, as well as fuel consumption from trucks that are used off-road in 
construction. 
d “Other" includes snowmobiles and other recreational equipment, logging equipment, lawn and garden equipment, railroad 
equipment, airport equipment, commercial equipment, and industrial equipment, as well as fuel consumption from trucks that are 
used off-road for commercial/industrial purposes. 
Note:  Totals may not sum due to independent rounding. 
+ Less than 0.05 Tg CO2 Eq. 
 

Table 3-14:  N2O Emissions from Mobile Combustion (Tg CO2 Eq.) 
Fuel Type/Vehicle Typea 1990 2000 2005 2006 2007 2008 2009
Gasoline On-Road 40.1 48.4  32.1 29.0 25.5 21.8 19.9 
Passenger Cars 25.4 25.2  17.7 15.7 13.7 11.7 10.0 
Light-Duty Trucks 14.1 22.4  13.6 12.5 11.1 9.5 9.3 
Medium- and Heavy-Duty 
Trucks and Buses 0.6 0.9  0.8 0.7 0.7 0.6 0.5 

Motorcycles + +  + + + + + 
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Diesel On-Road 0.2 0.3  0.3 0.3 0.3 0.3 0.3 
Passenger Cars + +  + + + + + 
Light-Duty Trucks + +  + + + + + 
Medium- and Heavy-Duty   
Trucks and Buses 0.2 0.3  0.3 0.3 0.3 0.3 0.3 

Alternative Fuel On-Road 0.1 0.1  0.2 0.2 0.2 0.2 0.2 
Non-Road 3.6 4.3  4.3 4.2 4.3 3.8 3.6 
Ships and Boats 0.6 0.9  0.6 0.7 0.8 0.5 0.4 
Rail 0.3 0.3  0.4 0.4 0.4 0.3 0.3 
Aircraft  1.7 1.9  1.9 1.6 1.6 1.5 1.3 
Agricultural Equipmentb 0.2 0.3  0.4 0.4 0.4 0.4 0.4 
Construction/Mining 
Equipmentc 0.3 0.4  0.5 0.5 0.5 0.5 0.5 

Otherd 0.4 0.5  0.6 0.6 0.6 0.6 0.6 
Total 43.9 53.2  36.9 33.6 30.3 26.1 23.9 
a See Annex 3.2 for definitions of on-road vehicle types.  
b Includes equipment, such as tractors and combines, as well as fuel consumption from trucks that are used off-road in 
agriculture. 
c Includes equipment, such as cranes, dumpers, and excavators, as well as fuel consumption from trucks that are used off-road in 
construction. 
d “Other" includes snowmobiles and other recreational equipment, logging equipment, lawn and garden equipment, railroad 
equipment, airport equipment, commercial equipment, and industrial equipment, as well as fuel consumption from trucks that are 
used off-road for commercial/industrial purposes. 
Note:  Totals may not sum due to independent rounding. 
+ Less than 0.05 Tg CO2 Eq. 

CO2 from Fossil Fuel Combustion  

Methodology 
The methodology used by the United States for estimating CO2 emissions from fossil fuel combustion is 
conceptually similar to the approach recommended by the IPCC for countries that intend to develop detailed, 
sectoral-based emission estimates in line with a Tier 2 method in the 2006 IPCC Guidelines for National 
Greenhouse Gas Inventories (IPCC 2006).  A detailed description of the U.S. methodology is presented in Annex 
2.1, and is characterized by the following steps: 

1. Determine total fuel consumption by fuel type and sector.  Total fossil fuel consumption for each year is 
estimated by aggregating consumption data by end-use sector (e.g., commercial, industrial, etc.), primary 
fuel type (e.g., coal, petroleum, gas), and secondary fuel category (e.g., motor gasoline, distillate fuel oil, 
etc.).  Fuel consumption data for the United States were obtained directly from the Energy Information 
Administration (EIA) of the U.S. Department of Energy (DOE), primarily from the Monthly Energy 
Review and published supplemental tables on petroleum product detail (EIA 2011).  The EIA does not 
include territories in its national energy statistics, so fuel consumption data for territories were collected 
separately from Jacobs (2010).70     

For consistency of reporting, the IPCC has recommended that countries report energy data using the 
International Energy Agency (IEA) reporting convention and/or IEA data.  Data in the IEA format are 
presented "top down"—that is, energy consumption for fuel types and categories are estimated from energy 
production data (accounting for imports, exports, stock changes, and losses).  The resulting quantities are 
referred to as "apparent consumption."  The data collected in the United States by EIA on an annual basis 
and used in this inventory are predominantly from mid-stream or conversion energy consumers such as 
refiners and electric power generators.  These annual surveys are supplemented with end-use energy 
consumption surveys, such as the Manufacturing Energy Consumption Survey, that are conducted on a 
periodic basis (every 4 years).  These consumption data sets help inform the annual surveys to arrive at the 

                                                           
70 Fuel consumption by U.S. territories (i.e., American Samoa, Guam, Puerto Rico, U.S. Virgin Islands, Wake Island, and other 
U.S. Pacific Islands) is included in this report and contributed emissions of 42 Tg CO2 Eq. in 2009. 
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national total and sectoral breakdowns for that total. 71  

It is also important to note that U.S. fossil fuel energy statistics are generally presented using gross calorific 
values (GCV) (i.e., higher heating values).  Fuel consumption activity data presented here have not been 
adjusted to correspond to international standards, which are to report energy statistics in terms of net 
calorific values (NCV) (i.e., lower heating values).72 

2. Subtract uses accounted for in the Industrial Processes chapter.  Portions of the fuel consumption data for 
seven fuel categories—coking coal, distillate fuel, industrial other coal, petroleum coke, natural gas, 
residual fuel oil, and other oil—were reallocated to the industrial processes chapter, as they were consumed 
during non-energy related industrial activity.  To make these adjustments, additional data were collected 
from AISI (2004 through 2010), Coffeyville (2010), U.S. Census Bureau (2010), EIA (2010c), USGS 
(1991 through 2010), USGS (1994 through 2010), USGS (1995, 1998, 2000 through 2002, 2007, and 
2009), USGS (1991 through 2009a), and USGS (1991 through 2009b).73  

3. Adjust for conversion of fuels and exports of CO2.  Fossil fuel consumption estimates are adjusted 
downward to exclude fuels created from other fossil fuels and exports of CO2.74  Synthetic natural gas is 
created from industrial coal, and is currently included in EIA statistics for both coal and natural gas.  
Therefore, synthetic natural gas is subtracted from energy consumption statistics.75  Since October 2000, 
the Dakota Gasification Plant has been exporting CO2 to Canada by pipeline.  Since this CO2 is not emitted 
to the atmosphere in the United States, energy used to produce this CO2 is subtracted from energy 
consumption statistics.  To make these adjustments, additional data for ethanol were collected from EIA 
(2011) and data for synthetic natural gas were collected from EIA (2009b), and data for CO2 exports were 
collected from the Dakota Gasification Company (2006), Fitzpatrick (2002), Erickson (2003), and EIA 
(2007b). 

4. Adjust Sectoral Allocation of Distillate Fuel Oil and Motor Gasoline.  EPA had conducted a separate 
bottom-up analysis of transportation fuel consumption based on the Federal Highway Administration’s  
(FHWA) VMT that indicated that the amount of distillate and motor gasoline consumption allocated to the 
transportation sector in the EIA statistics should be adjusted.  Therefore, for these estimates, the 
transportation sector’s distillate fuel and motor gasoline consumption was adjusted upward to match the 
value obtained from the bottom-up analysis based on VMT. As the total distillate and motor gasoline 
consumption estimate from EIA are considered to be accurate at the national level, the distillate 
consumption totals for the residential, commercial, and industrial sectors were adjusted downward 
proportionately. The data sources used in the bottom-up analysis of transportation fuel consumption include 
AAR (2009 through 2010), Benson (2002 through 2004), DOE (1993 through 2010), EIA (2009a), EIA 
(1991 through 2010), EPA (2009), and FHWA (1996 through 2010).76    

                                                           
71 See IPCC Reference Approach for estimating CO2 emissions from fossil fuel combustion in Annex 4 for a comparison of U.S. 
estimates using top-down and bottom-up approaches. 
72 A crude convention to convert between gross and net calorific values is to multiply the heat content of solid and liquid fossil 
fuels by 0.95 and gaseous fuels by 0.9 to account for the water content of the fuels.  Biomass-based fuels in U.S. energy statistics, 
however, are generally presented using net calorific values. 
73 See sections on Iron and Steel Production and Metallurgical Coke Production, Ammonia Production and Urea Consumption, 
Petrochemical Production, Titanium Dioxide Production, Ferroalloy Production, Aluminum Production, and Silicon Carbide 
Production and Consumption in the Industrial Processes chapter. 
74 Energy statistics from EIA(2010c) are already adjusted downward to account for ethanol added to motor gasoline, and biogas 
in natural gas. 
75 These adjustments are explained in greater detail in Annex 2.1. 
76 FHWA data on vehicle miles traveled from the VM-1 table were not available for 2009 due to a delay caused by changes in 
data collection procedures.  Based on data from FHWA’s Traffic Volume Trends Program, the overall increase in VMT between 
2008 and 2009 was estimated to be 0.2%.   Total VMT was distributed among vehicle classes based on trends in fuel 
consumption by fuel type between 2008 and 2009, as described below.   
Fuel use by vehicle class (also in the VM-1 table) was not available from FHWA for 2009, but changes in overall diesel and 
gasoline consumption were released in Table MF21.  Fuel use in vehicle classes that were predominantly gasoline was estimated 
to grow by the rate of growth for gasoline between 2008 and 2009.  Fuel use in vehicle classes that were predominantly diesel 
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5. Adjust for fuels consumed for non-energy uses.  U.S. aggregate energy statistics include consumption of 
fossil fuels for non-energy purposes.  These are fossil fuels that are manufactured into plastics, asphalt, 
lubricants, or other products.  Depending on the end-use, this can result in storage of some or all of the C 
contained in the fuel for a period of time.  As the emission pathways of C used for non-energy purposes are 
vastly different than fuel combustion (since the C in these fuels ends up in products instead of being 
combusted), these emissions are estimated separately in the Carbon Emitted and Stored in Products from 
Non-Energy Uses of Fossil Fuels section in this chapter.  Therefore, the amount of fuels used for non-
energy purposes was subtracted from total fuel consumption.  Data on non-fuel consumption was provided 
by EIA (2011). 

6. Subtract consumption of international bunker fuels.  According to the UNFCCC reporting guidelines 
emissions from international transport activities, or bunker fuels, should not be included in national totals.  
U.S. energy consumption statistics include these bunker fuels (e.g., distillate fuel oil, residual fuel oil, and 
jet fuel) as part of consumption by the transportation end-use sector, however, so emissions from 
international transport activities were calculated separately following the same procedures used for 
emissions from consumption of all fossil fuels (i.e., estimation of consumption, and determination of C 
content).77  The Office of the Under Secretary of Defense (Installations and Environment) and the Defense 
Energy Support Center (Defense Logistics Agency) of the U.S. Department of Defense (DoD) (DESC 
2011) supplied data on military jet fuel and marine fuel use.  Commercial jet fuel use was obtained from 
FAA (2006 and 2009); residual and distillate fuel use for civilian marine bunkers was obtained from DOC 
(1991 through 2010) for 1990 through 2001, 2007 and 2008, and DHS (2008) for 2003 through 2006.  
Consumption of these fuels was subtracted from the corresponding fuels in the transportation end-use 
sector.  Estimates of international bunker fuel emissions for the United States are discussed in detail later in 
the International Bunker Fuels section of this chapter. 

7. Determine the total C content of fuels consumed.  Total C was estimated by multiplying the amount of fuel 
consumed by the amount of C in each fuel.  This total C estimate defines the maximum amount of C that 
could potentially be released to the atmosphere if all of the C in each fuel was converted to CO2.  The C 
content coefficients used by the United States were obtained from EIA’s Emissions of Greenhouse Gases in 
the United States 2008 (EIA 2009a), and an EPA analysis of C content coefficients used in the mandatory 
reporting rule (EPA 2010a).  A discussion of the methodology used to develop the C content coefficients 
are presented in Annexes 2.1 and 2.2. 

8. Estimate CO2 Emissions.  Total CO2 emissions are the product of the adjusted energy consumption (from 
the previous methodology steps 1 through 6), the C content of the fuels consumed, and the fraction of C 
that is oxidized.  The fraction oxidized was assumed to be 100 percent for petroleum, coal, and natural gas 
based on guidance in IPCC (2006) (see Annex 2.1). 

9. Allocate transportation emissions by vehicle type.  This report provides a more detailed accounting of 
emissions from transportation because it is such a large consumer of fossil fuels in the United States.  For 
fuel types other than jet fuel, fuel consumption data by vehicle type and transportation mode were used to 
allocate emissions by fuel type calculated for the transportation end-use sector.   

• For on-road vehicles, annual estimates of combined motor gasoline and diesel fuel consumption by 
vehicle category were obtained from FHWA (1996 through 2010); for each vehicle category, the 
percent gasoline, diesel, and other (e.g., CNG, LPG) fuel consumption are estimated using data from 
DOE (1993 through 2010).   Fuel use by vehicle class (found in the VM-1 table) was not available 
from FHWA for 2009, but changes in overall diesel and gasoline consumption were released in Table 
MF21.  Fuel use in vehicle classes that were predominantly gasoline was estimated to grow by the rate 
of growth for gasoline between 2008 and 2009.  Fuel use in vehicle classes that were predominantly 
diesel were estimated to fall by the same rate that diesel fuel consumption fell overall in 2009.    

• For non-road vehicles, activity data were obtained from AAR (2009 through 2010), APTA (2007 
through 2010), BEA (1991 through 2009), Benson (2002 through 2004), DOE (1993 through 2010), 

                                                                                                                                                                                           

was estimated to fall by the same rate that diesel fuel consumption fell overall in 2009.  VMT was then distributed to vehicle 
classes based on these fuel consumption estimates, assuming no relative change in MPG between vehicle classes.      
77 See International Bunker Fuels section in this chapter for a more detailed discussion. 
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DESC (2011), DOC (1991 through 2010), DOT (1991 through 2010), EIA (2009a), EIA (2009d), EIA 
(2007a), EIA (2002), EIA (1991 through 2011), EPA (2010b), FAA (2008), and Gaffney (2007).   

• For jet fuel used by aircraft, CO2 emissions were calculated directly based on reported consumption of 
fuel as reported by EIA, and allocated to commercial aircraft using flight-specific fuel consumption 
data from the Federal Aviation Administration’s (FAA) Aviation Environmental Design Tool (AEDT) 
(FAA 2011). 78 Allocation to domestic general aviation was made using FAA Aerospace Forecast 
data, and allocation to domestic military uses was made using DoD data (see Annex 3.7). 

Heat contents and densities were obtained from EIA (2010) and USAF (1998). 79  

 

[BEGIN BOX] 

 

Box 3-2:  Carbon Intensity of U.S. Energy Consumption 

 

Fossil fuels are the dominant source of energy in the United States, and CO2 is the dominant greenhouse gas emitted 
as a product from their combustion.  Energy-related CO2 emissions are impacted by not only lower levels of energy 
consumption but also by lowering the C intensity of the energy sources employed (e.g., fuel switching from coal to 
natural gas).  The amount of C emitted from the combustion of fossil fuels is dependent upon the C content of the 
fuel and the fraction of that C that is oxidized.  Fossil fuels vary in their average C content, ranging from about 53 
Tg CO2 Eq./QBtu for natural gas to upwards of 95 Tg CO2 Eq./QBtu for coal and petroleum coke.80  In general, the 
C content per unit of energy of fossil fuels is the highest for coal products, followed by petroleum, and then natural 
gas. The overall C intensity of the U.S. economy is thus dependent upon the quantity and combination of fuels and 
other energy sources employed to meet demand. 

Table 3-15 provides a time series of the C intensity for each sector of the U.S. economy.  The time series 
incorporates only the energy consumed from the direct combustion of fossil fuels in each sector.  For example, the C 
intensity for the residential sector does not include the energy from or emissions related to the consumption of 
electricity for lighting.  Looking only at this direct consumption of fossil fuels, the residential sector exhibited the 
lowest C intensity, which is related to the large percentage of its energy derived from natural gas for heating.  The C 
intensity of the commercial sector has predominantly declined since 1990 as commercial businesses shift away from 
petroleum to natural gas.  The industrial sector was more dependent on petroleum and coal than either the residential 
or commercial sectors, and thus had higher C intensities over this period.  The C intensity of the transportation 
sector was closely related to the C content of petroleum products (e.g., motor gasoline and jet fuel, both around 70 
Tg CO2 Eq./EJ), which were the primary sources of energy.  Lastly, the electricity generation sector had the highest 
C intensity due to its heavy reliance on coal for generating electricity.   

Table 3-15:  Carbon Intensity from Direct Fossil Fuel Combustion by Sector (Tg CO2 Eq./QBtu) 
Sector 1990   2000  2005 2006 2007 2008 2009 
Residential a 57.4   56.6  56.6 56.5 56.3  56.1  56.0 
Commercial a 59.2   57.2  57.5 57.2 57.1  56.8  56.9 
Industrial a 64.3   62.8  64.3 64.5 64.0  63.6  63.2 
Transportation a 71.1   71.3  71.4 71.6 71.9  71.6  71.5 

                                                           
78 Data for inventory years 2000 through 2005 were developed using the FAA’s System for assessing Aviation’s Global 
Emissions (SAGE) model.  That tool has been incorporated into the Aviation Environmental Design Tool (AEDT), which 
calculates noise in addition to aircraft fuel burn and emissions for all commercial flights globally in a given year.  Data for 
inventory years 2006-2009 were developed using AEDT.  The AEDT model dynamically models aircraft performance in space 
and time to produce fuel burn, emissions and noise.  Full flight gate-to-gate analyses are possible for study sizes ranging from a 
single flight at an airport to scenarios at the regional, national, and global levels.  AEDT is currently used by the U.S. government 
to consider the interdependencies between aircraft-related fuel burn, noise and emissions. 
79 For a more detailed description of the data sources used for the analysis of the transportation end use sector see the Mobile 
Combustion (excluding CO2) and International Bunker Fuels sections of the Energy chapter, Annex 3.2, and Annex 3.7.   
80 One exajoule (EJ) is equal to 1018 joules or 0.9478 QBtu. 
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Electricity Generation b 87.3   86.2  85.8 85.4 84.7  84.9  83.7 
U.S. Territories c 73.0   72.5  73.4 73.5 73.8  73.3  73.1 
All Sectors c 73.0   73.0  73.5 73.5 73.3  73.1  72.4 
a Does not include electricity or renewable energy consumption. 
b Does not include electricity produced using nuclear or renewable energy. 
c Does not include nuclear or renewable energy consumption. 
Note:  Excludes non-energy fuel use emissions and consumption.  
 

Over the twenty-year period of 1990 through 2009, however, the C intensity of U.S. energy consumption has been 
fairly constant, as the proportion of fossil fuels used by the individual sectors has not changed significantly.  Per 
capita energy consumption fluctuated little from 1990 to 2007, but in 2009 was approximately 9 percent below 
levels in 1990 (see Figure 3-14).  Due to a general shift from a manufacturing-based economy to a service-based 
economy, as well as overall increases in efficiency, energy consumption and energy-related CO2 emissions per 
dollar of gross domestic product (GDP) have both declined since 1990 (BEA 2010). 

 

Figure 3-14:  U.S. Energy Consumption and Energy-Related CO2 Emissions Per Capita and Per Dollar GDP 
 
 
C intensity estimates were developed using nuclear and renewable energy data from EIA (2010), EPA (2010a), and 
fossil fuel consumption data as discussed above and presented in Annex 2.1. 

 

 [END BOX] 

 

Uncertainty and Time Series Consistency  

For estimates of CO2 from fossil fuel combustion, the amount of CO2 emitted is directly related to the amount of 
fuel consumed, the fraction of the fuel that is oxidized, and the carbon content of the fuel.  Therefore, a careful 
accounting of fossil fuel consumption by fuel type, average carbon contents of fossil fuels consumed, and 
production of fossil fuel-based products with long-term carbon storage should yield an accurate estimate of CO2 
emissions. 

Nevertheless, there are uncertainties in the consumption data, carbon content of fuels and products, and carbon 
oxidation efficiencies.  For example, given the same primary fuel type (e.g., coal, petroleum, or natural gas), the 
amount of carbon contained in the fuel per unit of useful energy can vary.  For the United States, however, the 
impact of these uncertainties on overall CO2 emission estimates is believed to be relatively small.  See, for example, 
Marland and Pippin (1990). 

Although statistics of total fossil fuel and other energy consumption are relatively accurate, the allocation of this 
consumption to individual end-use sectors (i.e., residential, commercial, industrial, and transportation) is less 
certain.  For example, for some fuels the sectoral allocations are based on price rates (i.e., tariffs), but a commercial 
establishment may be able to negotiate an industrial rate or a small industrial establishment may end up paying an 
industrial rate, leading to a misallocation of emissions.  Also, the deregulation of the natural gas industry and the 
more recent deregulation of the electric power industry have likely led to some minor problems in collecting 
accurate energy statistics as firms in these industries have undergone significant restructuring. 

To calculate the total CO2 emission estimate from energy-related fossil fuel combustion, the amount of fuel used in 
these non-energy production processes were subtracted from the total fossil fuel consumption for 2009.  The amount 
of CO2 emissions resulting from non-energy related fossil fuel use has been calculated separately and reported in the 
Carbon Emitted from Non-Energy Uses of Fossil Fuels section of this report.  These factors all contribute to the 
uncertainty in the CO2 estimates.  Detailed discussions on the uncertainties associated with C emitted from Non-
Energy Uses of Fossil Fuels can be found within that section of this chapter. 

Various sources of uncertainty surround the estimation of emissions from international bunker fuels, which are 
subtracted from the U.S. totals (see the detailed discussions on these uncertainties provided in the International 
Bunker Fuels section of this chapter).  Another source of uncertainty is fuel consumption by U.S. territories.  The 
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United States does not collect energy statistics for its territories at the same level of detail as for the fifty states and 
the District of Columbia.  Therefore, estimating both emissions and bunker fuel consumption by these territories is 
difficult.   

Uncertainties in the emission estimates presented above also result from the data used to allocate CO2 emissions 
from the transportation end-use sector to individual vehicle types and transport modes.  In many cases, bottom-up 
estimates of fuel consumption by vehicle type do not match aggregate fuel-type estimates from EIA.  Further 
research is planned to improve the allocation into detailed transportation end-use sector emissions.  

The uncertainty analysis was performed by primary fuel type for each end-use sector, using the IPCC-recommended 
Tier 2 uncertainty estimation methodology, Monte Carlo Simulation technique, with @RISK software.  For this 
uncertainty estimation, the inventory estimation model for CO2 from fossil fuel combustion was integrated with the 
relevant variables from the inventory estimation model for International Bunker Fuels, to realistically characterize 
the interaction (or endogenous correlation) between the variables of these two models.  About 120 input variables 
were modeled for CO2 from energy-related Fossil Fuel Combustion (including about 10 for non-energy fuel 
consumption and about 20 for International Bunker Fuels).  

In developing the uncertainty estimation model, uniform distributions were assumed for all activity-related input 
variables and emission factors, based on the SAIC/EIA (2001) report.81  Triangular distributions were assigned for 
the oxidization factors (or combustion efficiencies).  The uncertainty ranges were assigned to the input variables 
based on the data reported in SAIC/EIA (2001) and on conversations with various agency personnel.82   

The uncertainty ranges for the activity-related input variables were typically asymmetric around their inventory 
estimates; the uncertainty ranges for the emissions factors were symmetric.  Bias (or systematic uncertainties) 
associated with these variables accounted for much of the uncertainties associated with these variables (SAIC/EIA 
2001).83  For purposes of this uncertainty analysis, each input variable was simulated 10,000 times through Monte 
Carlo Sampling.  

The results of the Tier 2 quantitative uncertainty analysis are summarized in Table 3-16.  Fossil fuel combustion 
CO2 emissions in 2009 were estimated to be between 5,149.0 and 5,522.4 Tg CO2 Eq. at a 95 percent confidence 
level.  This indicates a range of 1 percent below to 6 percent above the 2009 emission estimate of 5,209.0.0 Tg CO2 
Eq.   

Table 3-16:  Tier 2 Quantitative Uncertainty Estimates for CO2 Emissions from Energy-related Fossil Fuel 
Combustion by Fuel Type and Sector (Tg CO2 Eq. and Percent) 
Fuel/Sector 2009 Emission Estimate Uncertainty Range Relative to Emission Estimatea 

(Tg CO2 Eq.) (Tg CO2 Eq.) (%) 
 

 
Lower 
Bound 

Upper 
Bound 

Lower 
Bound 

Upper 
Bound 

Coal b 1,841.0  1,779.3  2,015.6 -3% +9% 
Residential   0.6  0.6  0.7 -6% +15% 
Commercial   5.8  5.5  6.7 -5% +15% 
Industrial   83.4  80.5  97.5 -3% +17% 
Transportation   NE   NE NE NA NA 
Electricity Generation   1,747.6  1,680.4  1,915.8 -4% +10% 
U.S. Territories   3.5  3.1  4.2 -12% +19% 

                                                           
81 SAIC/EIA (2001) characterizes the underlying probability density function for the input variables as a combination of uniform 
and normal distributions (the former to represent the bias component and the latter to represent the random component).  
However, for purposes of the current uncertainty analysis, it was determined that uniform distribution was more appropriate to 
characterize the probability density function underlying each of these variables. 
82 In the SAIC/EIA (2001) report, the quantitative uncertainty estimates were developed for each of the three major fossil fuels 
used within each end-use sector; the variations within the sub-fuel types within each end-use sector were not modeled. However, 
for purposes of assigning uncertainty estimates to the sub-fuel type categories within each end-use sector in the current 
uncertainty analysis, SAIC/EIA (2001)-reported uncertainty estimates were extrapolated.  
83 Although, in general, random uncertainties are the main focus of statistical uncertainty analysis, when the uncertainty 
estimates are elicited from experts, their estimates include both random and systematic uncertainties. Hence, both these types of 
uncertainties are represented in this uncertainty analysis. 
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Natural Gas b 1,200.9  1,209.4  1,276.6 +1% +6% 
Residential   257.2  250.0  275.2 -3% +7% 
Commercial   167.9  163.2  179.7 -3% +7% 
Industrial   365.0  374.9  412.7 +3% +13% 
Transportation   36.3  35.2  38.8 -3% +7% 
Electricity Generation   373.1  362.3  392.0 -3% +5% 
U.S. Territories   1.5  1.3  1.7 -12% +17% 
Petroleum b 2,166.7  2,067.2  2,323.5 -5% +7% 
Residential   81.4  76.9  85.7 -6% +5% 
Commercial   50.3  47.9  52.4 -5% +4% 
Industrial   282.0  231.2  330.4 -18% +17% 
Transportation   1,683.4  1,598.6  1,826.8 -5% +9% 
Electric Utilities   32.9  31.5  35.4 -4% +7% 
U.S. Territories   36.7  33.8  40.9 -8% +11% 
Total (excluding 
Geothermal) b 5,208.6  5,148.76  5,522.0 -1% +6% 

Geothermal 0.4 NE NE NE NE 
Total (including 
Geothermal) b,c 5,209.0  5,149.0  5,522.4 -1% +6% 

NA (Not Applicable) 
NE (Not Estimated) 
a Range of emission estimates predicted by Monte Carlo Simulation for a 95 percent confidence interval. 
b The low and high estimates for total emissions were calculated separately through simulations and, hence, the low and high 
emission estimates for the sub-source categories do not sum to total emissions. 
c Geothermal emissions added for reporting purposes, but an uncertainty analysis was not performed for CO2 emissions from 
geothermal production. 
 

Methodological recalculations were applied to the entire time-series to ensure time-series consistency from 1990 
through 2009.  Details on the emission trends through time are described in more detail in the Methodology section, 
above. 

QA/QC and Verification 

A source-specific QA/QC plan for CO2 from fossil fuel combustion was developed and implemented.  This effort 
included a Tier 1 analysis, as well as portions of a Tier 2 analysis.  The Tier 2 procedures that were implemented 
involved checks specifically focusing on the activity data and methodology used for estimating CO2 emissions from 
fossil fuel combustion in the United States.  Emission totals for the different sectors and fuels were compared and 
trends were investigated to determine whether any corrective actions were needed.  Minor corrective actions were 
taken.  

Recalculations Discussion 

The Energy Information Administration (EIA 2011) updated energy consumption statistics across the time series. 
These revisions primarily impacted the emission estimates for 2007 and 2008. In addition, the coal emissions for 
U.S. Territories decreased from 2001 to 2008 due to the closure of a coal power plant in the U.S. Virgin Islands.  
Overall, these changes resulted in an average annual increase of 0.5 Tg CO2 Eq. (less than 0.1 percent) in CO2 
emissions from fossil fuel combustion for the period 1990 through 2008. 

Planned Improvements   

To reduce uncertainty of CO2 from fossil fuel combustion estimates, efforts will be taken to work with EIA and 
other agencies to improve the quality of the U.S. territories data.  This improvement is not all-inclusive, and is part 
of an ongoing analysis and efforts to continually improve the CO2 from fossil fuel combustion estimates.  In 
addition, further expert elicitation may be conducted to better quantify the total uncertainty associated with 
emissions from this source. 

Beginning in 2010, those facilities that emit over 25,000 tons of greenhouse gases (CO2 Eq.) from stationary 
combustion across all sectors of the economy are required to calculate and report their greenhouse gas emissions to 
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EPA through its Greenhouse Gas Reporting Program. These data will be used in future inventories to improve the 
emission calculations through the use of these collected higher tier methodological data. 

CH4 and N2O from Stationary Combustion  

Methodology 

CH4 and N2O emissions from stationary combustion were estimated by multiplying fossil fuel and wood 
consumption data by emission factors (by sector and fuel type).  National coal, natural gas, fuel oil, and wood 
consumption data were grouped by sector: industrial, commercial, residential, electricity generation, and U.S. 
territories.  For the CH4 and N2O estimates, wood consumption data for the United States was obtained from EIA’s 
Annual Energy Review (EIA 2010). Fuel consumption data for coal, natural gas, and fuel oil for the United States 
were obtained from EIA’s Monthly Energy Review and unpublished supplemental tables on petroleum product 
detail (EIA 2011).  Because the United States does not include territories in its national energy statistics, fuel 
consumption data for territories were provided separately by Jacobs (2010).84  Fuel consumption for the industrial 
sector was adjusted to subtract out construction and agricultural use, which is reported under mobile sources.85  
Construction and agricultural fuel use was obtained from EPA (2010a).  Estimates for wood biomass consumption 
for fuel combustion do not include wood wastes, liquors, municipal solid waste, tires, etc., that are reported as 
biomass by EIA.   

Emission factors for the four end-use sectors were provided by the 2006 IPCC Guidelines for National Greenhouse 
Gas Inventories (IPCC 2006).  U.S. territories’ emission factors were estimated using the U.S. emission factors for 
the primary sector in which each fuel was combusted.  

More detailed information on the methodology for calculating emissions from stationary combustion, including 
emission factors and activity data, is provided in Annex 3.1. 

Uncertainty and Time-Series Consistency 
CH4 emission estimates from stationary sources exhibit high uncertainty, primarily due to difficulties in calculating 
emissions from wood combustion (i.e., fireplaces and wood stoves).  The estimates of CH4 and N2O emissions 
presented are based on broad indicators of emissions (i.e., fuel use multiplied by an aggregate emission factor for 
different sectors), rather than specific emission processes (i.e., by combustion technology and type of emission 
control).   

An uncertainty analysis was performed by primary fuel type for each end-use sector, using the IPCC-recommended 
Tier 2 uncertainty estimation methodology, Monte Carlo Simulation technique, with @RISK software. 

The uncertainty estimation model for this source category was developed by integrating the CH4 and N2O stationary 
source inventory estimation models with the model for CO2 from fossil fuel combustion to realistically characterize 
the interaction (or endogenous correlation) between the variables of these three models.  About 55 input variables 
were simulated for the uncertainty analysis of this source category (about 20 from the CO2 emissions from fossil 
fuel combustion inventory estimation model and about 35 from the stationary source inventory models).  

In developing the uncertainty estimation model, uniform distribution was assumed for all activity-related input 
variables and N2O emission factors, based on the SAIC/EIA (2001) report.86  For these variables, the uncertainty 

                                                           
84 U.S. territories data also include combustion from mobile activities because data to allocate territories’ energy use were 
unavailable.  For this reason, CH4 and N2O emissions from combustion by U.S. territories are only included in the stationary 
combustion totals. 
85 Though emissions from construction and farm use occur due to both stationary and mobile sources, detailed data was not 
available to determine the magnitude from each. Currently, these emissions are assumed to be predominantly from mobile 
sources. 
86 SAIC/EIA (2001) characterizes the underlying probability density function for the input variables as a combination of uniform 
and normal distributions (the former distribution to represent the bias component and the latter to represent the random 
component).  However, for purposes of the current uncertainty analysis, it was determined that uniform distribution was more 
appropriate to characterize the probability density function underlying each of these variables. 
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ranges were assigned to the input variables based on the data reported in SAIC/EIA (2001).87  However, the CH4 
emission factors differ from those used by EIA.  Since these factors were obtained from IPCC/UNEP/OECD/IEA 
(1997), uncertainty ranges were assigned based on IPCC default uncertainty estimates (IPCC 2000).   

The results of the Tier 2 quantitative uncertainty analysis are summarized in Table 3-17.  Stationary combustion 
CH4 emissions in 2009 (including biomass) were estimated to be between 4.1 and 14.0 Tg CO2 Eq. at a 95 percent 
confidence level.  This indicates a range of 34 percent below to 127 percent above the 2009 emission estimate of 6.2 
Tg CO2 Eq.88 Stationary combustion N2O emissions in 2009 (including biomass) were estimated to be between 9.8 
and 36.7 Tg CO2 Eq. at a 95 percent confidence level.  This indicates a range of 23 percent below to 187 percent 
above the 2009 emissions estimate of 12.8 Tg CO2 Eq.  

Table 3-17:  Tier 2 Quantitative Uncertainty Estimates for CH4 and N2O Emissions from Energy-Related Stationary 
Combustion, Including Biomass (Tg CO2 Eq. and Percent) 
Source Gas 2009 Emission 

Estimate 
Uncertainty Range Relative to Emission Estimatea 

(Tg CO2 Eq.) (Tg CO2 Eq.) (%) 
   Lower 

Bound 
Upper 
Bound 

Lower 
Bound 

Upper 
Bound 

Stationary Combustion CH4 6.2 4.1 14.0 -34% +127% 
Stationary Combustion N2O 12.8 9.8 36.7 -23% +187% 
a Range of emission estimates predicted by Monte Carlo Simulation for a 95 percent confidence interval. 
 

The uncertainties associated with the emission estimates of CH4 and N2O are greater than those associated with 
estimates of CO2 from fossil fuel combustion, which mainly rely on the carbon content of the fuel combusted.  
Uncertainties in both CH4 and N2O estimates are due to the fact that emissions are estimated based on emission 
factors representing only a limited subset of combustion conditions.  For the indirect greenhouse gases, uncertainties 
are partly due to assumptions concerning combustion technology types, age of equipment, emission factors used, 
and activity data projections. 

Methodological recalculations were applied to the entire time-series to ensure time-series consistency from 1990 
through 2009.  Details on the emission trends through time are described in more detail in the Methodology section, 
above. 

QA/QC and Verification  

A source-specific QA/QC plan for stationary combustion was developed and implemented.  This effort included a 
Tier 1 analysis, as well as portions of a Tier 2 analysis.  The Tier 2 procedures that were implemented involved 
checks specifically focusing on the activity data and emission factor sources and methodology used for estimating 
CH4, N2O, and the indirect greenhouse gases from stationary combustion in the United States.  Emission totals for 
the different sectors and fuels were compared and trends were investigated.   

Recalculations Discussion  

Historical CH4 and N2O emissions from stationary sources (excluding CO2) were revised due to a couple of changes, 
mainly impacting 2007 and 2008 estimates.  Slight changes to emission estimates for sectors are due to revised data 
from EIA (2010).  Wood consumption data in EIA (2011) were revised for the residential, commercial, and 
industrial sectors for 2007 and 2008 as well as for the electric power sector for 2006 through 2008.  The 
combination of the methodological and historical data changes resulted in an average annual increase of 0.01 Tg 
CO2 Eq. (0.2 percent) in CH4 emissions from stationary combustion and an average annual decrease of 0.08 Tg CO2 
Eq. (0.5 percent) in N2O emissions from stationary combustion for the period 1990 through 2008. 

                                                           
87 In the SAIC/EIA (2001) report, the quantitative uncertainty estimates were developed for each of the three major fossil fuels 
used within each end-use sector; the variations within the sub-fuel types within each end-use sector were not modeled. However, 
for purposes of assigning uncertainty estimates to the sub-fuel type categories within each end-use sector in the current 
uncertainty analysis, SAIC/EIA (2001)-reported uncertainty estimates were extrapolated.  
88 The low emission estimates reported in this section have been rounded down to the nearest integer values and the high 
emission estimates have been rounded up to the nearest integer values. 
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Planned Improvements   

Several items are being evaluated to improve the CH4 and N2O emission estimates from stationary combustion and 
to reduce uncertainty.  Efforts will be taken to work with EIA and other agencies to improve the quality of the U.S. 
territories data.  Because these data are not broken out by stationary and mobile uses, further research will be aimed 
at trying to allocate consumption appropriately.  In addition, the uncertainty of biomass emissions will be further 
investigated since it was expected that the exclusion of biomass from the uncertainty estimates would reduce the 
uncertainty; and in actuality the exclusion of biomass increases the uncertainty.  These improvements are not all-
inclusive, but are part of an ongoing analysis and efforts to continually improve these stationary estimates. 

Beginning in 2010, those facilities that emit over 25,000 tons of greenhouse gases (CO2 Eq.) from stationary 
combustion across all sectors of the economy are required to calculate and report their greenhouse gas emissions to 
EPA through its Greenhouse Gas Reporting Program. These data will be used in future inventories to improve the 
emission calculations through the use of these collected higher tier methodological data.  

CH4 and N2O from Mobile Combustion 

Methodology  
Estimates of CH4 and N2O emissions from mobile combustion were calculated by multiplying emission factors by 
measures of activity for each fuel and vehicle type (e.g., light-duty gasoline trucks).  Activity data included vehicle 
miles traveled (VMT) for on-road vehicles and fuel consumption for non-road mobile sources.  The activity data and 
emission factors used are described in the subsections that follow.  A complete discussion of the methodology used 
to estimate CH4 and N2O emissions from mobile combustion and the emission factors used in the calculations is 
provided in Annex 3.2.  

On-Road Vehicles  
Estimates of CH4 and N2O emissions from gasoline and diesel on-road vehicles are based on VMT and emission 
factors by vehicle type, fuel type, model year, and emission control technology.  Emission estimates for alternative 
fuel vehicles (AFVs)89 are based on VMT and emission factors by vehicle and fuel type.  

Emission factors for gasoline and diesel on-road vehicles utilizing Tier 2 and Low Emission Vehicle (LEV) 
technologies were developed by ICF (2006b); all other gasoline and diesel on-road vehicle emissions factors were 
developed by ICF (2004).  These factors were derived from EPA, California Air Resources Board (CARB) and 
Environment Canada laboratory test results of different vehicle and control technology types.  The EPA, CARB and 
Environment Canada tests were designed following the Federal Test Procedure (FTP), which covers three separate 
driving segments, since vehicles emit varying amounts of greenhouse gases depending on the driving segment.  
These driving segments are: (1) a transient driving cycle that includes cold start and running emissions, (2) a cycle 
that represents running emissions only, and (3) a transient driving cycle that includes hot start and running 
emissions.  For each test run, a bag was affixed to the tailpipe of the vehicle and the exhaust was collected; the 
content of this bag was then analyzed to determine quantities of gases present.  The emissions characteristics of 
segment 2 were used to define running emissions, and subtracted from the total FTP emissions to determine start 
emissions.  These were then recombined based upon the ratio of start to running emissions for each vehicle class 
from MOBILE6.2, an EPA emission factor model that predicts gram per mile emissions of CO2, CO, HC, NOx, and 
PM from vehicles under various conditions, to approximate average driving characteristics.90   

Emission factors for AFVs were developed by ICF (2006a) after examining Argonne National Laboratory’s GREET 
1.7–Transportation Fuel Cycle Model (ANL 2006) and Lipman and Delucchi (2002).  These sources describe AFV 
emission factors in terms of ratios to conventional vehicle emission factors.  Ratios of AFV to conventional vehicle 
emissions factors were then applied to estimated Tier 1 emissions factors from light-duty gasoline vehicles to 
estimate light-duty AFVs.  Emissions factors for heavy-duty AFVs were developed in relation to gasoline heavy-
duty vehicles.  A complete discussion of the data source and methodology used to determine emission factors from 

                                                           
89 Alternative fuel and advanced technology vehicles are those that can operate using a motor fuel other than gasoline or diesel. 
This includes electric or other bi-fuel or dual-fuel vehicles that may be partially powered by gasoline or diesel.  
90 Additional information regarding the model can be found online at http://www.epa.gov/OMS/m6.htm. 
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AFVs is provided in Annex 3.2.  

Annual VMT data for 1990 through 2010 were obtained from the Federal Highway Administration’s (FHWA) 
Highway Performance Monitoring System database as reported in Highway Statistics (FHWA 1996 through 
2010).91  VMT estimates were then allocated from FHWA’s vehicle categories to fuel-specific vehicle categories 
using  the calculated shares of vehicle fuel use for each vehicle category by fuel type reported in DOE (1993 through 
2010) and information on total motor vehicle fuel consumption by fuel type from FHWA (1996 through  2010).  
VMT for AFVs were taken from Browning (2003).  The age distributions of the U.S. vehicle fleet were obtained 
from EPA (2010a, 2000), and the average annual age-specific vehicle mileage accumulation of U.S. vehicles were 
obtained from EPA (2000).  

Control technology and standards data for on-road vehicles were obtained from EPA’s Office of Transportation and 
Air Quality (EPA 2007a, 2007b, 2000, 1998, and 1997) and Browning (2005).  These technologies and standards are 
defined in Annex 3.2, and were compiled from EPA (1993, 1994a, 1994b, 1998, 1999a) and 
IPCC/UNEP/OECD/IEA (1997). 

Non-Road Vehicles 
To estimate emissions from non-road vehicles, fuel consumption data were employed as a measure of activity, and 
multiplied by fuel-specific emission factors (in grams of N2O and CH4 per kilogram of fuel consumed).92  Activity 
data were obtained from AAR (2009 through 2010), APTA (2007 through 2010), APTA (2006), BEA (1991 through 
2005), Benson (2002 through 2004), DHS (2008), DOC (1991 through 2008), DOE (1993 through 2010), DESC 
(2011), DOT (1991 through 2010), EIA (2008a, 2007a, 2007b, 2002), EIA (2007 through 2010), EIA (1991 through 
2011), EPA (2009), Esser (2003 through 2004), FAA (2011, 2010, and 2006), Gaffney (2007), and (2006 through 
2010).  Emission factors for non-road modes were taken from IPCC/UNEP/OECD/IEA (1997) and Browning 
(2009). 

Uncertainty and Time-Series Consistency 

A quantitative uncertainty analysis was conducted for the mobile source sector using the IPCC-recommended Tier 2 
uncertainty estimation methodology, Monte Carlo simulation technique, using @RISK software.  The uncertainty 
analysis was performed on 2009 estimates of CH4 and N2O emissions, incorporating probability distribution 
functions associated with the major input variables.  For the purposes of this analysis, the uncertainty was modeled 
for the following four major sets of input variables: (1) vehicle miles traveled (VMT) data, by on-road vehicle and 
fuel type and (2) emission factor data, by on-road vehicle, fuel, and control technology type, (3) fuel consumption, 
data, by non-road vehicle and equipment type, and (4) emission factor data, by non-road vehicle and equipment 
type. 

Uncertainty analyses were not conducted for NOx, CO, or NMVOC emissions.  Emission factors for these gases 
have been extensively researched since emissions of these gases from motor vehicles are regulated in the United 
States, and the uncertainty in these emission estimates is believed to be relatively low.  However, a much higher 
level of uncertainty is associated with CH4 and N2O emission factors, because emissions of these gases are not 
regulated in the United States (and, therefore, there are not adequate emission test data), and because, unlike CO2 
emissions, the emission pathways of CH4 and N2O are highly complex. 

Mobile combustion CH4 emissions from all mobile sources in 2009 were estimated to be between 1.8 and 2.2 Tg 
CO2 Eq. at a 95 percent confidence level.  This indicates a range of 9 percent below to 15 percent above the 
corresponding 2009 emission estimate of 2.0 Tg CO2 Eq.  Also at a 95 percent confidence level, mobile combustion 
N2O emissions from mobile sources in 2009 were estimated to be between 20.5 and 27.9 Tg CO2 Eq., indicating a 
range of 14 percent below to 17 percent above the corresponding 2009 emission estimate of 23.9 Tg CO2 Eq.   

                                                           
91 Fuel use by vehicle class (VM-1 table) was not available from FHWA for 2009, but changes in overall diesel and gasoline 
consumption were released in Table MF21.  Fuel use in vehicle classes that were predominantly gasoline were estimated to grow 
by the rate of growth for gasoline between 2008 and 2009.  Fuel use in vehicle classes that were predominantly diesel were 
estimated to fall by the same rate that diesel fuel consumption fell overall in 2009.  VMT was then distributed to vehicle classes 
based on these fuel consumption estimates, assuming no relative change in MPG between vehicle classes. 
T

92 The consumption of international bunker fuels is not included in these activity data, but is estimated separately under the 
International Bunker Fuels source category. 
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Table 3-18:  Tier 2 Quantitative Uncertainty Estimates for CH4 and N2O Emissions from Mobile Sources (Tg CO2 
Eq. and Percent) 
Source Gas 2009 Emission 

Estimatea 
Uncertainty Range Relative to Emission Estimatea 

(Tg CO2 Eq.) (Tg CO2 Eq.) (%) 
   Lower Bound Upper Bound Lower Bound Upper Bound
Mobile Sources CH4 2.0 1.8 2.2 -9% +15% 
Mobile Sources N2O 23.9 20.5 27.9 -14% +17% 
a Range of emission estimates predicted by Monte Carlo Simulation for a 95 percent confidence interval. 
 

This uncertainty analysis is a continuation of a multi-year process for developing quantitative uncertainty estimates 
for this source category using the IPCC Tier 2 approach to uncertainty analysis.  As a result, as new information 
becomes available, uncertainty characterization of input variables may be improved and revised.  For additional 
information regarding uncertainty in emission estimates for CH4 and N2O please refer to the Uncertainty Annex. 

Methodological recalculations were applied to the entire time-series to ensure time-series consistency from 1990 
through 2008.  Details on the emission trends through time are described in more detail in the Methodology section, 
above. 

QA/QC and Verification 

A source-specific QA/QC plan for mobile combustion was developed and implemented.  This plan is based on the 
IPCC-recommended QA/QC Plan. The specific plan used for mobile combustion was updated prior to collection and 
analysis of this current year of data.  This effort included a Tier 1 analysis, as well as portions of a Tier 2 analysis.  
The Tier 2 procedures focused on the emission factor and activity data sources, as well as the methodology used for 
estimating emissions.  These procedures included a qualitative assessment of the emissions estimates to determine 
whether they appear consistent with the most recent activity data and emission factors available.  A comparison of 
historical emissions between the current Inventory and the previous Inventory was also conducted to ensure that the 
changes in estimates were consistent with the changes in activity data and emission factors. 

Recalculations Discussion 

In order to ensure that these estimates are continuously improved, the calculation methodology is revised annually 
based on comments from internal and external reviewers.  Each year, a number of adjustments are made to the 
methodologies used in calculating emissions in the current Inventory relative to previous Inventory reports. One of 
the revisions that were made this year was incorporating motor vehicle age distribution from EPA’s MOtor Vehicle 
Emission Simulator (MOVES) model.  MOVES is EPA’s tool for estimating emissions from highway vehicles, 
based on analysis of millions of emission test results and considerable advances in EPA’s understanding of vehicle 
emissions. Population data from the MOVES model was used to estimate the age distribution of motor vehicles in 
the United States. 

Planned Improvements 

While the data used for this report represent the most accurate information available, four areas have been identified 
that could potentially be improved in the short-term given available resources.   

1. Develop updated emissions factors for diesel vehicles, motorcycle, and biodiesel vehicles.  Previous 
emission factors were based upon extrapolations from other vehicle classes and new test data from 
Environment Canada and other sources may allow for better estimation of emission factors for these 
vehicles. 

2. Develop new emission factors for non-road equipment.  The current inventory estimates for non-CO2 
emissions from non-road sources are based on emission factors from IPCC guidelines published in 1996. 
Recent data on non-road sources from Environment Canada and the California Air Resources Board will be 
investigated in order to assess the feasibility of developing new N2O and CH4 emissions factors for non-
road equipment.    

3. Examine the feasibility of estimating aircraft N2O and CH4 emissions by the number of takeoffs and 
landings, instead of total fuel consumption. Various studies have indicated that aircraft N2O and CH4 
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emissions are more dependent on aircraft takeoffs and landings than on total aircraft fuel consumption; 
however, aircraft emissions are currently estimated from fuel consumption data.  FAA’s SAGE and AEDT 
databases contain detailed data on takeoffs and landings for each calendar year starting in 2000, and could 
potentially be used to conduct a Tier II analysis of aircraft emissions. This methodology will require a 
detailed analysis of the number of takeoffs and landings by aircraft type on domestic trips, the development 
of procedures to develop comparable estimates for years prior to 2000, and the dynamic interaction of 
ambient air with aircraft exhausts is developed. The feasibility of this approach will be explored.  

Develop improved estimates of domestic waterborne fuel consumption. The inventory estimates for residual and 
distillate fuel used by ships and boats is based in part on data on bunker fuel use from the U.S. Department of 
Commerce.  Domestic fuel consumption is estimated by subtracting fuel sold for international use from the total sold 
in the United States.  It may be possible to more accurately estimate domestic fuel use and emissions by using 
detailed data on marine ship activity.  The feasibility of using domestic marine activity data to improve the estimates 
will be investigated.   Continue to examine the use of EPA’s MOVES model in the development of the inventory 
estimates, including use for uncertainty analysis. Although the inventory uses some of the underlying data from 
MOVES, such as vehicle age distributions by model year, MOVES is not used directly in calculating mobile source 
emissions. As MOVES goes through additional testing and refinement, the use of MOVES will be further explored. 

3.2. Carbon Emitted from Non-Energy Uses of Fossil Fuels (IPCC Source 
Category 1A)  

In addition to being combusted for energy, fossil fuels are also consumed for non-energy uses (NEU) in the United 
States.  The fuels used for these purposes are diverse, including natural gas, liquefied petroleum gases (LPG), 
asphalt (a viscous liquid mixture of heavy crude oil distillates), petroleum coke (manufactured from heavy oil), and 
coal (metallurgical) coke (manufactured from coking coal).  The non-energy applications of these fuels are equally 
diverse, including feedstocks for the manufacture of plastics, rubber, synthetic fibers and other materials; reducing 
agents for the production of various metals and inorganic products; and non-energy products such as lubricants, 
waxes, and asphalt (IPCC 2006).   

CO2 emissions arise from non-energy uses via several pathways.  Emissions may occur during the manufacture of a 
product, as is the case in producing plastics or rubber from fuel-derived feedstocks.  Additionally, emissions may 
occur during the product’s lifetime, such as during solvent use.  Overall, throughout the time series and across all 
uses, about 61 percent of the total C consumed for non-energy purposes was stored in products, and not released to 
the atmosphere; the remaining 39 percent was emitted.   

There are several areas in which non-energy uses of fossil fuels are closely related to other parts of the inventory.  
For example, some of the NEU products release CO2 at the end of their commercial life when they are combusted 
after disposal; these emissions are reported separately within the Energy chapter in the Incineration of Waste source 
category.  In addition, there is some overlap between fossil fuels consumed for non-energy uses and the fossil-
derived CO2 emissions accounted for in the Industrial Processes chapter, especially for fuels used as reducing 
agents.  To avoid double-counting, the “raw” non-energy fuel consumption data reported by EIA are modified to 
account for these overlaps.  There are also net exports of petrochemicals that are not completely accounted for in the 
EIA data, and the inventory calculations make adjustments to address the effect of net exports on the mass of C in 
non-energy applications. 

As shown in Table 3-19, fossil fuel emissions in 2009 from the non-energy uses of fossil fuels were 123.4 Tg CO2 
Eq., which constituted approximately 2 percent of overall fossil fuel emissions.  In 2009, the consumption of fuels 
for non-energy uses (after the adjustments described above) was 4,451.0 TBtu, an increase of 0.2 percent since 1990 
(see Table 3-20).  About 49.9 Tg of the C (182.8 Tg CO2 Eq.) in these fuels was stored, while the remaining 33.6 Tg 
C (123.4 Tg CO2 Eq.) was emitted.   

Table 3-19: CO2 Emissions from Non-Energy Use Fossil Fuel Consumption (Tg CO2 Eq.) 
Year 1990  2000 2005 2006 2007 2008 2009 
Potential Emissions 310.8  383.6 381.6 381.7 370.1 344.9 306.1 
C Stored 192.2  238.6 238.3 236.1 232.8 204.0 182.8 
Emissions as a % of Potential 38%  38% 38% 38% 37% 41% 40% 
Emissions 118.6  144.9 143.4 145.6 137.2 141.0 123.4 
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Methodology 
The first step in estimating C stored in products was to determine the aggregate quantity of fossil fuels consumed for 
non-energy uses.  The C content of these feedstock fuels is equivalent to potential emissions, or the product of 
consumption and the fuel-specific C content values.  Both the non-energy fuel consumption and C content data were 
supplied by the EIA (2011) (see Annex 2.1).  Consumption of natural gas, LPG, pentanes plus, naphthas, other oils, 
and special naphtha were adjusted to account for net exports of these products that are not reflected in the raw data 
from EIA.  Consumption values for industrial coking coal, petroleum coke, other oils, and natural gas in Table 3-20 
and Table 3-21 have been adjusted to subtract non-energy uses that are included in the source categories of the 
Industrial Processes chapter.93  Consumption values were also adjusted to subtract net exports of intermediary 
chemicals. 

For the remaining non-energy uses, the quantity of C stored was estimated by multiplying the potential emissions by 
a storage factor.   

• For several fuel types—petrochemical feedstocks (including natural gas for non-fertilizer uses, LPG, 
pentanes plus, naphthas, other oils, still gas, special naphtha, and industrial other coal), asphalt and road oil, 
lubricants, and waxes—U.S. data on C stocks and flows were used to develop C storage factors, calculated 
as the ratio of (a) the C stored by the fuel’s non-energy products to (b) the total C content of the fuel 
consumed.  A lifecycle approach was used in the development of these factors in order to account for losses 
in the production process and during use.  Because losses associated with municipal solid waste 
management are handled separately in this sector under the Incineration of Waste source category, the 
storage factors do not account for losses at the disposal end of the life cycle.   

• For industrial coking coal and distillate fuel oil, storage factors were taken from IPCC/UNEP/OECD/IEA 
(1997), which in turn draws from Marland and Rotty (1984).   

• For the remaining fuel types (petroleum coke, miscellaneous products, and other petroleum), IPCC does not 
provide guidance on storage factors, and assumptions were made based on the potential fate of C in the 
respective NEU products. 

Table 3-20:  Adjusted Consumption of Fossil Fuels for Non-Energy Uses (TBtu) 
Year 1990 2000 2005 2006 2007 2008 2009
Industry 4,181.1 5,214.4 5,174.4 5,163.2 5,060.7 4,671.9 4,267.7
Industrial Coking Coal + 53.0 79.8 62.3 1.7 28.4 6.1
Industrial Other Coal  8.2 12.4 11.9 12.4 12.4 12.4 12.4
Natural Gas to Chemical Plants 277.3 420.3 397.0 407.7 412.5 395.2 366.0
Asphalt & Road Oil 1,170.2 1,275.7 1,323.2 1,261.2 1,197.0 1,012.0 873.1
LPG 1,119.2 1,607.0 1,444.0 1,488.6 1,483.0 1,409.6 1,446.2
Lubricants  186.3 189.9 160.2 156.1 161.2 149.6 134.5
Pentanes Plus 77.5 229.3 146.3 105.5 132.7 114.9 93.4
Naphtha (<401 ° F) 325.9 593.7 679.6 618.1 542.6 467.3 450.7
Other Oil (>401 ° F) 661.4 527.0 514.8 573.4 669.2 599.2 392.5
Still Gas 21.3 12.6 67.7 57.2 44.2 47.3 133.9
Petroleum Coke 54.8 35.3 128.8 172.2 155.9 174.4 133.0
Special Naphtha 100.8 94.4 60.9 68.9 75.5 83.2 44.2
Distillate Fuel Oil 7.0 11.7 16.0 17.5 17.5 17.5 17.5
Waxes 33.3 33.1 31.4 26.1 21.9 19.1 12.2
Miscellaneous Products 137.8 119.2 112.8 136.0 133.5 142.0 151.8

Transportation 176.0 179.4 151.3 147.4 152.2 141.3 127.1
Lubricants 176.0 179.4 151.3 147.4 152.2 141.3 127.1

U.S. Territories 86.7 152.2 121.9 133.4 108.4 126.7 56.3
Lubricants 0.7 3.1 4.6 6.2 5.9 2.7 1.0

                                                           
93 These source categories include Iron and Steel Production, Lead Production, Zinc Production, Ammonia Manufacture, Carbon 
Black Manufacture (included in Petrochemical Production), Titanium Dioxide Production, Ferroalloy Production, Silicon 
Carbide Production, and Aluminum Production.   
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Other Petroleum (Misc. Prod.) 86.0 149.1 117.3 127.2 102.5 124.1 55.2
Total 4,443.8 5,546.0 5,447.6 5,444.0 5,321.3 4,940.0 4,451.0
+ Does not exceed 0.05 TBtu 
Note: To avoid double-counting, coal coke, petroleum coke, natural gas consumption, and other oils are adjusted for industrial 
process consumption reported in the Industrial Processes sector.  Natural gas, LPG, Pentanes Plus, Naphthas, Special Naphtha, 
and Other Oils are adjusted to account for exports of chemical intermediates derived from these fuels.  For residual oil (not 
shown in the table), all non-energy use is assumed to be consumed in C black production, which is also reported in the Industrial 
Processes chapter.  
Note: Totals may not sum due to independent rounding. 
 

Table 3-21:  2009 Adjusted Non-Energy Use Fossil Fuel Consumption, Storage, and Emissions  

Sector/Fuel Type 

Adjusted 
Non-Energy 

Usea 

Carbon 
Content 

Coefficient 
Potential 
Carbon Storage

Factor 

Carbon 
Stored 

Carbon 
Emissions 

Carbon 
Emissions 

(TBtu) (Tg C/QBtu) (Tg C) (Tg C) (Tg C) (Tg CO2 Eq.)
Industry 4,267.7 - 79.8 - 49.5 30.3 111.1 
Industrial Coking Coal 6.1 31.00 0.2 0.10 0.0 0.2 0.6 
Industrial Other Coal  12.4 25.82 0.3 0.58 0.2 0.1 0.5 
Natural Gas to Chemical  
Plants 366.0 14.47 5.3 0.58 3.1 2.2 8.1 

Asphalt & Road Oil 873.1 20.55 17.9 1.00 17.9 0.1 0.3 
LPG 1,446.2 17.06 24.7 0.58 14.3 10.3 37.9 
Lubricants  134.5 20.20 2.7 0.09 0.2 2.5 9.0 
Pentanes Plus 93.4 19.10 1.8 0.58 1.0 0.7 2.7 
Naphtha (<401° F) 450.7 18.55 8.4 0.58 4.9 3.5 12.9 
Other Oil (>401° F) 392.5 20.17 7.9 0.58 4.6 3.3 12.2 
Still Gas 133.9 17.51 2.3 0.58 1.4 1.0 3.6 
Petroleum Coke 133.0 27.85 3.7 0.30 1.1 2.6 9.5 
Special Naphtha 44.2 19.74 0.9 0.58 0.5 0.4 1.3 
Distillate Fuel Oil 17.5 20.17 0.4 0.50 0.2 0.2 0.6 
Waxes 12.2 19.80 0.2 0.58 0.1 0.1 0.4 
Miscellaneous Products 151.8 20.31 3.1 0.00 0.0 3.1 11.3 

Transportation 127.1 - 2.6 - 0.2 2.3 8.5 
Lubricants 127.1 20.20 2.6 0.09 0.2 2.3 8.5 

U.S. Territories 56.3 - 1.1 - 0.1 1.0 3.7 
Lubricants 1.0 20.20 + 0.09 + + 0.1 
Other Petroleum (Misc. 
Prod.) 55.2 20.00 1.1 0.10 0.1 1.0 3.6 

Total 4,451.0 - 83.5 - 49.9 33.6 123.4 
+ Does not exceed 0.05 Tg 
- Not applicable. 
a To avoid double counting, net exports have been deducted. 
Note: Totals may not sum due to independent rounding. 
 

Lastly, emissions were estimated by subtracting the C stored from the potential emissions (see Table 3-19).  More 
detail on the methodology for calculating storage and emissions from each of these sources is provided in Annex 
2.3. 

Where storage factors were calculated specifically for the United States, data were obtained on (1) products such as 
asphalt, plastics, synthetic rubber, synthetic fibers, cleansers (soaps and detergents), pesticides, food additives, 
antifreeze and deicers (glycols), and silicones; and (2) industrial releases including energy recovery, Toxics Release 
Inventory (TRI) releases, hazardous waste incineration, and volatile organic compound, solvent, and non-
combustion CO emissions.  Data were taken from a variety of industry sources, government reports, and expert 
communications.  Sources include EPA reports and databases such as compilations of air emission factors (EPA 
2001), National Emissions Inventory (NEI) Air Pollutant Emissions Trends Data (EPA 2010), Toxics Release 
Inventory, 1998 (2000b), Biennial Reporting System (EPA 2004,  2007a), and pesticide sales and use estimates 
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(EPA 1998, 1999, 2002, 2004); the EIA Manufacturer’s Energy Consumption Survey (MECS) (EIA 1994, 1997, 
2001, 2005, 2010); the National Petrochemical & Refiners Association (NPRA 2002); the U.S. Bureau of the 
Census (1999, 2004, 2009); Bank of Canada (2009); Financial Planning Association (2006); INEGI (2006); the 
United States International Trade Commission (2011); Gosselin, Smith, and Hodge (1984); the Rubber 
Manufacturers’ Association (RMA 2009a,b); the International Institute of Synthetic Rubber Products (IISRP 2000, 
2003); the Fiber Economics Bureau (FEB 2010); and the American Chemistry Council (ACC 2003-2010). Specific 
data sources are listed in full detail in Annex 2.3. 

Uncertainty and Time-Series Consistency 
An uncertainty analysis was conducted to quantify the uncertainty surrounding the estimates of emissions and 
storage factors from non-energy uses.  This analysis, performed using @RISK software and the IPCC-recommended 
Tier 2 methodology (Monte Carlo Simulation technique), provides for the specification of probability density 
functions for key variables within a computational structure that mirrors the calculation of the inventory estimate.  
The results presented below provide the 95 percent confidence interval, the  range of values within which emissions 
are likely to fall, for this source category.   

As noted above, the non-energy use analysis is based on U.S.-specific storage factors for (1) feedstock materials 
(natural gas, LPG, pentanes plus, naphthas, other oils, still gas, special naphthas, and other industrial coal), (2) 
asphalt, (3) lubricants, and (4) waxes.  For the remaining fuel types (the “other” category in Table 3-22 and Table 
3-23), the storage factors were taken directly from the IPCC Guidelines for National Greenhouse Gas Inventories, 
where available, and otherwise assumptions were made based on the potential fate of carbon in the respective NEU 
products.  To characterize uncertainty, five separate analyses were conducted, corresponding to each of the five 
categories.  In all cases, statistical analyses or expert judgments of uncertainty were not available directly from the 
information sources for all the activity variables; thus, uncertainty estimates were determined using assumptions 
based on source category knowledge.   

The results of the Tier 2 quantitative uncertainty analysis are summarized in Table 3-22 (emissions) and Table 3-23 
(storage factors).  Carbon emitted from non-energy uses of fossil fuels in 2009 was estimated to be between 97.6 and 
135.3 Tg CO2 Eq. at a 95 percent confidence level.  This indicates a range of 21 percent below to 10 percent above 
the 2009 emission estimate of 123.4 Tg CO2 Eq.  The uncertainty in the emission estimates is a function of 
uncertainty in both the quantity of fuel used for non-energy purposes and the storage factor.   

Table 3-22:  Tier 2 Quantitative Uncertainty Estimates for CO2 Emissions from Non-Energy Uses of Fossil Fuels 
(Tg CO2 Eq. and Percent) 

  

2009 
Emission 
Estimate Uncertainty Range Relative to Emission Estimatea 

Source Gas (Tg CO2 Eq.) (Tg CO2 Eq.) (%) 
   Lower Bound Upper Bound Lower Bound Upper Bound 
Feedstocks CO2 79.3          63.4        96.1 -20% 21% 
Asphalt CO2 0.3             0.1            0.6 -58% 119% 
Lubricants CO2 17.7           14.6          20.5 -17% 16% 
Waxes CO2 0.4             0.3            0.7 -29% 74% 
Other CO2 25.7             10.3          27.0 -60% 5% 
Total CO2 123.4         97.6        135.3 -21% 10% 

a Range of emission estimates predicted by Monte Carlo Simulation for a 95 percent confidence interval. 
NA (Not Applicable) 
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Table 3-23:  Tier 2 Quantitative Uncertainty Estimates for Storage Factors of Non-Energy Uses of Fossil Fuels 
(Percent) 

Source Gas 
2009 Storage 

Factor Uncertainty Range Relative to Emission Estimatea
 

  (%) (%) (%, Relative) 
   Lower 

Bound 
Upper 
Bound 

Lower 
Bound 

Upper 
Bound 

Feedstocks CO2 58%            56%            60% -3% 4% 
Asphalt CO2 99.6%            99.1%           99.8% -0.5% 0.3% 
Lubricants CO2 9%            4%            17% -57% 91% 
Waxes CO2 58%            49%            71% -15% 22% 
Other CO2 17%            16%            66% -3% 292% 

a Range of emission estimates predicted by Monte Carlo Simulation for a 95 percent confidence interval, as a 
percentage of the inventory value (also expressed in percent terms). 
 

In Table 3-23, feedstocks and asphalt contribute least to overall storage factor uncertainty on a percentage basis.  
Although the feedstocks category—the largest use category in terms of total carbon flows—appears to have tight 
confidence limits, this is to some extent an artifact of the way the uncertainty analysis was structured.  As discussed 
in Annex 2.3, the storage factor for feedstocks is based on an analysis of six fates that result in long-term storage 
(e.g., plastics production), and eleven that result in emissions (e.g., volatile organic compound emissions).  Rather 
than modeling the total uncertainty around all of these fate processes, the current analysis addresses only the storage 
fates, and assumes that all C that is not stored is emitted.  As the production statistics that drive the storage values 
are relatively well-characterized, this approach yields a result that is probably biased toward understating 
uncertainty. 

As is the case with the other uncertainty analyses discussed throughout this document, the uncertainty results above 
address only those factors that can be readily quantified.  More details on the uncertainty analysis are provided in 
Annex 2.3. 

Methodological recalculations were applied to the entire time-series to ensure time-series consistency from 1990 
through 2009.  Details on the emission trends through time are described in more detail in the Methodology section, 
above. 

QA/QC and Verification   
A source-specific QA/QC plan for non-energy uses of fossil fuels was developed and implemented.  This effort 
included a Tier 1 analysis, as well as portions of a Tier 2 analysis for non-energy uses involving petrochemical 
feedstocks and for imports and exports.  The Tier 2 procedures that were implemented involved checks specifically 
focusing on the activity data and methodology for estimating the fate of C (in terms of storage and emissions) across 
the various end-uses of fossil C.  Emission and storage totals for the different subcategories were compared, and 
trends across the time series were analyzed to determine whether any corrective actions were needed.  Corrective 
actions were taken to rectify minor errors and to improve the transparency of the calculations, facilitating future 
QA/QC. 

For petrochemical import and export data, special attention was paid to NAICS numbers and titles to verify that 
none had changed or been removed.  Import and export totals were compared for 2009 as well as their trends across 
the time series. 

Recalculations Discussion   
In previous Inventories, the storage factor for asphalt was incorrectly assumed to be 100 percent.  For the current 
Inventory, it has been updated to 99.6 percent to reflect some loss of VOCs (see Annex 2.3 for more detailed 
discussion). 

Updates to the EIA Manufacturer’s Energy Consumption Survey (MECS) for 2006 were released in the past year.  
MECS data are only released once every four years and contribute to approximately 28 percent (as a time-weighted 
average) of the C accounted for in feedstocks.  MECS data are used to estimate the amount of C emitted from 
energy recovery. Updating the energy recovery emission estimates with this new data affected emissions from 2003 
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through 2009, resulting in annual average increases of 7 percent from 2003 through 2009.  In addition, the entire 
energy recovery time series was recalculated to adjust for energy recovered from combustion of scrap tires. Carbon 
emissions from scrap tires were inadvertently included in the energy recovery estimates; however, they are already 
accounted for in the Incineration of Waste category.94 MECS data were adjusted to remove C from scrap tires used 
as fuel in cement kilns, lime kilns, and electric arc furnaces. This adjustment resulted in decreases in emissions 
across the entire time series. Emissions decreased by 0.3, 2.1, 1.3, and 1.5 percent for MECS-reporting years 1991, 
1994, 1998, and 2002, respectively. Updating the energy recovery emission estimates with the 2006 MECS data 
combined with adjusting for combustion of scrap tires increased the 2006 emission estimate by 9.5 percent. Overall, 
emissions from energy recovery averaged over the entire time series increased by 1.2 percent when compared to last 
year’s inventory estimate because the increase resulting from updating the MECS data more than offsets the 
decrease from adjusting for scrap tire combustion across the time series.  

Planned Improvements   
There are several improvements planned for the future: 

• Improving the uncertainty analysis.  Most of the input parameter distributions are based on professional 
judgment rather than rigorous statistical characterizations of uncertainty.   

• Better characterizing flows of fossil C.  Additional fates may be researched, including the fossil C load in 
organic chemical wastewaters, plasticizers, adhesives, films, paints, and coatings.  There is also a need to 
further clarify the treatment of fuel additives and backflows (especially methyl tert-butyl ether, MTBE). 

• Reviewing the trends in fossil fuel consumption for non-energy uses. Annual consumption for several fuel types 
is highly variable across the time series, including industrial coking coal and other petroleum (miscellaneous 
products). EPA plans to better understand these trends to identify any mischaracterized or misreported fuel 
consumption for non-energy uses. 

• More accurate accounting of C in petrochemical feedstocks.  Since 2001, the C accounted for in the feedstocks 
C balance outputs (i.e., storage plus emissions) exceeds C inputs.  Prior to 2001, the C balance inputs exceed 
outputs.  EPA plans to research this discrepancy by assessing the trends on both sides of the C balance.  An 
initial review of EIA (2011) data indicates that trends in LPG consumption for non-energy uses may largely 
contribute to this discrepancy. 

• More accurate accounting of C in imports and exports.  As part of its effort to address the C balance 
discrepancy, EPA will examine its import/export adjustment methodology to ensure that net exports of 
intermediaries such as ethylene and propylene are fully accounted for. 

• EPA recently researched updating the average carbon content of solvents, since the entire time series depends 
on one year’s worth of solvent composition data. Unfortunately, the data on C emissions from solvents that 
were readily available do not provide composition data for all categories of solvent emissions and also have 
conflicting definitions for volatile organic compounds, the source of emissive carbon in solvents. EPA plans to 
identify additional sources of solvents data in order to update the C content assumptions. 

Finally, although U.S.-specific storage factors have been developed for feedstocks, asphalt, lubricants, and waxes, 
default values from IPCC are still used for two of the non-energy fuel types (industrial coking coal and distillate oil), 
and broad assumptions are being used for miscellaneous products and other petroleum.  Over the long term, there 
are plans to improve these storage factors by conducting analyses of C fate similar to those described in Annex 2.3 
or deferring to more updated default storage factors from IPCC where available. 

3.3. Incineration of Waste (IPCC Source Category 1A1a) 
Incineration is used to manage about 7 to 19 percent of the solid wastes generated in the United States, depending on 
the source of the estimate and the scope of materials included in the definition of solid waste (EPA 2000, Goldstein 

                                                           
94 From a regulatory-definition perspective combustion of scrap tires in cement kilns, lime kilns, and electric arc furnaces is not considered 
“incineration;” however the use of the term “incineration” in this document also applies to the combustion of scrap tires and other materials for 
energy recovery. 
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and Matdes 2001, Kaufman et al. 2004, Simmons et al. 2006, van Haaren et al. 2010). In the context of this section, 
waste includes all municipal solid waste (MSW) as well as tires. In the United States, almost all incineration of 
MSW occurs at waste-to-energy facilities or industrial facilities where useful energy is recovered, and thus 
emissions from waste incineration are accounted for in the Energy chapter. Similarly, tires are combusted for energy 
recovery in industrial and utility boilers. Incineration of waste results in conversion of the organic inputs to CO2. 
According to IPCC guidelines, when the CO2 emitted is of fossil origin, it is counted as a net anthropogenic 
emission of CO2 to the atmosphere. Thus, the emissions from waste incineration are calculated by estimating the 
quantity of waste combusted and the fraction of the waste that is C derived from fossil sources. 

Most of the organic materials in municipal solid wastes are of biogenic origin (e.g., paper, yard trimmings), and 
have their net C flows accounted for under the Land Use, Land-Use Change, and Forestry chapter. However, some 
components—plastics, synthetic rubber, synthetic fibers, and carbon black—are of fossil origin. Plastics in the U.S. 
waste stream are primarily in the form of containers, packaging, and durable goods. Rubber is found in durable 
goods, such as carpets, and in non-durable goods, such as clothing and footwear.  Fibers in municipal solid wastes 
are predominantly from clothing and home furnishings. As noted above, tires (which contain rubber and carbon 
black) are also considered a “non-hazardous” waste and are included in the waste incineration estimate, though 
waste disposal practices for tires differ from municipal solid waste. Estimates on emissions from hazardous waste 
incineration can be found in Annex 2.3 and are accounted for as part of the carbon mass balance for non-energy uses 
of fossil fuels. 

Approximately 26 million metric tons of MSW was incinerated in the United States in 2009 (EPA 2011). CO2 
emissions from incineration of waste rose 54 percent since 1990, to an estimated 12.3 Tg CO2 Eq. (12,300 Gg) in 
2009, as the volume of tires and other fossil C-containing materials in waste increased (see Table 3-24 and Table 
3-25). Waste incineration is also a source of N2O and CH4 emissions (De Soete 1993; IPCC 2006). N2O emissions 
from the incineration of waste were estimated to be 0.4 Tg CO2 Eq. (1 Gg N2O) in 2009, and have not changed 
significantly since 1990. CH4 emissions from the incineration of waste were estimated to be less than 0.05 Tg CO2 
Eq. (less than 0.5 Gg CH4) in 2009, and have not changed significantly since 1990.  

Table 3-24: CO2 and N2O Emissions from the Incineration of Waste (Tg CO2 Eq.) 
Gas/Waste Product 1990  2000  2005 2006 2007 2008 2009 
CO2 8.0  11.1  12.5 12.5 12.7 12.2 12.3 
Plastics 5.6  6.1  6.9 6.7 6.7 6.1 6.2 
Synthetic Rubber in Tires 0.3  1.5  1.6 1.7 1.8 1.8 1.8 
Carbon Black in Tires 0.4  1.8  2.0 2.1 2.3 2.3 2.3 
Synthetic Rubber in MSW 0.9  0.7  0.8 0.8 0.8 0.8 0.8 
Synthetic Fibers 0.8  1.0  1.2 1.2 1.2 1.2 1.2 
N2O 0.5  0.4  0.4 0.4 0.4 0.4 0.4 
CH4 +  +  + + + + + 
Total 8.5  11.5  12.9 12.9 13.1 12.5 12.7 
+ Does not exceed 0.05 Tg CO2 Eq. 

Table 3-25: CO2 and N2O Emissions from the Incineration of Waste (Gg) 
Gas/Waste Product 1990  2000  2005 2006 2007 2008 2009 
CO2 7,989  11,112  12,450 12,531 12,700 12,169 12,300 
Plastics 5,588  6,104  6,919 6,722 6,660 6,148 6,233 
Synthetic Rubber in Tires 308  1,454  1,599 1,712 1,823 1,823 1,823 
Carbon Black in Tires 385  1,818  1,958 2,113 2,268 2,268 2,268 
Synthetic Rubber in MSW 872  689  781 775 791 770 782 
Synthetic Fibers 838  1,046  1,194 1,208 1,159 1,161 1,195 
N2O 2  1  1 1 1 1 1 
CH4 +  +  + + + + + 
+ Does not exceed 0.5 Gg. 

Methodology 
Emissions of CO2 from the incineration of waste include CO2 generated by the incineration of plastics, synthetic 
fibers, and synthetic rubber, as well as the incineration of synthetic rubber and carbon black in tires. These emissions 
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were estimated by multiplying the amount of each material incinerated by the C content of the material and the 
fraction oxidized (98 percent). Plastics incinerated in municipal solid wastes were categorized into seven plastic 
resin types, each material having a discrete C content. Similarly, synthetic rubber is categorized into three product 
types, and synthetic fibers were categorized into four product types, each having a discrete C content. Scrap tires 
contain several types of synthetic rubber, as well as carbon black.  Each type of synthetic rubber has a discrete C 
content, and carbon black is 100 percent C. Emissions of CO2 were calculated based on the amount of scrap tires 
used for fuel and the synthetic rubber and carbon black content of tires.  

More detail on the methodology for calculating emissions from each of these waste incineration sources is provided 
in Annex 3.6.  

For each of the methods used to calculate CO2 emissions from the incineration of waste, data on the quantity of 
product combusted and the C content of the product are needed. For plastics, synthetic rubber, and synthetic fibers, 
the amount of specific materials discarded as municipal solid waste (i.e., the quantity generated minus the quantity 
recycled) was taken from Municipal Solid Waste Generation, Recycling, and Disposal in the United States: Facts and 
Figures (EPA 1999 through 2003, 2005 through 2011) and detailed unpublished backup data for some years not shown 
in the reports (Schneider 2007). The proportion of total waste discarded that is incinerated was derived from data in 
BioCycle’s “State of Garbage in America” (van Haaren et al. 2010). The most recent data provides the proportion of 
waste incinerated for 2008, so the corresponding proportion in 2009 is assumed to be equal to the proportion in 
2008. For synthetic rubber and carbon black in scrap tires, information was obtained from U.S. Scrap Tire Markets 
in the United States, 2007 Edition (RMA 2009a). For 2008 and 2009, synthetic rubber mass in tires is assumed to be 
equal to that in 2007 due to a lack of more recently available data. 

Average C contents for the “Other” plastics category and synthetic rubber in municipal solid wastes were calculated 
from 1998 and 2002 production statistics: carbon content for 1990 through 1998 is based on the 1998 value; content 
for 1999 through 2001 is the average of 1998 and 2002 values; and content for 2002 to date is based on the 2002 
value. Carbon content for synthetic fibers was calculated from 1999 production statistics. Information about scrap 
tire composition was taken from the Rubber Manufacturers’ Association internet site (RMA 2009b). 

The assumption that 98 percent of organic C is oxidized (which applies to all waste incineration categories for CO2 
emissions) was reported in EPA’s life cycle analysis of greenhouse gas emissions and sinks from management of 
solid waste (EPA 2006). 

Incineration of waste, including MSW, also results in emissions of N2O and CH4. These emissions were calculated 
as a function of the total estimated mass of waste incinerated and an emission factor. As noted above, N2O and CH4 
emissions are a function of total waste incinerated in each year; for 1990 through 2008, these data were derived from 
the information published in BioCycle (van Haaren et al. 2010). Data on total waste incinerated was not available 
for 2009, so this value was assumed to equal the most recent value available (2008). Table 3-26 provides data on 
municipal solid waste discarded and percentage combusted for the total waste stream. According to Covanta Energy 
(Bahor 2009) and confirmed by additional research based on ISWA (ERC 2009), all municipal solid waste 
combustors in the United States are continuously fed stoker units. The emission factors of N2O and CH4 emissions 
per quantity of municipal solid waste combusted are default emission factors for this technology type and were taken 
from the 2006 IPCC Guidelines for National Greenhouse Gas Inventories (IPCC 2006). 
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Table 3-26: Municipal Solid Waste Generation (Metric Tons) and Percent Combusted.  
Year Waste Discarded Waste Incinerated Incinerated (% 

of Discards) 
1990 235,733,657 30,632,057 13.0 

    
2000 252,328,354 25,974,978 10.3 

    
2005 259,559,787  25,973,520 10.0 
2006 267,526,493  25,853,401 9.7 
2007  268,279,240  24,788,539 9.2 
2008  268,541,088 23,674,017 8.8 
2009  268,541,088a  23,674,017 a 8.8a 

a Assumed equal to 2008 value. 
Source: van Haaren et al. (2010). 

Uncertainty and Time-Series Consistency  
A Tier 2 Monte Carlo analysis was performed to determine the level of uncertainty surrounding the estimates of CO2 
emissions and N2O emissions from the incineration of waste (given the very low emissions for CH4, no uncertainty 
estimate was derived). IPCC Tier 2 analysis allows the specification of probability density functions for key 
variables within a computational structure that mirrors the calculation of the inventory estimate. Uncertainty 
estimates and distributions for waste generation variables (i.e., plastics, synthetic rubber, and textiles generation) 
were obtained through a conversation with one of the authors of the Municipal Solid Waste in the United States 
reports. Statistical analyses or expert judgments of uncertainty were not available directly from the information 
sources for the other variables; thus, uncertainty estimates for these variables were determined using assumptions 
based on source category knowledge and the known uncertainty estimates for the waste generation variables. 

The uncertainties in the waste incineration emission estimates arise from both the assumptions applied to the data 
and from the quality of the data. Key factors include MSW incineration rate; fraction oxidized; missing data on 
waste composition; average C content of waste components; assumptions on the synthetic/biogenic C ratio; and 
combustion conditions affecting N2O emissions. The highest levels of uncertainty surround the variables that are 
based on assumptions (e.g., percent of clothing and footwear composed of synthetic rubber); the lowest levels of 
uncertainty surround variables that were determined by quantitative measurements (e.g., combustion efficiency, C 
content of C black). 

The results of the Tier 2 quantitative uncertainty analysis are summarized inTable 3-27. Waste incineration CO2 
emissions in 2009 were estimated to be between 9.8 and 15.2 Tg CO2 Eq. at a 95 percent confidence level. This 
indicates a range of 21 percent below to 24 percent above the 2009 emission estimate of 12.3 Tg CO2 Eq. Also at a 
95 percent confidence level, waste incineration N2O emissions in 2009 were estimated to be between 0.2 and 1.5 Tg 
CO2 Eq. This indicates a range of 51 percent below to 320 percent above the 2009 emission estimate of 0.4 Tg CO2 
Eq.   

Table 3-27: Tier 2 Quantitative Uncertainty Estimates for CO2 and N2O from the Incineration of Waste (Tg CO2 Eq. 
and Percent) 
  2009 Emission 

Estimate 
Uncertainty Range Relative to Emission Estimatea 

Source Gas (Tg CO2 Eq.) (Tg CO2 Eq.) (%) 
   Lower 

Bound 
Upper 
Bound 

Lower 
Bound 

Upper 
Bound 

Incineration of Waste CO2 12.3 9.8 15.2 -21% +24% 
Incineration of Waste N2O 0.4 0.2 1.5 -51% +320% 
a Range of emission estimates predicted by Monte Carlo Simulation for a 95 percent confidence interval. 

 

Methodological recalculations were applied to the entire time-series to ensure time-series consistency from 1990 
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through 2009. Details on the emission trends through time are described in more detail in the Methodology section, 
above. 

QA/QC and Verification  
A source-specific QA/QC plan was implemented for incineration of waste. This effort included a Tier 1 analysis, as 
well as portions of a Tier 2 analysis. The Tier 2 procedures that were implemented involved checks specifically 
focusing on the activity data and specifically focused on the emission factor and activity data sources and 
methodology used for estimating emissions from incineration of waste. Trends across the time series were analyzed 
to determine whether any corrective actions were needed. Actions were taken to streamline the activity data 
throughout the calculations on incineration of waste. 

Recalculations Discussion 
Several changes were made to input variables compared to the previous Inventory, resulting in an overall decrease in 
the total emissions from the incineration of waste. Formerly, the percentage of overall rubber waste that is synthetic 
(i.e., fossil-derived rather than biogenic) varied across the product categories, ranging from 25 percent for clothing 
and footwear to 100 percent synthetic rubber for durable goods and containers and packaging. For the current 
Inventory, this variable was updated to be 70 percent synthetic rubber for all four waste categories based on an 
industry average (RMA, 2011). This change resulted in an average 1 percent decrease in CO2 emissions throughout 
the time series. In addition, the percentage of waste incinerated was updated for 2008 based on data obtained from 
The State of Garbage in America report (van Haaren et al., 2010). Because the report is released every other year, 
the percentage incinerated in 2007 was also updated using linear interpolation from the 2006 and 2008 values. The 
change in the percentage incinerated, along with the change in the percentage synthetic rubber noted above, 
decreased the 2007 and 2008 estimates by 4 percent and 7 percent, respectively, relative to the previous report.  

Planned Improvements  
Beginning in 2010, those facilities that emit over 25,000 tons of greenhouse gases (CO2 Eq.) from stationary 
combustion across all sectors of the economy are required to calculate and report their greenhouse gas emissions to 
EPA through its Greenhouse Gas Reporting Program. These data will be used in future inventories to improve the 
emission calculations through the use of these collected higher tier methodological data.  

Additional data sources for calculating the N2O and CH4 emission factors for U.S. incineration of waste may be 
investigated.  

3.4. Coal Mining (IPCC Source Category 1B1a) 
Three types of coal mining related activities release CH4 to the atmosphere: underground mining, surface mining, 
and post-mining (i.e., coal-handling) activities.  Underground coal mines contribute the largest share of CH4 
emissions.  In 2009, 135 gassy underground coal mines in the United States employ ventilation systems to ensure 
that CH4 levels remain within safe concentrations.  These systems can exhaust significant amounts of CH4 to the 
atmosphere in low concentrations.  Additionally, 23 U.S. coal mines supplement ventilation systems with 
degasification systems.  Degasification systems are wells drilled from the surface or boreholes drilled inside the 
mine that remove large volumes of CH4 before, during, or after mining.  In 2009, 14 coal mines collected CH4 from 
degasification systems and utilized this gas, thus reducing emissions to the atmosphere.  Of these mines, 13 coal 
mines sold CH4 to the natural gas pipeline and one coal mine used CH4 from its degasification system to heat mine 
ventilation air on site.  In addition, one of the coal mines that sold gas to pipelines also used CH4 to fuel a thermal 
coal dryer.  Surface coal mines also release CH4 as the overburden is removed and the coal is exposed, but the level 
of emissions is much lower than from underground mines.  Finally, some of the CH4 retained in the coal after 
mining is released during processing, storage, and transport of the coal.  

Total CH4 emissions in 2009 were estimated to be 71.0 Tg CO2 Eq. (3,382 Gg), a decline of 16 percent since 1990 
(see Table 3-28 and Table 3-29).  Of this amount, underground mines accounted for 71 percent, surface mines 
accounted for 18 percent, and post-mining emissions accounted for 11 percent.  The decline in CH4 emissions from 
underground mines from 1996 to 2002 was the result of the reduction of overall coal production, the mining of less 
gassy coal, and an increase in CH4 recovered and used.  Since that time, underground coal production and the 
associated methane emissions have remained fairly level, while surface coal production and its associated emissions 
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have generally increased. 

Table 3-28:  CH4 Emissions from Coal Mining (Tg CO2 Eq.) 
Activity 1990  2000  2005 2006 2007 2008 2009 
UG Mining 62.3  39.4  35.0 35.7 35.7 44.4 50.4 
    Liberated 67.9  54.4  50.2 54.3 51.0 60.5 67.0 
    Recovered & Used (5.6)  (14.9)  (15.1) (18.7) (15.3) (16.1) (16.5) 
Surface Mining 12.0  12.3  13.3 14.0 13.8 14.3 12.9 
Post-Mining (UG) 7.7  6.7  6.4 6.3 6.1 6.1 5.6 
Post-Mining (Surface) 2.0  2.0  2.2 2.3 2.2 2.3 2.1 
Total 84.1  60.4  56.9 58.2 57.9 67.1 71.0 
Note:  Totals may not sum due to independent rounding.  Parentheses indicate negative values. 
 

Table 3-29:  CH4 Emissions from Coal Mining (Gg) 
Activity 1990  2000  2005 2006 2007 2008 2009 
UG Mining 2,968  1,878  1,668 1,699 1,700 2,113 2,401 
    Liberated 3,234  2,588  2,389 2,588 2,427 2,881 3,189 
    Recovered & Used (265.9)  (710.4)  (720.8) (889.4) (727.2) (768.0) (787.1) 
Surface Mining 573.6  585.7  633.1 668.0 658.9 680.5 614.2 
Post-Mining (UG) 368.3  318.1  305.9 298.5 289.6 292.0 266.7 
Post-Mining (Surface) 93.2  95.2  102.9 108.5 107.1 110.6 99.8 
Total 4,003  2,877  2,710 2,774 2,756 3,196 3,382 

Note:  Totals may not sum due to independent rounding.  Parentheses indicate negative values. 

Methodology 
The methodology for estimating CH4 emissions from coal mining consists of two parts.  The first part involves 
estimating CH4 emissions from underground mines.  Because of the availability of ventilation system measurements, 
underground mine emissions can be estimated on a mine-by-mine basis and then summed to determine total 
emissions.  The second step involves estimating emissions from surface mines and post-mining activities by 
multiplying basin-specific coal production by basin-specific emission factors. 

Underground mines.  Total CH4 emitted from underground mines was estimated as the sum of CH4 liberated from 
ventilation systems and CH4 liberated by means of degasification systems, minus CH4 recovered and used.  The 
Mine Safety and Heath Administration (MSHA) samples CH4 emissions from ventilation systems for all mines with 
detectable95 CH4 concentrations.  These mine-by-mine measurements are used to estimate CH4 emissions from 
ventilation systems.   

Some of the higher-emitting underground mines also use degasification systems (e.g., wells or boreholes) that 
remove CH4 before, during, or after mining.  This CH4 can then be collected for use or vented to the atmosphere.  
Various approaches were employed to estimate the quantity of CH4 collected by each of the twenty mines using 
these systems, depending on available data.  For example, some mines report to EPA the amount of CH4 liberated 
from their degasification systems.  For mines that sell recovered CH4 to a pipeline, pipeline sales data published by 
state petroleum and natural gas agencies were used to estimate degasification emissions.  For those mines for which 
no other data are available, default recovery efficiency values were developed, depending on the type of 
degasification system employed. 

Finally, the amount of CH4 recovered by degasification systems and then used (i.e., not vented) was estimated.  In 
2009, 13 active coal mines sold recovered CH4 into the local gas pipeline networks and one coal mine used 
recovered CH4 on site for heating.  Emissions avoided for these projects were estimated using gas sales data reported 
by various state agencies.  For most mines with recovery systems, companies and state agencies provided individual 
well production information, which was used to assign gas sales to a particular year.  For the few remaining mines, 
coal mine operators supplied information regarding the number of years in advance of mining that gas recovery 

                                                           

T

95
T MSHA records coal mine CH4 readings with concentrations of greater than 50 ppm (parts per million) CH4.  Readings below 

this threshold are considered non-detectable. 



Energy      3-39 

occurs. 

Surface Mines and Post-Mining Emissions.  Surface mining and post-mining CH4 emissions were estimated by 
multiplying basin-specific coal production, obtained from the Energy Information Administration’s Annual Coal 
Report (see Table 3-30) (EIA 2010), by basin-specific emission factors.  Surface mining emission factors were 
developed by assuming that surface mines emit two times as much CH4 as the average in situ CH4 content of the 
coal.  Revised data on in situ CH4 content and emissions factors are taken from EPA (2005), EPA (1996), and 
AAPG (1984).  This calculation accounts for CH4 released from the strata surrounding the coal seam.  For post-
mining emissions, the emission factor was assumed to be 32.5 percent of the average in situ CH4 content of coals 
mined in the basin.   

Table 3-30:  Coal Production (Thousand Metric Tons) 
Year Underground Surface Total 
1990 384,244 546,808 931,052 
    
2000 338,168 635,581 973,749 
    
2005 334,398 691,448 1,025,846 
2006 325,697 728,447 1,054,144 
2007 319,139 720,023 1,039,162 
2008 323,932 737,832 1,061,764 
2009 301,241 671,475 972,716 
 

Uncertainty and Time-Series Consistency 
A quantitative uncertainty analysis was conducted for the coal mining source category using the IPCC-
recommended Tier 2 uncertainty estimation methodology.  Because emission estimates from underground 
ventilation systems were based on actual measurement data, uncertainty is relatively low.  A degree of imprecision 
was introduced because the measurements used were not continuous but rather an average of quarterly instantaneous 
readings.  Additionally, the measurement equipment used can be expected to have resulted in an average of 10 
percent overestimation of annual CH4 emissions (Mutmansky and Wang 2000).  Estimates of CH4 recovered by 
degasification systems are relatively certain because many coal mine operators provided information on individual 
well gas sales and mined through dates.  Many of the recovery estimates use data on wells within 100 feet of a 
mined area.  Uncertainty also exists concerning the radius of influence of each well.  The number of wells counted, 
and thus the avoided emissions, may vary if the drainage area is found to be larger or smaller than currently 
estimated.  

Compared to underground mines, there is considerably more uncertainty associated with surface mining and post-
mining emissions because of the difficulty in developing accurate emission factors from field measurements.  
However, since underground emissions comprise the majority of total coal mining emissions, the uncertainty 
associated with underground emissions is the primary factor that determines overall uncertainty.  The results of the 
Tier 2 quantitative uncertainty analysis are summarized in Table 3-31.  Coal mining CH4 emissions in 2009 were 
estimated to be between 62.0 and 82.4 Tg CO2 Eq. at a 95 percent confidence level.  This indicates a range of 12.7 
percent below to 16.1 percent above the 2009 emission estimate of 71.0 Tg CO2 Eq. 

Table 3-31:  Tier 2 Quantitative Uncertainty Estimates for CH4 Emissions from Coal Mining (Tg CO2 Eq. and 
Percent) 
  2009 Emission 

Estimate 
Uncertainty Range Relative to Emission Estimatea 

Source Gas (Tg CO2 Eq.) (Tg CO2 Eq.) (%) 
   Lower Bound Upper Bound Lower Bound Upper Bound 
Coal Mining CH4 71.0 62.0 82.4 -12.7% +16.1% 
a Range of emission estimates predicted by Monte Carlo Simulation for a 95 percent confidence interval. 

Methodological recalculations were applied to the entire time-series to ensure time-series consistency from 1990 
through 2009.  Details on the emission trends through time are described in more detail in the Methodology section, 
above. 
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Recalculations Discussion 
For the current Inventory, there were some changes to pre-2009 emission estimates relative to the previous 
Inventory.  For the current Inventory, the conversion factor for converting short tons to metric tons was updated to 
0.90718474 to be consistent with the number of significant digits used in other source categories. In the past, 0.9072 
had been used. The factor was updated for all years, thus coal production estimates in Table 3-31 have changed 
slightly. 

Other changes include the recalculation of emissions avoided for two Jim Walter Resources (JWR) mines: Blue 
Creek #4 Mine and Blue Creek #7 Mine. This resulted in changes to emissions avoided numbers for 2007 and 2008.  

In 1998, 2000, 2001, 2002, 2003, and 2004, the emissions avoided for the Blacksville No. 2 mine in West Virginia 
were assigned to Pennsylvania rather than West Virginia. These emissions avoided were correctly assigned to West 
Virginia in the current Inventory; however, total emissions were not affected. 

The emissions avoided for the Emerald and Cumberland mines were adjusted going back to 2006 based on 
information provided by the project developer. 

3.5. Abandoned Underground Coal Mines (IPCC Source Category 1B1a) 
Underground coal mines contribute the largest share of CH4 emissions, with active underground mines the leading 
source of underground emissions.  However, mines also continue to release CH4 after closure.  As mines mature and 
coal seams are mined through, mines are closed and abandoned.  Many are sealed and some flood through intrusion 
of groundwater or surface water into the void.  Shafts or portals are generally filled with gravel and capped with a 
concrete seal, while vent pipes and boreholes are plugged in a manner similar to oil and gas wells.  Some abandoned 
mines are vented to the atmosphere to prevent the buildup of CH4 that may find its way to surface structures through 
overburden fractures.  As work stops within the mines, the CH4 liberation decreases but it does not stop completely.  
Following an initial decline, abandoned mines can liberate CH4 at a near-steady rate over an extended period of 
time, or, if flooded, produce gas for only a few years.  The gas can migrate to the surface through the conduits 
described above, particularly if they have not been sealed adequately.  In addition, diffuse emissions can occur when 
CH4 migrates to the surface through cracks and fissures in the strata overlying the coal mine.  The following factors 
influence abandoned mine emissions: 

• Time since abandonment; 

• Gas content and adsorption characteristics of coal; 

• CH4 flow capacity of the mine; 

• Mine flooding; 

• Presence of vent holes; and 

• Mine seals. 

Gross abandoned mine CH4 emissions ranged from 6.0 to 9.1 Tg CO2 Eq. from 1990 through 2009, varying, in 
general, by less than 1 to approximately 19 percent from year to year.  Fluctuations were due mainly to the number 
of mines closed during a given year as well as the magnitude of the emissions from those mines when active.  Gross 
abandoned mine emissions peaked in 1996 (9.1 Tg CO2 Eq.) due to the large number of mine closures from 1994 to 
1996 (70 gassy mines closed during the three-year period).  In spite of this rapid rise, abandoned mine emissions 
have been generally on the decline since 1996.  There were fewer than fifteen gassy mine closures during each of the 
years from 1998 through 2009, with only ten closures in 2009.  By 2009, gross abandoned mine emissions decreased 
slightly to 8.5 Tg CO2 Eq. (see Table 3-32 and Table 3-33).  Gross emissions are reduced by CH4 recovered and 
used at 38 mines, resulting in net emissions in 2009 of 5.5 Tg CO2 Eq. 

Table 3-32:  CH4 Emissions from Abandoned Coal Mines (Tg CO2 Eq.)   
Activity 1990  2000  2005 2006 2007 2008 2009 
Abandoned Underground Mines 6.0  8.9  7.0 7.6 8.9 9.0 8.5 
Recovered & Used 0.0  1.5  1.5 2.2 3.3 3.2 3.0 
Total 6.0  7.4  5.5 5.5 5.6 5.9 5.5 
Note:  Totals may not sum due to independent rounding. 
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Table 3-33:  CH4 Emissions from Abandoned Coal Mines (Gg) 
Activity 1990  2000  2005 2006 2007 2008 2009 
Abandoned Underground Mines  288   422   334 364 425 430 406 
Recovered & Used 0   72   70 103 158 150 144 
Total 288   350   264 261 267 279 262 
Note:  Totals may not sum due to independent rounding. 

Methodology 
Estimating CH4 emissions from an abandoned coal mine requires predicting the emissions of a mine from the time 
of abandonment through the inventory year of interest.  The flow of CH4 from the coal to the mine void is primarily 
dependent on the mine’s emissions when active and the extent to which the mine is flooded or sealed.  The CH4 
emission rate before abandonment reflects the gas content of the coal, rate of coal mining, and the flow capacity of 
the mine in much the same way as the initial rate of a water-free conventional gas well reflects the gas content of the 
producing formation and the flow capacity of the well.  A well or a mine which produces gas from  a coal seam and  
the surrounding strata will produce less gas through time as the reservoir of gas is depleted.  Depletion of a reservoir 
will follow a predictable pattern depending on the interplay of a variety of natural physical conditions imposed on 
the reservoir.  The depletion of a reservoir is commonly modeled by mathematical equations and mapped as a type 
curve.  Type curves which are referred to as decline curves have been developed for abandoned coal mines. Existing 
data on abandoned mine emissions through time, although sparse, appear to fit the hyperbolic type of decline curve 
used in forecasting production from natural gas wells.   

In order to estimate CH4 emissions over time for a given mine, it is necessary to apply a decline function, initiated 
upon abandonment, to that mine.  In the analysis, mines were grouped by coal basin with the assumption that they 
will generally have the same initial pressures, permeability and isotherm.  As CH4 leaves the system, the reservoir 
pressure, Pr, declines as described by the isotherm.  The emission rate declines because the mine pressure (Pw) is 
essentially constant at atmospheric pressure, for a vented mine, and the PI term is essentially constant at the 
pressures of interest (atmospheric to 30 psia).  A rate-time equation can be generated that can be used to predict 
future emissions.  This decline through time is hyperbolic in nature and can be empirically expressed as: 

q = qi (1+bDit)(-1/b) 

where, 

q = Gas rate at time t in mmcf/d 
qi = Initial gas rate at time zero (to) in million cubic feet per day mmcfd) 
b = The hyperbolic exponent, dimensionless 
Di = Initial decline rate, 1/yr 
t  = Elapsed time from to (years) 

This equation is applied to mines of various initial emission rates that have similar initial pressures, permeability and 
adsorption isotherms (EPA 2003). 

The decline curves created to model the gas emission rate of coal mines must account for factors that decrease the 
rate of emission after mining activities cease, such as sealing and flooding.  Based on field measurement data, it was 
assumed that most U.S. mines prone to flooding will become completely flooded within eight years and therefore no 
longer have any measurable CH4 emissions.  Based on this assumption, an average decline rate for flooding mines 
was established by fitting a decline curve to emissions from field measurements.  An exponential equation was 
developed from emissions data measured at eight abandoned mines known to be filling with water located in two of 
the five basins.  Using a least squares, curve-fitting algorithm, emissions data were matched to the exponential 
equation shown below.  There was not enough data to establish basin-specific equations as was done with the 
vented, non-flooding mines (EPA 2003). 

q = qie (-Dt) 

where, 

q = Gas flow rate at time t in mcf/d 
qi = Initial gas flow rate at time zero (to) in mcfd 
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D = Decline rate, 1/yr 
t  = Elapsed time from to (years) 
 

Seals have an inhibiting effect on the rate of flow of CH4 into the atmosphere compared to the rate that would be 
emitted if the mine had an open vent.  The total volume emitted will be the same, but will occur over a longer 
period.  The methodology, therefore, treats the emissions prediction from a sealed mine similar to emissions from a 
vented mine, but uses a lower initial rate depending on the degree of sealing.  The computational fluid dynamics 
simulator was again used with the conceptual abandoned mine model to predict the decline curve for inhibited flow.  
The percent sealed is defined as 100 × (1 − (initial emissions from sealed mine / emission rate at abandonment prior 
to sealing)).  Significant differences are seen between 50 percent, 80 percent and 95 percent closure.  These decline 
curves were therefore used as the high, middle, and low values for emissions from sealed mines (EPA 2003). 

For active coal mines, those mines producing over 100 mcfd account for 98 percent of all CH4 emissions.  This same 
relationship is assumed for abandoned mines.  It was determined that 469 abandoned mines closing after 1972 
produced emissions greater than 100 mcfd when active.  Further, the status of 273 of the 469 mines (or 58 percent) 
is known to be either: (1) vented to the atmosphere; (2) sealed to some degree (either earthen or concrete seals); or, 
(3) flooded (enough to inhibit CH4 flow to the atmosphere).  The remaining 42 percent of the mines were placed in 
one of the three categories by applying a probability distribution analysis based on the known status of other mines 
located in the same coal basin (EPA 2003).   

Table 3-34:  Number of gassy abandoned mines occurring in U.S. basins grouped by class according to post-
abandonment state 
Basin Sealed Vented Flooded Total Known Unknown Total Mines 
Central Appl. 25 25 48 98 127 224 
Illinois 30 3 14 47 25 72 
Northern Appl. 42 22 16 80 35 115 
Warrior Basin 0 0 16 16 0 16 
Western Basins 27 3 2 32 9 41 
Total 124 53 96 273 196 469 
 

Inputs to the decline equation require the average emission rate and the date of abandonment.  Generally this data is 
available for mines abandoned after 1972; however, such data are largely unknown for mines closed before 1972.  
Information that is readily available such as coal production by state and county are helpful, but do not provide 
enough data to directly employ the methodology used to calculate emissions from mines abandoned after 1971.  It is 
assumed that pre-1972 mines are governed by the same physical, geologic, and hydrologic constraints that apply to 
post-1972 mines; thus, their emissions may be characterized by the same decline curves.  

During the 1970s, 78 percent of CH4 emissions from coal mining came from seventeen counties in seven states.  In 
addition, mine closure dates were obtained for two states, Colorado and Illinois, for the hundred year period 
extending from 1900 through 1999.  The data were used to establish a frequency of mine closure histogram (by 
decade) and applied to the other five states with gassy mine closures.  As a result, basin-specific decline curve 
equations were applied to 145 gassy coal mines estimated to have closed between 1920 and 1971 in the United 
States, representing 78 percent of the emissions.  State-specific, initial emission rates were used based on average 
coal mine CH4 emission rates during the 1970s (EPA 2003).  

Abandoned mines emission estimates are based on all closed mines known to have active mine CH4 ventilation 
emission rates greater than 100 mcfd at the time of abandonment.  For example, for 1990 the analysis included 145 
mines closed before 1972 and 258 mines closed between 1972 and 1990.  Initial emission rates based on MSHA 
reports, time of abandonment, and basin-specific decline curves influenced by a number of factors were used to 
calculate annual emissions for each mine in the database.  Coal mine degasification data are not available for years 
prior to 1990, thus the initial emission rates used reflect ventilation emissions only for pre-1990 closures.  CH4 
degasification amounts were added to the quantity of CH4 ventilated for the total CH4 liberation rate for 21 mines 
that closed between 1992 and 2009.  Since the sample of gassy mines (with active mine emissions greater than 100 
mcfd) is assumed to account for 78 percent of the pre-1971 and 98 percent of the post-1971 abandoned mine 
emissions, the modeled results were multiplied by 1.22 and 1.02 to account for all U.S. abandoned mine emissions.   

From 1993 through 2009, emission totals were downwardly adjusted to reflect abandoned mine CH4 emissions 
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avoided from those mines.  The inventory totals were not adjusted for abandoned mine reductions in 1990 through 
1992, because no data was reported for abandoned coal mining CH4 recovery projects during that time.  

Uncertainty and Time-Series Consistency 
A quantitative uncertainty analysis was conducted to estimate the uncertainty surrounding the estimates of emissions 
from abandoned underground coal mines.  The uncertainty analysis described below provides for the specification of 
probability density functions for key variables within a computational structure that mirrors the calculation of the 
inventory estimate.  The results provide the range within which, with 95 percent certainty, emissions from this 
source category are likely to fall.   

As discussed above, the parameters for which values must be estimated for each mine in order to predict its decline 
curve are: (1) the coal's adsorption isotherm; (2) CH4 flow capacity as expressed by permeability; and (3) pressure at 
abandonment.  Because these parameters are not available for each mine, a methodological approach to estimating 
emissions was used that generates a probability distribution of potential outcomes based on the most likely value and 
the probable range of values for each parameter.  The range of values is not meant to capture the extreme values, but 
values that represent the highest and lowest quartile of the cumulative probability density function of each 
parameter.  Once the low, mid, and high values are selected, they are applied to a probability density function.  

The results of the Tier 2 quantitative uncertainty analysis are summarized in Table 3-35.  Abandoned coal mines 
CH4 emissions in 2009 were estimated to be between 4.0 and 7.3 Tg CO2 Eq. at a 95 percent confidence level.  This 
indicates a range of 27 percent below to 32 percent above the 2009 emission estimate of 5.5 Tg CO2 Eq.  One of the 
reasons for the relatively narrow range is that mine-specific data is used in the methodology.  The largest degree of 
uncertainty is associated with the unknown status mines (which account for 42 percent of the mines), with a ±57 
percent uncertainty.   

Table 3-35:  Tier 2 Quantitative Uncertainty Estimates for CH4 Emissions from Abandoned Underground Coal 
Mines (Tg CO2 Eq. and Percent) 
  2009 Emission 

Estimate 
Uncertainty Range Relative to Emission 

Estimatea 
Source Gas (Tg CO2 Eq.) (Tg CO2 Eq.) (%) 
   Lower 

Bound 
Upper 
Bound 

Lower 
Bound 

Upper 
Bound 

Abandoned Underground 
Coal Mines CH4 5.5 4.0 7.3 -27% +32% 

a Range of emission estimates predicted by Monte Carlo Simulation for a 95 percent confidence interval. 
 

Recalculations Discussion 
Changes in pre-2009 emissions avoided relative to the previous Inventory are due to the additions of pre-1972 
Grayson Hills Energy and DTE Corinth projects, which were added to the current inventory. There were also two 
abandoned mines added to the current Inventory, one abandoned in 2007 and one in 2008, which resulted in changes 
in the liberated emissions relative to the previous report. 

3.6. Natural Gas Systems (IPCC Source Category 1B2b)  
The U.S. natural gas system encompasses hundreds of thousands of wells, hundreds of processing facilities, and 
over a million miles of transmission and distribution pipelines.  Overall, natural gas systems emitted 221.2 Tg CO2 
Eq. (10,535 Gg) of CH4 in 2009, a 17 percent increase over 1990 emissions (see Table 3-36 and Table 3-37), and 
32.2 Tg CO2 Eq. (32,171 Gg) of non-combustion CO2 in 2009, a 14 percent decrease over 1990 emissions (see 
Table 3-38 and Table 3-39).  Improvements in management practices and technology, along with the replacement of 
older equipment, have helped to stabilize emissions.  Methane emissions increased since 2008 due to an increase in 
production and production wells.  

CH4 and non-combustion CO2 emissions from natural gas systems are generally process related, with normal 
operations, routine maintenance, and system upsets being the primary contributors.  Emissions from normal 
operations include: natural gas engines and turbine uncombusted exhaust, bleed and discharge emissions from 
pneumatic devices, and fugitive emissions from system components.  Routine maintenance emissions originate from 
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pipelines, equipment, and wells during repair and maintenance activities.  Pressure surge relief systems and 
accidents can lead to system upset emissions.  Below is a characterization of the four major stages of the natural gas 
system.  Each of the stages is described and the different factors affecting CH4 and non-combustion CO2 emissions 
are discussed.   

Field Production.  In this initial stage, wells are used to withdraw raw gas from underground formations.  Emissions 
arise from the wells themselves, gathering pipelines, and well-site gas treatment facilities such as dehydrators and 
separators.  Emissions from pneumatic devices, well clean-ups, and gas well completions and re-completions with 
hydraulic fracturing account for the majority of CH4 emissions.  Flaring emissions account for the majority of the 
non-combustion CO2 emissions.  Emissions from field production accounted for approximately 59 percent of CH4 
emissions and about 34 percent of non-combustion CO2 emissions from natural gas systems in 2009.   

Processing.  In this stage, natural gas liquids and various other constituents from the raw gas are removed, resulting 
in “pipeline quality” gas, which is injected into the transmission system.  Fugitive CH4 emissions from compressors, 
including compressor seals, are the primary emission source from this stage.  The majority of non-combustion CO2 
emissions come from acid gas removal units, which are designed to remove CO2 from natural gas.  Processing plants 
account for about 8 percent of CH4 emissions and approximately 66 percent of non-combustion CO2 emissions from 
natural gas systems.   

Transmission and Storage.  Natural gas transmission involves high pressure, large diameter pipelines that transport 
gas long distances from field production and processing areas to distribution systems or large volume customers 
such as power plants or chemical plants.  Compressor station facilities, which contain large reciprocating and turbine 
compressors, are used to move the gas throughout the United States transmission system.  Fugitive CH4 emissions 
from these compressor stations and from metering and regulating stations account for the majority of the emissions 
from this stage.  Pneumatic devices and engine uncombusted exhaust are also sources of CH4 emissions from 
transmission facilities.   

Natural gas is also injected and stored in underground formations, or liquefied and stored in above ground tanks, 
during periods of low demand (e.g., summer), and withdrawn, processed, and distributed during periods of high 
demand (e.g., winter).  Compressors and dehydrators are the primary contributors to emissions from these storage 
facilities.  CH4 emissions from the transmission and storage sector account for approximately 20 percent of 
emissions from natural gas systems, while CO2 emissions from transmission and storage account for less than 1 
percent of the non-combustion CO2 emissions from natural gas systems.  

Distribution.  Distribution pipelines take the high-pressure gas from the transmission system at “city gate” stations, 
reduce the pressure and distribute the gas through primarily underground mains and service lines to individual end 
users.  There were over 1,208,000 miles of distribution mains in 2009, an increase from just over 944,000 miles in 
1990 (OPS 2010b).  Distribution system emissions, which account for approximately 13 percent of CH4 emissions 
from natural gas systems and less than 1 percent of non-combustion CO2 emissions, result mainly from fugitive 
emissions from gate stations and pipelines.  An increased use of plastic piping, which has lower emissions than other 
pipe materials, has reduced emissions from this stage.  Distribution system CH4 emissions in 2009 were 13 percent 
lower than 1990 levels. 

Table 3-36: CH4 Emissions from Natural Gas Systems (Tg CO2 Eq.)* 
Stage 1990  2000  2005 2006 2007 2008 2009 
Field Production 89.2  113.5  105.4 134.0 118.2 122.9 130.3 
Processing 18.0  17.7  14.3 14.5 15.1 15.7 17.5 
Transmission and Storage 49.2  46.7  41.4 41.0 42.5 43.3 44.4 
Distribution 33.4  31.4  29.3 28.3 29.4 29.9 29.0 
Total 189.8  209.3  190.4 217.7 205.2 211.8 221.2 
*Including CH4 emission reductions achieved by the Natural Gas STAR program and NESHAP regulations. 
Note:  Totals may not sum due to independent rounding. 
 

Table 3-37: CH4 Emissions from Natural Gas Systems (Gg)* 
Stage 1990  2000  2005 2006 2007 2008 2009 
Field Production 4,248  5,406  5,021 6,380 5,628 5,854  6,205 
Processing 855  841  681 689 717 748  834 
Transmission and Storage 2,344  2,224  1,973 1,950 2,025 2,062  2,115 
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Distribution 1,591  1,497  1,395 1,346 1,402 1,423  1,381 
Total 9,038  9,968  9,069 10,364 9,771 10,087 10,535 
*Including CH4 emission reductions achieved by the Natural Gas STAR program and NESHAP regulations. 
Note: Totals may not sum due to independent rounding. 
 

Table 3-38: Non-combustion CO2 Emissions from Natural Gas Systems (Tg CO2 Eq.) 
Stage 1990  2000  2005 2006 2007 2008 2009 
Field Production 9.7  6.4  8.0 9.4 9.7 11.3 10.9 
Processing 27.8  23.3  21.7 21.2 21.2 21.4 21.2 
Transmission and Storage 0.1  0.1  0.1 0.1 0.1 0.1 0.1 
Distribution +   +  + + + +  + 
Total 37.6  29.9  29.9 30.8 31.1 32.8 32.2 
Note:  Totals may not sum due to independent rounding. 
+ Emissions are less than 0.1 Tg CO2 Eq. 
 

Table 3-39: Non-combustion CO2 Emissions from Natural Gas Systems (Gg) 
 
 
 
 
 
 
 
 

Note:  Totals may not sum due to independent rounding. 

Methodology 
The primary basis for estimates of CH4 and non-combustion-related CO2 emissions from the U.S. natural gas 
industry is a detailed study by the Gas Research Institute and EPA (EPA/GRI 1996).  The EPA/GRI study developed 
over 80 CH4 emission and activity factors to characterize emissions from the various components within the 
operating stages of the U.S. natural gas system.  The same activity factors were used to estimate both CH4 and non-
combustion CO2 emissions.  However, the CH4 emission factors were adjusted for CO2 content when estimating 
fugitive and vented non-combustion CO2 emissions.  The EPA/GRI study was based on a combination of process 
engineering studies and measurements at representative gas facilities.  From this analysis, a 1992 emission estimate 
was developed using the emission and activity factors, except where direct activity data was available (e.g., offshore 
platform counts, processing plant counts, transmission pipeline miles, and distribution pipelines).  For other years, a 
set of industry activity factor drivers was developed that can be used to update activity factors.  These drivers 
include statistics on gas production, number of wells, system throughput, miles of various kinds of pipe, and other 
statistics that characterize the changes in the U.S. natural gas system infrastructure and operations.   

Although the inventory primarily uses EPA/GRI emission factors, significant improvements were made to the 
emissions estimates for three sources this year: gas well cleanups, condensate storage tanks and centrifugal 
compressors.  In addition, data for two sources not included in the EPA/GRI study – gas well completions and gas 
well workovers (re-completions) with hydraulic fracturing- was added this year.  In the case of gas well cleanups, 
the methodology was revised to use a large sample of well and reservoir characteristics from the HPDI database 
(HPDI 2009) along with an engineering statics equation (EPA 2006a) to estimate the volume of natural gas 
necessary to expel a liquid column choking the well production.  The same sample E&P Tank sample runs for 
condensate tank flashing emissions was used; however, the factor was improved by using a large sample distribution 
of condensate production by gravity from the HPDI database (HPDI 2009) to weigh the sample simulation flashing 
emissions rather than assuming a uniform distribution of condensate gravities.  Additionally, TERC (TERC 2009) 
data representing two regions was used in the emission factors for those two regions to estimate the effects of 
separator dump valves malfunctioning and allowing natural gas to vent through the downstream storage tanks.  The 
EPA/GRI emission factor for centrifugal compressors sampled emissions at the seal face of wet seal compressors. A 
World Gas Conference publication (WGC 2009) on the seal oil degassing vents was used to update this factor and to 
also account for the emergence of dry seal centrifugal compressors (EPA 2006b), which eliminates seal oil 
degassing vents and reduces overall emissions.  Gas well completions and workovers with hydraulic fracturing were 

Stage 1990  2000  2005 2006 2007 2008 2009 
Field Production 9,704  6,425  8,050 9,438 9,746 11,336  10,877 
Processing 27,763   23,343  21,746 21,214 21,199 21,385  21,189 
Transmission and Storage 62  64  64 63 64 65 65 
Distribution 46  44  41 40 41 42  41 
Total 37,574  29,877  29,902 30,755 31,050 32,828  32,171 
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not common at the time the EPA/GRI survey was conducted. Since then, emissions data has become available 
through Natural Gas STAR experiences and presentations (EPA 2004, 2007) as these activities became more 
prevalent.  The EPA/GRI study and previous Inventories did, however, include an estimate for well completions 
without hydraulic fracturing under the source category Completion Flaring.  The changes for gas well cleanups, 
condensate storage tanks, centrifugal compressors, and gas well completions and gas well workovers (re-
completions) with hydraulic fracturing are described below in the Recalculations section.  See Annex 3.4 for more 
detailed information on the methodology and data used to calculate CH4 and non-combustion CO2 emissions from 
natural gas systems. 

Activity factor data were taken from the following sources: American Gas Association (AGA 1991–1998); Bureau 
of Ocean Energy Management, Regulation and Enforcement (previous Minerals and Management Service) 
(BOEMRE 2010a-d);  Monthly Energy Review (EIA 2010f); Natural Gas Liquids Reserves Report (EIA 2005); 
Natural Gas Monthly (EIA 2010b,c,e); the Natural Gas STAR Program annual emissions savings (EPA 2010); Oil 
and Gas Journal (OGJ 1997–2010); Office of Pipeline Safety (OPS 2010a-b); Federal Energy Regulatory 
Commission (FERC 2010) and other Energy Information Administration publications (EIA 2001, 2004, 2010a,d); 
World Oil Magazine (2010a-b).  Data for estimating emissions from hydrocarbon production tanks were 
incorporated (EPA 1999).  Coalbed CH4 well activity factors were taken from the Wyoming Oil and Gas 
Conservation Commission (Wyoming 2009) and the Alabama State Oil and Gas Board (Alabama 2010).  Other state 
well data was taken from: American Association of Petroleum Geologists (AAPG 2004); Brookhaven College 
(Brookhaven 2004); Kansas Geological Survey (Kansas 2010); Montana Board of Oil and Gas Conservation 
(Montana 2010); Oklahoma Geological Survey (Oklahoma 2010); Morgan Stanley (Morgan Stanley 2005); Rocky 
Mountain Production Report (Lippman 2003); New Mexico Oil Conservation Division (New Mexico 2010, 2005); 
Texas Railroad Commission (Texas 2010a-d); Utah Division of Oil, Gas and Mining (Utah 2010).  Emission factors 
were taken from EPA/GRI (1996).  GTI’s Unconventional Natural Gas and Gas Composition Databases (GTI 2001) 
were used to adapt the CH4 emission factors into non-combustion related CO2 emission factors and adjust CH4 
emission factors from the EPA/GRI survey.  Methane compositions from GTI 2001 are adjusted year to year using 
gross production by NEMS for oil and gas supply regions from the EIA.  Therefore, emission factors may vary from 
year to year due to slight changes in the methane composition for each NEMS oil and gas supply module region.  
Additional information about CO2 content in transmission quality natural gas was obtained via the internet from 
numerous U.S. transmission companies to help further develop the non-combustion CO2 emission factors. 

Uncertainty and Time-Series Consistency 
A quantitative uncertainty analysis was conducted to determine the level of uncertainty surrounding estimates of 
emissions from natural gas systems.  Performed using @RISK software and the IPCC-recommended Tier 2 
methodology (Monte Carlo Simulation technique), this analysis provides for the specification of probability density 
functions for key variables within a computational structure that mirrors the calculation of the inventory estimate.  
The @RISK model utilizes 1992 (base year) emissions to quantify the uncertainty associated with the emissions 
estimates using the top twelve emission sources for the year 2009.  

The results presented below provide with 95 percent certainty the range within which emissions from this source 
category are likely to fall for the year 2009.  The heterogeneous nature of the natural gas industry makes it difficult 
to sample facilities that are completely representative of the entire industry.  Because of this, scaling up from model 
facilities introduces a degree of uncertainty.  Additionally, highly variable emission rates were measured among 
many system components, making the calculated average emission rates uncertain.  The results of the Tier 2 
quantitative uncertainty analysis are summarized in Table 3-40.  Natural gas systems CH4 emissions in 2009 were 
estimated to be between 179.1 and 287.6 Tg CO2 Eq. at a 95 percent confidence level.  Natural gas systems non-
energy CO2 emissions in 2009 were estimated to be between 26.1 and 41.9 Tg CO2 Eq. at 95 percent confidence 
level.   

Table 3-40: Tier 2 Quantitative Uncertainty Estimates for CH4 and Non-energy CO2 Emissions from Natural Gas 
Systems (Tg CO2 Eq. and Percent) 
  2009 Emission 

Estimate 
Uncertainty Range Relative to Emission Estimatea 

Source Gas (Tg CO2 Eq.)c (Tg CO2 Eq.) (%) 
   Lower 

Boundc 
Upper 
Boundc 

Lower 
Boundc 

Upper 
Boundc 
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Natural Gas Systems CH4 221.2 179.1 287.6 -19% +30% 
Natural Gas Systemsb CO2 32.2 26.1 41.9 -19% +30% 
a Range of emission estimates predicted by Monte Carlo Simulation for a 95 percent confidence interval. 
b An uncertainty analysis for the non-energy CO2 emissions was not performed.  The relative uncertainty estimated (expressed as 
a percent) from the CH4 uncertainty analysis was applied to the point estimate of non-energy CO2 emissions. 
c All reported values are rounded after calculation.  As a result, lower and upper bounds may not be duplicable from other 
rounded values as shown in table. 

Methodological recalculations were applied to the entire time-series to ensure time-series consistency from 1990 
through 2009.  Details on the emission trends through time are described in more detail in the Methodology section, 
above. 

QA/QC and Verification Discussion 
A number of potential data sources were investigated to improve selected emission factors in the natural gas 
industry.  First, the HPDI database for well production and well properties was investigated for potential engineering 
parameters to be used in engineering equations to develop a new emission factor for well cleanups (HPDI 2009).  
The database was queried to obtain average well depth, shut-in pressure, well counts, and well production from each 
basin.  These parameters were used along with industry experiences to develop an engineering estimate of emissions 
from each well in each basin of the sample data.  The analysis led to a new emission factor for the gas well cleanup 
source. 

Additionally, industry experiences with hydraulic fracturing of tight formations for the completion or workover of 
natural gas wells were reviewed to account for this source of emissions.  Several Partners of the Natural Gas STAR 
Program have reported recovering substantial volumes of natural gas that would have otherwise been vented 
following completions or re-completions (workovers) involving hydraulic fracturing.  This completion method, 
which is a large emission source, was not characterized by the base EPA/GRI 1996 study and has not been 
accounted for in the national Inventory until this year. 

A World Gas Conference paper (WGC 2009) gathered 48 sample measurements of centrifugal compressor wet seal 
oil degassing emissions and published the results.  The base year EPA/GRI 1996 study did not measure emissions 
from the seal oil degassing vent. Instead seal face emissions were quantified and as such this emission source has 
gone uncharacterized in the national Inventory until this year. 

In some production areas the separator liquid level may drop too low such that the produced associated gas blows 
through the dump valve and vents through the storage tank.  These data were included where available for the 
Inventory.  More data will be necessary to potentially separate this source from storage tank flashing emissions and 
also to represent the true scope of activity across the United States.   

A number of other data sources for fugitive emission factors from the processing and transmission and storage 
segments were reviewed.  Several studies have been published since the EPA/GRI 1996 base year study that sample 
emissions from the same common equipment components.  The raw emissions data from these surveys can 
potentially be combined with the raw data from the base year study to develop stronger emission factors.  In addition 
to common component leaks, several of these studies propose emission factors for pneumatic devices or other 
sources.  These studies require further review and thus the data are not included in the Inventory at this time. 

Recalculations Discussion   
Methodologies for gas well cleanups and condensate storage tanks were revised for the current Inventory, and new 
sources of data for centrifugal compressors with wet seals, gas well completions with hydraulic fracturing, and gas 
well workovers with hydraulic fracturing were used. 

The largest increase in emissions relative to the previous Inventory was due to the revised emission factor for gas 
well cleanups (also referred to in industry as gas well liquids unloading).  HPDI well production and well property 
sample data on well depth, shut-in pressure, and production rates were used in an engineering equation to re-
estimate the average unloading emissions by NEMS oil and gas module region for this source (HPDI 2009).  This 
methodological change increased emissions by more than 22 times while decreasing the substantial uncertainty that 
was associated with the previous emission factor from the EPA/GRI 1996 study.  The activity data remained the 
same as the previous methodology.  Emissions from non-Gas STAR Partners were not considered, nor was an 
independent estimate of the scope of those emissions accounted for.  Reductions beyond those reported from Natural 
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Gas STAR Partners will be considered for inclusion in the next Inventory of sufficient data are available. 

The next largest increase in emissions was due to the inclusion of gas well completions and workovers involving 
hydraulic fracture (i.e. unconventional completions and workovers).  The EPA/GRI 1996 study did not account for 
this emerging technology and the source was previously unaccounted for in the Inventory. The Inventory did 
account for completion flaring, however, this only includes emissions from completions without hydraulic fracturing 
(i.e. conventional completions), which the EPA/GRI 1996 study assumes are mostly flared.  Unlike completions and 
workovers without hydraulic fracturing (i.e. conventional workovers), the high pressure venting of gas in order to 
expel the large volumes of liquid used to fracture the well formation, results in a large emission of natural gas.  The 
Inventory tracks activity data for wells completed with hydraulic fracturing in each region.  The gas well 
completions with hydraulic fracturing was approximated using total number of producing gas wells completed with 
hydraulic fracturing and the total number of shut-in gas wells completed with hydraulic fracturing from each year. 
This approximation is made by taking the difference between the number of unconventional wells reported by EIA 
for the current year and the previous year.  Since drilling and hydraulic fracturing in unconventional (e.g. shale, 
tight, and coal bed methane) formations is a relatively new technology, it is assumed that zero gas wells completed 
with hydraulic fracturing are shut-in each year.  This activity data was used along with a newly developed emission 
factor to estimate emissions from these sources.  It was assumed that approximately 50 percent of emissions from 
gas well completions and workovers with hydraulic fracturing would be flared due to states such as Wyoming that 
do not permit the venting of natural gas during well completions. 

The same E&P Tank simulation data for hydrocarbon liquids above 45˚API flashing emission in tanks was used as 
in previous Inventories to estimate emissions from condensate tanks; however, these flashing emissions simulations 
were coupled with a large sample of condensate production gravities from the HPDI database to improve the factor 
to account for the average national distribution of condensate gravities.  Previously, a simple average of simulation 
results for each liquid gravity was used.  Additionally, the TERC (2009) study provided a small sample of data 
representing two regions in Texas where separator dump valve malfunctions were detected and measured.  This data 
was applied only to the regions represented by the study to account for this emission source. 

Finally, WGC (2009) sample data on centrifugal compressor seal oil degassing vent rates was used to divide the 
centrifugal compressors source in the processing and transmission and storage segments into two sources—
centrifugal compressors equipped with wet seals and centrifugal compressors equipped with dry seals.  The seal oil 
degassing vent (found with compressors using wet seals) was previously unaccounted for in the Inventory.  This 
improved methodology accounted for an increase in emissions from these sources between 50 and 100 percent. 

Finally, the previous Inventory activity data are updated with revised values each year.  However, the impact of 
these changes was small compared to the changes described above. 

The net effect of these changes was to increase total CH4 emissions from natural gas systems between 47 and 120 
percent each year between 1990 and 2008 relative to the previous report.  The natural gas production segment 
accounted for the largest increases, largely due to the methodological changes to gas well cleanups and the addition 
of gas well completions and workovers with hydraulic fracturing. 

Planned Improvements  
Emission reductions reported to Natural Gas STAR are deducted from the total sector emissions each year in the 
natural gas systems inventory model to estimate emissions.  These reported reductions often rely on Inventory 
emission factors to quantify the extent of reductions.  These reductions are also a source of uncertainty that is not 
currently analyzed in the Inventory.  Emissions reductions—in particular from gas well cleanups—may be 
underestimated, and we intend to investigate whether additional data are available, and if appropriate,  revisions to 
more accurately account for emissions from natural gas systems will be incorporated into future inventories.  
Additionally, accounting for the uncertainty of these reductions to more accurately provide upper and lower bounds 
within the 95 percent confidence interval, will be investigated.    

Separately, a larger study is currently underway to update selected compressor emission factors used in the national 
inventory.  Most of the activity factors and emission factors in the natural gas inventory are from the EPA/GRI 
(1996) study.  The current measurement-based study to develop updated emission factors for compressors is 
intended to better reflect current national circumstances.  Results from these studies are expected in 2011, and will 
be incorporated into the Inventory, pending a peer review.   
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Malfunctioning separator dump valves is not an occurrence isolated to the Texas counties in which the sample data 
was obtained.  New data will be reviewed as it becomes available on this emissions source and emissions will be 
updated, as appropriate.  

Data collected through EPA’s Greenhouse Gas Reporting Program (40 CFR Part 98, Mandatory Reporting of 
Greenhouse Gases; Final Rule, Subpart W) will be reviewed for potential improvements to the natural gas systems 
emissions estimates.  The rule will collect actual activity data using improved quantification methods from those 
used in several of the studies which form the basis of this Inventory.  Data collection for Subpart W began January 
1, 2011 with emissions reporting beginning in 2012. These base year 2011 data will be reviewed for inclusion into a 
future Inventory to improve the accuracy and reduce the uncertainty of the emission estimates. 

3.7. Petroleum Systems (IPCC Source Category 1B2a) 
CH4 emissions from petroleum systems are primarily associated with crude oil production, transportation, and 
refining operations.  During each of these activities, CH4 emissions are released to the atmosphere as fugitive 
emissions, vented emissions, emissions from operational upsets, and emissions from fuel combustion. Fugitive and 
vented CO2 emissions from petroleum systems are primarily associated with crude oil production and refining 
operations but are negligible in transportation operations. Combusted CO2 emissions from fuels are already 
accounted for in the Fossil Fuels Combustion source category, and hence have not been taken into account in the 
Petroleum Systems source category.  Total CH4 and CO2 emissions from petroleum systems in 2009 were 30.9 Tg 
CO2 Eq. (1,473 Gg CH4) and 0.5 Tg CO2 (463 Gg), respectively.  Since 1990, CH4 emissions have declined by 13 
percent, due to industry efforts to reduce emissions and a decline in domestic oil production (see Table 3-41and 
Table 3-42).  CO2 emissions have also declined by 17 percent since 1990 due to similar reasons (see Table 3-43 and 
Table 3-44).  

Production Field Operations.  Production field operations account for about 98 percent of total CH4 emissions from 
petroleum systems.  Vented CH4 from field operations account for over 90 percent of the emissions from the 
production sector, unburned CH4 combustion emissions account for 6.4 percent, fugitive emissions are 3.4 percent, 
and process upset emissions are slightly under two-tenths of a percent.  The most dominant sources of emissions, in 
order of magnitude, are shallow water offshore oil platforms, natural-gas-powered high bleed pneumatic devices, oil 
tanks, natural-gas powered low bleed pneumatic devices, gas engines, deep water offshore platforms, and chemical 
injection pumps.  These seven sources alone emit about 94 percent of the production field operations emissions.  
Offshore platform emissions are a combination of fugitive, vented, and unburned fuel combustion emissions from all 
equipment housed on oil platforms producing oil and associated gas. Emissions from high and low-bleed pneumatics 
occur when pressurized gas that is used for control devices is bled to the atmosphere as they cycle open and closed 
to modulate the system.  Emissions from oil tanks occur when the CH4 entrained in crude oil under pressure 
volatilizes once the crude oil is put into storage tanks at atmospheric pressure.  Emissions from gas engines are due 
to unburned CH4 that vents with the exhaust.  Emissions from chemical injection pumps are due to the 25 percent 
that use associated gas to drive pneumatic pumps.  The remaining six percent of the emissions are distributed among 
26 additional activities within the four categories: vented, fugitive, combustion and process upset emissions.  For 
more detailed, source-level data on CH4 emissions in production field operations, refer to Annex 3.5. 

Vented CO2 associated with natural gas emissions from field operations account for 99 percent of the total CO2 
emissions from this source category, while fugitive and process upsets together account for less than 1 percent of the 
emissions. The most dominant sources of vented emissions are oil tanks, high bleed pneumatic devices, shallow 
water offshore oil platforms, low bleed pneumatic devices, and chemical injection pumps. These five sources 
together account for 98.5 percent of the non-combustion CO2 emissions from this source category, while the 
remaining 1.5 percent of the emissions is distributed among 24 additional activities within the three categories: 
vented, fugitive and process upsets.  
Crude Oil Transportation.  Crude oil transportation activities account for less than one half of one percent of total 
CH4 emissions from the oil industry. Venting from tanks and marine vessel loading operations accounts for 61 
percent of CH4 emissions from crude oil transportation. Fugitive emissions, almost entirely from floating roof tanks, 
account for 19 percent. The remaining 20 percent is distributed among six additional sources within these two 
categories. Emissions from pump engine drivers and heaters were not estimated due to lack of data.   

Crude Oil Refining.  Crude oil refining processes and systems account for slightly less than two percent of total CH4 
emissions from the oil industry because most of the CH4 in crude oil is removed or escapes before the crude oil is 
delivered to the refineries. There is an insignificant amount of CH4 in all refined products.  Within refineries, vented 
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emissions account for about 86 percent of the emissions, while both fugitive and combustion emissions account for 
approximately seven percent each. Refinery system blowdowns for maintenance and the process of asphalt 
blowing—with air, to harden the asphalt—are the primary venting contributors.  Most of the fugitive CH4 emissions 
from refineries are from leaks in the fuel gas system.  Refinery combustion emissions include small amounts of 
unburned CH4 in process heater stack emissions and unburned CH4 in engine exhausts and flares. 

Asphalt blowing from crude oil refining accounts for 36 percent of the total non-combustion CO2 emissions in 
petroleum systems.  
Table 3-41:  CH4 Emissions from Petroleum Systems (Tg CO2 Eq.) 
Activity 1990  2000  2005 2006 2007 2008 2009 
Production Field Operations 34.7  30.8  28.7 28.7 29.3 29.6 30.3 
   Pneumatic device venting  10.3  9.0  8.4 8.3 8.4 8.7 8.8 
   Tank venting 5.3  4.5  3.9 3.9 4.0 4.0 4.5 
   Combustion & process upsets 1.9  1.6  1.5 1.5 1.5 1.6 2.0 
   Misc. venting & fugitives  16.8  15.3  14.5 14.6 15.0 14.8 14.6 
   Wellhead fugitives 0.6  0.5  0.4 0.4 0.4 0.5 0.5 
Crude Oil Transportation 0.1  0.1  0.1 0.1 0.1 0.1 0.1 
Refining 0.5  0.6  0.6 0.6 0.6 0.5 0.5 
Total  35.4  31.5  29.4 29.4 30.0 30.2 30.9 
Note: Totals may not sum due to independent rounding. 
 

Table 3-42:  CH4 Emissions from Petroleum Systems (Gg)  

Note: Totals may not sum due to independent rounding. 

Table 3-43:  CO2 Emissions from Petroleum Systems (Tg CO2 Eq.) 
Activity 1990  2000  2005 2006 2007 2008 2009 
Production Field Operations  0.4    0.3  0.3  0.3  0.3 0.3 0.3 
   Pneumatic device venting  +  +  + + + + + 
   Tank venting  0.3    0.3  0.2  0.2  0.3 0.2 0.3 
   Misc. venting & fugitives  +  +  + + + + + 
   Wellhead fugitives +  +  + + + + + 
Crude Refining 0.2  0.2  0.2 0.2 0.2 0.2 0.1 
Total   0.6    0.5  0.5  0.5  0.5 0.5 0.5 
+ Does not exceed 0.05 Tg CO2 Eq.  
Note: Totals may not sum due to independent rounding. 
 

Table 3-44:  CO2 Emissions from Petroleum Systems (Gg) 
Activity 1990  2000  2005 2006 2007 2008 2009 
Production Field Operations 376  323  285 285 292 288 319 
   Pneumatic device venting  27    24  22  22  22 23 23 
   Tank venting  328    281  246  246 252 247 278 
   Misc. venting & fugitives  18    17  16  16  16 16 16 
   Wellhead fugitives  1    1  1  1  1 1 1 
Crude Refining 180  211  205 203 182 165 144 
Total  555    534  490  488 474 453 463 
Note: Totals may not sum due to independent rounding. 

Activity 1990  2000  2005 2006 2007 2008 2009 
Production Field Operations 1,653  1,468  1,366 1,365 1,396 1,409 1,444 
   Pneumatic device venting  489   428  397 396 398  416  419 
   Tank venting 250   214  187 188 192  189  212 
   Combustion & process upsets 88   76  71 71 72  75  94 
   Misc. venting & fugitives  799   727  691 693 714  707  696 
   Wellhead fugitives 26   22  19 17 20  23  23 
Crude Oil Transportation 7   5  5 5  5 5 5 
Refining 25   28  28 28  27 25 24 
Total  1,685  1,501  1,398 1,398 1,427  1,439 1,473 
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Methodology 
The methodology for estimating CH4 emissions from petroleum systems is a bottom-up approach, based on 
comprehensive studies of CH4 emissions from U.S. petroleum systems (EPA 1996, EPA 1999).  These studies 
combined emission estimates from 64 activities occurring in petroleum systems from the oil wellhead through crude 
oil refining, including 33 activities for crude oil production field operations, 11 for crude oil transportation activities, 
and 20 for refining operations.  Annex 3.5 provides greater detail on the emission estimates for these 64 activities.  
The estimates of CH4 emissions from petroleum systems do not include emissions downstream of oil refineries 
because these emissions are negligible. 

The methodology for estimating CH4 emissions from the 64 oil industry activities employs emission factors initially 
developed by EPA (1999).  Activity factors for the years 1990 through 2009 were collected from a wide variety of 
statistical resources.  Emissions are estimated for each activity by multiplying emission factors (e.g., emission rate 
per equipment item or per activity) by their corresponding activity factor (e.g., equipment count or frequency of 
activity).  EPA (1999) provides emission factors for all activities except those related to offshore oil production and 
field storage tanks.  For offshore oil production, two emission factors were calculated using data collected over a 
one-year period for all federal offshore platforms (EPA 2005, BOEMRE 2004).  One emission factor is for oil 
platforms in shallow water, and one emission factor is for oil platforms in deep water.  Emission factors are held 
constant for the period 1990 through 2009.  The number of platforms in shallow water and the number of platforms 
in deep water are used as activity factors and are taken from Bureau of Ocean Energy Management, Regulation, and 
Enforcement (BOEMRE) (formerly Minerals Management Service) statistics (BOEMRE 2010a-c).  For oil storage 
tanks, the emissions factor was calculated as the total emissions per barrel of crude charge from E&P Tank data 
weighted by the distribution of produced crude oil gravities from the HPDI production database (EPA 1999, HPDI 
2009).  

For some years, complete activity factor data were not available.  In such cases, one of three approaches was 
employed.  Where appropriate, the activity factor was calculated from related statistics using ratios developed for 
EPA (1996).  For example, EPA (1996) found that the number of heater treaters (a source of CH4 emissions) is 
related to both number of producing wells and annual production.  To estimate the activity factor for heater treaters, 
reported statistics for wells and production were used, along with the ratios developed for EPA (1996).  In other 
cases, the activity factor was held constant from 1990 through 2009 based on EPA (1999).  Lastly, the previous 
year’s data were used when data for the current year were unavailable.  The CH4 and CO2 sources in the production 
sector share common activity factors.  See Annex 3.5 for additional detail.   

Among the more important references used to obtain activity factors are the Energy Information Administration 
annual and monthly reports (EIA 1990 through 2010, 1995 through 2010, 1995 through 2010a-b), Methane 
Emissions from the Natural Gas Industry by the Gas Research Institute and EPA (EPA/GRI 1996a-d), Estimates of 
Methane Emissions from the U.S. Oil Industry (EPA 1999), consensus of industry peer review panels, BOEMRE 
reports (BOEMRE 2005, 2010a-c), analysis of BOEMRE data (EPA 2005, BOEMRE 2004), the Oil & Gas Journal 
(OGJ 2010a,b), the Interstate Oil and Gas Compact Commission (IOGCC 2008), and the United States Army Corps 
of Engineers (1995-2008).   

The methodology for estimating CO2 emissions from petroleum systems combines vented, fugitive, and process 
upset emissions sources from 29 activities for crude oil production field operations and one activity from petroleum 
refining.  Emissions are estimated for each activity by multiplying emission factors by their corresponding activity 
factors. The emission factors for CO2 are estimated by multiplying the CH4 emission factors by a conversion factor, 
which is the ratio of CO2 content and methane content in produced associated gas. The only exceptions to this 
methodology are the emission factors for crude oil storage tanks, which are obtained from E&P Tank simulation 
runs, and the emission factor for asphalt blowing, which was derived using the methodology and sample data from 
API (2009). 

Uncertainty and Time-Series Consistency   
This section describes the analysis conducted to quantify uncertainty associated with the estimates of emissions from 
petroleum systems.  Performed using @RISK software and the IPCC-recommended Tier 2 methodology (Monte 
Carlo Simulation technique), the method employed provides for the specification of probability density functions for 
key variables within a computational structure that mirrors the calculation of the Inventory estimate.  The results 
provide the range within which, with 95 percent certainty, emissions from this source category are likely to fall.   
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The detailed, bottom-up Inventory analysis used to evaluate U.S. petroleum systems reduces the uncertainty related 
to the CH4 emission estimates in comparison to a top-down approach.  However, some uncertainty still remains.  
Emission factors and activity factors are based on a combination of measurements, equipment design data, 
engineering calculations and studies, surveys of selected facilities and statistical reporting.  Statistical uncertainties 
arise from natural variation in measurements, equipment types, operational variability and survey and statistical 
methodologies.  Published activity factors are not available every year for all 64 activities analyzed for petroleum 
systems; therefore, some are estimated.  Because of the dominance of the seven major sources, which account for 92 
percent of the total methane emissions, the uncertainty surrounding these seven sources has been estimated most 
rigorously, and serves as the basis for determining the overall uncertainty of petroleum systems emission estimates.   

The results of the Tier 2 quantitative uncertainty analysis are summarized in Table 3-45.  Petroleum systems CH4 
emissions in 2009 were estimated to be between 23.5 and 76.9 Tg CO2 Eq., while CO2 emissions were estimated to 
be between 0.4 and 1.2 Tg CO2 Eq. at a 95 percent confidence level.  This indicates a range of 24 percent below to 
149 percent above the 2009 emission estimates of 30.9 and 0.5 Tg CO2 Eq. for CH4 and CO2, respectively.   

Table 3-45:  Tier 2 Quantitative Uncertainty Estimates for CH4 Emissions from Petroleum Systems (Tg CO2 Eq. and 
Percent) 
  2009 Emission 

Estimate 
Uncertainty Range Relative to Emission Estimatea 

Source Gas (Tg CO2 Eq.)b (Tg CO2 Eq.) (%) 
   Lower 

Boundb 
Upper 
Boundb 

Lower 
Boundb 

Upper 
Boundb 

Petroleum Systems CH4 30.9 23.5 76.9 -24% 149% 
Petroleum Systems CO2 0.5 0.4 1.2 -24% 149% 
a Range of 2009 relative uncertainty predicted by Monte Carlo Simulation, based on 1995 base year activity factors, for a 95 
percent confidence interval. 
b All reported values are rounded after calculation.  As a result, lower and upper bounds may not be duplicable from other 
rounded values as shown in table. 
Note: Totals may not sum due to independent rounding 

Methodological recalculations were applied to the entire time-series to ensure time-series consistency from 1990 
through 2009.  Details on the emission trends through time are described in more detail in the Methodology section, 
above. 

QA/QC and Verification Discussion 
As part of QA/QC and verification activities done for the Inventory, potential improvements were identified, which 
include a new emissions source associated with fixed roof storage tank emissions in the production segment.  In 
some production areas the separator liquid level may drop too low such that the produced associated gas blows 
through the dump valve and vents through the storage tank.  This data was included where available for the 
Inventory (see Recalculation discussion below).  More data will be necessary to potentially add this as a separate 
source from storage tank flashing emissions and also to represent the true scope of activity across the United States.   

Recalculations Discussion  
Most revisions for the current Inventory relative to the previous report were due to updating previous years’ data 
with revised data from existing data sources.  Well completion venting, well drilling, and offshore platform activity 
factors were updated from existing data sources from 1990 onward.  

Additionally, the emission factor for venting from fixed roof storage tanks in the crude oil production segment was 
revised.  Using the same E&P Tank sample data runs on crude oil gravities ranging up to 45˚API, a new national 
level flashing emissions factor was developed by using a large sample of production data, sorted by gravity, 
available from the HPDI database. 

A study prepared for the Texas Environmental Research Consortium measured emissions rates from several oil and 
condensate tanks in Texas (TERC 2009).  This data was plotted and compared to the flashing emissions simulated 
via E&P Tank simulation.  EPA observed that additional emissions beyond the flashing were present in 
approximately 50 percent of the tanks.  These emissions may be attributed to separator dump valves malfunctioning 
or other methods of associated gas entering the tank and venting from the roof.  Because the dataset was limited to 



Energy      3-53 

represent production from only 14 counties that represent 0.5 percent of U.S. production, the national emission 
factor was scaled up such that only production from these counties is affected by the occurrence of associated gas 
venting through the storage tank. 

Planned Improvements 
As noted above, nearly all emission factors used in the development of the petroleum systems estimates were taken 
from EPA (1995, 1996, 1999), with the remaining emission factors taken from EPA default values (EPA 2005) and 
a consensus of industry peer review panels. These emission factors will be reviewed as part of future Inventory 
work.  Results of this review and analysis will be incorporated into future inventories, as appropriate.  

Malfunctioning separator dump valves is not an occurrence isolated to the Texas counties in which the sample data 
was obtained.  New data will be reviewed as they become available on this emissions source and emissions updated, 
as appropriate. 

Data collected through EPA’s Greenhouse Gas Reporting Program will be reviewed for potential improvements to 
petroleum systems emissions sources.  The rule will collect actual activity data and improved quantification methods 
from those used in several of the studies which form the basis of this Inventory.  This data will be incorporated as 
appropriate into the current Inventory to improve the accuracy and uncertainty of the emissions estimates.  In 
particular, EPA will investigate whether certain emissions sources currently accounted for in the Energy sector 
should be separately accounted for in the petroleum systems inventory (e.g., CO2 process emissions from hydrogen 
production).  

In 2010, all U.S. petroleum refineries were required to collect information on their greenhouse gas emissions.  This 
data will be reported to EPA through its Greenhouse Gas Reporting Program in 2011. Data collected under this 
program will be evaluated for use in future inventories to improve the calculation of national emissions from 
petroleum systems.  

 

[BEGIN BOX] 

 

Box 3-3.  Carbon Dioxide Transport, Injection, and Geological Storage 

 

Carbon dioxide is produced, captured, transported, and used for Enhanced Oil Recovery (EOR) as well as 
commercial and non-EOR industrial applications.  This CO2 is produced from both naturally-occurring CO2 
reservoirs and from industrial sources such as natural gas processing plants and ammonia plants.  In the current 
Inventory, emissions from naturally-produced CO2 are estimated based on the application. 

In the current Inventory report, the CO2 that is used in non-EOR industrial and commercial applications (e.g., food 
processing, chemical production) is assumed to be emitted to the atmosphere during its industrial use.  These 
emissions are discussed in the Carbon Dioxide Consumption section.  The naturally-occurring CO2 used in EOR 
operations is assumed to be fully sequestered.  Additionally, all anthropogenic CO2 emitted from natural gas 
processing and ammonia plants is assumed to be emitted to the atmosphere, regardless of whether the CO2 is 
captured or not.  These emissions are currently included in the Natural Gas Systems and the Ammonia Production 
sections of the Inventory report, respectively. 

IPCC (IPCC, 2006) included, for the first time, methodological guidance to estimate emissions from the capture, 
transport, injection, and geological storage of CO2.  The methodology is based on the principle that the carbon 
capture and storage system should be handled in a complete and consistent manner across the entire Energy sector.  
The approach accounts for CO2 captured at natural and industrial sites as well as emissions from capture, transport, 
and use.  For storage specifically, a Tier 3 methodology is outlined for estimating and reporting emissions based on 
site-specific evaluations.  However, IPCC (IPCC, 2006) notes that if a national regulatory process exists, emissions 
information available through that process may support development of CO2 emissions estimates for geologic 
storage. 

Beginning in 2010, facilities that conduct geologic sequestration of CO2 and all other facilities that inject CO2 
underground will be required to calculate and report greenhouse gas data annually to EPA through its Greenhouse 
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Gas Reporting Program. The Greenhouse Gas Reporting Rule requires greenhouse gas reporting from facilities that 
inject CO2 underground for geologic sequestration, and requires greenhouse gas reporting from all other facilities 
that inject CO2 underground for any reason, including enhanced oil and gas recovery.  Beginning in 2010, facilities 
conducting geologic sequestration of CO2 are required to develop and implement an EPA-approved site-specific 
monitoring, reporting and verification (MRV) plan, and to report the amount of CO2 sequestered using a mass 
balance approach.  Data from this program, which will be reported to EPA in early 2012, for the 2011 calendar year, 
will provide additional facility-specific information about the carbon capture, transport and storage chain, EPA 
intends to evaluate that information closely and consider opportunities for improving our current inventory 
estimates.   
 
Preliminary estimates indicate that the amount of CO2 captured from industrial and natural sites is 47.3 Tg CO2 
(47,340 Gg CO2) (see Table 3-46 and Table 3-47).  Site-specific monitoring and reporting data for CO2 injection 
sites (i.e., EOR operations) were not readily available, therefore, these estimates assume all CO2 is emitted.  
Table 3-46: Potential Emissions from CO2 Capture and Transport (Tg CO2 Eq.) 
Year 1990   2000  2005 2006 2007 2008 2009 
Acid Gas Removal Plants 4.8  2.3   5.8  6.2  6.4  6.6  7.0 
Naturally Occurring CO2 20.8  23.2   28.3  30.2  33.1  36.1  39.7 
Ammonia Production Plants +  0.7   0.7  0.7  0.7  0.6  0.6 
Pipelines Transporting CO2 +  +  + + + + + 
Total 25.6  26.1   34.7  37.1  40.1  43.3  47.3 
+ Does not exceed 0.05 Tg CO2 Eq.  
Note; Totals may not sum due to independent rounding. 
 

Table 3-47: Potential Emissions from CO2 Capture and Transport (Gg) 
Year 1990  2000  2005 2006 2007 2008 2009 
Acid Gas Removal Plants 4,832  2,264  5,798 6,224 6,088 6,630 7,035 
Naturally Occurring CO2 20,811  23,208  28,267 30,224 33,086 36,102 39,725 
Ammonia Production Plants +  676  676 676 676 580 580 
Pipelines Transporting CO2 8  8  7 7 7 8 8 
Total 25,643  26,149  34,742 37,124 40,141 43,311 47,340 
+ Does not exceed 0.5 Gg.  
Note: Totals do not include emissions from pipelines transporting CO2 
Note; Totals may not sum due to independent rounding. 

 

[END BOX] 

 

3.8. Energy Sources of Indirect Greenhouse Gas Emissions 
In addition to the main greenhouse gases addressed above, many energy-related activities generate emissions of 
indirect greenhouse gases.  Total emissions of nitrogen oxides (NOx), carbon monoxide (CO), and non-CH4 volatile 
organic compounds (NMVOCs) from energy-related activities from 1990 to 2009 are reported in Table 3-48. 

Table 3-48:  NOx, CO, and NMVOC Emissions from Energy-Related Activities (Gg) 
Gas/Source 1990  2000  2005 2006 2007 2008 2009 
NOx 21,106  18,477  15,319 14,473 13,829 13,012 10,887 
Mobile Combustion 10,862  10,199  9,012 8,488 7,965 7,441 6,206 
Stationary Combustion 10,023  8,053  5,858 5,545 5,432 5,148 4,159 
Oil and Gas Activities 139  111  321 319 318 318 393 
Incineration of Waste 82  114  129 121 114 106 128 
International Bunker Fuels* 2,020  1,344  1,703 1,793 1,791 1,917 1,651 
CO 125,640  89,714  69,062 65,399 61,739 58,078 49,647 
Mobile Combustion 119,360  83,559  62,692 58,972 55,253 51,533 43,355 
Stationary Combustion 5,000  4,340  4,649 4,695 4,744 4,792 4,543 
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Incineration of Waste 978  1,670  1,403 1,412 1,421 1,430 1,403 
Oil and Gas Activities 302  146  318 319 320 322 345 
International Bunker Fuels* 130  128  132 161 160 165 149 
NMVOCs 12,620  8,952  7,798 7,702 7,604 7,507 5,333 
Mobile Combustion 10,932  7,229  6,330 6,037 5,742 5,447 4,151 
Stationary Combustion 912  1,077  716 918 1,120 1,321 424 
Oil and Gas Activities 554  388  510 510 509 509 599 
Incineration of Waste 222  257  241 238 234 230 159 
International Bunker Fuels* 61  45  54 59 59 62 57 
* These values are presented for informational purposes only and are not included in totals. 
Note:  Totals may not sum due to independent rounding.  
 

Methodology 
These emission estimates were obtained from preliminary data (EPA 2010, EPA 2009), and disaggregated based on 
EPA (2003), which, in its final iteration, will be published on the National Emission Inventory (NEI) Air Pollutant 
Emission Trends web site.  Emissions were calculated either for individual categories or for many categories 
combined, using basic activity data (e.g., the amount of raw material processed) as an indicator of emissions.  
National activity data were collected for individual categories from various agencies.  Depending on the category, 
these basic activity data may include data on production, fuel deliveries, raw material processed, etc. 

Activity data were used in conjunction with emission factors, which together relate the quantity of emissions to the 
activity.  Emission factors are generally available from the EPA’s Compilation of Air Pollutant Emission Factors, 
AP-42 (EPA 1997).  The EPA currently derives the overall emission control efficiency of a source category from a 
variety of information sources, including published reports, the 1985 National Acid Precipitation and Assessment 
Program emissions inventory, and other EPA databases. 

Uncertainty and Time-Series Consistency 
Uncertainties in these estimates are partly due to the accuracy of the emission factors used and accurate estimates of 
activity data.  A quantitative uncertainty analysis was not performed. 

Methodological recalculations were applied to the entire time-series to ensure time-series consistency from 1990 
through 2009.  Details on the emission trends through time are described in more detail in the Methodology section, 
above. 

3.9. International Bunker Fuels (IPCC Source Category 1: Memo Items) 
Emissions resulting from the combustion of fuels used for international transport activities, termed international 
bunker fuels under the UNFCCC, are not included in national emission totals, but are reported separately based upon 
location of fuel sales.  The decision to report emissions from international bunker fuels separately, instead of 
allocating them to a particular country, was made by the Intergovernmental Negotiating Committee in establishing 
the Framework Convention on Climate Change.96 These decisions are reflected in the IPCC methodological 
guidance, including the 2006 IPCC Guidelines, in which countries are requested to report emissions from ships or 
aircraft that depart from their ports with fuel purchased within national boundaries and are engaged in international 
transport separately from national totals (IPCC 2006).97  

Greenhouse gases emitted from the combustion of international bunker fuels, like other fossil fuels, include CO2, 
CH4 and N2O.  Two transport modes are addressed under the IPCC definition of international bunker fuels: aviation 
and marine.98  Emissions from ground transport activities—by road vehicles and trains—even when crossing 

                                                           
96 See report of the Intergovernmental Negotiating Committee for a Framework Convention on Climate Change on the work of 
its ninth session, held at Geneva from 7 to 18 February 1994 (A/AC.237/55, annex I, para. 1c). 
97 Note that the definition of international bunker fuels used by the UNFCCC differs from that used by the International Civil 
Aviation Organization. 
98 Most emission related international aviation and marine regulations are under the rubric of the International Civil Aviation 
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international borders are allocated to the country where the fuel was loaded into the vehicle and, therefore, are not 
counted as bunker fuel emissions. 

The IPCC Guidelines distinguish between different modes of air traffic.  Civil aviation comprises aircraft used for 
the commercial transport of passengers and freight, military aviation comprises aircraft under the control of national 
armed forces, and general aviation applies to recreational and small corporate aircraft.  The IPCC Guidelines further 
define international bunker fuel use from civil aviation as the fuel combusted for civil (e.g., commercial) aviation 
purposes by aircraft arriving or departing on international flight segments.  However, as mentioned above, and in 
keeping with the IPCC Guidelines, only the fuel purchased in the United States and used by aircraft taking-off (i.e., 
departing) from the United States are reported here.  The standard fuel used for civil aviation is kerosene-type jet 
fuel, while the typical fuel used for general aviation is aviation gasoline.99  

Emissions of CO2 from aircraft are essentially a function of fuel use.  CH4 and N2O emissions also depend upon 
engine characteristics, flight conditions, and flight phase (i.e., take-off, climb, cruise, decent, and landing).  CH4 is 
the product of incomplete combustion and occur mainly during the landing and take-off phases.  In jet engines, N2O 
is primarily produced by the oxidation of atmospheric nitrogen, and the majority of emissions occur during the 
cruise phase.  International marine bunkers comprise emissions from fuels burned by ocean-going ships of all flags 
that are engaged in international transport.  Ocean-going ships are generally classified as cargo and passenger 
carrying, military (i.e., U.S. Navy), fishing, and miscellaneous support ships (e.g., tugboats).  For the purpose of 
estimating greenhouse gas emissions, international bunker fuels are solely related to cargo and passenger carrying 
vessels, which is the largest of the four categories, and military vessels.  Two main types of fuels are used on sea-
going vessels: distillate diesel fuel and residual fuel oil.  CO2 is the primary greenhouse gas emitted from marine 
shipping.   

Overall, aggregate greenhouse gas emissions in 2009 from the combustion of international bunker fuels from both 
aviation and marine activities were 124.4 Tg CO2 Eq., or ten percent above emissions in 1990 (see Table 3-49 and 
Table 3-50).  Emissions from international flights and international shipping voyages departing from the United 
States have increased by 49 percent and decreased by 18 percent, respectively, since 1990.  The majority of these 
emissions were in the form of CO2; however, small amounts of CH4 and N2O were also emitted.  

Table 3-49:  CO2, CH4, and N2O Emissions from International Bunker Fuels (Tg CO2 Eq.) 
Gas/Mode 1990  2000  2005 2006 2007 2008 2009 
CO2 111.8   98.5   109.7 128.4 127.6 133.7  123.1  
Aviation 46.4   58.8   56.7 74.6 73.8 75.5  69.4  
Marine 65.4   39.7   53.0 53.8 53.9 58.2  53.7  
CH4 0.2   0.1   0.1 0.2 0.2 0.2  0.1  
Aviation +   +   + + + +  +  
Marine 0.1   0.1   0.1 0.1 0.1 0.1  0.1  
N2O 1.1   0.9   1.0 1.2 1.2 1.2  1.1  
Aviation 0.5   0.6   0.6 0.8 0.8 0.8  0.7  
Marine 0.5   0.3   0.4 0.4 0.4 0.5  0.4  
Total 113.0   99.5   110.9 129.7 129.0 135.1  124.4  
+ Does not exceed 0.05 Tg CO2 Eq. 
Note:  Totals may not sum due to independent rounding.  Includes aircraft cruise altitude emissions. 
 

Table 3-50:  CO2, CH4 and N2O Emissions from International Bunker Fuels (Gg) 
Gas/Mode 1990  2000  2005 2006 2007 2008 2009 
CO2 111,828  98,482  109,750 128,384 127,618 133,704 123,127 
Aviation 46,399  58,785  56,736 74,552 73,762 75,508 69,404 
Marine 65,429  39,697  53,014 53,832 53,856 58,196 53,723 
CH4 8  6  7 8 8 8 7 
Aviation 2  2  2 2 2 2 2 

                                                                                                                                                                                           

Organization (ICAO) or the International Maritime Organization (IMO), which develop international codes, recommendations, 
and conventions, such as the International Convention of the Prevention of Pollution from Ships (MARPOL). 
99 Naphtha-type jet fuel was used in the past by the military in turbojet and turboprop aircraft engines. 
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Marine 7  4  5 5 5 6 5 
N2O 3  3  3 4 4 4 4 
Aviation 2  2  2 2 2 2 2 
Marine 2  1  1 1 1 1 1 
Note:  Totals may not sum due to independent rounding.  Includes aircraft cruise altitude emissions. 
 

Methodology 
Emissions of CO2 were estimated by applying C content and fraction oxidized factors to fuel consumption activity 
data.  This approach is analogous to that described under CO2 from Fossil Fuel Combustion.  C content and fraction 
oxidized factors for jet fuel, distillate fuel oil, and residual fuel oil were taken directly from EIA and are presented in 
Annex 2.1, Annex 2.2, and Annex 3.7 of this Inventory.  Density conversions were taken from Chevron (2000), 
ASTM (1989), and USAF (1998).  Heat content for distillate fuel oil and residual fuel oil were taken from EIA 
(2010) and USAF (1998), and heat content for jet fuel was taken from EIA (2010).  A complete description of the 
methodology and a listing of the various factors employed can be found in Annex 2.1.  See Annex 3.7 for a specific 
discussion on the methodology used for estimating emissions from international bunker fuel use by the U.S. 
military. 

Emission estimates for CH4 and N2O were calculated by multiplying emission factors by measures of fuel 
consumption by fuel type and mode.  Emission factors used in the calculations of CH4 and N2O emissions were 
obtained from the Revised 1996 IPCC Guidelines (IPCC/UNEP/OECD/IEA 1997).  For aircraft emissions, the 
following values, in units of grams of pollutant per kilogram of fuel consumed (g/kg), were employed: 0.09 for CH4 
and 0.1 for N2O  For marine vessels consuming either distillate diesel or residual fuel oil the following values 
(g/MJ), were employed: 0.32 for CH4 and 0.08 for N2O.  Activity data for aviation included solely jet fuel 
consumption statistics, while the marine mode included both distillate diesel and residual fuel oil. 

Activity data on aircraft fuel consumption for inventory years 2000 through 2005 were developed using the FAA’s 
System for assessing Aviation’s Global Emissions (SAGE) model (FAA 2006).  That tool has been subsequently 
replaced by the Aviation Environmental Design Tool (AEDT), which calculates noise in addition to aircraft fuel 
burn and emissions for flights globally in a given year (FAA 2010).  Data for inventory years 2006 through 2009 
were developed using AEDT.  

International aviation bunker fuel consumption from 1990 to 2009 was calculated by assigning the difference 
between the sum of domestic activity data (in Tbtu) from SAGE and the AEDT, and the reported EIA transportation 
jet fuel consumption to the international bunker fuel category for jet fuel from EIA (2010). Data on U.S. Department 
of Defense (DoD) aviation bunker fuels and total jet fuel consumed by the U.S. military was supplied by the Office 
of the Under Secretary of Defense (Installations and Environment), DoD.  Estimates of the percentage of each 
Service’s total operations that were international operations were developed by DoD.  Military aviation bunkers 
included international operations, operations conducted from naval vessels at sea, and operations conducted from 
U.S. installations principally over international water in direct support of military operations at sea.  Military 
aviation bunker fuel emissions were estimated using military fuel and operations data synthesized from unpublished 
data by the Defense Energy Support Center, under DoD’s Defense Logistics Agency (DESC 2011).  Together, the 
data allow the quantity of fuel used in military international operations to be estimated.  Densities for each jet fuel 
type were obtained from a report from the U.S. Air Force (USAF 1998).  Final jet fuel consumption estimates are 
presented in Table 3-51.  See Annex 3.7 for additional discussion of military data. 

Activity data on distillate diesel and residual fuel oil consumption by cargo or passenger carrying marine vessels 
departing from U.S. ports were taken from unpublished data collected by the Foreign Trade Division of the U.S. 
Department of Commerce’s Bureau of the Census (DOC 1991 through 2010) for 1990 through 2001, 2007, through 
2009, and the Department of Homeland Security’s Bunker Report for 2003 through 2006 (DHS 2008).  Fuel 
consumption data for 2002 was interpolated due to inconsistencies in reported fuel consumption data. Activity data 
on distillate diesel consumption by military vessels departing from U.S. ports were provided by DESC (2011).  The 
total amount of fuel provided to naval vessels was reduced by 13 percent to account for fuel used while the vessels 
were not-underway (i.e., in port).  Data on the percentage of steaming hours underway versus not-underway were 
provided by the U.S. Navy.  These fuel consumption estimates are presented in. Table 3-52. 

Table 3-51:  Aviation Jet Fuel Consumption for International Transport (Million Gallons) 
Nationality 1990  2000  2005 2006 2007 2008 2009 
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U.S. and Foreign Carriers 4,934  6,157  5,943 7,809 7,726 7,909 7,270 
U.S. Military 862  480  462 400 410 386 368 
Total 5,796  6,638  6,405 8,209 8,137 8,295 7,638 
Note:  Totals may not sum due to independent rounding.  
 

Table 3-52:  Marine Fuel Consumption for International Transport (Million Gallons) 
Fuel Type 1990  2000  2005 2006 2007 2008 2009 
Residual Fuel Oil 4,781  2,967  3,881 4,004 4,059 4,373 4,040 
Distillate Diesel Fuel & Other 617  290  444 446 358 445 426 
U.S. Military Naval Fuels 522  329  471 414 444 437 384 
Total 5,920  3,586  4,796 4,864 4,861 5,254 4,850 
Note:  Totals may not sum due to independent rounding.  
 

Uncertainty and Time-Series Consistency  
Emission estimates related to the consumption of international bunker fuels are subject to the same uncertainties as 
those from domestic aviation and marine mobile combustion emissions; however, additional uncertainties result 
from the difficulty in collecting accurate fuel consumption activity data for international transport activities separate 
from domestic transport activities.100  For example, smaller aircraft on shorter routes often carry sufficient fuel to 
complete several flight segments without refueling in order to minimize time spent at the airport gate or take 
advantage of lower fuel prices at particular airports.  This practice, called tankering, when done on international 
flights, complicates the use of fuel sales data for estimating bunker fuel emissions. Tankering is less common with 
the type of large, long-range aircraft that make many international flights from the United States, however.  Similar 
practices occur in the marine shipping industry where fuel costs represent a significant portion of overall operating 
costs and fuel prices vary from port to port, leading to some tankering from ports with low fuel costs. 

Uncertainties exist with regard to the total fuel used by military aircraft and ships, and in the activity data on military 
operations and training that were used to estimate percentages of total fuel use reported as bunker fuel emissions.  
Total aircraft and ship fuel use estimates were developed from DoD records, which document fuel sold to the Navy 
and Air Force from the Defense Logistics Agency.  These data may slightly over or under estimate actual total fuel 
use in aircraft and ships because each Service may have procured fuel from, and/or may have sold to, traded with, 
and/or given fuel to other ships, aircraft, governments, or other entities.  There are uncertainties in aircraft operations 
and training activity data.  Estimates for the quantity of fuel actually used in Navy and Air Force flying activities 
reported as bunker fuel emissions had to be estimated based on a combination of available data and expert judgment.  
Estimates of marine bunker fuel emissions were based on Navy vessel steaming hour data, which reports fuel used 
while underway and fuel used while not underway.  This approach does not capture some voyages that would be 
classified as domestic for a commercial vessel.  Conversely, emissions from fuel used while not underway preceding 
an international voyage are reported as domestic rather than international as would be done for a commercial vessel.  
There is uncertainty associated with ground fuel estimates for 1997 through 2001.  Small fuel quantities may have 
been used in vehicles or equipment other than that which was assumed for each fuel type.  

There are also uncertainties in fuel end-uses by fuel-type, emissions factors, fuel densities, diesel fuel sulfur content, 
aircraft and vessel engine characteristics and fuel efficiencies, and the methodology used to back-calculate the data 
set to 1990 using the original set from 1995.  The data were adjusted for trends in fuel use based on a closely 
correlating, but not matching, data set.  All assumptions used to develop the estimate were based on process 
knowledge, Department and military Service data, and expert judgments.  The magnitude of the potential errors 
related to the various uncertainties has not been calculated, but is believed to be small.  The uncertainties associated 
with future military bunker fuel emission estimates could be reduced through additional data collection. 

Although aggregate fuel consumption data have been used to estimate emissions from aviation, the recommended 
method for estimating emissions of gases other than CO2 in the Revised 1996 IPCC Guidelines is to use data by 
specific aircraft type (IPCC/UNEP/OECD/IEA 1997).  The IPCC also recommends that cruise altitude emissions be 
estimated separately using fuel consumption data, while landing and take-off (LTO) cycle data be used to estimate 

                                                           
100 See uncertainty discussions under Carbon Dioxide Emissions from Fossil Fuel Combustion. 
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near-ground level emissions of gases other than CO2.101   

There is also concern as to the reliability of the existing DOC (1991 through 2010) data on marine vessel fuel 
consumption reported at U.S. customs stations due to the significant degree of inter-annual variation. 

Methodological recalculations were applied to the entire time-series to ensure time-series consistency from 1990 
through 2008.  Details on the emission trends through time are described in more detail in the Methodology section, 
above. 

QA/QC and Verification   
A source-specific QA/QC plan for international bunker fuels was developed and implemented.  This effort included 
a Tier 1 analysis, as well as portions of a Tier 2 analysis.  The Tier 2 procedures that were implemented involved 
checks specifically focusing on the activity data and emission factor sources and methodology used for estimating 
CO2, CH4, and N2O from international bunker fuels in the United States.  Emission totals for the different sectors 
and fuels were compared and trends were investigated.  No corrective actions were necessary. 

Recalculations Discussion  
Slight changes to emission estimates are due to revisions made to historical activity data for aviation jet fuel 
consumption using the FAA’s AEDT. These historical data changes resulted in changes to the emission estimates for 
1990 through 2008 relative to the previous Inventory, which averaged to an annual decrease in emissions from 
international bunker fuels of 0.13 Tg CO2 Eq. (0.1 percent) in CO2 emissions, an annual decrease of less than 0.01 
Tg CO2 Eq. (0.05 percent) in CH4 emissions, and an annual decrease of less than 0.01 Tg CO2 Eq. (0.1 percent) in 
N2O emissions.  

3.10. Wood Biomass and Ethanol Consumption (IPCC Source Category 1A) 
The combustion of biomass fuels such as wood, charcoal, and wood waste and biomass-based fuels such as ethanol 
from corn and woody crops generates CO2 in addition to CH4 and N2O already covered in this chapter.  In line with 
the reporting requirements for inventories submitted under the UNFCCC, CO2 emissions from biomass combustion 
have been estimated separately from fossil fuel CO2 emissions and are not directly included in the energy sector 
contributions to U.S. totals.  In accordance with IPCC methodological guidelines, any such emissions are calculated 
by accounting for net carbon (C) fluxes from changes in biogenic C reservoirs in wooded or crop lands.   For a more 
complete description of this methodological approach, see the Land Use, Land-Use Change, and Forestry chapter 
(Chapter 7), which accounts for the contribution of any resulting CO2 emissions to U.S. totals within the Land Use, 
Land-Use Change and Forestry sector’s approach. 

In 2009, total CO2 emissions from the burning of woody biomass in the industrial, residential, commercial, and 
electricity generation sectors were approximately 183.8 Tg CO2 Eq. (183,777 Gg) (see Table 3-53 and Table 3-54).  
As the largest consumer of woody biomass, the industrial sector was responsible for 62 percent of the CO2 emissions 
from this source. Emissions from this sector decreased from 2008 to 2009 due to a corresponding decrease in wood 
consumption.  The residential sector was the second largest emitter, constituting 24 percent of the total, while the 
commercial and electricity generation sectors accounted for the remainder. 

Table 3-53:  CO2 Emissions from Wood Consumption by End-Use Sector (Tg CO2 Eq.) 
End-Use Sector 1990  2000  2005 2006 2007 2008 2009 
Industrial 135.3  153.6  136.3 138.2 132.6 126.1 114.2 
Residential 59.8  43.3  44.3 40.2 44.3 46.4 44.3 

                                                           
101 U.S. aviation emission estimates for CO, NOx, and NMVOCs are reported by EPA’s National Emission Inventory (NEI) Air 
Pollutant Emission Trends web site, and reported under the Mobile Combustion section. It should be noted that these estimates 
are based solely upon LTO cycles and consequently only capture near ground-level emissions, which are more relevant for air 
quality evaluations.  These estimates also include both domestic and international flights.  Therefore, estimates reported under the 
Mobile Combustion section overestimate IPCC-defined domestic CO, NOx, and NMVOC emissions by including landing and 
take-off (LTO) cycles by aircraft on international flights, but underestimate because they do not include emissions from aircraft 
on domestic flight segments at cruising altitudes.  The estimates in Mobile Combustion are also likely to include emissions from 
ocean-going vessels departing from U.S. ports on international voyages. 
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Commercial 6.8  7.4  7.2 6.7 7.2 7.5 7.4 
Electricity Generation 13.3  13.9  19.1 18.7 19.2 18.3 17.8 
Total 215.2  218.1  206.9 203.8 203.3 198.4 183.8 
Note:  Totals may not sum due to independent rounding. 
 

Table 3-54:  CO2 Emissions from Wood Consumption by End-Use Sector (Gg) 
End-Use Sector 1990  2000  2005 2006 2007 2008 2009 
Industrial 135,348  153,559   136,269  138,207  132,642   126,145   114,222 
Residential 59,808  43,309   44,340  40,215  44,340   46,402   44,340 
Commercial 6,779  7,370   7,182  6,675  7,159   7,526   7,406 
Electricity Generation 13,252  13,851   19,074  18,748  19,175   18,288   17,809 
Total 215,186  218,088   206,865  203,846  203,316   198,361   183,777 
Note:  Totals may not sum due to independent rounding. 

Biomass-derived fuel consumption in the United States transportation sector consisted primarily of ethanol use.  
Ethanol is primarily produced from corn grown in the Midwest, and was used mostly in the Midwest and South.  
Pure ethanol can be combusted, or it can be mixed with gasoline as a supplement or octane-enhancing agent.  The 
most common mixture is a 90 percent gasoline, 10 percent ethanol blend known as gasohol.  Ethanol and ethanol 
blends are often used to fuel public transport vehicles such as buses, or centrally fueled fleet vehicles. 

In 2009, the United States consumed an estimated 894 trillion Btu of ethanol, and as a result, produced 
approximately 61.2 Tg CO2 Eq. (61,231 Gg) (see Table 3-55 and Table 3-56 ) of CO2 emissions.  Ethanol 
production and consumption has grown steadily every year since 1990, with the exception of 1996 due to short corn 
supplies and high prices in that year.   

Table 3-55:  CO2 Emissions from Ethanol Consumption (Tg CO2 Eq.) 
End-Use Sector 1990  2000  2005 2006 2007 2008 2009 
Transportation 4.1  9.2   22.4  30.3  38.1  53.8  60.2  
Industrial 0.1  0.1   0.5  0.7  0.7  0.8  0.9  
Commercial +  +   0.1  0.1  0.1  0.1  0.2  
Total 4.2  9.4   23.0  31.0  38.9  54.8  61.2  
+ Does not exceed 0.05 Tg CO2 Eq.  
 

Table 3-56:  CO2 Emissions from Ethanol Consumption (Gg) 
End-Use Sector 1990  2000  2005 2006 2007 2008 2009 
Transportationa  4,139    9,239    22,427  30,255  38,138  53,827  60,176  
Industrial  56    87    469  662  674  798  892  
Commercial  34    26    60  86  135  146  163  
Total  4,229    9,352    22,956  31,002  38,946  54,770  61,231  
a See Annex 3.2, Table A-88 for additional information on transportation consumption of these fuels. 

Methodology 
Woody biomass emissions were estimated by applying two EIA gross heat contents (Lindstrom 2006) to U.S. 
consumption data (EIA 2010) (see Table 3-57), provided in energy units for the industrial, residential, commercial, 
and electric generation sectors.  One heat content (16.95 MMBtu/MT wood and wood waste) was applied to the 
industrial sector’s consumption, while the other heat content (15.43 MMBtu/MT wood and wood waste) was applied 
to the consumption data for the other sectors.  An EIA emission factor of 0.434 MT C/MT wood (Lindstrom 2006) 
was then applied to the resulting quantities of woody biomass to obtain CO2 emission estimates.  It was assumed 
that the woody biomass contains black liquor and other wood wastes, has a moisture content of 12 percent, and is 
converted into CO2 with 100 percent efficiency.  The emissions from ethanol consumption were calculated by 
applying an emission factor of 18.67 Tg C/QBtu (EPA 2010) to U.S. ethanol consumption estimates that were 
provided in energy units (EIA 2010) (see Table 3-58). 

Table 3-57:  Woody Biomass Consumption by Sector (Trillion Btu) 
End-Use Sector 1990  2000 2005 2006 2007 2008 2009 
Industrial 1,442  1,636 1,452 1,472 1,413 1,344 1,217 
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Residential 580  420 430 390 430 450 430 
Commercial 66  71 70 65 69 73 72 
Electricity Generation 129  134 185 182 186 177 173 
Total 2,216  2,262 2,136 2,109 2,098 2,044 1,891 
 

Table 3-58:  Ethanol Consumption by Sector (Trillion Btu) 
End-Use Sector 1990  2000  2005 2006 2007 2008 2009 
Transportation 60.5  135.0  327.6 442.0 557.1 786.3 879.0 
Industrial 0.8  1.3  6.8 9.7 9.8 11.7 13.0 
Commercial 0.5  0.4  0.9 1.3 2.0 2.1 2.4 
Total 61.8  136.6  335.3 452.9 568.9 800.1 894.5 
 

Uncertainty and Time-Series Consistency 
It is assumed that the combustion efficiency for woody biomass is 100 percent, which is believed to be an 
overestimate of the efficiency of wood combustion processes in the United States.  Decreasing the combustion 
efficiency would decrease emission estimates.  Additionally, the heat content applied to the consumption of woody 
biomass in the residential, commercial, and electric power sectors is unlikely to be a completely accurate 
representation of the heat content for all the different types of woody biomass consumed within these sectors.  
Emission estimates from ethanol production are more certain than estimates from woody biomass consumption due 
to better activity data collection methods and uniform combustion techniques. 

Methodological recalculations were applied to the entire time-series to ensure time-series consistency from 1990 
through 2009.  Details on the emission trends through time are described in more detail in the Methodology section, 
above. 

Recalculations Discussion 
Wood consumption values were revised for 2006 through 2008 based on updated information from EIA’s Annual 
Energy Review (EIA 2010). This adjustment of historical data for wood biomass consumption resulted in an average 
annual decrease in emissions from wood biomass consumption of 0.8 Tg CO2 Eq. (0.4 percent) from 1990 through 
2008.  The C content coefficient for ethanol was also revised to be consistent with the carbon content coefficients 
used for EPA’s Mandatory Greenhouse Gas Reporting Rule. Slight adjustments were made to ethanol consumption 
based on updated information from EIA (2010), which slightly decreased estimates for ethanol consumed.  As a 
result of these adjustments, average annual emissions from ethanol consumption increased by about 0.3 Tg CO2 Eq. 
(1.9 percent) relative to the previous Inventory.





Figure 3-1:  2009 Energy Chapter Greenhouse Gas Sources
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Figure 3-2 2009 U.S. Fossil Carbon Flows (Tg CO2 Eq.)
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Figure 3-3:  2009 U.S. Energy Consumption by Energy Source
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Figure 3-4: U.S. Energy Consumption (Quadrillion Btu)
Note: Expressed as gross calorific values.
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Figure 3-5:  2009 CO2 Emissions from Fossil Fuel Combustion by Sector and Fuel Type
Note:  The electricity generation sector also includes emissions of less than 0.5 Tg CO2 Eq. from geothermal-based electricity generation.
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Figure 3-6: Annual Deviations from Normal Heating Degree Days for the United States (1950-2009)
Note: Climatological normal data are highlighted.  
         Statistical confidence interval for "normal" climatology period of 1971 through 2000.

Figure 3-7:  Annual Deviations from Normal Cooling Degree Days for the United States (1950-2009)
Note: Climatological normal data are highlighted.  
Note: Statistical confidence interval for "normal" climatology period of 1971 through 2000.

99% Confidence

-20

-10

0

10

20

19
50

19
52

19
54

19
56

19
58

19
60

19
62

19
64

19
66

19
68

19
70

19
72

19
74

19
76

19
78

19
80

19
82

19
84

19
86

19
88

19
90

19
92

19
94

19
96

19
98

20
00

20
02

20
04

20
06

20
08

In
de

x 
N

or
m

al
 =

 1
00

(D
ev

ia
tio

n 
fr

om
 N

or
m

al
)

Normal 
(4,524 Heating Degree Days)

19
51

19
53

19
55

19
57

19
59

19
61

19
63

19
65

19
67

19
69

19
71

19
73

19
75

19
77

19
79

19
81

19
83

19
85

19
87

19
89

19
91

19
93

19
95

19
97

19
99

20
01

20
03

20
05

20
07

20
09

99% Confidence

-20

-10

0

10

20

19
50

19
52

19
54

19
56

19
58

19
60

19
62

19
64

19
66

19
68

19
70

19
72

19
74

19
76

19
78

19
80

19
82

19
84

19
86

19
88

19
90

19
92

19
94

19
96

19
98

20
00

20
02

20
04

20
06

20
08

In
de

x 
N

or
m

al
 =

 1
00

(D
ev

ia
tio

n 
fr

om
 N

or
m

al
)

Normal 
(1,242 Cooling Degree Days)

19
51

19
53

19
55

19
57

19
59

19
61

19
63

19
65

19
67

19
69

19
71

19
73

19
75

19
77

19
79

19
81

19
83

19
85

19
87

19
89

19
91

19
93

19
95

19
97

19
99

20
01

20
03

20
05

20
07

20
09

99% Confidence

-20

-10

0

10

20

19
50

19
52

19
54

19
56

19
58

19
60

19
62

19
64

19
66

19
68

19
70

19
72

19
74

19
76

19
78

19
80

19
82

19
84

19
86

19
88

19
90

19
92

19
94

19
96

19
98

20
00

20
02

20
04

20
06

20
08

In
de

x 
N

or
m

al
 =

 1
00

(D
ev

ia
tio

n 
fr

om
 N

or
m

al
)

Normal 
(4,524 Heating Degree Days)

19
51

19
53

19
55

19
57

19
59

19
61

19
63

19
65

19
67

19
69

19
71

19
73

19
75

19
77

19
79

19
81

19
83

19
85

19
87

19
89

19
91

19
93

19
95

19
97

19
99

20
01

20
03

20
05

20
07

20
09

99% Confidence

-20

-10

0

10

20

19
50

19
52

19
54

19
56

19
58

19
60

19
62

19
64

19
66

19
68

19
70

19
72

19
74

19
76

19
78

19
80

19
82

19
84

19
86

19
88

19
90

19
92

19
94

19
96

19
98

20
00

20
02

20
04

20
06

20
08

In
de

x 
N

or
m

al
 =

 1
00

(D
ev

ia
tio

n 
fr

om
 N

or
m

al
)

Normal 
(1,242 Cooling Degree Days)

19
51

19
53

19
55

19
57

19
59

19
61

19
63

19
65

19
67

19
69

19
71

19
73

19
75

19
77

19
79

19
81

19
83

19
85

19
87

19
89

19
91

19
93

19
95

19
97

19
99

20
01

20
03

20
05

20
07

20
09



Figure 3-8: Nuclear, Hydroelectric, and Wind Power Plant Capacity Factors in the United States (1990-2009)

Figure 3-9:  Electric Generation Retail Sales by End-Use Sector
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Note:  The transportation end-use sector consumes minor quanties of electricity.



Figure 3-10:  Industrial Production Indexes (Index 2007=100)

Paper

Foods

70
80
90

100
110

120

50

60

70

80

90

100

110

Total 
Industrial 

Index
Total excluding Computers, 

Communications Equipment, and 
Semiconductors

Chemicals

60

70

80

90

100

110

Stone, Clay & Glass 
Products

22 0

22.5

Primary 
Metals

Petroleum 
Refineries

60

70

80

90

100

110

19
90

19
91

19
92

19
93

19
94

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

Figure 3-11:  Sales-Weighted Fuel Economy of New Passenger Cars and Light-Duty Trucks, 1990-2009
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Figure 3-12: Sales of New Passenger Cars and Light-Duty Trucks, 1990-2009

Figure 3-13:  Mobile Source CH4 and N2O Emissions
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Figure 3-14:  U.S. Energy Consumption and Energy-Related CO2 Emissions Per Capita and Per Dollar GDP
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Exhibit 4 
 

U.S. EPA (2011), “Inventory of U.S. Greenhouse Gas Emissions and Sinks:  Fast Facts” 
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•  Total GHG emissions rose 7.3 percent since 1990
•  Dominant gas emitted was CO2, mostly from fossil fuel combustion
•  Methane emissions increased by 1.7 percent
•  Nitrous oxide emissions decreased by 6.2 percent
•  HFC, PFC, and SF6 emissions have grown by 58.8 percent
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Recycled/Recyclable
Printed with Vegetable Oil Based Inks on  
Recycled Paper (Minimum 50% Postconsumer) 
Process Chlorine Free

Office of Atmospheric Programs (6207J) 
April 2011
EPA 430-F-11-007

Change from 
1990 to 2009U.S. Greenhouse Gas Emissions and Sinks (MMT CO2 Equivalents)

Gas/Source 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 Absolute Percent
CO2 5,099.7 5,055.0 5,158.2 5,270.8 5,354.3 5,422.8 5,602.5 5,681.2 5,713.9 5,796.6 5,975.0 5,873.3 5,912.6 5,966.0 6,076.7 6,113.8 6,021.1 6,120.0 5,921.4 5,505.2 405.5 8 %
Fossil Fuel Combustion 4,738.4 4,698.2 4,799.1 4,909.8 4,977.4 5,031.5 5,215.9 5,284.0 5,316.2 5,391.1 5,594.8 5,521.9 5,557.6 5,621.1 5,708.0 5,753.2 5,653.1 5,756.7 5,565.9 5,209.0 470.6 10 %
Non-Energy Use of Fuels 118.6 124.4 123.5 124.7 133.5 139.2 136.8 144.3 158.7 167.9 144.9 133.9 136.0 131.4 151.3 143.4 145.6 137.2 141.0 123.4 4.7 4 %

Iron and Steel Production & Metallurgical  
Coke Production 99.5 90.6 91.0 87.1 89.7 93.3 91.3 92.7 86.5 84.3 85.9 75.6 71.9 69.5 68.0 65.9 68.8 71.0 66.0 41.9 (57.7) (58)%

Natural Gas Systems 37.6 37.8 37.5 40.9 41.0 42.5 40.0 39.6 29.6 30.7 29.9 29.4 30.2 29.0 28.7 29.9 30.8 31.1 32.8 32.2 (5.4) (14)%
Cement Production 33.3 32.5 32.8 34.6 36.1 36.2 36.4 37.6 38.5 39.3 40.4 40.6 42.2 42.3 44.8 45.2 45.8 44.5 40.5 29.0 (4.3) (13)%
Incineration of Waste 8.0 8.0 9.5 9.8 10.9 11.3 11.9 11.9 10.8 11.0 11.1 11.4 11.8 12.1 12.4 12.5 12.5 12.7 12.2 12.3 4.3 54 %
Ammonia Production and Urea Consumption 16.8 16.8 17.5 17.8 18.4 17.8 17.7 18.0 19.0 17.6 16.4 13.3 14.2 12.4 13.2 12.8 12.3 14.0 11.9 11.8 (5.0) (30)%
Lime Production 11.5 11.4 11.8 12.1 12.6 13.3 14.1 14.3 14.6 14.3 14.1 13.6 13.1 13.8 14.5 14.4 15.1 14.6 14.3 11.2 (0.3) (3)%
Cropland Remaining Cropland 7.1 7.3 6.9 6.4 6.8 7.0 7.0 7.0 7.7 7.5 7.5 7.8 8.5 8.3 7.6 7.9 7.9 8.2 8.7 7.8 0.7 11 %
Limestone and Dolomite Use 5.1 4.5 4.6 4.3 4.8 6.7 7.2 6.7 6.9 7.6 5.1 4.8 5.6 4.1 5.9 6.8 8.0 7.7 6.3 7.6 2.5 49 %
Soda Ash Production and Consumption 4.1 4.0 4.1 4.0 4.0 4.3 4.2 4.4 4.3 4.2 4.2 4.1 4.1 4.1 4.2 4.2 4.2 4.1 4.1 4.3 0.1 3 %
Aluminum Production 6.8 6.9 6.8 6.2 5.5 5.7 6.0 6.0 6.2 6.3 6.1 4.4 4.5 4.5 4.2 4.1 3.8 4.3 4.5 3.0 (3.8) (56)%
Petrochemical Production 3.3 3.4 3.6 3.8 4.0 4.1 4.1 4.4 4.5 4.6 4.5 4.2 4.3 4.1 4.3 4.2 3.8 3.9 3.4 2.7 (0.6) (17)%
Carbon Dioxide Consumption 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 0.8 1.0 1.3 1.2 1.3 1.7 1.9 1.8 1.8 0.3 24 %
Titanium Dioxide Production 1.2 1.2 1.4 1.4 1.5 1.5 1.5 1.7 1.7 1.7 1.8 1.7 1.8 1.8 2.1 1.8 1.8 1.9 1.8 1.5 0.3 29 %
Ferroalloy Production 2.2 1.9 2.0 1.9 2.0 2.0 2.1 2.2 2.2 2.2 1.9 1.5 1.3 1.3 1.4 1.4 1.5 1.6 1.6 1.5 (0.7) (32)%
Wetlands Remaining Wetlands 1.0 1.0 0.9 1.0 0.9 1.0 0.9 1.0 1.1 1.2 1.2 1.1 1.0 1.0 1.1 1.1 0.9 1.0 1.0 1.1 0.1 5 %
Phosphoric Acid Production 1.5 1.4 1.5 1.3 1.5 1.5 1.6 1.5 1.6 1.5 1.4 1.3 1.3 1.4 1.4 1.4 1.2 1.2 1.2 1.0 (0.5) (32)%
Zinc Production 0.7 0.9 0.9 1.0 1.0 0.9 1.0 1.0 0.9 0.9 1.0 0.8 0.8 1.2 1.1 1.1 1.1 1.1 1.2 1.0 0.3 45 %
Lead Production 0.5 0.5 0.5 0.5 0.5 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.5 0.6 0.6 0.6 0.6 0.5 + 2 %
Petroleum Systems 0.6 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 (0.1) (17)%
Silicon Carbide Production and Consumption 0.4 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.4 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.1 (0.2) (61)%
Land Use,  Land-Use Change, and  
Forestry (Sink)a (861.5) (833.1) (821.0) (772.0) (873.2) (812.6) (711.1) (741.4) (617.7) (534.1) (576.6) (661.7) (864.8) (1,005.9) (1,052.5) (1,056.5) (1,064.3) (1,060.9) (1,040.5) (1,015.1) (153.5) 18 %

Wood Biomass and Ethanol Consumptionb 219.4 220.2 230.6 225.8 232.3 236.9 241.3 235.6 218.2 221.5 227.4 203.3 204.6 209.8 225.2 229.8 234.8 242.3 253.1 245.0 25.6 12 %
International Bunker Fuelsc 111.8 120.7 113.3 102.2 104.7 99.8 107.5 110.2 119.5 101.8 98.5 96.6 104.2 99.8 114.1 109.7 128.4 127.6 133.7 123.1 11.3 10 %
CH4 674.9 676.4 680.8 671.6 685.4 678.0 684.3 662.6 656.7 650.2 659.9 655.9 658.0 649.7 636.7 631.4 672.1 664.6 676.7 686.3 11.4 2 %
Natural Gas Systems 189.8 191.5 191.9 194.8 197.7 198.4 202.2 201.7 201.2 195.4 209.3 215.5 217.2 214.1 204.8 190.4 217.7 205.2 211.8 221.2 31.4 17 %
Enteric Fermentation 132.1 132.3 136.4 138.0 140.3 143.5 142.5 139.7 138.1 138.1 136.5 135.7 136.1 134.3 134.4 136.5 138.8 141.0 140.6 139.8 7.7 6 %
Landfills 147.4 148.4 149.0 148.4 146.7 139.4 136.0 127.0 119.7 114.7 111.7 108.2 108.5 113.7 109.7 112.5 111.7 111.3 115.9 117.5 (29.9) (20)%
Coal Mining 84.1 81.1 79.0 67.7 68.1 67.1 66.8 66.4 66.8 62.9 60.4 60.4 56.8 56.8 58.1 56.9 58.2 57.9 67.1 71.0 (13.0) (16)%
Manure Management 31.7 33.2 32.0 33.5 35.7 36.8 36.2 38.0 41.4 41.9 42.4 44.2 45.4 42.1 44.3 46.6 46.7 50.7 49.4 49.5 17.7 56 %
Petroleum Systems 35.4 35.6 34.7 33.8 33.7 33.4 33.3 33.2 32.9 31.9 31.5 31.5 31.1 30.4 29.9 29.4 29.4 30.0 30.2 30.9 (4.4) (13)%
Wastewater Treatment 23.5 23.9 24.3 24.4 24.7 24.8 24.9 25.2 25.2 25.3 25.2 24.7 24.7 24.5 24.6 24.3 24.5 24.4 24.5 24.5 1.0 4 %
Forest Land Remaining Forest Land 3.2 2.8 4.2 2.6 7.7 4.3 12.2 2.4 3.2 11.3 14.3 8.3 12.6 8.0 4.6 9.8 21.6 20.0 11.9 7.8 4.6 144 %
Rice Cultivation 7.1 7.0 7.9 7.0 8.2 7.6 7.0 7.5 7.9 8.3 7.5 7.6 6.8 6.9 7.6 6.8 5.9 6.2 7.2 7.3 0.2 3 %
Stationary Combustion 7.4 7.6 7.8 7.3 7.2 7.1 7.4 6.7 6.2 6.3 6.6 6.2 6.2 6.4 6.5 6.6 6.2 6.5 6.5 6.2 (1.3) (17)%
Abandoned Underground Coal Mines 6.0 6.2 6.7 6.9 8.1 8.2 8.5 7.6 6.9 7.0 7.4 6.7 6.2 6.0 5.8 5.5 5.5 5.6 5.9 5.5 (0.5) (9)%
Mobile Combustion 4.7 4.6 4.5 4.5 4.4 4.3 4.1 4.0 3.8 3.5 3.4 3.3 2.9 2.7 2.6 2.5 2.3 2.2 2.0 2.0 (2.7) (58)%
Composting 0.3 0.4 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.3 1.3 1.3 1.5 1.6 1.6 1.6 1.7 1.7 1.7 1.3 421 %
Petrochemical Production 0.9 0.9 0.9 1.0 1.1 1.1 1.1 1.2 1.2 1.3 1.2 1.1 1.2 1.1 1.2 1.1 1.0 1.0 0.9 0.8 (+) (2)%
Iron and Steel Production & Metallurgical  
Coke Production 1.0 0.8 0.9 0.9 1.0 1.0 1.0 1.0 0.9 0.9 0.9 0.8 0.8 0.8 0.8 0.7 0.7 0.7 0.6 0.4 (0.6) (62)%

Field Burning of Agricultural Residues 0.3 0.2 0.3 0.2 0.3 0.2 0.3 0.3 0.3 0.3 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.3 0.2 (+) (8)%
Ferroalloy Production + + + + + + + + + + + + + + + + + + + + (+) (40)%
Silicon Carbide Production and Consumption + + + + + + + + + + + + + + + + + + + + (+) (67)%

Incineration of Waste + + + + + + + + + + + + + + + + + + + + (+) (23)%
International Bunker Fuelsc 0.2 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.1 (+) (14)%
N2O 315.2 326.5 317.3 336.9 336.2 342.8 362.9 339.7 343.4 334.2 341.0 342.2 331.7 317.6 320.0 322.9 326.4 325.1 310.8 295.6 (19.6) (6)%
Agricultural Soil Management 197.8 207.7 195.4 212.0 203.5 207.6 219.3 209.7 217.6 203.2 206.8 220.4 208.8 202.4 211.8 211.3 208.9 209.4 210.7 204.6 6.8 3 %
Mobile Combustion 43.9 46.0 49.0 51.1 52.8 54.0 54.7 55.3 55.2 54.1 53.2 50.3 46.3 42.8 40.1 36.9 33.6 30.3 26.1 23.9 (20.0) (46)%
Manure Management 14.5 14.7 14.8 14.5 15.3 15.7 15.6 15.8 16.0 16.7 17.1 17.0 17.4 16.9 16.9 17.3 18.0 18.1 17.9 17.9 3.4 23 %
Nitric Acid Production 17.7 17.7 18.1 18.4 19.4 19.7 20.5 21.0 20.7 19.9 19.4 15.8 17.1 16.0 15.9 16.5 16.2 19.2 16.4 14.6 (3.1) (18)%
Stationary Combustion 12.8 12.8 13.0 13.2 13.3 13.3 13.9 14.1 14.0 14.0 14.6 14.1 14.0 14.3 14.5 14.7 14.4 14.6 14.2 12.8 (+) (+)%
Forest Land Remaining Forest Land 2.7 2.3 3.5 2.2 6.4 3.7 10.2 2.2 2.9 9.7 12.1 7.2 10.7 7.0 4.1 8.4 18.0 16.7 10.1 6.7 4.1 152 %
Wastewater Treatment 3.7 3.8 3.9 4.0 4.0 4.0 4.1 4.1 4.2 4.4 4.5 4.6 4.5 4.6 4.7 4.8 4.8 4.9 5.0 5.0 1.3 36 %
N2O from Product Uses 4.4 4.3 4.0 4.6 4.6 4.6 4.6 4.9 4.9 4.9 4.9 4.9 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4 (+) (+)%
Adipic Acid Production 15.8 15.4 13.5 14.6 14.2 17.6 17.4 9.8 5.4 4.9 5.5 4.7 5.2 5.7 3.8 5.0 4.3 3.7 2.0 1.9 (13.8) (88)%
Composting 0.4 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.4 1.4 1.4 1.6 1.7 1.7 1.8 1.8 1.9 1.8 1.5 421 %
Settlements Remaining Settlements 1.0 1.0 1.1 1.2 1.3 1.2 1.1 1.1 0.9 0.8 1.1 1.4 1.4 1.4 1.5 1.5 1.5 1.6 1.5 1.5 0.5 55 %
Incineration of Waste 0.5 0.4 0.5 0.4 0.5 0.5 0.5 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 (0.1) (23)%
Field Burning of Agricultural Residues 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 + 3 %

Wetlands Remaining Wetlands + + + + + + + + + + + + + + + + + + + + (+) (7)%
International Bunker Fuelsc 1.1 1.1 1.1 1.0 1.0 0.9 1.0 1.0 1.1 1.0 0.9 0.9 1.0 0.9 1.1 1.0 1.2 1.2 1.2 1.1 + 4 %
HFCs, PFCs, and SF6 92.0 84.2 87.9 87.8 90.4 107.2 116.8 123.7 136.1 135.2 136.8 127.2 136.3 131.8 141.3 145.4 147.4 153.7 152.2 146.1 54.1 59 %
Substitution of Ozone Depleting Substances 0.3 0.6  1.7 5.5 12.5 29.0 40.3 51.4 58.8 66.6 74.3 80.4 87.1 92.9 99.0 104.2 109.4 112.3 115.5 120.0 119.6 36,143 %
HCFC-22 Production 36.4 32.7 36.4 33.1 31.5 33.0 31.2 30.1 39.5 30.4 28.6 19.7 21.1 12.3 17.2 15.8 13.8 17.0 13.6 5.4 (31.0) (85)%
Semiconductor Manufacture 2.9 2.9 2.9 3.6 4.0 4.9 5.5 5.8 7.1 7.2 6.2 4.4 4.3 4.3 4.3 4.4 4.7 4.8 5.1 5.3 2.4 83 %

Aluminum Production 18.5 15.6 14.3 13.7 12.1 11.8 12.4 10.8 8.6 8.5 8.6 3.5 5.2 3.8 2.8 3.0 2.5 3.8 2.7 1.6 (17.0) (91)%

Electrical Transmission and Distribution 28.4 27.2 27.1 26.3 24.7 22.8 20.9 19.1 16.3 16.6 16.0 16.3 15.6 15.1 15.1 15.1 14.1 13.2 13.3 12.8 (15.6) (55)%

Magnesium Production and Processing 5.4 5.2 5.5 5.6 5.4 5.6 6.6 6.4 5.9 5.9 3.0 2.9 2.9 3.4 2.9 2.9 2.9 2.6 1.9 1.1 (4.4) (81)%

Total 6,181.8 6,142.1 6,244.2 6,367.2 6,466.4 6,550.7 6,766.5 6,807.1 6,850.2 6,916.2 7,112.7 6,998.6 7,038.5 7,065.1 7,174.8 7,213.5 7,166.9 7,263.4 7,061.1 6,633.2 451.4 7 %

Net Emissions (Sources and Sinks) 5,320.3 5,309.1 5,423.2 5,595.1 5,593.2 5,738.1 6,055.4 6,065.7 6,232.5 6,382.1 6,536.1 6,336.8 6,173.7 6,059.3 6,122.3 6,157.1 6,102.6 6,202.5 6,020.7 5,618.2 297.9 6 %

CO2 Emissions from Fossil Fuel Combustion, 
by Fuel Type and End-Use Sector
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Carbon Dioxide Methane Nitrous Oxide HFCs, PFCs, & SF6

6,182 6,142 6,244          6,367          6,466          6,551          6,767          6,807          6,850          6,916          7,113          6,999          7,065          7,175          7,214          7,167          7,263          7,061          
6,633          

7,039          

+ Does not exceed 0.05 MMT CO2 Eq.
a  The net CO2 flux total includes both emissions and sequestration, and constitutes a sink in the United States. Sinks are only 

included in net emissions total. Parentheses indicate negative values or sequestration.
b  Emissions from Wood Biomass and Ethanol Consumption are not included specifically in summing energy sector totals. Net carbon 

fluxes from changes in biogenic carbon reservoirs are accounted for in the estimates for Land Use, Land-Use Change, and Forestry.
c   Emissions from International Bunker Fuels are not included in totals.
Note: Totals may not sum due to independent rounding. Emissions weighted using GWP values from IPCC Second Assessment 
Report (1996) in keeping with UNFCCC reporting guidelines.



Download the Inventory at: http://www.epa.gov/climatechange/emissions/usinventoryreport.html

For more information on calculating CO2 emissions per kWh,  
download eGRID at:  

http://www.epa.gov/cleanenergy/egrid

For other related information, see:  
http://www.epa.gov/climatechange and  

http://unfccc.int

Energy Conversions

The common energy unit used in interna-
tional reports of greenhouse gas emissions 
is the joule. A joule is the energy required to 
move an object one meter with the force of 
one Newton. A terajoule (TJ) is one trillion 
(1012) joules. A British thermal unit (Btu, the 
customary U.S. energy unit) is the quantity of 
heat required to raise the temperature of one 
pound of water one degree Fahrenheit at or 
near 39.2 Fahrenheit.

 2.388 x 1011 calories
 23.88 metric tons of crude oil equivalent1 TJ  =

 9.478 x 108 Btu
 277,800 kilowatt-hours

Conversion Factors to Energy Units (Heat Equivalents) 
Heat Contents and Carbon Content Coefficients of Various Fuel Types
Converting Various Physical Units to Energy Units—The values in the following table provide conversion 
factors from physical units to energy equivalent units and from energy units to carbon contents. These factors 
can be used as default factors, if local data are not available. 

Fuel Type Heat Content Carbon (C) Content 
Coefficients

Carbon Dioxide (CO2) 
per Physical Unit

Solid Fuels Million Btu/Metric Ton kg C/Million Btu kg CO2/Metric Ton
Anthracite Coal 24.88 28.28 2,579.9
Bituminous Coal 26.33 25.44 2,456.6
Sub-bituminous Coal 18.89 26.50 1,835.9
Lignite 14.18 26.65 1,385.6
Coke 27.56 31.00 3,131.9
Unspecified Coal 27.56 25.34 2,560.0
Gas Fuels Btu/Cubic Foot kg C/Million Btu kg CO2/Cubic Foot
Natural Gas 1,026 14.46 0.0544

Liquid Fuels Million Btu/Petroleum 
Barrel kg C/Million Btu kg CO2/Petroleum 

Barrel
Motor Gasoline 5.22 19.46 372.2
Distillate Fuel Oil 5.83 20.17 430.8
Residual Fuel Oil 6.29 20.48 472.1
Jet Fuel 5.67 19.70 409.5
Aviation Gasoline 5.05 18.86 349.0
LPG 3.55 16.83 219.3
Kerosene 5.67 19.96 415.1
Still Gas 6.00 18.20 400.3
Petroleum Coke 6.02 27.85 615.1
Pentanes Plus 4.62 19.10 323.6
Unfinished Oils 5.83 20.31 433.8

Note: For fuels with variable heat contents and carbon content coefficients, 2009 U.S. average values are 
presented. All factors are presented in gross calorific values (GCV) (i.e., higher heating values). LRG = 
Liquid Refinery Gas.  Miscellaneous products includes all finished products not otherwise classified,  
(e.g., aromatic extracts and tars, absorption oils, ram-jet fuel, synthetic natural gas, naptha-type jet fuel, 
and specialty oils).
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Carbon Intensity of Different Fuel Types

The amount of carbon in fossil fuels per unit of energy content varies signifi-
cantly by fuel type. For example, coal contains the highest amount of carbon 
per unit of energy, while petroleum has about 25 percent less carbon than 
coal, and natural gas about 45 percent less.

 CO2 Emissions 
 from Fossil Fuel  = Fuel Combusted X Carbon Content Coefficient 

  Combustion  X Fraction Oxidized X (44/12) 
May include adjustments for carbon stored in fossil fuel-based 
products, emissions from international bunker fuels, or  
emissions from territories.

Global Warming Potential (GWP) is defined as 
the cumulative radiative forcing effects of a gas 
over a specified time horizon resulting from the 
emission of a unit mass of gas relative to a 
reference gas. The GWP-weighted emissions 
of direct greenhouse gases in the U.S. 
Inventory are presented in terms of equivalent 
emissions of carbon dioxide (CO2), using 
units of million metric tons of carbon dioxide 
equivalents (MMT CO2 Eq.). 

Conversion:  
1 million metric tons = 106 metric tons  
= 109 kg  

The molecular weight of carbon is 12, 
and the molecular weight of oxygen is 16; 
therefore, the molecular weight of CO2 is 
44 (i.e., 12+[16 x 2]), as compared to 12 
for carbon alone. Thus, the weight ratio of 
carbon to carbon dioxide is 12/44.

Conversion from gigagrams of gas to million 
metric tons of carbon dioxide equivalents:

( )( )MMT CO2 Eq.=      Gg     x (GWP) x MMT  

       of gas 1,000 Gg 

Global Warming Potentials 
(100 Year Time Horizon)

Gas GWP
SARa AR4b

Carbon dioxide (CO2) 1 1
Methane (CH4)* 21 25
Nitrous oxide (N2O) 310 298
HFC-23 11,700 14,800
HFC-125 2,800 3,500
HFC-134a 1,300 1,430
HFC-143a 3,800 4,470
HFC-152a 140 124
HFC-227ea 2,900 3,220
HFC-236fa 6,300 9,810
HFC-4310mee 1,300 1,640
CF4 6,500 7,390
C2F6 9,200 12,200
C4F10 7,000 8,860
C6F14 7,400 9,300
SF6 23,900 22,800

a  IPCC Second Assessment Report (1996)
b  IPCC Fourth Assessment Report (2007)
* The methane GWP includes the direct effects 
and those indirect effects due to the production of 
tropospheric ozone and stratospheric water vapor. 
The indirect effect due to the production of CO2 is 
not included.

Note: GWP values from the IPCC Second Assessment 
Report are used in accordance with UNFCCC 
guidelines.

Unit Conversions
1 pound = 0.454 kilograms = 16 ounces

1 kilogram = 2.205 pounds = 35.27 ounces

1 short ton = 0.9072 metric tons = 2,000 pounds

1 metric ton = 1.1023 short tons = 1,000 kilograms

1 cubic foot = 0.02832 cubic meters = 28.3168 liters

1 cubic meter = 35.315 cubic feet = 1,000 liters

1 U.S. gallon = 3.78541 liters = 0.03175 barrels = 0.02381 barrels petroleum

1 liter = 0.2642 U.S. gallons = 0.0084 barrels = 0.0063 barrels petroleum

1 barrel = 31.5 U.S. gallons = 119 liters = 0.75 barrels petroleum

1 barrel petroleum = 42 U.S. gallons = 159 liters

1 foot = 0.3048 meters = 12 inches

1 meter = 3.28 feet = 39.37 inches

1 mile = 1.609 kilometers = 5,280 feet

1 kilometer = 0.6214 miles = 3,280.84 feet

1 square mile = 2.590 square kilometers = 640 acres

1 square kilometer = 0.386 square miles = 100 hectares

1 acre = 43,560 square feet = 0.4047 hectares = 4,047 square meters
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Prefix/Symbol Factor

Tera (T) 1012 1,000,000,000,000
Giga (G) 109 1,000,000,000
Mega (M) 106 1,000,000
Kilo (k) 103 1,000
Hecto (h) 102 100
Deca (da) 101 10
— 100 1
Deci (d) 10-1 .1
Centi (c) 10-2 .01
Milli (m) 10-3 .001
Micro (μ) 10-6 .000001
Nano (n) 10-9 .000000001
Pico (p) 10-12 .000000000001
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U.S. Greenhouse Gas Emissions Allocated to Economic Sectors (MMT CO2 Eq.)

Implied Sectors 1990 2000 2005 2006 2007 2008 2009
Electric Power Industry 1,868.9 2,337.6 2,444.6 2,388.2 2,454.0 2,400.7 2,193.0
Transportation 1,545.2 1,932.3 2,017.4 1,994.4 2,003.8 1,890.7 1,812.4
Industry 1,564.4 1,544.0 1,441.9 1,497.3 1,483.0 1,446.9 1,322.7
Agriculture 429.0 485.1 493.2 516.7 520.7 503.9 490.0
Commercial 395.5 381.4 387.2 375.2 389.6 403.5 409.5
Residential 345.1 386.2 371.0 335.8 358.9 367.1 360.1
U.S. Territories 33.7 46.0 58.2 59.3 53.5 48.4 45.5
Total Emissions 6,181.8 7,112.7 7,213.5 7,166.9 7,263.4 7,061.1 6,633.2

U.S. Greenhouse Gas Emissions Allocated to Economic Sectors with  
Electricity Distributed (MMT CO2 Eq.)

Implied Sectors 1990 2000 2005 2006 2007 2008 2009
Industry 2,238.3 2,314.4 2,162.5 2,194.6 2,192.9 2,146.5 1,910.9
Transportation 1,548.3 1,935.8 2,022.2 1,999.0 2,008.9 1,895.5 1,816.9
Commercial 947.7 1,135.8 1,205.1 1,188.5 1,225.3 1,224.5 1,184.9
Residential 953.8 1,162.2 1,242.9 1,181.5 1,229.6 1,215.1 1,158.9
Agriculture 460.0 518.4 522.7 544.1 553.2 531.1 516.0
U.S. Territories 33.7 46.0 58.2 59.3 53.5 48.4 45.5
Total Emissions 6,181.8 7,112.7 7,213.5 7,166.9 7,263.4 7,061.1 6,633.2
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Source for all data: Inventory of U.S. Greenhouse Gas Emissions and Sinks 1990–2009 (EPA 2011)
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BLM, Record of Decision Environmental Impact Statement for the North Porcupine Field Coal 
Lease Application, WYW173408 (October 2011) 
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RECORD OF DECISION 
Environmental Impact Statement for the 
North Porcupine Coal Lease Application
WYW173408 

October 2011
 



The BLM’s multiple-use mission is to sustain the health and productivity of the public lands 
for the use and enjoyment of present and future generations. The Bureau accomplishes this 
by managing such activities as outdoor recreation, livestock grazing, mineral development, 
and energy production, and by conserving natural, historical, cultural, and other resources 
on public lands. 

BLM/WY/PL·11/056+1320 



 
 

 
  

 
 

 
  

 
 

  

 

 
 

  

 

 
 

 

 
 

   
 

 

 

 

 U.S. DEPARTMENT OF THE INTERIOR
 
BUREAU OF LAND MANAGEMENT
 

RECORD OF DECISION
 
NORTH PORCUPINE LEASE BY APPLICATION
 

WYW173408 

CAMPBELL COUNTY, WYOMING 


INTRODUCTION 

On September 29, 2006, BTU Western Resources, Inc. (BTU), a subsidiary of Peabody Energy 
Corporation (PEC), filed an application with the Bureau of Land Management (BLM) for 
Federal coal reserves in three maintenance tracts encompassing approximately 5,116.65 acres 
and 598 million tons of coal as estimated by the applicant.  The tracts are located west, 
northwest, and north of and immediately adjacent to the North Antelope Rochelle Mine in 
Campbell County, Wyoming (Appendix 1, Figure 1).  The mine is operated by Powder River 
Coal, LLC (PRC), a subsidiary of PEC.  The application was made pursuant to the Leasing on 
Application regulations found in the Code of Federal Regulations at 43 CFR Subpart 3425.1.   

On October 12, 2007, BTU filed a request with the BLM to modify its application and increase 
the lease area and coal volume to approximately 8,981.74 acres and 1,179.1 million tons of coal.  
BLM reviewed the modified tract configuration and notified the company that their application 
had been modified. BLM determined that the application would be processed as two separate 
maintenance tracts and, if decisions were made to lease the tracts, a separate competitive lease 
sale would be held for each tract.  Located approximately 12 miles southeast of Wright, the two 
nominated tracts on the north side of the mine were combined and are referred to as the North 
Porcupine Lease By Application (LBA) tract with assigned case file number WYW173408.  
Located approximately 14 miles southeast of Wright, the remaining nominated tract on the west 
side of the mine is referred to as the South Porcupine LBA tract with assigned case file number 
WYW176095. 

BTU has applied to lease Federal coal reserves in order to extend the life of the North Antelope 
Rochelle Mine. The BLM refers to these types of applications as maintenance tracts.  A 
maintenance tract is a tract of Federal coal that is adjacent to, and can be mined by, an existing 
active coal mine.  As applied for, the North Porcupine LBA tract includes a total of 
approximately 5,795.78 acres (Appendix 1, Figure 2).  BTU estimates that, as applied for, the 
tract includes approximately 601.2 million tons of recoverable coal reserves in Campbell County, 
Wyoming. 

The North Porcupine LBA tract was evaluated in the Wright Area Coal Lease Applications 
Environmental Impact Statement (EIS).  The EIS analyzed the proposed leasing of six Federal 
coal tracts located in the Wright Area of the Wyoming portion of the Powder River Basin.  The 
Proposed Action analyzed in the EIS is to hold one competitive sealed-bid lease sale and issue a 
lease for the Federal coal lands included in the North Porcupine LBA tract as applied for by 
BTU.  The Proposed Action assumes that the applicant would be the successful bidder on the 
tract, and that the tract would be mined as a maintenance lease for the existing mine.  According 
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to the applicant, the North Antelope Rochelle Mine needs the Federal coal included in the North 
Porcupine coal lease area in order to extend the life of the mine.  The applicant would recover 
the Federal coal using the same methodology, machinery, and facilities that are currently being 
used to recover the coal in the existing North Antelope Rochelle Mine coal leases.  If the lease 
for the North Porcupine LBA tract is acquired as it was applied for, PRC anticipates that it would 
extend the life of the North Antelope Rochelle Mine by approximately 6.3 years. 

The North Antelope Rochelle Mine has a permit to conduct mining operations approved by the 
Wyoming Department of Environmental Quality Land Quality Division (WDEQ/LQD) and a 
Mineral Leasing Act (MLA) of 1920, as amended, mining plan approved by the Secretary of the 
Interior to conduct surface coal mining operations on their existing coal leases.  The mine 
complies with the requirements of the Clean Air Act (CAA) through an air quality permit 
approved by the Air Quality Division of the Wyoming Department of Environmental Quality 
(WDEQ/AQD) which currently allows mining of up to 140 million tons of coal per year. 

BLM administers the Federal Coal Leasing Program under the MLA as amended by the Federal 
Coal Leasing Amendments Act of 1976.  If any proposed lease tract contains surface lands which 
are under the jurisdiction of any Federal agency other than the Department of Interior (USDI) or 
are occupied by a qualified surface owner, that agency or individual must consent to the issuance 
of the lease, and in the case of a Federal agency, may prescribe terms and conditions to be 
imposed on that lease (43 CFR 3400.3-1 and 3420.4-2).  There are no qualified surface owners 
within the selected configuration for the North Porcupine LBA tract.  Powder River Coal, LLC, 
School Creek Coal Resources, Jerry N. and Rhonda Wilkinson, and Western Railroad Properties, 
Inc. own the private lands contained within the North Porcupine LBA tract as analyzed in the 
Wright Area EIS under Alternative 2.          

The selected configuration for the North Porcupine tract (Appendix 1, Figure 3) also includes 
approximately 5,120 acres, more or less, of National Forest System lands in the Thunder Basin 
National Grassland (TBNG) administered by the USDA-Forest Service (FS).  As required by 43 
CFR 3420.4-2, the FS has provided consent to BLM to lease the FS-administered lands that were 
included in the North Porcupine tract.  The FS signed their Record of Decision on September 30, 
2011. Their prescribed terms and conditions for the North Porcupine coal tract are included in 
Appendix 2.  The FS ROD is subject to appeal under FS administrative procedures.  In the event 
of a FS ROD appeal, BLM’s decision would not be implemented until the FS appeal process is 
completed. 

BACKGROUND 

Lease by Application Process 

In the Powder River Basin (PRB), maintenance tracts are generally nominated for leasing by 
companies operating adjacent existing mines.  To process an LBA, the BLM must evaluate the 
quantity, quality, maximum economic recovery (MER), and fair market value (FMV) of the 
Federal coal.  The BLM must also evaluate the environmental and socioeconomic impacts of 
leasing and mining the Federal coal in accordance with the requirements of the National 
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Environmental Policy Act of 1969 (NEPA). BLM prepared the Wright Area Coal EIS to 
evaluate and disclose potential impacts of leasing the Federal coal in six Wright Area coal tracts, 
including the North Porcupine tract.  Although leasing the North Porcupine would not authorize 
mining operations on the tract, the EIS evaluates the potential impacts of mining the North 
Porcupine tract because mining is a logical consequence of issuing a lease for a maintenance 
tract of coal. 

The Office of Surface Mining Reclamation and Enforcement (OSM) is a cooperating agency on 
the Wright Area EIS.  OSM is the Federal agency with the primary responsibility to administer 
programs that regulate surface coal mining in accordance with Section 503 of the Surface Mining 
Control and Reclamation Act of 1977 (SMCRA). OSM also recommends approval, approval 
with conditions, or disapproval of the MLA mining plan to the Assistant Secretary of the 
Interior, Lands and Minerals Management.  The FS is a cooperating agency since a portion of the 
Wright Area proposed lands for leasing lie within the TBNG. 

The WDEQ/LQD, WDEQ/AQD, Wyoming Department of Transportation (WYDOT), and the 
Converse County Board of Commissioners are also cooperating agencies on this EIS.  
WDEQ/LQD has a cooperative agreement with the Secretary of the Interior to regulate surface 
coal mining operations on Federal and non-Federal lands within the State of Wyoming.  
WDEQ/AQD regulates air borne emissions in Wyoming and administers the air quality standards 
developed by the Environmental Protection Agency (EPA).  WYDOT’s responsibilities include 
maintaining state roads and highways, planning and supervising road improvement work, and 
supporting airports and aviation in the state.  The responsibilities of the Converse County Board 
of Commissioners include but are not limited to the management and oversight of county roads, 
facilities, and planning and zoning rules in the county. 

By law and regulation, the LBA process is an open, public, competitive sealed-bid process.  
Bidding at any potential sale is not restricted to the applicant.  In order for BLM to award and 
issue a coal lease, the highest bid received must meet or exceed fair market value of the coal as 
determined by BLM’s economic evaluation. 

BTU filed the LBA because the North Porcupine, as applied for, is adjacent to their existing 
approved mining operations at the North Antelope Rochelle Mine and the Federal coal can be 
mined using their existing mine facilities, equipment, and employees (Appendix 1, Figure 1).  In 
the Wright Area Coal EIS, the alternatives that are analyzed in detail assume that the applicant 
would be the successful bidder if a competitive coal lease sale is held. 

History of Coal Leasing Activity in the Wyoming Portion of the Decertified Powder River 
Coal Region

 Since decertification of the Powder River Federal Coal Region in 1990, 22 Federal coal leases 
have been issued in Wyoming’s Campbell and Converse counties under the LBA process with 
competitive sealed-bid sales.  These leases include approximately 53,919 acres and 6.2 billion 
tons of mineable coal.  Twenty of these leases were issued to the following producing mines for 
the purpose of extending operations at those mines:  Jacobs Ranch (2), Black Thunder (3), North 
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Antelope Rochelle (4), Eagle Butte (2), Antelope (5), Buckskin (1), Cordero/Rojo (2), and the 
former North Rochelle (1).   

The remaining two leases, the West Rocky Butte and the West Roundup, were issued to 
companies intending to open new mines.  The West Rocky Butte lease was issued to 
Northwestern Resources Company in 1992.  They planned to start a new mine to recover the coal 
included in the Rocky Butte and West Rocky Butte leases but the new mine was never 
developed. The Rocky Butte and West Rocky Butte leases are now held by Caballo Coal 
Company, a subsidiary of PEC, and are included in the Caballo Mine.  The West Roundup lease 
was issued to West Roundup Resources, Inc., a subsidiary of PEC, and has been incorporated 
into the recently permitted School Creek Mine.     

Pending Coal Leasing Applications and Other Proposed Projects in the Wyoming Powder 
River Basin 

There are currently 11 Wyoming PRB maintenance coal lease applications being processed by 
BLM including the North Porcupine LBA tract and the recently completed Caballo West, Belle 
Ayr North, South Hilight Field, West Coal Creek, and South Porcupine LBA Records of 
Decision.  As applied for, the pending coal lease applications comprise of approximately 30,462 
acres and 3.292 billion tons of Federal coal (Appendix 1, Figure 1).  The coal lease applications 
and applicant mines include the following:  Belle Ayr North (Belle Ayr Mine), North Hilight 
Field (Black Thunder Mine), South Hilight Field (Black Thunder Mine), West Hilight Field 
(Black Thunder Mine), West Coal Creek (Coal Creek Mine), Caballo West (Caballo Mine), Hay 
Creek II (Buckskin Mine), West Jacobs Ranch (Jacobs Ranch Mine), Maysdorf II (Cordero Rojo 
Mine), South Porcupine (North Antelope Rochelle Mine), and North Porcupine (North Antelope 
Rochelle Mine). 

In addition to coal leasing and mining, oil and gas leasing and development have also occurred in 
the area. Both conventional and coalbed natural gas (CBNG) wells have been drilled in and 
around the North Antelope Rochelle Mine and the North Porcupine LBA.  Conventional and 
CBNG resources are currently being recovered from Federal and private oil and gas leases in the 
application area. Federal oil and gas lease ownership in the North Porcupine LBA area is 
described in detail in the Final EIS.  Federal oil and gas lessees and private interests identified by 
the applicant were included on the mailing list for the Wright Area Coal EIS.  

The EIS discusses energy development in and around the North Porcupine LBA.  The discussion 
includes a summary of the results of an analysis of the conventional oil and gas drilling that has 
occurred in the area, prepared by the BLM Wyoming Reservoir Management Group (WSO
RMG). The analysis found that 14 conventional oil and gas wells were permitted and drilled on 
lands included in the North Porcupine BLM study area.  Six conventional gas wells and three oil 
wells are still producing.  Four oil wells and one conventional gas well have been plugged and 
abandoned. 

The Wright Area Coal EIS includes a summary of the results of the BLM WSO-RMG analysis of 
the CBNG resources in the area.  Most of the CBNG production in the area has occurred from 
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the upper Fort Union Formation (Paleocene) Wyodak-Anderson coal seam, the same coal beds 
being mined by the surface coal operators.  In the Wyoming portion of the PRB, CBNG has been 
produced from the Wyodak-Anderson zone since the late 1980s.  According to data analyzed by 
the BLM WSO-RMG and the U.S. Geological Survey, measured gas content was minimal in all 
of the Wyodak-Anderson coal cores that were collected in the year 2000 at locations near the 
surface coal mines, indicating that the coal seams were already substantially depleted of CBNG 
in the vicinity of the mines.  The EIS identifies 43 CBNG wells that have been drilled over time 
within the North Porcupine BLM study area.  Forty-two of those wells have been producing and 
one well was shut in.  CBNG wells that continue to produce in advance of coal mining assist in 
removing any remaining methane in the coal seams.  

Several mechanisms can be used to facilitate recovery of the conventional oil and gas and CBNG 
resources prior to mining if the Federal coal in the tract is leased: 

BLM will attach a Multiple Mineral Development stipulation in the Federal coal lease 
which states that BLM has the authority to withhold approval of coal mining operations 
that would interfere with the development of mineral leases that were issued prior to the 
North Porcupine coal tract being leased (Appendix 2). 

Conventional oil and gas wells must be abandoned while mining and reclamation 
operations are in progress. If the value of the remaining oil and gas reserves justifies the 
expense of reestablishing production, the wells could be recompleted or redrilled 
following mining.  

BLM has a policy in place regarding CBNG-coal development conflicts (BLM 
Washington Office Instruction Memorandum (IM) No. 2006-153).  The IM directs BLM 
decision-makers to optimize the recovery of both CBNG and conventional resources and 
to ensure that the public receives a reasonable return.  This policy offers royalty 
incentives to CBNG operators to accelerate production in order to recover the natural gas 
while simultaneously allowing uninterrupted coal mining operations.  The IM also states 
that it is the policy of the BLM to encourage oil and gas and coal companies to resolve 
conflicts between themselves and, when requested, BLM will assist in facilitating 
agreements between the companies. 

Mining of the North Porcupine LBA tract would not be authorized until:  1) the coal 
lessee obtains a permit approved by the WDEQ/LQD to mine the tract, and 2) the MLA 
mining plan is approved by the Secretary of the Interior.  Before the MLA mining plan 
can be approved, BLM must approve a Resource Recovery and Protection Plan (R2P2).  
Prior to approving the R2P2, BLM can review the status of CBNG and conventional oil 
and gas development on the tract and the mining sequence proposed by the coal lessee. 
Because the permit approval process generally takes the coal lessee several years to 
complete, CBNG resources on the coal tract could continue to be recovered during that 
time. 
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Prior to mining the Federal coal, the coal lessee can negotiate an agreement with the oil, 
gas, and pipeline owners and operators regarding the removal of their existing facilities 
on the North Porcupine tract. 

Other proposed projects in the Wyoming PRB that have advanced to the planning, permitting, or 
construction stages and that would reasonably be expected to be completed in the foreseeable 
future include: the Wygen III coal-fired power plant at the Black Hills Corporation energy 
complex near the Wyodak Mine site in Gillette, Wyoming (being constructed); the Dry Fork 
Station coal-fired power plant constructed by Basin Electric Power Cooperative near the Dry 
Fork Mine north of Gillette (being tested); the Two Elk coal-fired Unit 1 and Unit 2 power plants 
proposed by the North American Power Group (NAPG) which would be located east of the 
Black Thunder Mine; and a railroad line from the PRB to Minnesota proposed by the Dakota, 
Minnesota, and Eastern Railroad Corporation (DM&E).  In September, 2007, Canadian Pacific 
Railway Ltd. announced acquisition of the DM&E and its subsidiaries.  The transaction was 
reviewed and approved by the Surface Transportation Board in October, 2008.   

In addition, several coal conversion projects have been proposed.  Based on status and available 
information, only one, the KFx Coal Beneficiation Project, was considered to have a high 
enough likelihood of proceeding to include it in the PRB Coal Review.  The KFx (now 
Evergreen Energy) coal beneficiation plant produced commercially viable product in 2007 until 
the plant was idled down in 2008.  Since then, Evergreen Energy Inc. and its strategic partner, 
Bechtel Power Cooperation, decided to relocate operations to a different location. 

The proposed power plants, the DM&E railroad line, coal conversion projects, and the ongoing 
and proposed oil, gas, and CBNG operations are separate projects being developed 
independently of leasing the North Porcupine tract. If these projects are developed as proposed 
and the North Porcupine area is leased and mined as proposed, there would potentially be some 
overlap between the environmental and socioeconomic impacts of constructing and operating 
some of the projects and the environmental and socioeconomic impacts of mining the North 
Porcupine tract.  The cumulative effects of these projects are described in Chapter 4 of the 
Wright Area Coal Lease Applications EIS.  The cumulative impact discussion in the EIS is based 
on analyses completed for the PRB Coal Review. The PRB Coal Review can be accessed at the 
following BLM website:  
http://www.blm.gov/wy/st/en/programs/energy/Coal_Resources/PRB_Coal/prbdocs.html.

 DECISION 

As the BLM Wyoming High Plains District Manager, my decision is that it is in the public 
interest to offer the North Porcupine LBA tract as described below for competitive sale so that 
these reserves are available to compete for sale in the open coal market to meet the national coal 
demand that is expected to exist until at least 2035.  The public interest is served by leasing the 
North Porcupine LBA tract because doing so provides a reliable, continuous supply of stable and 
affordable energy for consumers throughout the country.  Developing this coal also helps reduce 
our nation’s dependence on foreign energy supplies and provides significant socioeconomic 
benefits for the United States, Wyoming, and local communities. 
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Under this decision, Alternative 2 for the North Porcupine LBA tract has been selected from the 
Wright Area Coal Lease Applications EIS. Under Alternative 2, the Federal coal included in the 
North Porcupine LBA tract, as modified by BLM, will be offered for lease at a competitive 
sealed-bid sale. Under Alternative 2, the North Porcupine tract has been modified by BLM to 
include additional lands from the BLM study area.  The tract includes 6,364.28 acres, more or 
less, and the BLM estimates that the tract contains approximately 721,154,828 tons of mineable 
Federal coal resources in Campbell County, Wyoming. 

If the highest bid received at the sale meets or exceeds the FMV as determined by the BLM and 
if all other leasing requirements are met, a lease will be issued to the successful qualified high 
bidder.  The competitive lease sale will be held as described in Federal regulations found at 43 
CFR Subpart 3422, Lease Sales.  In the event that the highest bid submitted at the competitive 
lease sale of the North Porcupine LBA tract does not meet or exceed the FMV as determined by 
BLM, the BLM may, but is not obligated to, re-offer the coal tract for leasing at a later date. 

Under Alternative 2, it is assumed that the applicant would be the successful bidder on the North 
Porcupine LBA tract and that the Federal coal would be mined to extend the life of the adjacent 
North Antelope Rochelle Mine.  The tract would be mined and reclaimed in a logical sequence in 
concert with ongoing mining and reclamation operations at the adjacent existing mine.  This 
would be consistent with the analysis of the impacts described in the EIS. 

This decision incorporates by reference the standard coal lease stipulations which address 
compliance with the basic requirements of the environmental statutes and additional BLM 
special stipulations (Appendix 2).   

This decision is in conformance with the Approved Resource Management Plan for Public Lands 
Administered by the BLM Buffalo Field Office (RMP), which was completed in 2001 and 
amended in 2003.  This decision is also in conformance with the USDA-FS Land and Resource 
Management Plan for the Thunder Basin National Grassland which was completed in 2001. 

For FS-administered lands, consent decision authority has been delegated to the Forest 
Supervisor level on the Medicine Bow-Routt National Forests and Thunder Basin National 
Grassland. The North Porcupine LBA tract includes Federal coal lands located within the TBNG 
administered by FS.  Therefore, FS must consent and prescribe terms and conditions in order for 
the tract to be leased.  The FS provided BLM their consent to lease the lands in the North 
Porcupine LBA tract in the FS Record of Decision signed on September 30, 2011.  The FS 
consent decision is conditioned on application of the Notice for Lands of the National Forest 
System under Jurisdiction of the Department of Agriculture (FS Notice) on the North Porcupine 
Federal coal lease tract (WYW173408), when and if the tract is leased (Appendix 2).  

REASONS FOR DECISION 

Denying this proposed coal leasing is not likely to affect current or future domestic coal 
consumption used for electric generation.  Not offering the North Porcupine Federal coal tract 

7 


http:6,364.28


 

 
 

 

  

 

    

   
 

  
 

  
 

 
 

  
  

 
 

 
 

 
 

 

 

 
 

for lease is unlikely to affect changes in the national electric generation portfolio.  The rationale 
for this conclusion is summarized below. 

Various commenters on the Wright Area Coal EIS asserted that by not leasing this LBA, and, in 
a cumulative sense, by denying proposed coal leasing in the Wyoming portion of the PRB, BLM 
would slow global climate change and would push the national electric generation portfolio to 
contain only non-carbon fuel alternatives. BLM has thoroughly considered this comment in our 
decision. 

BLM agrees that movement toward electric generation capacity not reliant on carbon fuels is 
positive. Carbon fuels are a finite resource and will likely become more costly and rare. Having 
more non-carbon instead of carbon-based electric generation would assist in decreasing human-
caused greenhouse gas (GHG) emissions.  Reducing human-caused GHG emissions would help 
to lessen any harmful effects that they may be causing to global climate.  

BLM reviewed two independent studies that determined the ability of the domestic electric 
generation industry to alter the present portfolio (mix of electric generation technologies) 
corresponding to the time period that the North Porcupine reserves would be leased and 
produced. The first study was done by the Department of Energy (Annual Energy Outlook 2008 
Report, Energy Information Administration, April 2008) and the second was by the domestic 
electric generation industry's research arm, the Electric Power Research Institute (Electricity 
Technology in a Carbon Constrained Future, authored by R. James, Carnegie-Mellon University, 
November 2007). 

Both studies projected the electric generation portfolio to 2030 and both studies recognized the 
likelihood of carbon regulation.  While there were differences in each study related to the mix of 
renewable sources, nuclear, and energy conservation, both studies were consistent in finding that 
coal-fired electric generation would represent 52-58 percent of the electric generation portfolio 
by 2030, as compared to the current 51 percent. 

The Annual Energy Outlook 2010 Report (Energy Information Administration, December 2009) 
represents a forecast to the year 2035. This most recent report incorporates the 2009 downturn in 
electric demand which resulted from lower electric demand for manufacturing in the depressed 
domestic economy of 2009.  This forecast lowered the percentage of coal-fired electric 
generation in the domestic electric generation portfolio to 44 percent by 2035, based on a 
slowing in electric demand through 2035, and a doubling, to 17 percent, of renewable electric 
generation in the domestic electric generation portfolio by 2035.  

Based on these studies, even with a considerably more optimistic projection for renewable 
sources, coal use continues to be projected as the largest portion of the domestic electric fuel 
mix.  As described in the Final EIS, the key determinant of energy consumption is population.  
As human population and activities have increased over time, coal and other carbon-based fuels 
have been utilized to provide for these additional energy demands.  As directly stated by the 
Department of Interior Secretary Salazar, “The fact remains that oil and gas and coal are a very 
important part of our energy portfolio now and they will continue to be an important part of our 

8 




 

 
 

 
 

 
  

 

 
                                                                                                                                                                                    

 

 

 
 

   

 
 

 

 
 

  

 
 

 

 
 

 

 
 

energy portfolio in the future . . . Fossil fuels and clean technology coal will have to be part of 
the mix if the U.S. is able to have enough energy in the future” (Great Plains Energy address, 
November 9, 2009).  

Further, BLM disagrees with the comment that denying the proposed Federal coal leasing 
application would consequentially reduce the overall rate of national coal consumption by 
electric generators.  Numerous mines located outside of the PRB extract and produce coal in the 
United States. In order to supply reliable power for the country’s electrical demands, many 
mines outside of the PRB have the capacity to replace the coal production generated by the North 
Antelope Rochelle Mine. 

The North Porcupine coal reserves, if leased and approved for mining, would allow the coal 
mining operator to continue to compete for coal sales in a diverse open supply and demand 
market. Denying this lease offer would not cease currently approved mining operations.  Rather, 
a denial would require the mine to cease operations only after the current lease reserves were 
depleted. This would deny the mine operator the ability to compete with other operators in an 
open market for a future coal demand that is projected to continue until at least 2035.  The 
inability of the North Antelope Rochelle Mine, or any other existing PRB producer, to offer 
reserves in the coal market would not cause electric generators to stop burning coal.  Utility 
companies will likely operate existing coal-burning facilities until either cost or regulatory 
requirements render them ineffective or they are replaced by other reliable large scale capacity 
electric generation technologies capable of consistently supporting the bulk electrical demands of 
the United States’ people.  

The effect of rejecting the North Porcupine LBA would be that the existing mine would cease 
operations after the current reserves are depleted (approximately 9.9 years), and the North 
Antelope Rochelle Mine would not be competitive in the national coal market to meet the future 
coal demand in the U.S. that is expected to last until at least 2035.  Other national coal producers 
have the capacity to produce coal and replace the production from this existing mine. 

Lastly, PRB coal has competed for an increasing share of coal sales in the market primarily 
because it is lower cost, environmentally compliant, and successful post-mining reclamation has 
been thoroughly demonstrated.  For these reasons, over the past several decades, PRB coal has 
been replacing other domestic coals in the open market, and would be expected to compete 
similarly in the future.  

Cumulatively, the effect of rejecting the coal leasing proposed throughout the PRB would be that 
many of the existing mines would cease operations once current reserves are depleted (ranging 
from 7 to 15 years).  Those mines would then not be able to compete with other mines to meet 
the future coal demand that is expected to last until at least 2035.  When current reserves are 
depleted at these mines, their production would likely be replaced by other domestic and, 
potentially, international coal producers with coal that is more costly, less environmentally 
compliant, and has greater residual environmental impact. 
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Many other factors including but not limited to those listed below were considered in the 
decision to lease the North Porcupine LBA tract: 

The Federal Coal Program encourages the development of domestic coal reserves and the 
reduction of the United States’ dependence on foreign sources of energy.  BLM 
recognizes that coal extraction is currently necessary in order to meet the nation’s energy 
needs. A primary goal of the National Energy Policy is to add energy supplies from 
diverse sources including domestic oil, gas, and coal.  Private development of Federal 
coal reserves is integral to the BLM Coal Leasing Program under the authorities of the 
Mineral Leasing Act of 1920, the Federal Land Policy and Management Act of 1976 
(FLPMA), and the Federal Coal Leasing Amendments Act of 1976 (FCLAA). 

BTU Western Resources, Inc. applied for the North Porcupine LBA coal tract in order to 
extend the life of the North Antelope Rochelle Mine.  The tract, if leased and sold, would 
allow the mine to acquire access to a continuing supply of low sulfur compliance coal 
that would be sold to power plants for generating electricity.  Continued leasing of low 
sulfur PRB coal assists coal-fired power plants in meeting the Clean Air Act 
requirements without constructing new power plants or revamping existing plants.  
Generally, the expenses associated with constructing new power plants, retrofitting or 
revamping existing plants, or substituting alternative fuels would increase overall energy 
costs to customers and consumers. 

The leasing and subsequent mining of Federal coal reserves provides the United States, 
the State of Wyoming, and its affected counties with income in the form of lease bonus 
payments, lease royalty payments, and tax payments.  Production of Federal coal also 
provides the public with a supply of cost-efficient, low sulfur coal for power generation. 
The Governor of Wyoming and other state and local officials support Federal coal 
leasing. 

The BLM is the lead agency responsible for leasing Federal coal lands under the MLA as 
amended.  When an application to lease Federal coal is submitted, the BLM is obligated 
to respond to the application in a timely manner.  In order to process an LBA, BLM must 
fulfill the requirements of NEPA by preparing environmental analyses.  In this case, an 
EIS was prepared to provide agency decision-makers and the public with a complete and 
objective evaluation of the environmental impacts of leasing and mining the Federal coal.  
BLM then makes a decision on whether or not to offer the Federal coal for lease.  In 
either case, BLM must notify the applicant in a timely fashion of its decision.  

Offering the North Porcupine LBA tract (totaling 6,364.28 acres containing 
approximately 721,154,828 tons of mineable Federal coal reserves as estimated by the 
BLM) is responsive to the coal lease application received on September 29, 2006.   

The decision to offer the North Porcupine coal tract for leasing is in conformance with 
the BLM land use plan decisions covering this area (see section entitled “Conformance 
with Existing Land Use Plans”). 
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The Wright Area Coal Lease Applications EIS was prepared in response to applications 
BLM received to lease tracts of Federal coal adjacent to existing mines in Wyoming.  The 
environmental impacts of this decision were fully disclosed in the EIS.  Public comments 
were addressed throughout the NEPA process. 

The BLM’s selected tract configuration under Alternative 2, as modified and described in 
this decision, provides for maximum economic recovery of the coal resource. 

The U.S. Fish and Wildlife Service has provided written concurrence for leasing the 
North Porcupine coal tract pursuant to Section 7(a)(2) of the Endangered Species Act of 
1973, as amended (Appendix 3).  Multiple surveys have been conducted for Ute ladies’
tresses during the known flowering periods.  Five sage-grouse leks have been 
documented within two miles of the North Porcupine general analysis area.  The Payne 
Lek, an occupied lek, is located on the North Porcupine tract.  The North Porcupine 
general analysis area is located outside of the Governor of Wyoming’s statewide 
designated greater sage-grouse core area.  One prairie dog colony, approximately 18.6 
acres in size, is located on the North Porcupine tract.  Two golden eagle nests were 
identified on the North Porcupine tract.  Twenty-three bird species on the “Coal Mine 
List of 40 Migratory Bird Species of Management Concern in Wyoming” have 
historically been observed at least once in the Wright EIS general analysis area.  Wildlife 
mitigation measures will be prescribed in concert with USFWS during the permit for 
mining process of the North Porcupine LBA.    

Consultation with the appropriate Native American tribes was initiated by the BLM 
Wyoming State Office on May 29, 2008.  No tribes indicated concerns with the 
disturbance of cultural sites in the North Porcupine general analysis area.    

Fifty archaeological sites have been identified within the North Porcupine general 
analysis area.  Five sites have previously been determined NRHP eligible 
(48CA1420/3219, 48CA3218, 48CA3606, 48CA3607, and 48CA3612). The other 45 
sites have been determined to be not eligible to the NRHP (48CA262, 48CA498, 
48CA1163, 48CA1668, 48CA2108, 48CA2791, 48CA2797, 48CA2800, 48CA2849, 
48CA2870, 48CA2891, 48CA2908, 48CA2909, 48CA2910, 48CA2911, 48CA3038, 
48CA3039, 48CA3040, 48CA3073, 48CA3074, 48CA3220, 48CA3592, 48CA3593, 
48CA3594, 48CA3595, 48CA3596, 48CA3597, 48CA3598, 48CA3599, 48CA3600, 
48CA3601, 48CA3602, 48CA3603, 48CA3604, 48CA3605, 48CA3608, 48CA3609, 
48CA3610, 48CA3611, 48CA3613, 48CA3614, 48CA3615, 48CA3616, 48CA3617, and 
48CA3618). 

The BLM consulted SHPO in relation to determinations of eligibility and impacts for 
these sites and has determined that leasing the coal would result in an adverse effect to 
sites 48CA1420/3219, 48CA3218, 48CA3606, 48CA3607, and 48CA3612. However, adverse 
impacts to 48CA1420/3219, 48CA3218, 48CA3606, 48CA3607, and 48CA3612 have been 
mitigated by a previously approved adjoining lease action and a land exchange.  
Therefore, no further consultation or resolution of adverse effects is required.  On April 

11 




 

 
 

 
 

 
 

 
  

 
 

 
 

 

          
 

 

 
 

  

 
 

 
 

 

 
 

 

 

1, 2011, BLM notified SHPO that the undertaking would result in an adverse effect to 
historic properties. Any further National Historic Preservation Act mitigation 
consultation with the Wyoming State Historic Preservation Office will be completed as 
required during the mine permitting process by OSM and WDEQ prior to any surface 
disturbance of the tract. 

Issuing a Federal coal lease for the North Porcupine tract would not result in the creation 
of new sources of human-caused GHG or mercury emissions. The North Antelope 
Rochelle Mine would produce the North Porcupine coal at currently permitted levels 
using existing production and transportation facilities.  If the North Porcupine tract is 
leased and mined, site-specific GHG emission rates from the North Antelope Rochelle 
Mine are anticipated to increase slightly compared to current emission rates due to 
increased strip ratios and added hauling distances. 

If the coal reserves contained within the North Porcupine tract are leased and mined at 
the currently permitted levels and the coal is used to generate electricity by coal-fired 
power plants, the emissions of GHG and mercury attributable to the coal produced at the 
North Antelope Rochelle Mine would be extended for approximately 7.8 years.  The rate 
of human-caused CO2 and mercury emissions would depend upon the permitted levels at 
the coal combustion facilities where the coal is burned and the potential emission limits 
that may be applied to those facilities in the future by regulation or legislation. 

The potential for regulation of GHG emissions as an air pollutant is recognized in this 
decision. Should such regulation be put in place, there may be an effect on coal demand, 
depending on how the regulatory actions affect the demand for electric power and the 
mix of methods used to produce electricity.  Effects to coal demand would be reflected 
through the coal market, coal pricing, and supply. If demand decreases, it is expected 
that less efficient coal producers, or those with reserves having less desirable coal 
characteristics, may lose customers.  Based on review of past performance, North 
Antelope Rochelle Mine has competed very well in the national coal market. 

PUBLIC INVOLVEMENT 

BLM received the Porcupine coal lease application on September 29, 2006.  BLM announced the 
receipt of the LBA and published a Notice of Public Meeting in the Federal Register on 
December 12, 2006.  At the public meeting held in Casper, Wyoming on January 18, 2007, the 
Powder River Regional Coal Team (PRRCT) reviewed the Porcupine coal lease application and 
BTU presented information about their existing mine and the pending lease application.  The 
PRRCT recommended that BLM process the application.  On March 14, 2007, BLM notified the 
Governor of Wyoming that BTU had made application for the North and South Porcupine 
Federal coal lands.   

BLM published a Notice of Intent to Prepare an EIS and Notice of Public Meeting in the Federal 
Register on July 3, 2007, in the Gillette News-Record on July 6, 2007, and in the Douglas 
Budget on July 11, 2007.  Scoping notices were also mailed to Federal, state, and local 
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government agencies, conservation groups, commodity groups, and individuals who could be 
impacted by this LBA.  BLM and the applicant jointly developed the distribution list.  On July 
24, 2007, a public scoping meeting was held in Gillette, Wyoming.  The scoping period extended 
from July 3 through September 3, 2007, during which time BLM received nine comment letters. 

A notice announcing the availability of the Wright Area Coal Lease Applications Draft EIS was 
published in the Federal Register by the EPA on June 26, 2009.  Parties on the distribution list 
were sent copies of the Draft EIS at that time.  A 60-day comment period on the Draft EIS 
commenced with publication of the EPA’s Notice of Availability and ended on August 25, 2009.  
The BLM published a Notice of Availability/Notice of Public Hearing for the Draft EIS in the 
Federal Register on July 8, 2009.  The BLM’s Federal Register notice announced the date and 
time of the formal public hearing, which was held on July 29, 2009, in Gillette, Wyoming.  The 
purpose of the public hearing was to solicit public comment on the Draft EIS, fair market value, 
maximum economic recovery, and the proposed competitive sale of Federal coal from the 
Wright Area LBAs.  BLM also published a Notice of Public Hearing in both the Douglas Budget 
and Gillette News-Record newspapers on July 8, 2009.  Two individuals presented statements on 
the Draft EIS during the hearing. BLM received written comments from 17 individuals, 
agencies, businesses, and organizations as well as over 500 comment e-mails from other 
interested parties.  Comments that BLM received on the Draft EIS and how BLM considered 
these comments during the preparation of the Final EIS were included in Appendix I of the Final 
EIS.  Written comments and the transcript of the formal public hearing are also available for 
review at the BLM Wyoming High Plains District Office in Casper.  

A notice announcing the availability of the Wright Area Coal Lease Applications Final EIS was 
published in the Federal Register by the EPA on July 30, 2010.  Parties on the distribution list 
were sent copies of the Final EIS at that time.  The comment period for the Final EIS ended on 
August 30, 2010.  As explained on the first page of the Final EIS, the public review period was 
open for 30 days after EPA’s Notice of Availability published in the Federal Register. 

BLM received written comments on the Final EIS from Michael J. Strawn, Powder River Basin 
Resource Council/Sierra Club/Center for Biological Diversity, Leslie Glustrom, WildEarth 
Guardians/Sierra Club/Defenders of Wildlife, Dorsey & Whitney LLP/Ark Land Company, and 
the Campbell County Board of Commissioners. BLM has reviewed, evaluated, and considered 
these comments. The comment letters and BLM’s responses are available at 
http://www.blm.gov/wy/st/en/info/NEPA/HighPlains/Wright-Coal.html. 

All comments that were received in a timely manner were considered in the preparation of this 
Record of Decision (ROD). 

SUMMARY OF THE PROPOSED ACTION AND ALTERNATIVES 

The EIS analyzed the proposed action and two alternatives in detail for the North Porcupine 
LBA tract.  Chapter 2 of the EIS contains a full description of each.  Summarized descriptions 
are presented below. 
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Proposed Action:  Hold a competitive lease sale for the Federal coal lands as applied for 
and issue a maintenance lease to the successful bidder. 

Under the Proposed Action, the as applied for lands in the North Porcupine application as 
submitted by BTU would have been offered for lease at a competitive sealed-bid sale.  As 
applied for, the tract included approximately 5,795.78 acres (Appendix 1, Figure 2).  The 
applicant estimated that the lands contained approximately 601.2 million tons of recoverable 
Federal coal.  This alternative assumed that the applicant would be the successful bidder and that 
the coal would be mined, processed, and sold by the North Antelope Rochelle Mine. 

Alternative 1 (Environmentally Preferable Alternative):  Reject the application. 

Under this alternative, BTU’s application to lease the Federal coal lands included in the North 
Porcupine LBA tract would be rejected and the tract would not be offered for competitive sale at 
this time. This is the No Action Alternative.  

The applicant is presently mining existing leases that were previously acquired.  Previously 
approved and permitted mining activity at the adjacent North Antelope Rochelle Mine would 
continue with or without leasing the North Porcupine LBA tract.  Assuming that the North 
Porcupine LBA tract would never be leased and coal removal and the associated disturbance 
would never occur, this alternative would be the environmentally preferable alternative.  
However, selection of this alternative would not preclude future applications to lease all or part 
of the Federal coal included in the North Porcupine LBA tract.  

Rejection of the application would not cause mining operations to immediately cease at the 
North Antelope Rochelle Mine, nor would it immediately reduce production from this mine.  
Coal is mined in 27 states and is mostly used for generating electricity to support the country’s 
demand for energy.  If the North Porcupine application was rejected and, in the long term, the 
North Antelope Rochelle Mine was to close, other regional and national mining companies 
would replace the coal production that would have been lost due to the North Antelope Rochelle 
Mine’s closure.         

Alternative 2 (Selected Alternative):  Reconfigure the tract and hold one competitive sale 
for Federal coal lands in the tract as modified by BLM and issue a lease to the successful 
bidder. 

Along with the Federal coal lands that were applied for by BTU, BLM identified and evaluated 
an additional area comprised of approximately 1,572.01 acres of unleased Federal coal adjacent 
to the northern and southwestern edges of the application lands (Appendix 1, Figure 2).  These 
additional lands and the as applied for tract were referred to as the BLM study area.  The study 
area enabled BLM to evaluate and explore the potential of increasing competitive interest in the 
tract, allowing for more efficient recovery of Federal coal in the area, and reducing the likelihood 
of bypassed Federal coal. 
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After analyzing the additional lands included in the BLM study area for the North Porcupine, 
BLM selected the tract configuration as described below.  BLM’s selected tract configuration 
includes approximately 1,255.57 acres of additional lands from the BLM study area.  The final 
configuration (Appendix 1, Figure 3) was selected because it allows for more efficient recovery 
of the Federal coal, may increase competitive interest in the tract, and best serves the public 
interest.  Under the selected configuration, the North Porcupine tract includes approximately 
6,364.28 acres and BLM estimates that it contains approximately 721,154,828 tons of mineable 
Federal coal resources.  

The legal description of the lands to be offered for competitive lease sale under Alternative 2, 
BLM’s selected tract configuration, for the North Porcupine tract is as follows: 

North Porcupine Tract (WYW173408): 
T.42N., R.70W., 6th P.M., Campbell County, Wyoming 
Section 19: Lots 9 through 20;  445.96 acres 
Section 20: Lots 5 through 16;  490.93 acres 
Section 21: Lots 1 through 16;  660.25 acres 
Section 22: Lots 3 through 6, 9 through 16; 491.54 acres 
Section 26: Lots 3 through 6, 9 through 16; 496.64 acres 
Section 27: Lots 1 through 16;  664.48 acres 
Section 28: Lots 1 through 4;  165.98 acres 
Section 29: Lots 1 through 4;  164.30 acres 
Section 30: Lots 5 through 8;  147.79 acres 

T.42N., R.71W., 6th P.M., Campbell County, Wyoming 
Section 22: Lots 20, 21, and 24; 12.89 acres 
Section 23: Lots 5 through 16;  487.45 acres 
Section 24: Lots 5 through 16;  489.12 acres 
Section 25: Lots 1 through 4;  162.96 acres 
Section 26: Lots 1 through 6, 11 through 14;  404.09 acres 
Section 27: Lots 9, 15 through 17, 20, 22, 23, 25, 28, 30; 276.51 acres 
Section 34: Lots 1 through 12;  480.20 acres 
Section 35: Lots 3 through 6, 11 through 14. 323.19 acres 

North Porcupine Tract Total: 6,364.28 acres 

The land descriptions and acreages are based on the BLM Status of Public Domain Land and 
Mineral Titles Approved Master Title Plats as of September 7, 2007 and Coal Plats as of 
September 20, 2007. The coal estate in the tract described above is Federally-owned.  Surface 
ownership consists of privately owned lands and Federal lands administered by the USDA-Forest 
Service (FS).  The selected configuration for the North Porcupine tract (Appendix 1, Figure 3) 
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includes approximately 5,120 acres, more or less, of National Forest System lands in the 
Thunder Basin National Grassland (TBNG) administered by the FS.   

ALTERNATIVES CONSIDERED BUT NOT ANALYZED IN DETAIL 

Further descriptions of these alternatives may be found in Chapter 2 of the Final EIS. 

New Mine Start 

Under this alternative, as under the Proposed Action, Alternative 1, and Alternative 2, BLM 
would have held a competitive coal lease sale and issued a lease for the lands included in the 
North Porcupine tract. This alternative assumed, however, that the successful qualified bidder 
would have been someone other than the applicant and that this bidder would have planned to 
open a new mine to develop the Federal coal resources.  In BLM’s current estimation, for a new 
mine to open in the Wyoming PRB, the first lease would need to contain approximately 500 to 
600 million tons of coal.    

This alternative was considered but was not analyzed in detail because it was unlikely that a new 
mine would start up and lease this tract even though the total amount of coal included in the 
North Porcupine LBA is sufficient to consider opening a new mine.  A new mine start would 
require considerable initial capital expenses, development of new mining and reclamation plans, 
and a large number of new employees.  A new mine start would also create a new source of air 
quality impacts.  The potential difficulty in obtaining an air quality permit is another issue that 
could discourage new mine starts in the PRB. In view of these issues, the development of a new 
mine start on any of the LBA tracts included in the Wright Area EIS is considered unlikely. 

Delaying the Sale 

Under this alternative, the BLM would have delayed the sale of the North Porcupine tract as 
applied for.  This alternative assumed that the tract could be developed later as either a 
maintenance tract or a new mine start, depending on how long the sale would have been delayed.  
The environmental impacts of mining this Federal coal at a later time as a maintenance tract 
would be expected to be similar to the Proposed Action and Alternative 2.  If a new mine start 
was required to mine the coal in this tract, the environmental impacts would be expected to be 
greater than if it were mined as an extension of an existing mine. 

In general, delaying the sale may have allowed CBNG resources in the Wright general analysis 
area to be more completely recovered prior to mining.  If market prices increased in the future, 
bonus and royalty payments to the government would have been higher if the tract was offered 
for sale at a later date.  

This alternative was considered but was not analyzed in detail because it would not produce 
substantially different impacts than other alternatives that were analyzed in detail.  First, rental 
and royalty provisions in the proposed lease provide for the United States to benefit if coal prices 
increase by the time of mining.  Royalty and tax payments are collected at the time the coal is 
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sold. They increase as coal prices increase, which allows the United States to benefit if coal 
prices have increased by the time of mining.  Second, as described in Chapter 2 of the EIS, 
several mechanisms are already in place to facilitate continued CBNG recovery prior to mining 
the lands included in the Wright general analysis area.  

CONFORMANCE WITH EXISTING LAND USE PLANS 

Under the requirements of FCLAA, lands that are being considered for Federal coal leasing must 
be included in a comprehensive land use plan and leasing decisions must be compatible with that 
plan. The Approved Resource Management Plan (RMP) for Public Lands Administered by the 
Bureau of Land Management Buffalo Field Office, completed in 2001 and amended in 2003, 
governs and addresses the leasing of Federal coal in Campbell County. The USDA-FS Land and 
Resource Management Plan for the Thunder Basin National Grassland (TBNG), Medicine Bow-
Routt National Forest, Rocky Mountain Region, completed in 2001, guides resource management 
activities on the TBNG. 

The major land use planning decision that BLM must make concerning Federal coal resources is 
a determination of which Federal coal lands are acceptable for further consideration for leasing. 
There are four coal screening procedures that BLM uses to identify these coal lands.  The 
screening procedures require BLM to:  1) estimate development potential of the coal lands, 2) 
apply the unsuitability criteria listed in the regulations at 43 CFR 3461, 3) make multiple land 
use decisions that eliminate Federal coal deposits from consideration for leasing to protect other 
resource values, and 4) consult with surface owners who meet the criteria defined in the 
regulations at 43 CFR 3400.0-5 (gg) (1) and (2).  The coal screens were developed for Federal 
decision-making and are utilized in environmental analyses associated with BLM RMPs, EISs, 
USDA-FS TBNG planning documents, evaluations, and other resource management activities. 

Under the first coal screening procedure, a coal tract must be located within an area that has been 
determined to have coal development potential in order to receive further consideration for 
leasing [43 CFR 3420.1-4(e)(1)].  The North Porcupine tract is within the area identified by 
BLM as having coal development potential.   

The second coal screening procedure requires the application of the coal mining unsuitability 
criteria which are listed in the Federal coal management regulations at 43 CFR 3461.  These 
criteria have been applied to high to moderate coal development potential lands in the Wyoming 
PRB, including the North Porcupine tract and surrounding lands.  

Biological surveys have been conducted throughout the North Porcupine general analysis area.  
The USFWS has provided written concurrence for leasing the North Porcupine LBA tract 
pursuant to Section 7(a)(2) of the Endangered Species Act of 1973, as amended (Appendix 3).  
In coordination with WDEQ, the USFWS will develop and prescribe wildlife mitigation 
measures as a component of the mining permit authorization process.  

A portion of the Burlington Northern Santa Fe & Union Pacific (BNSF & UP) railroad right-of
way (ROW) crosses and borders the west side of the North Porcupine tract. Lands within the rail 
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line right-of-way (ROW) and associated 100-foot buffer zone were found to be unsuitable for 
mining under Unsuitability Criterion 2.  Although the lands within the railroad ROW and buffer 
zone have been determined to be unsuitable for mining, they are included in the tract lease to 
allow for efficient recovery of all mineable coal adjacent to and outside of the ROW and its 
associated buffer zone.  This determination also complies with coal leasing regulations which do 
not allow leasing in less than 10-acre aliquot parts.  The lease will include a stipulation stating 
that no mining activity may be conducted in the portion of the lease within the railroad ROW or 
associated 100-foot buffer zone.  This stipulation honors the finding of unsuitability for mining 
under Criterion 2. 

Unsuitability Criterion Number 3 states that lands within 100 feet of the outside line of the ROW 
of a public road shall be considered unsuitable for surface coal mining.  SMCRA Section 
522(e)(4) and 30 CFR 761.11(d) prohibit surface mining operations on lands within 100 feet of 
the outside line of the ROW for a public road.  A portion of the ROW of Antelope Road 
(Campbell County Road 4), Matheson Road (Campbell County Road 70), and Mackey Road 
(Campbell County Road 69) are located within BLM’s selected configuration for the North 
Porcupine tract (Appendix 1, Figure 3).  BLM has determined that the portion of the North 
Porcupine tract that includes segments of these three roads, their ROWs, and the 100-foot buffer 
zones extending on either side of the ROWs must be considered unsuitable for mining at this 
time under Criterion Number 3.   

There is an exception to the public road ROW prohibition in the regulations at SMCRA Section 
522(e)(4) and 30 CFR 761.11(d) which can be applied if the appropriate road authority 
(Campbell County Board of Commissioners) allows the road to be relocated or closed.  Surface 
coal mining could potentially occur within a public road ROW and buffer zone if the regulatory 
authority, or the appropriate public road authority designated by the regulatory authority, allows 
the public road to be relocated or closed after providing public notice and opportunity for a 
public hearing.  A finding must be reached, and stated in writing, that the interests of the affected 
public and landowners will be protected [30 CFR 761.11(d) and 43 CFR 3461.5(c)(iii)].   

PRC has obtained approval from the Campbell County Board of Commissioners to close and 
relocate the portion of Antelope Road that crosses the North Porcupine tract (approximately one 
mile located in T42N R71W between Section 23 and 24 and between Section 25 and 26).  PRC 
has also consulted the Campbell County Board of Commissioners and other stakeholders for 
request of approval to close and relocate the Mackey Road in the eastern portion of the North 
Porcupine tract. The segment of Matheson Road that borders the southern portion of the North 
Porcupine tract located between T42N R71W Section 35 and T41N R71W Section 2 has been 
formally vacated by the Campbell County Board of Commissioners.  

For public roads granted approval for closure and relocation, the exception to the prohibition on 
mining within the public road ROW and associated buffer zone could be applied and the 
unsuitability determination could be reconsidered.  A mining company could recover the coal 
underlying those segments of the public road ROWs and buffer zones that are approved for 
closure and relocation.  If approval is not obtained to relocate or close a public road, the coal  
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underlying the ROW and buffer zone would remain unsuitable for mining and would not be 
recovered.   

Although a portion of the lands within the Antelope Road, Mackey Road, and Matheson Road 
ROWs and buffer zones have been determined to be unsuitable for mining, they are included in 
the tract lease to allow for efficient recovery of all mineable coal adjacent to and outside of the 
ROWs and buffer zones.  This determination also complies with coal leasing regulations which 
do not allow leasing in less than 10-acre aliquot parts.  If a lease is issued for this tract, 
stipulations will be attached stating that no mining activity may be conducted within the public 
road ROWs and associated buffer zones unless permits to close or relocate the roads are 
approved by the Campbell County Board of Commissioners.  This stipulation honors the finding 
of unsuitability for mining under Criterion 3.    

No other lands included in the North Porcupine tract were found to be unsuitable for mining 
during the application of the unsuitability criteria for BLM’s 2001 Buffalo RMP update.  Site-
specific unsuitability determinations for some criteria were deferred until an application to lease 
was filed.  These findings are included in Appendix B of the Wright Area Coal Final EIS.  

The third coal screening procedure, a multiple land use conflict analysis, must be completed to 
identify and “eliminate additional coal deposits from further consideration for leasing to protect 
resource values of a locally important or unique nature not included in the unsuitability criteria,” 
in accordance with 43 CFR 3420.1-4(e)(3).  The 2001 Buffalo RMP update addresses two types 
of multiple land use conflicts:  municipal/residential conflicts and multiple mineral development 
(coal versus oil and gas) conflicts. 

The municipal/residential multiple land use conflict was addressed by applying buffers around 
the municipal planning boundaries for the major municipalities within the BLM Buffalo Field 
Office area including Gillette and Wright.  BLM’s selected North Porcupine tract configuration 
does not extend into any of the municipal buffer zones. 

BLM’s evaluation of the multiple mineral development conflicts related to issuing a lease for the 
North Porcupine tract is discussed above in the “Pending Coal Leasing Applications and Other 
Proposed Projects in the Wyoming Powder River Basin” section of this record of decision. 

The fourth coal screening procedure requires consultation with surface owners who meet the 
criteria defined in the regulations at 43 CFR 3400.0-5(gg)(1) and (2).  Under BLM’s selected 
alternative, surface ownership consists of privately owned lands and Federal lands administered 
by the USDA-FS.  Powder River Coal, LLC, School Creek Coal Resources, and Western 
Railroad Properties, Inc. own the private lands contained within the selected North Porcupine 
LBA tract.  If private surface owners are determined to be qualified under this CFR citation, then 
qualified surface owner consent is required before those lands can be included in a Federal coal 
lease.  There are no qualified surface owners within the selected configuration for the North 
Porcupine LBA tract.  
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In summary, the lands in the North Porcupine coal tract have been subjected to the four coal 
planning screens and are determined to be acceptable for further consideration for leasing.  Thus, 
a decision to lease the North Porcupine Federal coal lands is in conformance with the current 
BLM Buffalo RMP and the Thunder Basin National Grassland LRMP.  

MITIGATION, COMPLIANCE, AND MONITORING 

If the North Porcupine tract is leased, the lease will contain standard coal lease stipulations and 
also BLM Special Stipulations.  BLM has applied special stipulations (Appendix 2) to avoid 
environmental damage or mitigate potential conflicts affiliated with cultural resources, 
paleontological resources, threatened and endangered species, multiple mineral development of 
oil and/or gas and coal resources, resource recovery and protection, and/or public land survey.  
Special coal lease stipulations were identified in Appendix D of the Final EIS.  The final special 
stipulations are attached (Appendix 2) to this decision and will become part of the Federal coal 
lease records and pertain to all lands as described in the Federal coal lease tract. 

After Federal coal leases are issued, SMCRA gives the OSM authority to administer programs 
that regulate surface coal mining operations.  The WDEQ regulates surface coal mining activities 
in Wyoming.  If BTU is the successful, qualified high bidder for the Federal coal included in the 
North Porcupine coal tract, a permit revision must then be approved by the WDEQ/LQD.  An 
MLA mining plan revision must also be approved by the Assistant Secretary of the Interior 
before the coal in the tract could be mined.  The existing mitigation measures specific to the 
currently approved mine plan for the adjacent mine would then be revised to include the new 
mitigation measures specific to the North Porcupine tract.  The mining permit would be amended 
to include the new mitigation requirements.  

If the successful bidder on the North Porcupine coal lease sale does not currently operate a mine 
that is adjacent to WYW173408, then the bidder would likely propose to construct a new mine in 
order to recover these Federal coal reserves. Because this would be a new mine start, the 
proponent would then submit a new permit application package to WDEQ/LQD for approval.  A 
new MLA mining plan would also need to be submitted and approved by the Assistant Secretary 
of the Interior before the tract could be mined.  The approved permit would include mitigation 
measures and monitoring plans specific to mining the newly leased tract. 

Prior to mining a coal lease area, the lease must be permitted for mining by OSM and WDEQ.  If 
a lease is permitted for mining, additional conditions and stipulations may be assigned by OSM 
and WDEQ. Please see Section 1.3 of the Final EIS for additional information regarding 
regulatory authority and responsibility in relation to coal mining in Wyoming.  

To ensure that the revised plan is in compliance with the leasing stipulations, BLM has a 
responsibility to review the R2P2 prior to approval of the mining plan.  Before any mining 
operations can begin on the North Porcupine tract (WYW173408), the appropriate R2P2 must be 
approved by the BLM, a permit or permit revision must be approved by WDEQ/LQD, and an 
MLA mining plan or plan revision must be approved by the Assistant Secretary of the Interior. 
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Appendix 1. Figures 1, 2, and 3 

Appendix 2. BLM Special Coal Lease Stipulations (WYW173408), Notice for Lands of the 
National Forest System under Jurisdiction of the Department of Agriculture 
(WYW173408), and BLM Coal Lease Form 3400-12  

Appendix 3. U.S. Fish and Wildlife Service Concurrence Letter 

Appendix 4. Appeal Procedures 
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FIGURES 



 
 Figure 1.  General Location Map with Federal Coal Leases and LBA Tracts 



 
 Figure 2.  North Porcupine LBA Tract Alternatives   



 
Figure 3.  North Porcupine Tract Selected Configuration 
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SPECIAL STIPULATIONS FOR THE
 
NORTH PORCUPINE LBA COAL TRACT: 


WYW173408 


In addition to observing the general obligations and standards of performance set out in the 
current regulations, the lessee shall comply with and be bound by the following special 
stipulations. 

These stipulations are also imposed upon the lessee's agents and employees.  The failure or 
refusal of any of these persons to comply with these stipulations shall be deemed a failure of the 
lessee to comply with the terms of the lease.  The lessee shall require his agents, contractors, and 
subcontractors involved in activities concerning this lease to include these stipulations in the 
contracts between and among them.  These stipulations may be revised or amended, in writing, 
by the mutual consent of the lessor and the lessee at any time to adjust to changed conditions or 
to correct an oversight. 

(a) CULTURAL RESOURCES 

(1) Before undertaking any activities that may disturb the surface of the leased lands, the 
lessee shall conduct a cultural resource intensive field inventory in a manner specified by the 
Authorized Officer of the BLM or of the surface managing agency, if different, on portions 
of the mine plan area and adjacent areas, or exploration plan area, that may be adversely 
affected by lease-related activities and which were not previously inventoried at such a level 
of intensity.  The inventory shall be conducted by a qualified professional cultural resource 
specialist (i.e., archeologist, historian, historical architect, as appropriate), approved by the 
Authorized Officer of the surface managing agency (BLM, if the surface is privately owned), 
and a report of the inventory and recommendations for protecting any cultural resources 
identified shall be submitted to the Regional Director of the Western Region of the Office of 
Surface Mining (the Western Regional Director), the Authorized Officer of the BLM, if 
activities are associated with coal exploration outside an approved mining permit area 
(hereinafter called Authorized Officer), and the Authorized Officer of the surface managing 
agency, if different.  The lessee shall undertake measures, in accordance with instructions 
from the Western Regional Director, or Authorized Officer, to protect cultural resources on 
the leased lands.  The lessee shall not commence the surface disturbing activities until 
permission to proceed is given by the Western Regional Director or Authorized Officer. 

2) Any existing Class III inventory report covering the lease area that has not received 
federal agency review must be reviewed and accepted by the agency, site NRHP eligibility 
determinations made, and consultation with the State Historic Preservation Officer completed 
before any surface disturbing activities take place. 

(3) The lessee shall protect all cultural resource properties that have been determined eligible 
or unevaluated to the National Register of Historic Places within the lease area from lease-
related activities until the cultural resource mitigation measures or site evaluations can be 
implemented as part of an approved mining and reclamation or exploration plan unless 
modified by mutual agreement in consultation with the State Historic Preservation Officer. 
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(4) The cost of conducting the inventory, preparing reports, and carrying out mitigation 
measures shall be borne by the lessee. 

(5) If cultural resources are discovered during operations under this lease, the lessee shall 
immediately bring them to the attention of the Western Regional Director or Authorized 
Officer, or the Authorized Officer of the surface managing agency if the Western Regional 
Director is not available.  The lessee shall not disturb such resources except as may be 
subsequently authorized by the Western Regional Director or Authorized Officer.  Within 
two (2) working days of notification, the Western Regional Director or Authorized Officer 
will evaluate or have evaluated any cultural resources discovered and will determine if any 
action may be required to protect or preserve such discoveries.  The cost of data recovery for 
cultural resources discovered during lease operations shall be borne by the lessee unless 
otherwise specified by the Authorized Officer of the BLM or of the surface managing 
agency, if different. 

(6) All cultural resources shall remain under the jurisdiction of the United States until 
ownership is determined under applicable law. 

(b) 	 PALEONTOLOGICAL RESOURCES 

If paleontological resources, either large and conspicuous, and/or of significant scientific 
value, are discovered during mining operations, the find will be reported to the Authorized 
Officer immediately.  Mining operations will be suspended within 250 feet of said find.  An 
evaluation of the paleontological discovery will be made by a BLM-approved professional 
paleontologist within five (5) working days, weather permitting, to determine the appropriate 
action(s) to prevent the potential loss of any significant paleontological value.  Operations 
within 250 feet of such discovery will not be resumed until written authorization to proceed 
is issued by the Authorized Officer.  The lessee will bear the cost of any required 
paleontological appraisals, surface collection of fossils, or salvage of any large conspicuous 
fossils of significant scientific interest discovered during the operations. 

(c)	 THREATENED, ENDANGERED, CANDIDATE, OR OTHER SPECIAL STATUS 
  PLANT AND ANIMAL SPECIES 

(1)  The lease area may now or hereafter contain plants, animals, or their habitats determined 
to be threatened or endangered under the Endangered Species Act of 1973, as amended, 16 
U.S.C. 1531 et seq., or that have other special status.  The Authorized Officer may 
recommend modifications to exploration and development proposals to further conservation 
and management objectives or to avoid activity that will contribute to a need to list such 
species or their habitat or to comply with any biological opinion issued by the U.S. Fish and 
Wildlife Service for the Proposed Action.  The Authorized Officer will not approve any 
ground disturbing activity that may affect any such species or critical habitat until it 
completes its obligations under applicable requirements of the Endangered Species Act.  The 
Authorized Officer may require modifications to, or disapprove a proposed activity that is 
likely to result in jeopardy to the continued existence of a proposed or listed threatened or 
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endangered species, or result in the destruction or adverse modification of designated or 
proposed critical habitat. 

(2) The lessee shall comply with instructions from the Authorized Officer of the surface 
managing agency (BLM, if the surface is private) for ground disturbing activities associated 
with coal exploration on federal coal leases prior to approval of a mining and reclamation 
permit or outside an approved mining and reclamation permit area.  The lessee shall comply 
with instructions from the Authorized Officer of the Office of Surface Mining Reclamation 
and Enforcement, or his designated representative, for all ground disturbing activities taking 
place within an approved mining and reclamation permit area or associated with such a 
permit. 

(3)  Any potential habitat that has not already been surveyed for Ute ladies’-tresses within the 
project area shall be identified and surveyed prior to surface mining activities. 

(d) MULTIPLE MINERAL DEVELOPMENT 

Operations will not be approved which, in the opinion of the Authorized Officer, would 
unreasonably interfere with the orderly development and/or production from a valid 
existing mineral lease issued prior to this one for the same lands. 

(e) OIL AND GAS/COAL RESOURCES 

The BLM realizes that coal mining operations conducted on Federal coal leases issued 
within producing oil and gas fields may interfere with the economic recovery of oil and 
gas, just as Federal oil and gas leases issued in a Federal coal lease area may inhibit coal 
recovery.  BLM retains the authority to alter and/or modify the resource recovery and 
protection plans for coal operations and/or oil and gas operations on those lands covered by 
Federal mineral leases so as to obtain maximum resource recovery. 

(f) RESOURCE RECOVERY AND PROTECTION 

Notwithstanding the approval of a resource recovery and protection plan (R2P2) by the 
BLM, the lessor reserves the right to seek damages against the operator/lessee in the event (i) 
the operator/lessee fails to achieve maximum economic recovery (MER) (as defined at 43 
CFR 3480.0-5(21)) of the recoverable coal reserves or (ii) the operator/lessee is determined 
to have caused a wasting of recoverable coal reserves.  Damages shall be measured on the 
basis of the royalty that would have been payable on the wasted or unrecovered coal. 

The parties recognize that under an approved R2P2, conditions may require a modification 
by the operator/lessee of that plan.  In the event a coal bed or portion thereof is not to be 
mined or is rendered unmineable by the operation, the operator/lessee shall submit 
appropriate justification to obtain approval by the Authorized Officer to leave such reserves 
unmined. Upon approval by the Authorized Officer, such coal beds or portions thereof shall 
not be subject to damages as described above. Further, nothing in this section shall prevent 
the operator/lessee from exercising its right to relinquish all or a portion of the lease as 
authorized by statute and regulation. 
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In the event the Authorized Officer determines that the R2P2, as approved, will not attain 
MER as the result of changed conditions, the Authorized Officer will give proper notice to 
the operator/lessee as required under applicable regulations.  The Authorized Officer will 
order a modification if necessary, identifying additional reserves to be mined in order to 
attain MER. Upon a final administrative or judicial ruling upholding such an ordered 
modification, any reserves left unmined (wasted) under that plan will be subject to damages 
as described in the first paragraph under this section. 

Subject to the right to appeal hereinafter set forth, payment of the value of the royalty on 
such unmined recoverable coal reserves shall become due and payable upon determination by 
the Authorized Officer that the coal reserves have been rendered unmineable or at such time 
that the operator/lessee has demonstrated an unwillingness to extract the coal. 

The BLM may enforce this provision either by issuing a written decision requiring payment 
of the Office of Natural Resources Revenue (formerly known as Mineral Management 
Service) demand for such royalties, or by issuing a notice of non-compliance.  A decision or 
notice of non-compliance issued by the lessor that payment is due under this stipulation is 
appealable as allowed by law. 

(g) PUBLIC LAND SURVEY PROTECTION 

The lessee will protect all survey monuments, witness corners, reference monuments, and 
bearing trees against destruction, obliteration, or damage during operations on the lease 
areas. If any monuments, corners or accessories are destroyed, obliterated, or damaged by 
this operation, the lessee will hire an appropriate county surveyor or registered land 
surveyor to reestablish or restore the monuments, corners, or accessories at the same 
location, using surveying procedures in accordance with the "Manual of Surveying 
Instructions for the Survey of the Public Lands of the United States."  The survey will be 
recorded in the appropriate county records, with a copy sent to the Authorized Officer. 
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ADDITIONAL SPECIAL STIPULATIONS FOR THE
 
NORTH PORCUPINE COAL TRACT (WYW173408) 


(h) PUBLIC ROAD RIGHT-OF-WAY AND BUFFER ZONE 

No mining activity of any kind may be conducted within the Antelope Road (Campbell 
County Road 4), Mackey Road, or Matheson Road rights-of-way and associated 100-foot 
buffer zones while these public roads remain in their current (2009) locations.  The lessee 
shall recover all legally and economically recoverable coal from all leased lands not within 
the foregoing rights-of-way and associated buffer zones.  If permits are obtained to relocate 
these roads and are approved by the appropriate authority, the lessee shall recover all legally 
and economically recoverable coal from all leased lands within the foregoing rights-of-way 
and associated buffer zone. The lessee shall pay all royalties on any legally and 
economically recoverable coal which it fails to mine without the written permission of the 
Authorized Officer.       

(i) RAILROAD RIGHT-OF-WAY AND BUFFER ZONE 

No mining activity of any kind may be conducted within the Burlington Northern Santa Fe & 
Union Pacific railroad right-of-way and associated 100-foot buffer zone.  The lessee shall 
recover all legally and economically recoverable coal from all leased lands not within the 
foregoing right-of-way.  The lessee shall pay all royalties on any legally and economically 
recoverable coal which it fails to mine without the written permission of the Authorized 
Officer. 

NOTICE FOR LANDS OF THE NATIONAL FOREST SYSTEM 
UNDER JURISDICTION OF DEPARTMENT OF AGRICULTURE 

R2-FS-2820-13 (92) Serial No. WYW173408  

The permittee/lessee 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 
and management of the National Forest System (NFS) when not inconsistent with the rights 
granted by the Secretary of Interior in the permit.  The Secretary of Agriculture's rules and 
regulations must be complied with for (1) all use and occupancy of the NFS prior to approval of 
an exploration plan by the Secretary of the Interior, (2) uses of all existing improvements, such 
as forest development roads, within and outside the area permitted by the Secretary of the 
Interior, and (3) use and occupancy of the NFS not authorized by an exploration plan approved 
by the Secretary of the Interior. 

All matters related to this stipulation are to be addressed to:  
Forest Supervisor 
Medicine Bow-Routt National Forests & Thunder Basin National Grassland 
2468 Jackson Street 
Laramie, WY 82070 
307-745-2300 

who is the authorized representative of the Secretary of Agriculture. 
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_____________________________________  

  

NOTICE 

CULTURAL AND PALEONTOLOGICAL RESOURCES - The FS is responsible for assuring 
that the leased lands are examined to determine if cultural resources are present and to specify 
mitigation measures.  Prior to undertaking any surface-disturbing activities on the lands covered 
by this lease, the lessee or operator, unless notified to the contrary by the FS, shall: 

1.	 Contact the FS to determine if a site specific cultural resource inventory is required. If a 
survey is required, then:  

2. 	 Engage the services of a cultural resource specialist acceptable to the FS to conduct a 
cultural resource inventory of the area of proposed surface disturbance. The operator may 
elect to inventory an area larger than the area of proposed disturbance to cover possible 
site relocation which may result from environmental or other considerations.  An 
acceptable inventory report is to be submitted to the FS for review and approval at the 
time a surface disturbing plan of operation is submitted. 

3.	 Implement mitigation measures required by the FS and BLM to preserve or avoid 
destruction of cultural resource values. Mitigation may include relocation of proposed 
facilities, testing, salvage, and recordation or other protective measures.  All costs of the 
inventory and mitigation will be borne by the lessee or operator, and all data and 
materials salvaged will remain under the jurisdiction of the U.S. Government as 
appropriate. 

The lessee or operator shall immediately bring to the attention of the FS and BLM any cultural or 
paleontological resources or any other objects of scientific interest discovered as a result of 
surface operations under this lease, and shall leave such discoveries intact until directed to 
proceed by FS and BLM. 

ENDANGERED OR THREATENED SPECIES - The FS is responsible for assuring that the 
leased land is examined prior to undertaking any surface-disturbing activities to determine 
effects upon any plant or animal species listed or proposed for listing as endangered or 
threatened, or their habitats.  The findings of this examination may result in some restrictions to 
the operator's plans or even disallow use and occupancy that would be in violation of the 
Endangered Species Act of 1973 by detrimentally affecting endangered or threatened species or 
their habitats. 

The lessee/operator may, unless notified by the FS that the examination is not necessary, conduct 
the examination on the leased lands at his discretion and cost.  This examination must be done by 
or under the supervision of a qualified resource specialist approved by the FS.  An acceptable 
report must be provided to the FS identifying the anticipated effects of a proposed action on 
endangered or threatened species or their habitats. 

Signature of Licensee/Permittee/Lessee 
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Exhibit 6 
 

EIA Form 923 Data for North Antelope Rochelle coal mine (2010) 
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Data Extracted from EIA Form 423 and 923 Data for 2010, Presents Coal-fired Power Plants Fueled by North Antelope Rochelle Coal Mine
Prepared by Jeremy Nichols, Climate and Energy Program Director for WildEarth Guardians, Aug. 26, 2011

Year Month Plant ID Plant Name State Energy_
Source

Fuel_
Grou

p

CoalMine
_Type

CoalMi
ne_Stat

e

CoalMine
_County CoalMine_Name Supplier Quantity Operator Name

2010 5 47 Colbert AL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 24,018 Tennessee Valley Authority
2010 2 47 Colbert AL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE POWDER RIVER 23,272 Tennessee Valley Authority
2010 6 47 Colbert AL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 20,862 Tennessee Valley Authority
2010 4 47 Colbert AL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 10,428 Tennessee Valley Authority
2010 11 47 Colbert AL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 10,103 Tennessee Valley Authority
2010 3 47 Colbert AL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 8,791 Tennessee Valley Authority
2010 1 47 Colbert AL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE POWDER RIVER 7,786 Tennessee Valley Authority
2010 2 47 Colbert AL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 3,923 Tennessee Valley Authority
2010 7 47 Colbert AL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 2,403 Tennessee Valley Authority
2010 7 47 Colbert AL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 2,060 Tennessee Valley Authority
2010 7 47 Colbert AL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 705 Tennessee Valley Authority
2010 3 47 Colbert AL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 699 Tennessee Valley Authority
2010 1 47 Colbert AL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 446 Tennessee Valley Authority
2010 6 47 Colbert AL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 290 Tennessee Valley Authority
2010 8 47 Colbert AL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 246 Tennessee Valley Authority
2010 2 47 Colbert AL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 99 Tennessee Valley Authority
2010 8 6002 James H Miller Jr AL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE POWDER RIVER 351,577 Alabama Power Co
2010 7 6002 James H Miller Jr AL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 303,914 Alabama Power Co
2010 11 6002 James H Miller Jr AL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE POWDER RIVER 303,597 Alabama Power Co
2010 12 6002 James H Miller Jr AL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE POWDER RIVER 302,518 Alabama Power Co
2010 10 6002 James H Miller Jr AL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE POWDER RIVER 301,159 Alabama Power Co
2010 9 6002 James H Miller Jr AL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 271,897 Alabama Power Co
2010 5 6002 James H Miller Jr AL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 175,600 Alabama Power Co
2010 2 6002 James H Miller Jr AL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 143,312 Alabama Power Co
2010 3 6002 James H Miller Jr AL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 127,250 Alabama Power Co
2010 1 6002 James H Miller Jr AL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 94,697 Alabama Power Co
2010 11 6138 Flint Creek AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 137,199 Southwestern Electric Power Co
2010 9 6138 Flint Creek AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 105,855 Southwestern Electric Power Co
2010 4 6138 Flint Creek AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE Peabody COALSALES 91,128 Southwestern Electric Power Co
2010 2 6138 Flint Creek AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES 90,486 Southwestern Electric Power Co
2010 8 6138 Flint Creek AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 76,531 Southwestern Electric Power Co
2010 10 6138 Flint Creek AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 76,344 Southwestern Electric Power Co
2010 6 6138 Flint Creek AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 75,128 Southwestern Electric Power Co
2010 12 6138 Flint Creek AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 74,870 Southwestern Electric Power Co
2010 5 6138 Flint Creek AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 60,801 Southwestern Electric Power Co
2010 1 6138 Flint Creek AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES 60,448 Southwestern Electric Power Co
2010 3 6138 Flint Creek AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES 45,513 Southwestern Electric Power Co
2010 7 6138 Flint Creek AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 45,341 Southwestern Electric Power Co
2010 4 6138 Flint Creek AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES 30,278 Southwestern Electric Power Co
2010 9 6641 Independence AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE POWDER RIVER 570,675 Entergy Arkansas Inc
2010 12 6641 Independence AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE POWDER RIVER 488,240 Entergy Arkansas Inc
2010 2 6641 Independence AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE POWDER RIVER 441,811 Entergy Arkansas Inc
2010 1 6641 Independence AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE POWDER RIVER 418,882 Entergy Arkansas Inc
2010 8 6641 Independence AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE POWDER RIVER 376,231 Entergy Arkansas Inc
2010 6 6641 Independence AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE POWDER RIVER 358,723 Entergy Arkansas Inc
2010 7 6641 Independence AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE POWDER RIVER 358,354 Entergy Arkansas Inc
2010 3 6641 Independence AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE POWDER RIVER 342,630 Entergy Arkansas Inc
2010 4 6641 Independence AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE POWDER RIVER 295,602 Entergy Arkansas Inc
2010 10 6641 Independence AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE POWDER RIVER 277,289 Entergy Arkansas Inc
2010 5 6641 Independence AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE POWDER RIVER 195,475 Entergy Arkansas Inc
2010 11 6641 Independence AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE POWDER RIVER 147,096 Entergy Arkansas Inc
2010 4 6641 Independence AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY 98,436 Entergy Arkansas Inc
2010 11 6641 Independence AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 65,463 Entergy Arkansas Inc
2010 4 6641 Independence AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY 49,468 Entergy Arkansas Inc
2010 7 6641 Independence AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 33,134 Entergy Arkansas Inc
2010 8 6641 Independence AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL TRADE 32,771 Entergy Arkansas Inc
2010 11 6641 Independence AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 16,527 Entergy Arkansas Inc
2010 12 6641 Independence AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 16,434 Entergy Arkansas Inc
2010 5 6641 Independence AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 16,364 Entergy Arkansas Inc
2010 9 6641 Independence AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 16,240 Entergy Arkansas Inc
2010 5 6009 White Bluff AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE POWDER RIVER 292,427 Entergy Arkansas Inc
2010 3 6009 White Bluff AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE POWDER RIVER 245,452 Entergy Arkansas Inc
2010 10 6009 White Bluff AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 179,558 Entergy Arkansas Inc
2010 10 6009 White Bluff AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE POWDER RIVER 178,747 Entergy Arkansas Inc
2010 7 6009 White Bluff AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE POWDER RIVER 163,968 Entergy Arkansas Inc
2010 3 6009 White Bluff AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY 163,637 Entergy Arkansas Inc
2010 12 6009 White Bluff AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 163,253 Entergy Arkansas Inc
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2010 11 6009 White Bluff AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 163,133 Entergy Arkansas Inc
2010 2 6009 White Bluff AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY 147,096 Entergy Arkansas Inc
2010 7 6009 White Bluff AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 146,788 Entergy Arkansas Inc
2010 1 6009 White Bluff AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY 144,128 Entergy Arkansas Inc
2010 6 6009 White Bluff AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 131,151 Entergy Arkansas Inc
2010 8 6009 White Bluff AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 130,826 Entergy Arkansas Inc
2010 6 6009 White Bluff AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE POWDER RIVER 130,771 Entergy Arkansas Inc
2010 5 6009 White Bluff AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 114,969 Entergy Arkansas Inc
2010 5 6009 White Bluff AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 114,760 Entergy Arkansas Inc
2010 9 6009 White Bluff AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 114,713 Entergy Arkansas Inc
2010 3 6009 White Bluff AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY 114,204 Entergy Arkansas Inc
2010 3 6009 White Bluff AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE CLOUD PEAK 114,186 Entergy Arkansas Inc
2010 2 6009 White Bluff AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE POWDER RIVER 114,168 Entergy Arkansas Inc
2010 6 6009 White Bluff AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 98,317 Entergy Arkansas Inc
2010 1 6009 White Bluff AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY 97,641 Entergy Arkansas Inc
2010 12 6009 White Bluff AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE POWDER RIVER 96,744 Entergy Arkansas Inc
2010 1 6009 White Bluff AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE CLOUD PEAK 96,598 Entergy Arkansas Inc
2010 2 6009 White Bluff AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY 96,333 Entergy Arkansas Inc
2010 11 6009 White Bluff AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE POWDER RIVER 81,853 Entergy Arkansas Inc
2010 7 6009 White Bluff AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 81,210 Entergy Arkansas Inc
2010 10 6009 White Bluff AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 66,015 Entergy Arkansas Inc
2010 8 6009 White Bluff AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE POWDER RIVER 65,588 Entergy Arkansas Inc
2010 8 6009 White Bluff AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 65,502 Entergy Arkansas Inc
2010 12 6009 White Bluff AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 65,312 Entergy Arkansas Inc
2010 9 6009 White Bluff AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE POWDER RIVER 64,871 Entergy Arkansas Inc
2010 1 6009 White Bluff AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE POWDER RIVER 49,337 Entergy Arkansas Inc
2010 8 6009 White Bluff AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL TRADE 49,260 Entergy Arkansas Inc
2010 5 6009 White Bluff AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL TRADE 49,129 Entergy Arkansas Inc
2010 9 6009 White Bluff AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 48,741 Entergy Arkansas Inc
2010 6 6009 White Bluff AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL TRADE 48,728 Entergy Arkansas Inc
2010 12 6009 White Bluff AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE ENSERCO 48,571 Entergy Arkansas Inc
2010 2 6009 White Bluff AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE CLOUD PEAK 48,570 Entergy Arkansas Inc
2010 7 6009 White Bluff AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL TRADE 33,073 Entergy Arkansas Inc
2010 11 6009 White Bluff AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 32,836 Entergy Arkansas Inc
2010 1 6009 White Bluff AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE CLOUD PEAK 32,756 Entergy Arkansas Inc
2010 4 6009 White Bluff AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE POWDER RIVER 32,677 Entergy Arkansas Inc
2010 9 6009 White Bluff AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL TRADE 16,402 Entergy Arkansas Inc
2010 4 6009 White Bluff AR SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY 16,248 Entergy Arkansas Inc
2010 12 8223 Springerville AZ SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE CLOUD PEAK 201,450 Tucson Electric Power Co
2010 4 8223 Springerville AZ SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY 145,101 Tucson Electric Power Co
2010 6 8223 Springerville AZ SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 130,811 Tucson Electric Power Co
2010 5 8223 Springerville AZ SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 130,684 Tucson Electric Power Co
2010 8 8223 Springerville AZ SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 116,369 Tucson Electric Power Co
2010 1 8223 Springerville AZ SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE RIO TINTO 115,452 Tucson Electric Power Co
2010 2 8223 Springerville AZ SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY 115,235 Tucson Electric Power Co
2010 10 8223 Springerville AZ SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 114,013 Tucson Electric Power Co
2010 9 8223 Springerville AZ SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 101,246 Tucson Electric Power Co
2010 12 8223 Springerville AZ SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 101,239 Tucson Electric Power Co
2010 1 8223 Springerville AZ SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY 87,408 Tucson Electric Power Co
2010 11 8223 Springerville AZ SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 85,360 Tucson Electric Power Co
2010 7 8223 Springerville AZ SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 72,891 Tucson Electric Power Co
2010 3 8223 Springerville AZ SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY 58,150 Tucson Electric Power Co
2010 4 8223 Springerville AZ SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY 14,555 Tucson Electric Power Co
2010 2 8223 Springerville AZ SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY 14,528 Tucson Electric Power Co
2010 4 492 Martin Drake CO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES II LLC 42,324 Colorado Springs City of
2010 3 492 Martin Drake CO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES II LLC 42,245 Colorado Springs City of
2010 6 492 Martin Drake CO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES II LLC 28,292 Colorado Springs City of
2010 9 492 Martin Drake CO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES II LLC 28,264 Colorado Springs City of
2010 7 492 Martin Drake CO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL TRADE 28,244 Colorado Springs City of
2010 5 492 Martin Drake CO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES II LLC 28,170 Colorado Springs City of
2010 7 492 Martin Drake CO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES II LLC 14,130 Colorado Springs City of
2010 6 492 Martin Drake CO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL TRADE 14,127 Colorado Springs City of
2010 1 492 Martin Drake CO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES II LLC 14,122 Colorado Springs City of
2010 5 492 Martin Drake CO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL TRADE 14,114 Colorado Springs City of
2010 6 492 Martin Drake CO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NRG 14,110 Colorado Springs City of
2010 2 492 Martin Drake CO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES II LLC 14,101 Colorado Springs City of
2010 1 492 Martin Drake CO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES II LLC 14,093 Colorado Springs City of
2010 10 8219 Ray D Nixon CO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES II LLC 98,650 Colorado Springs City of
2010 8 8219 Ray D Nixon CO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES II LLC 70,620 Colorado Springs City of
2010 6 8219 Ray D Nixon CO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES II LLC 70,575 Colorado Springs City of
2010 3 8219 Ray D Nixon CO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES II LLC 70,541 Colorado Springs City of
2010 11 8219 Ray D Nixon CO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES II LLC 70,500 Colorado Springs City of
2010 2 8219 Ray D Nixon CO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES II LLC 70,179 Colorado Springs City of
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2010 9 8219 Ray D Nixon CO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES II LLC 56,470 Colorado Springs City of
2010 1 8219 Ray D Nixon CO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES II LLC 56,272 Colorado Springs City of
2010 1 8219 Ray D Nixon CO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES II LLC 42,350 Colorado Springs City of
2010 7 8219 Ray D Nixon CO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES II LLC 42,321 Colorado Springs City of
2010 7 8219 Ray D Nixon CO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NRG 28,267 Colorado Springs City of
2010 4 8219 Ray D Nixon CO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES II LLC 28,244 Colorado Springs City of
2010 5 8219 Ray D Nixon CO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES II LLC 28,233 Colorado Springs City of
2010 6 8219 Ray D Nixon CO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL TRADE 28,224 Colorado Springs City of
2010 12 8219 Ray D Nixon CO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES II LLC 28,198 Colorado Springs City of
2010 6 8219 Ray D Nixon CO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NRG 14,124 Colorado Springs City of
2010 4 6257 Scherer GA SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 189,411 Georgia Power Co
2010 1 6257 Scherer GA SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 189,243 Georgia Power Co
2010 6 6257 Scherer GA SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 160,586 Georgia Power Co
2010 5 6257 Scherer GA SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 148,135 Georgia Power Co
2010 3 6257 Scherer GA SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 131,450 Georgia Power Co
2010 2 6257 Scherer GA SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 102,493 Georgia Power Co
2010 1 6257 Scherer GA SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 44,104 Georgia Power Co
2010 1 6257 Scherer GA SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 29,916 Georgia Power Co
2010 1 6257 Scherer GA SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 29,765 Georgia Power Co
2010 1 6257 Scherer GA SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE POWDER RIVER 29,349 Georgia Power Co
2010 11 10864 Archer Daniels Midland Cedar RapidsIA SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY 97,457 Archer Daniels Midland Co
2010 7 10864 Archer Daniels Midland Cedar RapidsIA SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY 81,533 Archer Daniels Midland Co
2010 10 10864 Archer Daniels Midland Cedar RapidsIA SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY 81,288 Archer Daniels Midland Co
2010 8 10864 Archer Daniels Midland Cedar RapidsIA SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY 65,858 Archer Daniels Midland Co
2010 6 10864 Archer Daniels Midland Cedar RapidsIA SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY 65,240 Archer Daniels Midland Co
2010 9 10864 Archer Daniels Midland Cedar RapidsIA SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY 65,126 Archer Daniels Midland Co
2010 12 10864 Archer Daniels Midland Cedar RapidsIA SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY 63,308 Archer Daniels Midland Co
2010 5 10864 Archer Daniels Midland Cedar RapidsIA SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY 61,859 Archer Daniels Midland Co
2010 6 10865 Archer Daniels Midland DecaturIL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 15,916 Archer Daniels Midland Co
2010 11 889 Baldwin Energy Complex IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE DYNEGY COAL TRANDING AND TRANSPORTATION694,360 Dynegy Midwest Generation Inc
2010 12 889 Baldwin Energy Complex IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE DYNEGY COAL TRANDING AND TRANSPORTATION693,770 Dynegy Midwest Generation Inc
2010 10 889 Baldwin Energy Complex IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE DYNEGY COAL TRANDING AND TRANSPORTATION666,363 Dynegy Midwest Generation Inc
2010 3 889 Baldwin Energy Complex IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE DYNEGY COAL TRANDING AND TRANSPORTATION663,918 Dynegy Midwest Generation Inc
2010 9 889 Baldwin Energy Complex IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE DYNEGY COAL TRANDING AND TRANSPORTATION646,598 Dynegy Midwest Generation Inc
2010 2 889 Baldwin Energy Complex IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE DYNEGY COAL TRANDING AND TRANSPORTATION624,969 Dynegy Midwest Generation Inc
2010 8 889 Baldwin Energy Complex IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE DYNEGY COAL TRANDING AND TRANSPORTATION553,855 Dynegy Midwest Generation Inc
2010 1 889 Baldwin Energy Complex IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE DYNEGY COAL TRANDING AND TRANSPORTATION549,933 Dynegy Midwest Generation Inc
2010 7 889 Baldwin Energy Complex IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE DYNEGY COAL TRANDING AND TRANSPORTATION523,206 Dynegy Midwest Generation Inc
2010 4 889 Baldwin Energy Complex IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE DYNEGY COAL TRANDING AND TRANSPORTATION521,596 Dynegy Midwest Generation Inc
2010 5 889 Baldwin Energy Complex IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE DYNEGY COAL TRANDING AND TRANSPORTATION502,962 Dynegy Midwest Generation Inc
2010 6 889 Baldwin Energy Complex IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE DYNEGY COAL TRANDING AND TRANSPORTATION482,074 Dynegy Midwest Generation Inc
2010 10 861 Coffeen IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 180,184 Ameren Energy Generating Co
2010 8 861 Coffeen IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 166,983 Ameren Energy Generating Co
2010 3 861 Coffeen IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 152,888 Ameren Energy Generating Co
2010 6 861 Coffeen IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 139,035 Ameren Energy Generating Co
2010 9 861 Coffeen IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 125,319 Ameren Energy Generating Co
2010 4 861 Coffeen IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 125,217 Ameren Energy Generating Co
2010 5 861 Coffeen IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 124,792 Ameren Energy Generating Co
2010 12 861 Coffeen IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 124,460 Ameren Energy Generating Co
2010 12 861 Coffeen IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 110,616 Ameren Energy Generating Co
2010 11 861 Coffeen IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 97,337 Ameren Energy Generating Co
2010 11 861 Coffeen IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 83,319 Ameren Energy Generating Co
2010 7 861 Coffeen IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 69,724 Ameren Energy Generating Co
2010 7 861 Coffeen IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 42,118 Ameren Energy Generating Co
2010 6 861 Coffeen IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 41,975 Ameren Energy Generating Co
2010 4 861 Coffeen IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 41,862 Ameren Energy Generating Co
2010 3 861 Coffeen IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 41,771 Ameren Energy Generating Co
2010 2 861 Coffeen IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 41,757 Ameren Energy Generating Co
2010 10 861 Coffeen IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 41,719 Ameren Energy Generating Co
2010 1 861 Coffeen IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 41,600 Ameren Energy Generating Co
2010 5 861 Coffeen IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 41,599 Ameren Energy Generating Co
2010 9 861 Coffeen IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 41,589 Ameren Energy Generating Co
2010 8 861 Coffeen IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 41,493 Ameren Energy Generating Co
2010 11 861 Coffeen IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 41,448 Ameren Energy Generating Co
2010 2 861 Coffeen IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 27,783 Ameren Energy Generating Co
2010 1 861 Coffeen IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 27,483 Ameren Energy Generating Co
2010 1 861 Coffeen IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 13,669 Ameren Energy Generating Co
2010 5 867 Crawford IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 103,775 Midwest Generations EME LLC
2010 6 867 Crawford IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 87,245 Midwest Generations EME LLC
2010 7 867 Crawford IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 67,356 Midwest Generations EME LLC
2010 4 867 Crawford IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY 66,523 Midwest Generations EME LLC
2010 2 867 Crawford IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL 57,374 Midwest Generations EME LLC
2010 1 867 Crawford IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL 55,784 Midwest Generations EME LLC
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2010 3 867 Crawford IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY 33,861 Midwest Generations EME LLC
2010 10 867 Crawford IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 31,535 Midwest Generations EME LLC
2010 11 867 Crawford IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 29,382 Midwest Generations EME LLC
2010 12 867 Crawford IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 15,400 Midwest Generations EME LLC
2010 9 867 Crawford IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 8,268 Midwest Generations EME LLC
2010 4 6016 Duck Creek IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 81,437 Ameren Energy Resources Generating Co.
2010 7 6016 Duck Creek IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 81,142 Ameren Energy Resources Generating Co.
2010 5 6016 Duck Creek IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 81,067 Ameren Energy Resources Generating Co.
2010 3 6016 Duck Creek IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 78,924 Ameren Energy Resources Generating Co.
2010 12 6016 Duck Creek IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 65,276 Ameren Energy Resources Generating Co.
2010 2 6016 Duck Creek IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 63,448 Ameren Energy Resources Generating Co.
2010 10 6016 Duck Creek IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 49,112 Ameren Energy Resources Generating Co.
2010 9 6016 Duck Creek IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 49,094 Ameren Energy Resources Generating Co.
2010 6 6016 Duck Creek IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 32,803 Ameren Energy Resources Generating Co.
2010 11 6016 Duck Creek IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 32,799 Ameren Energy Resources Generating Co.
2010 1 6016 Duck Creek IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL 29,941 Ameren Energy Resources Generating Co.
2010 1 6016 Duck Creek IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL 16,018 Ameren Energy Resources Generating Co.
2010 12 856 E D Edwards IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 175,862 Ameren Energy Resources Generating Co.
2010 9 856 E D Edwards IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 150,225 Ameren Energy Resources Generating Co.
2010 11 856 E D Edwards IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 148,340 Ameren Energy Resources Generating Co.
2010 4 856 E D Edwards IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 147,235 Ameren Energy Resources Generating Co.
2010 7 856 E D Edwards IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 131,690 Ameren Energy Resources Generating Co.
2010 8 856 E D Edwards IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 131,281 Ameren Energy Resources Generating Co.
2010 3 856 E D Edwards IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 113,418 Ameren Energy Resources Generating Co.
2010 6 856 E D Edwards IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 99,046 Ameren Energy Resources Generating Co.
2010 5 856 E D Edwards IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 98,298 Ameren Energy Resources Generating Co.
2010 1 856 E D Edwards IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL 79,937 Ameren Energy Resources Generating Co.
2010 2 856 E D Edwards IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 78,965 Ameren Energy Resources Generating Co.
2010 10 856 E D Edwards IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 49,284 Ameren Energy Resources Generating Co.
2010 10 856 E D Edwards IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 48,999 Ameren Energy Resources Generating Co.
2010 2 856 E D Edwards IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 47,933 Ameren Energy Resources Generating Co.
2010 2 856 E D Edwards IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 47,818 Ameren Energy Resources Generating Co.
2010 1 856 E D Edwards IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL 46,227 Ameren Energy Resources Generating Co.
2010 1 856 E D Edwards IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL 45,670 Ameren Energy Resources Generating Co.
2010 10 856 E D Edwards IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 33,664 Ameren Energy Resources Generating Co.
2010 8 856 E D Edwards IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 33,152 Ameren Energy Resources Generating Co.
2010 3 856 E D Edwards IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 32,904 Ameren Energy Resources Generating Co.
2010 7 856 E D Edwards IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 16,551 Ameren Energy Resources Generating Co.
2010 6 856 E D Edwards IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 16,531 Ameren Energy Resources Generating Co.
2010 4 856 E D Edwards IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 16,507 Ameren Energy Resources Generating Co.
2010 4 856 E D Edwards IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 16,410 Ameren Energy Resources Generating Co.
2010 9 856 E D Edwards IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 16,410 Ameren Energy Resources Generating Co.
2010 6 856 E D Edwards IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 16,405 Ameren Energy Resources Generating Co.
2010 11 856 E D Edwards IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 16,383 Ameren Energy Resources Generating Co.
2010 5 856 E D Edwards IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 16,376 Ameren Energy Resources Generating Co.
2010 3 856 E D Edwards IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 16,345 Ameren Energy Resources Generating Co.
2010 5 856 E D Edwards IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 16,341 Ameren Energy Resources Generating Co.
2010 8 856 E D Edwards IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 16,257 Ameren Energy Resources Generating Co.
2010 7 886 Fisk Street IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 58,057 Midwest Generations EME LLC
2010 2 886 Fisk Street IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 44,829 Midwest Generations EME LLC
2010 6 886 Fisk Street IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 42,410 Midwest Generations EME LLC
2010 8 886 Fisk Street IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 40,050 Midwest Generations EME LLC
2010 1 886 Fisk Street IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 36,650 Midwest Generations EME LLC
2010 9 886 Fisk Street IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 31,702 Midwest Generations EME LLC
2010 3 886 Fisk Street IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY 29,952 Midwest Generations EME LLC
2010 10 886 Fisk Street IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 24,697 Midwest Generations EME LLC
2010 11 886 Fisk Street IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 20,478 Midwest Generations EME LLC
2010 4 886 Fisk Street IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 7,577 Midwest Generations EME LLC
2010 12 886 Fisk Street IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 7,524 Midwest Generations EME LLC
2010 2 891 Havana IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE DYNEGY COAL TRANDING AND TRANSPORTATION212,741 Dynegy Midwest Generation Inc
2010 11 891 Havana IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE DYNEGY COAL TRANDING AND TRANSPORTATION203,506 Dynegy Midwest Generation Inc
2010 9 891 Havana IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE DYNEGY COAL TRANDING AND TRANSPORTATION188,084 Dynegy Midwest Generation Inc
2010 3 891 Havana IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE DYNEGY COAL TRANDING AND TRANSPORTATION173,056 Dynegy Midwest Generation Inc
2010 7 891 Havana IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE DYNEGY COAL TRANDING AND TRANSPORTATION172,830 Dynegy Midwest Generation Inc
2010 5 891 Havana IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE DYNEGY COAL TRANDING AND TRANSPORTATION172,052 Dynegy Midwest Generation Inc
2010 4 891 Havana IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE DYNEGY COAL TRANDING AND TRANSPORTATION171,729 Dynegy Midwest Generation Inc
2010 1 891 Havana IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE DYNEGY COAL TRANDING AND TRANSPORTATION169,858 Dynegy Midwest Generation Inc
2010 12 891 Havana IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE DYNEGY COAL TRANDING AND TRANSPORTATION154,732 Dynegy Midwest Generation Inc
2010 8 891 Havana IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE DYNEGY COAL TRANDING AND TRANSPORTATION140,789 Dynegy Midwest Generation Inc
2010 6 891 Havana IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE DYNEGY COAL TRANDING AND TRANSPORTATION123,703 Dynegy Midwest Generation Inc
2010 9 384 Joliet 29 IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 255,288 Midwest Generations EME LLC
2010 5 384 Joliet 29 IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 253,576 Midwest Generations EME LLC
2010 3 384 Joliet 29 IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL 248,515 Midwest Generations EME LLC
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2010 6 384 Joliet 29 IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 245,158 Midwest Generations EME LLC
2010 2 384 Joliet 29 IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL 236,062 Midwest Generations EME LLC
2010 8 384 Joliet 29 IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 187,476 Midwest Generations EME LLC
2010 7 384 Joliet 29 IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 172,963 Midwest Generations EME LLC
2010 4 384 Joliet 29 IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL 168,918 Midwest Generations EME LLC
2010 11 384 Joliet 29 IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 144,574 Midwest Generations EME LLC
2010 1 384 Joliet 29 IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL 136,134 Midwest Generations EME LLC
2010 10 384 Joliet 29 IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 130,379 Midwest Generations EME LLC
2010 12 384 Joliet 29 IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 94,333 Midwest Generations EME LLC
2010 5 874 Joliet 9 IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 90,065 Midwest Generations EME LLC
2010 6 874 Joliet 9 IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 66,071 Midwest Generations EME LLC
2010 1 874 Joliet 9 IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL 65,920 Midwest Generations EME LLC
2010 9 874 Joliet 9 IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 55,531 Midwest Generations EME LLC
2010 10 874 Joliet 9 IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 50,264 Midwest Generations EME LLC
2010 7 874 Joliet 9 IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 40,442 Midwest Generations EME LLC
2010 11 874 Joliet 9 IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 34,829 Midwest Generations EME LLC
2010 4 874 Joliet 9 IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY 27,038 Midwest Generations EME LLC
2010 8 874 Joliet 9 IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 26,213 Midwest Generations EME LLC
2010 12 874 Joliet 9 IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 14,717 Midwest Generations EME LLC
2010 3 874 Joliet 9 IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL 12,264 Midwest Generations EME LLC
2010 2 874 Joliet 9 IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL 3,355 Midwest Generations EME LLC
2010 7 887 Joppa Steam IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 80,159 Electric Energy Inc
2010 3 887 Joppa Steam IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 64,059 Electric Energy Inc
2010 10 887 Joppa Steam IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 47,707 Electric Energy Inc
2010 1 887 Joppa Steam IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 47,538 Electric Energy Inc
2010 11 887 Joppa Steam IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 32,173 Electric Energy Inc
2010 8 887 Joppa Steam IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 32,059 Electric Energy Inc
2010 2 887 Joppa Steam IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 32,007 Electric Energy Inc
2010 5 887 Joppa Steam IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 31,874 Electric Energy Inc
2010 12 887 Joppa Steam IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 31,730 Electric Energy Inc
2010 6 887 Joppa Steam IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 16,115 Electric Energy Inc
2010 4 887 Joppa Steam IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 16,045 Electric Energy Inc
2010 9 887 Joppa Steam IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 16,014 Electric Energy Inc
2010 6 876 Kincaid Generation LLC IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 129,627 Dominion Energy Services Co
2010 5 876 Kincaid Generation LLC IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 95,698 Dominion Energy Services Co
2010 7 876 Kincaid Generation LLC IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 95,500 Dominion Energy Services Co
2010 8 876 Kincaid Generation LLC IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 95,367 Dominion Energy Services Co
2010 9 876 Kincaid Generation LLC IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 95,159 Dominion Energy Services Co
2010 12 876 Kincaid Generation LLC IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 95,024 Dominion Energy Services Co
2010 5 876 Kincaid Generation LLC IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 92,878 Dominion Energy Services Co
2010 4 876 Kincaid Generation LLC IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 80,162 Dominion Energy Services Co
2010 10 876 Kincaid Generation LLC IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 80,120 Dominion Energy Services Co
2010 6 876 Kincaid Generation LLC IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 80,095 Dominion Energy Services Co
2010 4 876 Kincaid Generation LLC IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 80,086 Dominion Energy Services Co
2010 3 876 Kincaid Generation LLC IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 79,833 Dominion Energy Services Co
2010 1 876 Kincaid Generation LLC IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 77,403 Dominion Energy Services Co
2010 11 876 Kincaid Generation LLC IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 64,198 Dominion Energy Services Co
2010 11 876 Kincaid Generation LLC IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 64,096 Dominion Energy Services Co
2010 10 876 Kincaid Generation LLC IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 63,780 Dominion Energy Services Co
2010 12 876 Kincaid Generation LLC IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 63,749 Dominion Energy Services Co
2010 1 876 Kincaid Generation LLC IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 63,554 Dominion Energy Services Co
2010 2 876 Kincaid Generation LLC IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 63,150 Dominion Energy Services Co
2010 2 876 Kincaid Generation LLC IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 63,129 Dominion Energy Services Co
2010 7 876 Kincaid Generation LLC IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 48,259 Dominion Energy Services Co
2010 9 876 Kincaid Generation LLC IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 48,100 Dominion Energy Services Co
2010 3 876 Kincaid Generation LLC IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 47,707 Dominion Energy Services Co
2010 8 876 Kincaid Generation LLC IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 32,023 Dominion Energy Services Co
2010 7 876 Kincaid Generation LLC IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 31,846 Dominion Energy Services Co
2010 2 864 Meredosia IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 39,071 Ameren Energy Generating Co
2010 3 864 Meredosia IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 31,997 Ameren Energy Generating Co
2010 8 864 Meredosia IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 30,448 Ameren Energy Generating Co
2010 6 864 Meredosia IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 29,442 Ameren Energy Generating Co
2010 3 864 Meredosia IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 24,412 Ameren Energy Generating Co
2010 7 864 Meredosia IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 24,321 Ameren Energy Generating Co
2010 12 864 Meredosia IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 24,054 Ameren Energy Generating Co
2010 6 864 Meredosia IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 22,858 Ameren Energy Generating Co
2010 7 864 Meredosia IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 22,858 Ameren Energy Generating Co
2010 5 864 Meredosia IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 18,366 Ameren Energy Generating Co
2010 1 864 Meredosia IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 16,324 Ameren Energy Generating Co
2010 4 864 Meredosia IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 16,135 Ameren Energy Generating Co
2010 2 864 Meredosia IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 14,447 Ameren Energy Generating Co
2010 8 864 Meredosia IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 9,283 Ameren Energy Generating Co
2010 4 864 Meredosia IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 8,493 Ameren Energy Generating Co
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2010 5 864 Meredosia IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 7,758 Ameren Energy Generating Co
2010 9 864 Meredosia IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 1,885 Ameren Energy Generating Co
2010 2 6017 Newton IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 51,364 Ameren Energy Generating Co
2010 7 6017 Newton IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 34,611 Ameren Energy Generating Co
2010 3 6017 Newton IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL 34,528 Ameren Energy Generating Co
2010 8 6017 Newton IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 34,335 Ameren Energy Generating Co
2010 9 6017 Newton IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 33,745 Ameren Energy Generating Co
2010 4 6017 Newton IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 17,395 Ameren Energy Generating Co
2010 5 6017 Newton IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 17,369 Ameren Energy Generating Co
2010 3 6017 Newton IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL 17,346 Ameren Energy Generating Co
2010 5 6017 Newton IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 17,231 Ameren Energy Generating Co
2010 4 6017 Newton IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 17,217 Ameren Energy Generating Co
2010 7 6017 Newton IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 17,184 Ameren Energy Generating Co
2010 2 6017 Newton IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 17,098 Ameren Energy Generating Co
2010 6 6017 Newton IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 17,025 Ameren Energy Generating Co
2010 1 6017 Newton IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL 15,405 Ameren Energy Generating Co
2010 10 879 Powerton IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 506,418 Midwest Generations EME LLC
2010 8 879 Powerton IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 457,544 Midwest Generations EME LLC
2010 12 879 Powerton IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 443,052 Midwest Generations EME LLC
2010 11 879 Powerton IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 391,340 Midwest Generations EME LLC
2010 3 879 Powerton IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL 387,017 Midwest Generations EME LLC
2010 7 879 Powerton IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 377,222 Midwest Generations EME LLC
2010 4 879 Powerton IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL 374,050 Midwest Generations EME LLC
2010 9 879 Powerton IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 359,741 Midwest Generations EME LLC
2010 2 879 Powerton IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL 285,155 Midwest Generations EME LLC
2010 6 879 Powerton IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL 245,792 Midwest Generations EME LLC
2010 5 879 Powerton IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL 49,200 Midwest Generations EME LLC
2010 3 897 Vermilion IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE DYNEGY COAL TRANDING AND TRANSPORTATION65,719 Dynegy Midwest Generation Inc
2010 4 897 Vermilion IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE DYNEGY COAL TRANDING AND TRANSPORTATION33,186 Dynegy Midwest Generation Inc
2010 9 883 Waukegan IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 32,806 Midwest Generations EME LLC
2010 8 883 Waukegan IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 32,639 Midwest Generations EME LLC
2010 12 883 Waukegan IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 32,049 Midwest Generations EME LLC
2010 2 883 Waukegan IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 31,135 Midwest Generations EME LLC
2010 10 883 Waukegan IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 16,500 Midwest Generations EME LLC
2010 6 883 Waukegan IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 16,473 Midwest Generations EME LLC
2010 4 883 Waukegan IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 16,455 Midwest Generations EME LLC
2010 11 883 Waukegan IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 16,442 Midwest Generations EME LLC
2010 7 883 Waukegan IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 16,313 Midwest Generations EME LLC
2010 1 883 Waukegan IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 16,225 Midwest Generations EME LLC
2010 3 883 Waukegan IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 16,156 Midwest Generations EME LLC
2010 5 884 Will County IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 190,423 Midwest Generations EME LLC
2010 7 884 Will County IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 187,175 Midwest Generations EME LLC
2010 4 884 Will County IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 154,000 Midwest Generations EME LLC
2010 1 884 Will County IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 126,661 Midwest Generations EME LLC
2010 9 884 Will County IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 124,052 Midwest Generations EME LLC
2010 8 884 Will County IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 107,637 Midwest Generations EME LLC
2010 2 884 Will County IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 104,980 Midwest Generations EME LLC
2010 6 884 Will County IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 98,921 Midwest Generations EME LLC
2010 11 884 Will County IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 96,757 Midwest Generations EME LLC
2010 10 884 Will County IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 91,074 Midwest Generations EME LLC
2010 3 884 Will County IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 80,875 Midwest Generations EME LLC
2010 12 884 Will County IL SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 24,874 Midwest Generations EME LLC
2010 4 983 Clifty Creek IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 154,949 Indiana-Kentucky Electric Corp
2010 4 983 Clifty Creek IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 137,572 Indiana-Kentucky Electric Corp
2010 3 983 Clifty Creek IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 102,861 Indiana-Kentucky Electric Corp
2010 6 983 Clifty Creek IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 86,485 Indiana-Kentucky Electric Corp
2010 7 983 Clifty Creek IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 86,414 Indiana-Kentucky Electric Corp
2010 2 983 Clifty Creek IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 86,331 Indiana-Kentucky Electric Corp
2010 5 983 Clifty Creek IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 85,588 Indiana-Kentucky Electric Corp
2010 8 983 Clifty Creek IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 69,320 Indiana-Kentucky Electric Corp
2010 9 983 Clifty Creek IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 68,909 Indiana-Kentucky Electric Corp
2010 11 983 Clifty Creek IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 51,814 Indiana-Kentucky Electric Corp
2010 10 983 Clifty Creek IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 51,809 Indiana-Kentucky Electric Corp
2010 1 983 Clifty Creek IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 48,795 Indiana-Kentucky Electric Corp
2010 6 983 Clifty Creek IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 34,517 Indiana-Kentucky Electric Corp
2010 12 983 Clifty Creek IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 34,427 Indiana-Kentucky Electric Corp
2010 5 983 Clifty Creek IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 34,296 Indiana-Kentucky Electric Corp
2010 7 983 Clifty Creek IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 34,263 Indiana-Kentucky Electric Corp
2010 10 983 Clifty Creek IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 34,224 Indiana-Kentucky Electric Corp
2010 8 983 Clifty Creek IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 34,191 Indiana-Kentucky Electric Corp
2010 9 983 Clifty Creek IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 34,069 Indiana-Kentucky Electric Corp
2010 11 983 Clifty Creek IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 17,221 Indiana-Kentucky Electric Corp
2010 2 997 Michigan City IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE ARCH 70,291 Northern Indiana Pub Serv Co
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2010 3 997 Michigan City IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE ARCH 67,696 Northern Indiana Pub Serv Co
2010 5 997 Michigan City IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE POWDER RIVER 59,919 Northern Indiana Pub Serv Co
2010 4 997 Michigan City IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE POWDER RIVER 59,917 Northern Indiana Pub Serv Co
2010 1 997 Michigan City IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE ARCH 59,647 Northern Indiana Pub Serv Co
2010 7 997 Michigan City IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 45,581 Northern Indiana Pub Serv Co
2010 6 997 Michigan City IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE POWDER RIVER 45,286 Northern Indiana Pub Serv Co
2010 11 997 Michigan City IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE POWDER RIVER 44,418 Northern Indiana Pub Serv Co
2010 8 997 Michigan City IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 29,896 Northern Indiana Pub Serv Co
2010 8 997 Michigan City IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE POWDER RIVER 20,739 Northern Indiana Pub Serv Co
2010 9 997 Michigan City IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE POWDER RIVER 15,180 Northern Indiana Pub Serv Co
2010 10 997 Michigan City IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE POWDER RIVER 15,170 Northern Indiana Pub Serv Co
2010 12 997 Michigan City IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE POWDER RIVER 15,015 Northern Indiana Pub Serv Co
2010 7 997 Michigan City IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE POWDER RIVER 9,246 Northern Indiana Pub Serv Co
2010 9 6085 R M Schahfer IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE POWDER RIVER 90,419 Northern Indiana Pub Serv Co
2010 4 6085 R M Schahfer IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE POWDER RIVER 84,962 Northern Indiana Pub Serv Co
2010 7 6085 R M Schahfer IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 75,244 Northern Indiana Pub Serv Co
2010 10 6085 R M Schahfer IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE POWDER RIVER 75,205 Northern Indiana Pub Serv Co
2010 11 6085 R M Schahfer IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE POWDER RIVER 60,650 Northern Indiana Pub Serv Co
2010 6 6085 R M Schahfer IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE POWDER RIVER 59,775 Northern Indiana Pub Serv Co
2010 12 6085 R M Schahfer IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE POWDER RIVER 57,964 Northern Indiana Pub Serv Co
2010 10 6085 R M Schahfer IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 45,139 Northern Indiana Pub Serv Co
2010 8 6085 R M Schahfer IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE POWDER RIVER 42,134 Northern Indiana Pub Serv Co
2010 1 6085 R M Schahfer IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE POWDER RIVER 40,152 Northern Indiana Pub Serv Co
2010 3 6085 R M Schahfer IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE POWDER RIVER 33,634 Northern Indiana Pub Serv Co
2010 5 6085 R M Schahfer IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE POWDER RIVER 30,495 Northern Indiana Pub Serv Co
2010 11 6085 R M Schahfer IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 30,090 Northern Indiana Pub Serv Co
2010 8 6085 R M Schahfer IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 30,013 Northern Indiana Pub Serv Co
2010 2 6085 R M Schahfer IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE POWDER RIVER 17,986 Northern Indiana Pub Serv Co
2010 9 6085 R M Schahfer IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE ENSERCO 15,022 Northern Indiana Pub Serv Co
2010 7 6085 R M Schahfer IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE POWDER RIVER 2,428 Northern Indiana Pub Serv Co
2010 3 6166 Rockport IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES 616,390 Indiana Michigan Power Co
2010 8 6166 Rockport IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 600,644 Indiana Michigan Power Co
2010 2 6166 Rockport IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES 581,263 Indiana Michigan Power Co
2010 7 6166 Rockport IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 524,679 Indiana Michigan Power Co
2010 10 6166 Rockport IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 505,069 Indiana Michigan Power Co
2010 1 6166 Rockport IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES 449,839 Indiana Michigan Power Co
2010 5 6166 Rockport IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 434,526 Indiana Michigan Power Co
2010 4 6166 Rockport IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE Peabody COALSALES 426,280 Indiana Michigan Power Co
2010 11 6166 Rockport IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 421,364 Indiana Michigan Power Co
2010 9 6166 Rockport IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 311,867 Indiana Michigan Power Co
2010 9 6166 Rockport IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 261,723 Indiana Michigan Power Co
2010 6 6166 Rockport IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 196,600 Indiana Michigan Power Co
2010 6 6166 Rockport IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 181,721 Indiana Michigan Power Co
2010 1 6166 Rockport IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES 135,354 Indiana Michigan Power Co
2010 4 6166 Rockport IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES 116,124 Indiana Michigan Power Co
2010 5 6166 Rockport IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 60,091 Indiana Michigan Power Co
2010 10 6166 Rockport IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 59,013 Indiana Michigan Power Co
2010 6 6166 Rockport IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 2,764 Indiana Michigan Power Co
2010 11 6166 Rockport IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 121 Indiana Michigan Power Co
2010 7 6166 Rockport IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 120 Indiana Michigan Power Co
2010 12 981 State Line Energy IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 206,601 State Line Energy LLC
2010 10 981 State Line Energy IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 82,877 State Line Energy LLC
2010 9 981 State Line Energy IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 41,684 State Line Energy LLC
2010 11 981 State Line Energy IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 41,659 State Line Energy LLC
2010 7 981 State Line Energy IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 27,743 State Line Energy LLC
2010 8 981 State Line Energy IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 27,672 State Line Energy LLC
2010 3 981 State Line Energy IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 27,614 State Line Energy LLC
2010 2 981 State Line Energy IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE ANTELOPE 13,811 State Line Energy LLC
2010 1 981 State Line Energy IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 13,531 State Line Energy LLC
2010 8 988 Tanners Creek IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 137,115 Indiana Michigan Power Co
2010 2 988 Tanners Creek IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES 100,324 Indiana Michigan Power Co
2010 9 988 Tanners Creek IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 100,112 Indiana Michigan Power Co
2010 7 988 Tanners Creek IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 97,228 Indiana Michigan Power Co
2010 11 988 Tanners Creek IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 86,873 Indiana Michigan Power Co
2010 3 988 Tanners Creek IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES 84,948 Indiana Michigan Power Co
2010 4 988 Tanners Creek IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE Peabody COALSALES 80,955 Indiana Michigan Power Co
2010 6 988 Tanners Creek IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 64,474 Indiana Michigan Power Co
2010 10 988 Tanners Creek IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 52,555 Indiana Michigan Power Co
2010 5 988 Tanners Creek IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 43,498 Indiana Michigan Power Co
2010 1 988 Tanners Creek IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES 26,951 Indiana Michigan Power Co
2010 6 988 Tanners Creek IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 16,511 Indiana Michigan Power Co
2010 10 988 Tanners Creek IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 6,779 Indiana Michigan Power Co
2010 4 988 Tanners Creek IN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES 121 Indiana Michigan Power Co
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2010 10 108 Holcomb KS SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 56,796 Sunflower Electric Power Corp
2010 11 108 Holcomb KS SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 56,655 Sunflower Electric Power Corp
2010 6 108 Holcomb KS SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 43,895 Sunflower Electric Power Corp
2010 8 108 Holcomb KS SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 43,677 Sunflower Electric Power Corp
2010 9 108 Holcomb KS SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 42,391 Sunflower Electric Power Corp
2010 12 108 Holcomb KS SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 40,491 Sunflower Electric Power Corp
2010 3 108 Holcomb KS SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 28,610 Sunflower Electric Power Corp
2010 2 108 Holcomb KS SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 14,479 Sunflower Electric Power Corp
2010 3 1241 La Cygne KS SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 30,140 Kansas City Power & Light Co
2010 5 1239 Riverton KS SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 13,302 Empire District Electric Co
2010 8 1239 Riverton KS SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 10,015 Empire District Electric Co
2010 4 1239 Riverton KS SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 9,174 Empire District Electric Co
2010 9 1239 Riverton KS SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 6,949 Empire District Electric Co
2010 11 1239 Riverton KS SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 5,161 Empire District Electric Co
2010 7 1239 Riverton KS SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 4,950 Empire District Electric Co
2010 10 1239 Riverton KS SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 4,921 Empire District Electric Co
2010 6 1239 Riverton KS SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 4,632 Empire District Electric Co
2010 3 1239 Riverton KS SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 4,613 Empire District Electric Co
2010 2 1239 Riverton KS SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 3,858 Empire District Electric Co
2010 3 1379 Shawnee KY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 127,150 Tennessee Valley Authority
2010 4 1379 Shawnee KY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 95,549 Tennessee Valley Authority
2010 5 1379 Shawnee KY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 48,849 Tennessee Valley Authority
2010 11 1379 Shawnee KY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 32,630 Tennessee Valley Authority
2010 2 1379 Shawnee KY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 31,834 Tennessee Valley Authority
2010 12 1379 Shawnee KY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 31,791 Tennessee Valley Authority
2010 1 1379 Shawnee KY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 30,214 Tennessee Valley Authority
2010 9 1379 Shawnee KY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 16,434 Tennessee Valley Authority
2010 7 6071 Trimble County KY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL TRADE 32,958 Louisville Gas & Electric Co
2010 5 6071 Trimble County KY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALTRADE 29,554 Louisville Gas & Electric Co
2010 4 6071 Trimble County KY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALTRADE 19,596 Louisville Gas & Electric Co
2010 2 6071 Trimble County KY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALTRADE 16,557 Louisville Gas & Electric Co
2010 3 6071 Trimble County KY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALTRADE 16,438 Louisville Gas & Electric Co
2010 5 6055 Big Cajun 2 LA SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 98,453 Louisiana Generating LLC
2010 6 6055 Big Cajun 2 LA SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 98,354 Louisiana Generating LLC
2010 11 6055 Big Cajun 2 LA SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 49,462 Louisiana Generating LLC
2010 5 6055 Big Cajun 2 LA SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE J ARON 49,182 Louisiana Generating LLC
2010 4 6055 Big Cajun 2 LA SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 32,811 Louisiana Generating LLC
2010 4 6055 Big Cajun 2 LA SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE J ARON 32,792 Louisiana Generating LLC
2010 8 6055 Big Cajun 2 LA SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 16,481 Louisiana Generating LLC
2010 3 6190 Brame Energy Center LA SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 43,351 Cleco Power LLC
2010 6 6190 Brame Energy Center LA SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 43,202 Cleco Power LLC
2010 12 6190 Brame Energy Center LA SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 29,108 Cleco Power LLC
2010 9 6190 Brame Energy Center LA SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 28,800 Cleco Power LLC
2010 2 6190 Brame Energy Center LA SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 28,732 Cleco Power LLC
2010 4 6190 Brame Energy Center LA SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 28,705 Cleco Power LLC
2010 10 6190 Brame Energy Center LA SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 28,645 Cleco Power LLC
2010 5 6190 Brame Energy Center LA SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 28,635 Cleco Power LLC
2010 11 6190 Brame Energy Center LA SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 14,612 Cleco Power LLC
2010 8 6190 Brame Energy Center LA SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 14,560 Cleco Power LLC
2010 8 1393 R S Nelson LA SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 43,848 Entergy Gulf States Louisiana LLC
2010 9 1552 C P Crane MD SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 84,200 Constellation Power Source Gen
2010 5 1552 C P Crane MD SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 78,665 Constellation Power Source Gen
2010 8 1552 C P Crane MD SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 72,805 Constellation Power Source Gen
2010 10 1552 C P Crane MD SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 57,088 Constellation Power Source Gen
2010 7 1552 C P Crane MD SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 44,574 Constellation Power Source Gen
2010 12 1552 C P Crane MD SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 29,426 Constellation Power Source Gen
2010 11 1552 C P Crane MD SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 29,121 Constellation Power Source Gen
2010 4 1552 C P Crane MD SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 27,240 Constellation Power Source Gen
2010 8 8841 BRSC Shared Storage MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 89,000 Detroit Edison Co
2010 7 8841 BRSC Shared Storage MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 65,000 Detroit Edison Co
2010 9 8841 BRSC Shared Storage MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 61,000 Detroit Edison Co
2010 11 8841 BRSC Shared Storage MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 21,000 Detroit Edison Co
2010 1 8841 BRSC Shared Storage MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 14,000 Detroit Edison Co
2010 5 1702 Dan E Karn MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 63,030 Consumers Energy Co
2010 4 1702 Dan E Karn MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 59,895 Consumers Energy Co
2010 10 1702 Dan E Karn MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 47,596 Consumers Energy Co
2010 11 1702 Dan E Karn MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 31,635 Consumers Energy Co
2010 11 1702 Dan E Karn MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE ARCH 15,948 Consumers Energy Co
2010 11 1702 Dan E Karn MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 15,835 Consumers Energy Co
2010 7 1702 Dan E Karn MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 15,815 Consumers Energy Co
2010 9 1702 Dan E Karn MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE ENSERCO 15,808 Consumers Energy Co
2010 8 1702 Dan E Karn MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 15,805 Consumers Energy Co
2010 3 1702 Dan E Karn MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 15,774 Consumers Energy Co
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2010 3 1702 Dan E Karn MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 15,749 Consumers Energy Co
2010 2 1702 Dan E Karn MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE ARCH 15,748 Consumers Energy Co
2010 5 1702 Dan E Karn MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 15,654 Consumers Energy Co
2010 3 1720 J C Weadock MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 15,804 Consumers Energy Co
2010 4 1720 J C Weadock MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 3,043 Consumers Energy Co
2010 12 1710 J H Campbell MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE ARCH 94,625 Consumers Energy Co
2010 11 1710 J H Campbell MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 79,069 Consumers Energy Co
2010 9 1710 J H Campbell MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 63,185 Consumers Energy Co
2010 12 1710 J H Campbell MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 63,113 Consumers Energy Co
2010 2 1710 J H Campbell MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 62,878 Consumers Energy Co
2010 3 1710 J H Campbell MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 62,500 Consumers Energy Co
2010 11 1710 J H Campbell MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE ARCH 47,461 Consumers Energy Co
2010 7 1710 J H Campbell MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE ARCH 47,434 Consumers Energy Co
2010 10 1710 J H Campbell MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 47,238 Consumers Energy Co
2010 8 1710 J H Campbell MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 47,040 Consumers Energy Co
2010 1 1710 J H Campbell MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 46,308 Consumers Energy Co
2010 10 1710 J H Campbell MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 31,934 Consumers Energy Co
2010 1 1710 J H Campbell MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 31,905 Consumers Energy Co
2010 6 1710 J H Campbell MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 31,688 Consumers Energy Co
2010 5 1710 J H Campbell MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 31,650 Consumers Energy Co
2010 11 1710 J H Campbell MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 31,642 Consumers Energy Co
2010 10 1710 J H Campbell MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 31,608 Consumers Energy Co
2010 4 1710 J H Campbell MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 31,564 Consumers Energy Co
2010 6 1710 J H Campbell MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 31,486 Consumers Energy Co
2010 1 1710 J H Campbell MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE ARCH 31,280 Consumers Energy Co
2010 7 1710 J H Campbell MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 16,380 Consumers Energy Co
2010 4 1710 J H Campbell MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 15,903 Consumers Energy Co
2010 6 1710 J H Campbell MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 15,833 Consumers Energy Co
2010 7 1710 J H Campbell MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 15,830 Consumers Energy Co
2010 7 1710 J H Campbell MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 15,826 Consumers Energy Co
2010 5 1710 J H Campbell MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 15,819 Consumers Energy Co
2010 10 1710 J H Campbell MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE ARCH 15,809 Consumers Energy Co
2010 5 1710 J H Campbell MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 15,802 Consumers Energy Co
2010 1 1710 J H Campbell MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 15,796 Consumers Energy Co
2010 11 1710 J H Campbell MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 15,785 Consumers Energy Co
2010 3 1710 J H Campbell MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 15,768 Consumers Energy Co
2010 11 1710 J H Campbell MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 15,765 Consumers Energy Co
2010 2 1710 J H Campbell MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 15,750 Consumers Energy Co
2010 8 1710 J H Campbell MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 15,690 Consumers Energy Co
2010 9 1710 J H Campbell MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 244 Consumers Energy Co
2010 1 1710 J H Campbell MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 243 Consumers Energy Co
2010 8 1723 J R Whiting MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 78,829 Consumers Energy Co
2010 6 1723 J R Whiting MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 62,672 Consumers Energy Co
2010 3 1723 J R Whiting MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 62,523 Consumers Energy Co
2010 12 1723 J R Whiting MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 47,023 Consumers Energy Co
2010 11 1723 J R Whiting MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 31,581 Consumers Energy Co
2010 4 1723 J R Whiting MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 31,555 Consumers Energy Co
2010 7 1723 J R Whiting MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 31,544 Consumers Energy Co
2010 9 1723 J R Whiting MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 31,448 Consumers Energy Co
2010 10 1723 J R Whiting MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 31,247 Consumers Energy Co
2010 1 1723 J R Whiting MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 30,710 Consumers Energy Co
2010 5 1723 J R Whiting MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 16,306 Consumers Energy Co
2010 10 1723 J R Whiting MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 15,942 Consumers Energy Co
2010 8 1723 J R Whiting MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 15,835 Consumers Energy Co
2010 8 1723 J R Whiting MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE ENSERCO 15,803 Consumers Energy Co
2010 3 1723 J R Whiting MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 15,783 Consumers Energy Co
2010 12 1723 J R Whiting MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 15,774 Consumers Energy Co
2010 9 1723 J R Whiting MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE ENSERCO 15,706 Consumers Energy Co
2010 1 1723 J R Whiting MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE ARCH 15,679 Consumers Energy Co
2010 12 1723 J R Whiting MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 15,672 Consumers Energy Co
2010 6 1723 J R Whiting MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 122 Consumers Energy Co
2010 2 1733 Monroe MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 116,000 Detroit Edison Co
2010 11 1733 Monroe MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 85,000 Detroit Edison Co
2010 2 1733 Monroe MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE ANTELOPE 76,000 Detroit Edison Co
2010 5 1733 Monroe MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 65,000 Detroit Edison Co
2010 11 1733 Monroe MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 63,000 Detroit Edison Co
2010 3 1733 Monroe MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE BLACK THUNDER WEST 46,000 Detroit Edison Co
2010 8 1733 Monroe MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 46,000 Detroit Edison Co
2010 7 1733 Monroe MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 37,000 Detroit Edison Co
2010 4 1733 Monroe MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 31,000 Detroit Edison Co
2010 12 1733 Monroe MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 31,000 Detroit Edison Co
2010 8 1733 Monroe MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 28,000 Detroit Edison Co
2010 10 1733 Monroe MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 28,000 Detroit Edison Co
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2010 6 1733 Monroe MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 26,000 Detroit Edison Co
2010 5 1733 Monroe MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 16,000 Detroit Edison Co
2010 7 1733 Monroe MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 16,000 Detroit Edison Co
2010 6 1733 Monroe MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 15,000 Detroit Edison Co
2010 6 1733 Monroe MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 15,000 Detroit Edison Co
2010 10 1733 Monroe MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 15,000 Detroit Edison Co
2010 9 1733 Monroe MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 14,000 Detroit Edison Co
2010 5 1769 Presque Isle MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 126,809 Wisconsin Electric Power Co
2010 12 1769 Presque Isle MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 123,714 Wisconsin Electric Power Co
2010 7 1769 Presque Isle MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 96,948 Wisconsin Electric Power Co
2010 6 1769 Presque Isle MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 95,571 Wisconsin Electric Power Co
2010 11 1769 Presque Isle MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 74,294 Wisconsin Electric Power Co
2010 9 1769 Presque Isle MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 72,661 Wisconsin Electric Power Co
2010 8 1769 Presque Isle MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 63,054 Wisconsin Electric Power Co
2010 10 1769 Presque Isle MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 40,490 Wisconsin Electric Power Co
2010 4 1769 Presque Isle MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY 31,778 Wisconsin Electric Power Co
2010 1 1769 Presque Isle MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY 31,625 Wisconsin Electric Power Co
2010 3 1769 Presque Isle MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY 31,266 Wisconsin Electric Power Co
2010 8 1740 River Rouge MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 44,000 Detroit Edison Co
2010 7 1740 River Rouge MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 31,000 Detroit Edison Co
2010 4 1740 River Rouge MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 16,000 Detroit Edison Co
2010 5 1740 River Rouge MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE ANTELOPE 16,000 Detroit Edison Co
2010 6 1740 River Rouge MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 16,000 Detroit Edison Co
2010 9 1740 River Rouge MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 16,000 Detroit Edison Co
2010 4 1740 River Rouge MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 15,000 Detroit Edison Co
2010 11 1745 Trenton Channel MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 114,000 Detroit Edison Co
2010 12 1745 Trenton Channel MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 98,000 Detroit Edison Co
2010 4 1745 Trenton Channel MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 71,000 Detroit Edison Co
2010 9 1745 Trenton Channel MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE ANTELOPE 57,000 Detroit Edison Co
2010 7 1745 Trenton Channel MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 44,000 Detroit Edison Co
2010 5 1745 Trenton Channel MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 28,000 Detroit Edison Co
2010 10 1745 Trenton Channel MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 28,000 Detroit Edison Co
2010 1 1745 Trenton Channel MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 14,000 Detroit Edison Co
2010 6 1745 Trenton Channel MI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 14,000 Detroit Edison Co
2010 5 1915 Allen S King MN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 109 Northern States Power Co - Minnesota
2010 4 1915 Allen S King MN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 108 Northern States Power Co - Minnesota
2010 9 1904 Black Dog MN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 61,587 Northern States Power Co - Minnesota
2010 1 1904 Black Dog MN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL 56,719 Northern States Power Co - Minnesota
2010 11 1904 Black Dog MN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 48,749 Northern States Power Co - Minnesota
2010 8 1904 Black Dog MN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 36,280 Northern States Power Co - Minnesota
2010 8 1904 Black Dog MN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 36,204 Northern States Power Co - Minnesota
2010 6 1904 Black Dog MN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 36,017 Northern States Power Co - Minnesota
2010 4 1904 Black Dog MN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 35,855 Northern States Power Co - Minnesota
2010 4 1904 Black Dog MN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 35,786 Northern States Power Co - Minnesota
2010 7 1904 Black Dog MN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 35,706 Northern States Power Co - Minnesota
2010 2 1904 Black Dog MN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL 34,403 Northern States Power Co - Minnesota
2010 2 1904 Black Dog MN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL 33,268 Northern States Power Co - Minnesota
2010 12 1904 Black Dog MN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 24,153 Northern States Power Co - Minnesota
2010 7 1904 Black Dog MN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 24,089 Northern States Power Co - Minnesota
2010 4 1904 Black Dog MN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 24,043 Northern States Power Co - Minnesota
2010 7 1904 Black Dog MN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 24,005 Northern States Power Co - Minnesota
2010 9 1904 Black Dog MN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 23,880 Northern States Power Co - Minnesota
2010 6 1904 Black Dog MN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 23,869 Northern States Power Co - Minnesota
2010 1 1904 Black Dog MN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL 21,614 Northern States Power Co - Minnesota
2010 10 1904 Black Dog MN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 12,219 Northern States Power Co - Minnesota
2010 10 1904 Black Dog MN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 12,192 Northern States Power Co - Minnesota
2010 7 1904 Black Dog MN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 12,081 Northern States Power Co - Minnesota
2010 12 1904 Black Dog MN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 12,052 Northern States Power Co - Minnesota
2010 5 1904 Black Dog MN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 12,045 Northern States Power Co - Minnesota
2010 6 1904 Black Dog MN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 12,002 Northern States Power Co - Minnesota
2010 8 1904 Black Dog MN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 11,993 Northern States Power Co - Minnesota
2010 6 1904 Black Dog MN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 11,909 Northern States Power Co - Minnesota
2010 5 1904 Black Dog MN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 11,886 Northern States Power Co - Minnesota
2010 3 1904 Black Dog MN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL 10,943 Northern States Power Co - Minnesota
2010 3 1904 Black Dog MN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL 10,769 Northern States Power Co - Minnesota
2010 3 1893 Clay Boswell MN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 142,624 Minnesota Power Inc
2010 6 1893 Clay Boswell MN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 42,308 Minnesota Power Inc
2010 8 1893 Clay Boswell MN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 41,943 Minnesota Power Inc
2010 9 1893 Clay Boswell MN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 28,614 Minnesota Power Inc
2010 8 6090 Sherburne County MN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 83,617 Northern States Power Co - Minnesota
2010 7 6090 Sherburne County MN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 57,816 Northern States Power Co - Minnesota
2010 5 6090 Sherburne County MN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 56,137 Northern States Power Co - Minnesota
2010 7 6090 Sherburne County MN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 55,561 Northern States Power Co - Minnesota
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2010 3 6090 Sherburne County MN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 40,756 Northern States Power Co - Minnesota
2010 6 6090 Sherburne County MN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 28,420 Northern States Power Co - Minnesota
2010 5 6090 Sherburne County MN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 28,023 Northern States Power Co - Minnesota
2010 7 6090 Sherburne County MN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 27,937 Northern States Power Co - Minnesota
2010 8 6090 Sherburne County MN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 27,842 Northern States Power Co - Minnesota
2010 6 6090 Sherburne County MN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 27,669 Northern States Power Co - Minnesota
2010 5 6090 Sherburne County MN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 27,549 Northern States Power Co - Minnesota
2010 12 6090 Sherburne County MN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 25,491 Northern States Power Co - Minnesota
2010 9 6090 Sherburne County MN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 14,201 Northern States Power Co - Minnesota
2010 5 6090 Sherburne County MN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 14,186 Northern States Power Co - Minnesota
2010 9 6090 Sherburne County MN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 14,072 Northern States Power Co - Minnesota
2010 8 6090 Sherburne County MN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 13,963 Northern States Power Co - Minnesota
2010 3 6090 Sherburne County MN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 13,962 Northern States Power Co - Minnesota
2010 7 6090 Sherburne County MN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 13,962 Northern States Power Co - Minnesota
2010 3 6090 Sherburne County MN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 13,961 Northern States Power Co - Minnesota
2010 6 6090 Sherburne County MN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 13,954 Northern States Power Co - Minnesota
2010 4 6090 Sherburne County MN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 13,449 Northern States Power Co - Minnesota
2010 12 6090 Sherburne County MN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 12,755 Northern States Power Co - Minnesota
2010 4 6090 Sherburne County MN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 486 Northern States Power Co - Minnesota
2010 6 6090 Sherburne County MN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 122 Northern States Power Co - Minnesota
2010 8 2076 Asbury MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 35,519 Empire District Electric Co
2010 4 2076 Asbury MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 21,150 Empire District Electric Co
2010 5 2076 Asbury MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 10,775 Empire District Electric Co
2010 2 2076 Asbury MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 10,647 Empire District Electric Co
2010 10 2076 Asbury MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 10,411 Empire District Electric Co
2010 3 2076 Asbury MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 10,408 Empire District Electric Co
2010 7 2076 Asbury MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 10,239 Empire District Electric Co
2010 11 2076 Asbury MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 10,175 Empire District Electric Co
2010 6 2076 Asbury MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 9,795 Empire District Electric Co
2010 9 2076 Asbury MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 8,234 Empire District Electric Co
2010 1 2079 Hawthorn MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 31,744 Kansas City Power & Light Co
2010 5 2079 Hawthorn MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 16,111 Kansas City Power & Light Co
2010 2 2079 Hawthorn MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 363 Kansas City Power & Light Co
2010 2 2103 Labadie MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 50,253 Union Electric Co
2010 1 2103 Labadie MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL 49,184 Union Electric Co
2010 12 2103 Labadie MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 33,408 Union Electric Co
2010 6 2103 Labadie MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 33,302 Union Electric Co
2010 3 2103 Labadie MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 16,660 Union Electric Co
2010 8 2103 Labadie MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 15,846 Union Electric Co
2010 2 2103 Labadie MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 15,797 Union Electric Co
2010 8 2103 Labadie MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 15,755 Union Electric Co
2010 3 2103 Labadie MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 15,614 Union Electric Co
2010 1 2104 Meramec MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 78,197 Union Electric Co
2010 4 2104 Meramec MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 63,298 Union Electric Co
2010 3 2104 Meramec MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 63,064 Union Electric Co
2010 2 2104 Meramec MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 62,598 Union Electric Co
2010 9 2104 Meramec MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 47,336 Union Electric Co
2010 7 2104 Meramec MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 31,705 Union Electric Co
2010 6 2104 Meramec MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 31,696 Union Electric Co
2010 10 2104 Meramec MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 31,657 Union Electric Co
2010 10 2104 Meramec MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 31,584 Union Electric Co
2010 12 2104 Meramec MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 31,546 Union Electric Co
2010 4 2104 Meramec MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 31,532 Union Electric Co
2010 3 2104 Meramec MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 31,525 Union Electric Co
2010 12 2104 Meramec MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 31,498 Union Electric Co
2010 7 2104 Meramec MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 31,469 Union Electric Co
2010 12 2104 Meramec MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 31,469 Union Electric Co
2010 4 2104 Meramec MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 31,362 Union Electric Co
2010 11 2104 Meramec MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 31,353 Union Electric Co
2010 6 2104 Meramec MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 31,300 Union Electric Co
2010 5 2104 Meramec MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 31,192 Union Electric Co
2010 4 2104 Meramec MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 15,910 Union Electric Co
2010 8 2104 Meramec MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 15,886 Union Electric Co
2010 8 2104 Meramec MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 15,877 Union Electric Co
2010 8 2104 Meramec MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 15,872 Union Electric Co
2010 8 2104 Meramec MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 15,868 Union Electric Co
2010 3 2104 Meramec MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 15,790 Union Electric Co
2010 5 2104 Meramec MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 15,774 Union Electric Co
2010 4 2104 Meramec MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 15,737 Union Electric Co
2010 5 2104 Meramec MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 15,710 Union Electric Co
2010 11 2080 Montrose MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE JP MORGAN 30,681 Kansas City Power & Light Co
2010 10 2080 Montrose MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE JP MORGAN 30,662 Kansas City Power & Light Co
2010 7 2080 Montrose MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE JP MORGAN 30,645 Kansas City Power & Light Co
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2010 8 2080 Montrose MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE JP MORGAN 30,485 Kansas City Power & Light Co
2010 5 2080 Montrose MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE JP MORGAN 30,422 Kansas City Power & Light Co
2010 12 2080 Montrose MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE JP MORGAN 30,293 Kansas City Power & Light Co
2010 4 2080 Montrose MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE JP MORGAN 30,247 Kansas City Power & Light Co
2010 2 2080 Montrose MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE JP MORGAN 30,184 Kansas City Power & Light Co
2010 9 2080 Montrose MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE JP MORGAN 30,102 Kansas City Power & Light Co
2010 6 2080 Montrose MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE JP MORGAN 30,093 Kansas City Power & Light Co
2010 3 2080 Montrose MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE JP MORGAN 30,015 Kansas City Power & Light Co
2010 1 2080 Montrose MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE JP MORGAN 28,847 Kansas City Power & Light Co
2010 10 2080 Montrose MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 15,336 Kansas City Power & Light Co
2010 7 2167 New Madrid MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 458,534 Associated Electric Coop, Inc
2010 2 2167 New Madrid MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY 457,786 Associated Electric Coop, Inc
2010 3 2167 New Madrid MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY 430,693 Associated Electric Coop, Inc
2010 8 2167 New Madrid MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 412,615 Associated Electric Coop, Inc
2010 9 2167 New Madrid MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 412,546 Associated Electric Coop, Inc
2010 11 2167 New Madrid MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 397,274 Associated Electric Coop, Inc
2010 1 2167 New Madrid MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY 340,303 Associated Electric Coop, Inc
2010 6 2167 New Madrid MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 336,117 Associated Electric Coop, Inc
2010 12 2167 New Madrid MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 334,696 Associated Electric Coop, Inc
2010 5 2167 New Madrid MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY 291,420 Associated Electric Coop, Inc
2010 10 2167 New Madrid MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 261,187 Associated Electric Coop, Inc
2010 4 2167 New Madrid MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY 237,584 Associated Electric Coop, Inc
2010 3 2107 Sioux MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 140,811 Union Electric Co
2010 2 2107 Sioux MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 123,540 Union Electric Co
2010 1 2107 Sioux MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 122,503 Union Electric Co
2010 4 2107 Sioux MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 111,371 Union Electric Co
2010 7 2107 Sioux MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 109,316 Union Electric Co
2010 9 2107 Sioux MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 108,963 Union Electric Co
2010 5 2107 Sioux MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 93,135 Union Electric Co
2010 6 2107 Sioux MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 91,572 Union Electric Co
2010 11 2107 Sioux MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 79,833 Union Electric Co
2010 12 2107 Sioux MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 79,328 Union Electric Co
2010 8 2107 Sioux MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 46,520 Union Electric Co
2010 10 2107 Sioux MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 31,771 Union Electric Co
2010 10 2107 Sioux MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 15,721 Union Electric Co
2010 5 2168 Thomas Hill MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL 467,915 Associated Electric Coop, Inc
2010 4 2168 Thomas Hill MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL 433,343 Associated Electric Coop, Inc
2010 12 2168 Thomas Hill MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 423,957 Associated Electric Coop, Inc
2010 7 2168 Thomas Hill MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 415,740 Associated Electric Coop, Inc
2010 1 2168 Thomas Hill MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL 381,916 Associated Electric Coop, Inc
2010 10 2168 Thomas Hill MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 377,454 Associated Electric Coop, Inc
2010 2 2168 Thomas Hill MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL 358,881 Associated Electric Coop, Inc
2010 3 2168 Thomas Hill MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL 338,368 Associated Electric Coop, Inc
2010 9 2168 Thomas Hill MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 337,291 Associated Electric Coop, Inc
2010 6 2168 Thomas Hill MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL 322,648 Associated Electric Coop, Inc
2010 11 2168 Thomas Hill MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 305,461 Associated Electric Coop, Inc
2010 8 2168 Thomas Hill MO SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 287,065 Associated Electric Coop, Inc
2010 1 6073 Victor J Daniel Jr MS SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 27,932 Mississippi Power Co
2010 6 6077 Gerald Gentleman NE SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE EDF TRADING 14,586 Nebraska Public Power District
2010 1 6077 Gerald Gentleman NE SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE EDF TRADING 14,412 Nebraska Public Power District
2010 3 6077 Gerald Gentleman NE SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE EDF TRADING 14,402 Nebraska Public Power District
2010 5 6077 Gerald Gentleman NE SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE EDF TRADING 14,398 Nebraska Public Power District
2010 4 6077 Gerald Gentleman NE SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE EDF TRADING 14,389 Nebraska Public Power District
2010 9 6096 Nebraska City NE SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 191,488 Omaha Public Power District
2010 5 6096 Nebraska City NE SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 172,998 Omaha Public Power District
2010 8 6096 Nebraska City NE SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 143,136 Omaha Public Power District
2010 3 6096 Nebraska City NE SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY 127,312 Omaha Public Power District
2010 12 6096 Nebraska City NE SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 125,978 Omaha Public Power District
2010 6 6096 Nebraska City NE SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 94,872 Omaha Public Power District
2010 7 6096 Nebraska City NE SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 94,788 Omaha Public Power District
2010 12 6096 Nebraska City NE SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 79,217 Omaha Public Power District
2010 10 6096 Nebraska City NE SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 47,858 Omaha Public Power District
2010 11 6096 Nebraska City NE SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 47,579 Omaha Public Power District
2010 8 6096 Nebraska City NE SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 47,266 Omaha Public Power District
2010 6 6096 Nebraska City NE SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 47,264 Omaha Public Power District
2010 7 6096 Nebraska City NE SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 47,135 Omaha Public Power District
2010 11 6096 Nebraska City NE SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 31,723 Omaha Public Power District
2010 9 6096 Nebraska City NE SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 31,489 Omaha Public Power District
2010 4 2291 North Omaha NE SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY 63,015 Omaha Public Power District
2010 6 2291 North Omaha NE SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 47,667 Omaha Public Power District
2010 3 2291 North Omaha NE SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY 47,637 Omaha Public Power District
2010 1 2291 North Omaha NE SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY 15,901 Omaha Public Power District
2010 12 2291 North Omaha NE SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 15,889 Omaha Public Power District
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2010 10 2549 C R Huntley Generating StationNY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 55,157 NRG Huntley Operations Inc
2010 9 2549 C R Huntley Generating StationNY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 36,042 NRG Huntley Operations Inc
2010 7 2549 C R Huntley Generating StationNY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 30,522 NRG Huntley Operations Inc
2010 3 2549 C R Huntley Generating StationNY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 30,490 NRG Huntley Operations Inc
2010 4 2549 C R Huntley Generating StationNY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 29,866 NRG Huntley Operations Inc
2010 2 2549 C R Huntley Generating StationNY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 29,337 NRG Huntley Operations Inc
2010 3 2549 C R Huntley Generating StationNY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 15,880 NRG Huntley Operations Inc
2010 10 2549 C R Huntley Generating StationNY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 15,409 NRG Huntley Operations Inc
2010 10 2549 C R Huntley Generating StationNY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 15,378 NRG Huntley Operations Inc
2010 8 2549 C R Huntley Generating StationNY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 15,348 NRG Huntley Operations Inc
2010 11 2549 C R Huntley Generating StationNY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 15,230 NRG Huntley Operations Inc
2010 8 2549 C R Huntley Generating StationNY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 15,229 NRG Huntley Operations Inc
2010 11 2549 C R Huntley Generating StationNY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 15,203 NRG Huntley Operations Inc
2010 2 2549 C R Huntley Generating StationNY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 15,153 NRG Huntley Operations Inc
2010 2 2549 C R Huntley Generating StationNY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 15,144 NRG Huntley Operations Inc
2010 7 2549 C R Huntley Generating StationNY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 14,609 NRG Huntley Operations Inc
2010 1 2549 C R Huntley Generating StationNY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 1,941 NRG Huntley Operations Inc
2010 9 2554 Dunkirk Generating Plant NY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 85,824 Dunkirk Power LLC
2010 2 2554 Dunkirk Generating Plant NY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 61,775 Dunkirk Power LLC
2010 7 2554 Dunkirk Generating Plant NY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 58,672 Dunkirk Power LLC
2010 8 2554 Dunkirk Generating Plant NY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 53,331 Dunkirk Power LLC
2010 11 2554 Dunkirk Generating Plant NY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 41,028 Dunkirk Power LLC
2010 12 2554 Dunkirk Generating Plant NY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 35,042 Dunkirk Power LLC
2010 3 2554 Dunkirk Generating Plant NY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 30,056 Dunkirk Power LLC
2010 7 2554 Dunkirk Generating Plant NY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 29,816 Dunkirk Power LLC
2010 2 2554 Dunkirk Generating Plant NY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 29,719 Dunkirk Power LLC
2010 1 2554 Dunkirk Generating Plant NY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 26,739 Dunkirk Power LLC
2010 8 2554 Dunkirk Generating Plant NY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 15,324 Dunkirk Power LLC
2010 11 2554 Dunkirk Generating Plant NY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 15,224 Dunkirk Power LLC
2010 8 2554 Dunkirk Generating Plant NY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 15,223 Dunkirk Power LLC
2010 10 2554 Dunkirk Generating Plant NY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 15,218 Dunkirk Power LLC
2010 3 2554 Dunkirk Generating Plant NY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 15,204 Dunkirk Power LLC
2010 3 2554 Dunkirk Generating Plant NY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 15,197 Dunkirk Power LLC
2010 3 2554 Dunkirk Generating Plant NY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 15,160 Dunkirk Power LLC
2010 3 2554 Dunkirk Generating Plant NY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 15,141 Dunkirk Power LLC
2010 9 2554 Dunkirk Generating Plant NY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 15,129 Dunkirk Power LLC
2010 12 2554 Dunkirk Generating Plant NY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 15,078 Dunkirk Power LLC
2010 2 2554 Dunkirk Generating Plant NY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 15,077 Dunkirk Power LLC
2010 11 2554 Dunkirk Generating Plant NY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 15,065 Dunkirk Power LLC
2010 3 2554 Dunkirk Generating Plant NY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 15,063 Dunkirk Power LLC
2010 4 2554 Dunkirk Generating Plant NY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 15,049 Dunkirk Power LLC
2010 7 2554 Dunkirk Generating Plant NY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 14,984 Dunkirk Power LLC
2010 8 2554 Dunkirk Generating Plant NY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 14,874 Dunkirk Power LLC
2010 1 2554 Dunkirk Generating Plant NY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 14,856 Dunkirk Power LLC
2010 4 2554 Dunkirk Generating Plant NY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 14,764 Dunkirk Power LLC
2010 7 2554 Dunkirk Generating Plant NY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 14,660 Dunkirk Power LLC
2010 7 2554 Dunkirk Generating Plant NY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 14,636 Dunkirk Power LLC
2010 12 2554 Dunkirk Generating Plant NY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 14,571 Dunkirk Power LLC
2010 1 2554 Dunkirk Generating Plant NY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 14,401 Dunkirk Power LLC
2010 4 2554 Dunkirk Generating Plant NY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 118 Dunkirk Power LLC
2010 4 2835 Ashtabula OH SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE ARCH 28,633 FirstEnergy Generation Corp
2010 11 2828 Cardinal OH SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 33,707 Cardinal Operating Co
2010 10 2828 Cardinal OH SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 17,057 Cardinal Operating Co
2010 3 2837 Eastlake OH SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY 15,336 FirstEnergy Generation Corp
2010 1 8102 General James M Gavin OH SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES 176,687 Ohio Power Co
2010 5 8102 General James M Gavin OH SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 123,377 Ohio Power Co
2010 6 8102 General James M Gavin OH SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 115,184 Ohio Power Co
2010 7 8102 General James M Gavin OH SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 115,072 Ohio Power Co
2010 11 8102 General James M Gavin OH SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 114,900 Ohio Power Co
2010 10 8102 General James M Gavin OH SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 114,797 Ohio Power Co
2010 4 8102 General James M Gavin OH SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE Peabody COALSALES 114,747 Ohio Power Co
2010 8 8102 General James M Gavin OH SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 98,353 Ohio Power Co
2010 3 8102 General James M Gavin OH SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES 82,652 Ohio Power Co
2010 9 8102 General James M Gavin OH SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 67,581 Ohio Power Co
2010 9 8102 General James M Gavin OH SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 67,197 Ohio Power Co
2010 3 8102 General James M Gavin OH SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES 65,487 Ohio Power Co
2010 4 8102 General James M Gavin OH SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE Peabody COALSALES 41,463 Ohio Power Co
2010 7 8102 General James M Gavin OH SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 33,075 Ohio Power Co
2010 10 8102 General James M Gavin OH SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 33,014 Ohio Power Co
2010 5 8102 General James M Gavin OH SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 32,781 Ohio Power Co
2010 2 8102 General James M Gavin OH SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES 32,661 Ohio Power Co
2010 4 8102 General James M Gavin OH SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES 18,311 Ohio Power Co
2010 4 8102 General James M Gavin OH SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES 16,502 Ohio Power Co
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2010 8 8102 General James M Gavin OH SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 16,479 Ohio Power Co
2010 11 8102 General James M Gavin OH SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 16,382 Ohio Power Co
2010 6 8102 General James M Gavin OH SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 16,381 Ohio Power Co
2010 3 8102 General James M Gavin OH SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES 16,376 Ohio Power Co
2010 3 8102 General James M Gavin OH SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES 13,707 Ohio Power Co
2010 4 8102 General James M Gavin OH SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES 12,895 Ohio Power Co
2010 5 8102 General James M Gavin OH SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 4,848 Ohio Power Co
2010 1 2876 Kyger Creek OH SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 236,651 Ohio Valley Electric Corp
2010 10 2876 Kyger Creek OH SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 189,810 Ohio Valley Electric Corp
2010 12 2876 Kyger Creek OH SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 153,729 Ohio Valley Electric Corp
2010 2 2876 Kyger Creek OH SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 153,020 Ohio Valley Electric Corp
2010 7 2876 Kyger Creek OH SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 137,966 Ohio Valley Electric Corp
2010 8 2876 Kyger Creek OH SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 121,335 Ohio Valley Electric Corp
2010 9 2876 Kyger Creek OH SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 120,422 Ohio Valley Electric Corp
2010 3 2876 Kyger Creek OH SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 119,714 Ohio Valley Electric Corp
2010 11 2876 Kyger Creek OH SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 103,297 Ohio Valley Electric Corp
2010 6 2876 Kyger Creek OH SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 102,984 Ohio Valley Electric Corp
2010 5 2876 Kyger Creek OH SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 69,150 Ohio Valley Electric Corp
2010 4 2876 Kyger Creek OH SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 69,123 Ohio Valley Electric Corp
2010 5 2866 W H Sammis OH SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 105,226 FirstEnergy Generation Corp
2010 1 2866 W H Sammis OH SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 87,158 FirstEnergy Generation Corp
2010 3 2866 W H Sammis OH SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY 75,103 FirstEnergy Generation Corp
2010 2 2866 W H Sammis OH SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 74,775 FirstEnergy Generation Corp
2010 4 2866 W H Sammis OH SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL 61,318 FirstEnergy Generation Corp
2010 7 2866 W H Sammis OH SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 30,315 FirstEnergy Generation Corp
2010 6 2866 W H Sammis OH SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 29,347 FirstEnergy Generation Corp
2010 1 2866 W H Sammis OH SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE CAMELOT 15,314 FirstEnergy Generation Corp
2010 4 2952 Muskogee OK SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 162,236 Oklahoma Gas & Electric Co
2010 3 2952 Muskogee OK SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 130,561 Oklahoma Gas & Electric Co
2010 10 2952 Muskogee OK SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 114,986 Oklahoma Gas & Electric Co
2010 11 2952 Muskogee OK SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 114,933 Oklahoma Gas & Electric Co
2010 9 2952 Muskogee OK SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 114,830 Oklahoma Gas & Electric Co
2010 2 2952 Muskogee OK SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 113,526 Oklahoma Gas & Electric Co
2010 7 2952 Muskogee OK SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 97,958 Oklahoma Gas & Electric Co
2010 5 2952 Muskogee OK SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 97,917 Oklahoma Gas & Electric Co
2010 1 2952 Muskogee OK SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 94,633 Oklahoma Gas & Electric Co
2010 6 2952 Muskogee OK SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 81,631 Oklahoma Gas & Electric Co
2010 12 2952 Muskogee OK SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 48,784 Oklahoma Gas & Electric Co
2010 1 2963 Northeastern OK SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES 75,376 Public Service Co of Oklahoma
2010 10 2963 Northeastern OK SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 60,693 Public Service Co of Oklahoma
2010 5 2963 Northeastern OK SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 45,705 Public Service Co of Oklahoma
2010 12 2963 Northeastern OK SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 45,310 Public Service Co of Oklahoma
2010 6 2963 Northeastern OK SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 45,232 Public Service Co of Oklahoma
2010 2 2963 Northeastern OK SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES 44,762 Public Service Co of Oklahoma
2010 8 2963 Northeastern OK SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 30,389 Public Service Co of Oklahoma
2010 4 2963 Northeastern OK SUB Coal Su WY   5 NORTH ANTELOPE ROCHELLE MINE Peabody COALSALES 30,118 Public Service Co of Oklahoma
2010 11 2963 Northeastern OK SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 30,053 Public Service Co of Oklahoma
2010 7 2963 Northeastern OK SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 15,305 Public Service Co of Oklahoma
2010 9 2963 Northeastern OK SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 15,159 Public Service Co of Oklahoma
2010 3 2963 Northeastern OK SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES 15,044 Public Service Co of Oklahoma
2010 5 6095 Sooner OK SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 126,472 Oklahoma Gas & Electric Co
2010 10 6095 Sooner OK SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 107,401 Oklahoma Gas & Electric Co
2010 4 6095 Sooner OK SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 90,823 Oklahoma Gas & Electric Co
2010 9 6095 Sooner OK SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 90,599 Oklahoma Gas & Electric Co
2010 11 6095 Sooner OK SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 90,365 Oklahoma Gas & Electric Co
2010 6 6095 Sooner OK SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 90,117 Oklahoma Gas & Electric Co
2010 8 6095 Sooner OK SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 83,498 Oklahoma Gas & Electric Co
2010 1 6095 Sooner OK SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 70,797 Oklahoma Gas & Electric Co
2010 12 6095 Sooner OK SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 70,509 Oklahoma Gas & Electric Co
2010 7 6095 Sooner OK SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 36,303 Oklahoma Gas & Electric Co
2010 3 6095 Sooner OK SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 35,444 Oklahoma Gas & Electric Co
2010 2 6095 Sooner OK SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 18,013 Oklahoma Gas & Electric Co
2010 7 3179 Hatfields Ferry Power StationPA SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE ARCH 2,883 Allegheny Energy Supply Co LLC
2010 3 3393 Allen Steam Plant TN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 196,039 Tennessee Valley Authority
2010 4 3393 Allen Steam Plant TN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 193,552 Tennessee Valley Authority
2010 10 3393 Allen Steam Plant TN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 187,554 Tennessee Valley Authority
2010 9 3393 Allen Steam Plant TN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 173,971 Tennessee Valley Authority
2010 12 3393 Allen Steam Plant TN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 166,181 Tennessee Valley Authority
2010 8 3393 Allen Steam Plant TN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 156,765 Tennessee Valley Authority
2010 1 3393 Allen Steam Plant TN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 155,313 Tennessee Valley Authority
2010 2 3393 Allen Steam Plant TN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 154,572 Tennessee Valley Authority
2010 5 3393 Allen Steam Plant TN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 153,053 Tennessee Valley Authority
2010 11 3393 Allen Steam Plant TN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 139,436 Tennessee Valley Authority
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2010 6 3393 Allen Steam Plant TN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 94,777 Tennessee Valley Authority
2010 7 3393 Allen Steam Plant TN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 63,936 Tennessee Valley Authority
2010 7 3393 Allen Steam Plant TN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 57,868 Tennessee Valley Authority
2010 2 3393 Allen Steam Plant TN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 38,120 Tennessee Valley Authority
2010 1 3393 Allen Steam Plant TN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE POWDER RIVER 34,100 Tennessee Valley Authority
2010 6 3393 Allen Steam Plant TN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 32,559 Tennessee Valley Authority
2010 7 3393 Allen Steam Plant TN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 32,261 Tennessee Valley Authority
2010 6 3393 Allen Steam Plant TN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 24,928 Tennessee Valley Authority
2010 3 3393 Allen Steam Plant TN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 13,714 Tennessee Valley Authority
2010 1 3393 Allen Steam Plant TN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 2,718 Tennessee Valley Authority
2010 6 3403 Gallatin TN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 107,961 Tennessee Valley Authority
2010 4 3403 Gallatin TN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALTRADE 49,195 Tennessee Valley Authority
2010 6 3403 Gallatin TN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 44,591 Tennessee Valley Authority
2010 8 3403 Gallatin TN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 38,730 Tennessee Valley Authority
2010 3 3403 Gallatin TN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 38,680 Tennessee Valley Authority
2010 7 3403 Gallatin TN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL TRADE 38,138 Tennessee Valley Authority
2010 3 3403 Gallatin TN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALTRADE 33,114 Tennessee Valley Authority
2010 1 3403 Gallatin TN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALTRADE 32,944 Tennessee Valley Authority
2010 5 3403 Gallatin TN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 31,075 Tennessee Valley Authority
2010 12 3403 Gallatin TN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 30,684 Tennessee Valley Authority
2010 7 3403 Gallatin TN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 29,202 Tennessee Valley Authority
2010 1 3403 Gallatin TN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE POWDER RIVER 28,785 Tennessee Valley Authority
2010 4 3403 Gallatin TN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 23,021 Tennessee Valley Authority
2010 9 3403 Gallatin TN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 22,924 Tennessee Valley Authority
2010 11 3403 Gallatin TN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 20,624 Tennessee Valley Authority
2010 6 3403 Gallatin TN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL TRADE 20,405 Tennessee Valley Authority
2010 2 3403 Gallatin TN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE POWDER RIVER 19,376 Tennessee Valley Authority
2010 1 3403 Gallatin TN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 18,112 Tennessee Valley Authority
2010 11 3403 Gallatin TN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL TRADE 16,413 Tennessee Valley Authority
2010 7 3403 Gallatin TN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 13,712 Tennessee Valley Authority
2010 5 3403 Gallatin TN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL TRADE 12,116 Tennessee Valley Authority
2010 7 3403 Gallatin TN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 11,755 Tennessee Valley Authority
2010 8 3403 Gallatin TN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL TRADE 11,202 Tennessee Valley Authority
2010 2 3403 Gallatin TN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 8,424 Tennessee Valley Authority
2010 3 3403 Gallatin TN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 7,907 Tennessee Valley Authority
2010 2 3403 Gallatin TN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 2,005 Tennessee Valley Authority
2010 8 3403 Gallatin TN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 1,237 Tennessee Valley Authority
2010 6 3406 Johnsonville TN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 131,137 Tennessee Valley Authority
2010 7 3406 Johnsonville TN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 84,042 Tennessee Valley Authority
2010 12 3406 Johnsonville TN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 77,731 Tennessee Valley Authority
2010 3 3406 Johnsonville TN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 54,128 Tennessee Valley Authority
2010 8 3406 Johnsonville TN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 34,350 Tennessee Valley Authority
2010 2 3406 Johnsonville TN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 25,981 Tennessee Valley Authority
2010 5 3406 Johnsonville TN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COAL SALES 25,097 Tennessee Valley Authority
2010 1 3406 Johnsonville TN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 18,618 Tennessee Valley Authority
2010 9 3406 Johnsonville TN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 10,675 Tennessee Valley Authority
2010 3 3406 Johnsonville TN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 325 Tennessee Valley Authority
2010 7 3407 Kingston TN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 15,326 Tennessee Valley Authority
2010 8 3407 Kingston TN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 785 Tennessee Valley Authority
2010 9 3407 Kingston TN SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 466 Tennessee Valley Authority
2010 4 6178 Coleto Creek TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE CLOUD PEAK ENERGY RESOURCES LLC82,065 Coleto Creek Power LP
2010 5 6178 Coleto Creek TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE CLOUD PEAK ENERGY RESOURCES LLC16,461 Coleto Creek Power LP
2010 6 6178 Coleto Creek TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE CLOUD PEAK ENERGY RESOURCES LLC16,414 Coleto Creek Power LP
2010 7 6178 Coleto Creek TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE CLOUD PEAK ENERGY RESOURCES LLC16,264 Coleto Creek Power LP
2010 12 6179 Fayette Power Project TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 92,841 Lower Colorado River Authority
2010 11 6179 Fayette Power Project TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 49,345 Lower Colorado River Authority
2010 9 6179 Fayette Power Project TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 33,069 Lower Colorado River Authority
2010 8 6179 Fayette Power Project TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 32,970 Lower Colorado River Authority
2010 7 6179 Fayette Power Project TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 32,917 Lower Colorado River Authority
2010 10 6179 Fayette Power Project TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 32,896 Lower Colorado River Authority
2010 1 298 Limestone TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 128,601 NRG Texas Power LLC
2010 7 298 Limestone TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 116,793 NRG Texas Power LLC
2010 4 298 Limestone TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 73,038 NRG Texas Power LLC
2010 5 298 Limestone TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 58,362 NRG Texas Power LLC
2010 2 298 Limestone TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 58,355 NRG Texas Power LLC
2010 6 298 Limestone TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 58,164 NRG Texas Power LLC
2010 3 298 Limestone TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 57,275 NRG Texas Power LLC
2010 10 298 Limestone TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 43,925 NRG Texas Power LLC
2010 9 298 Limestone TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 29,292 NRG Texas Power LLC
2010 5 298 Limestone TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 29,274 NRG Texas Power LLC
2010 12 298 Limestone TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 14,778 NRG Texas Power LLC
2010 5 298 Limestone TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 14,675 NRG Texas Power LLC
2010 8 298 Limestone TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 14,663 NRG Texas Power LLC
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2010 9 298 Limestone TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 14,662 NRG Texas Power LLC
2010 6 298 Limestone TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 14,658 NRG Texas Power LLC
2010 3 298 Limestone TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 14,656 NRG Texas Power LLC
2010 3 298 Limestone TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 14,654 NRG Texas Power LLC
2010 7 298 Limestone TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 14,648 NRG Texas Power LLC
2010 11 298 Limestone TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 14,637 NRG Texas Power LLC
2010 11 298 Limestone TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 14,635 NRG Texas Power LLC
2010 6 298 Limestone TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 14,633 NRG Texas Power LLC
2010 2 298 Limestone TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 14,625 NRG Texas Power LLC
2010 12 298 Limestone TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 14,625 NRG Texas Power LLC
2010 9 298 Limestone TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 14,612 NRG Texas Power LLC
2010 10 298 Limestone TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 14,590 NRG Texas Power LLC
2010 1 298 Limestone TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 14,546 NRG Texas Power LLC
2010 10 298 Limestone TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 14,471 NRG Texas Power LLC
2010 8 298 Limestone TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 14,162 NRG Texas Power LLC
2010 4 298 Limestone TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 13,795 NRG Texas Power LLC
2010 2 298 Limestone TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 123 NRG Texas Power LLC
2010 7 127 Oklaunion TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 43,554 Public Service Co of Oklahoma
2010 10 127 Oklaunion TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 29,190 Public Service Co of Oklahoma
2010 8 127 Oklaunion TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 29,093 Public Service Co of Oklahoma
2010 7 127 Oklaunion TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 29,091 Public Service Co of Oklahoma
2010 9 127 Oklaunion TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 28,901 Public Service Co of Oklahoma
2010 8 127 Oklaunion TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 28,858 Public Service Co of Oklahoma
2010 12 127 Oklaunion TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 28,800 Public Service Co of Oklahoma
2010 11 127 Oklaunion TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 28,628 Public Service Co of Oklahoma
2010 9 127 Oklaunion TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 14,544 Public Service Co of Oklahoma
2010 10 3470 W A Parish TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 145,999 NRG Texas Power LLC
2010 5 3470 W A Parish TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 102,299 NRG Texas Power LLC
2010 12 3470 W A Parish TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 101,829 NRG Texas Power LLC
2010 11 3470 W A Parish TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 58,725 NRG Texas Power LLC
2010 4 3470 W A Parish TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 58,419 NRG Texas Power LLC
2010 7 3470 W A Parish TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 58,043 NRG Texas Power LLC
2010 8 3470 W A Parish TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 43,902 NRG Texas Power LLC
2010 6 3470 W A Parish TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 43,872 NRG Texas Power LLC
2010 12 3470 W A Parish TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COMPLEX 41,763 NRG Texas Power LLC
2010 2 3470 W A Parish TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 29,274 NRG Texas Power LLC
2010 1 3470 W A Parish TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 29,021 NRG Texas Power LLC
2010 7 3470 W A Parish TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 14,646 NRG Texas Power LLC
2010 9 3470 W A Parish TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 14,598 NRG Texas Power LLC
2010 1 3470 W A Parish TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 14,375 NRG Texas Power LLC
2010 3 3470 W A Parish TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 14,284 NRG Texas Power LLC
2010 8 6139 Welsh TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 320,117 Southwestern Electric Power Co
2010 7 6139 Welsh TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 318,489 Southwestern Electric Power Co
2010 5 6139 Welsh TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 303,854 Southwestern Electric Power Co
2010 10 6139 Welsh TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 303,381 Southwestern Electric Power Co
2010 12 6139 Welsh TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 271,822 Southwestern Electric Power Co
2010 3 6139 Welsh TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES 256,660 Southwestern Electric Power Co
2010 1 6139 Welsh TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES 253,266 Southwestern Electric Power Co
2010 9 6139 Welsh TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 242,220 Southwestern Electric Power Co
2010 11 6139 Welsh TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 212,622 Southwestern Electric Power Co
2010 2 6139 Welsh TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES 211,658 Southwestern Electric Power Co
2010 4 6139 Welsh TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE Peabody COALSALES 166,443 Southwestern Electric Power Co
2010 6 6139 Welsh TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 164,278 Southwestern Electric Power Co
2010 4 6139 Welsh TX SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES 30,524 Southwestern Electric Power Co
2010 6 4143 Genoa WI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 28,300 Dairyland Power Coop
2010 7 4143 Genoa WI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 19,431 Dairyland Power Coop
2010 8 4143 Genoa WI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 18,530 Dairyland Power Coop
2010 9 4143 Genoa WI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 15,891 Dairyland Power Coop
2010 10 4143 Genoa WI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 13,235 Dairyland Power Coop
2010 11 4143 Genoa WI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 1,500 Dairyland Power Coop
2010 4 4271 John P Madgett WI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 149,651 Dairyland Power Coop
2010 3 4271 John P Madgett WI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 145,209 Dairyland Power Coop
2010 12 4271 John P Madgett WI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 139,935 Dairyland Power Coop
2010 7 4271 John P Madgett WI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 133,832 Dairyland Power Coop
2010 2 4271 John P Madgett WI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 125,060 Dairyland Power Coop
2010 1 4271 John P Madgett WI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 119,569 Dairyland Power Coop
2010 8 4271 John P Madgett WI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 115,434 Dairyland Power Coop
2010 6 4271 John P Madgett WI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 103,913 Dairyland Power Coop
2010 5 4271 John P Madgett WI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 88,873 Dairyland Power Coop
2010 10 4271 John P Madgett WI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 87,848 Dairyland Power Coop
2010 11 4271 John P Madgett WI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 82,946 Dairyland Power Coop
2010 9 4271 John P Madgett WI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NORTH ANTELOPE 72,031 Dairyland Power Coop
2010 4 4072 Pulliam WI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 81,642 Wisconsin Public Service Corp
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2010 6 4072 Pulliam WI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 54,279 Wisconsin Public Service Corp
2010 7 4072 Pulliam WI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 54,211 Wisconsin Public Service Corp
2010 5 4072 Pulliam WI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 54,113 Wisconsin Public Service Corp
2010 8 4072 Pulliam WI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 40,897 Wisconsin Public Service Corp
2010 10 4072 Pulliam WI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 40,804 Wisconsin Public Service Corp
2010 3 4072 Pulliam WI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 40,707 Wisconsin Public Service Corp
2010 2 4072 Pulliam WI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 40,586 Wisconsin Public Service Corp
2010 1 4072 Pulliam WI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 39,650 Wisconsin Public Service Corp
2010 11 4072 Pulliam WI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 27,019 Wisconsin Public Service Corp
2010 12 4072 Pulliam WI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 26,821 Wisconsin Public Service Corp
2010 9 4072 Pulliam WI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 25,883 Wisconsin Public Service Corp
2010 6 4072 Pulliam WI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NRG 13,602 Wisconsin Public Service Corp
2010 10 4041 South Oak Creek WI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 327,382 Wisconsin Electric Power Co
2010 2 4041 South Oak Creek WI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY 273,025 Wisconsin Electric Power Co
2010 3 4041 South Oak Creek WI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY 260,689 Wisconsin Electric Power Co
2010 4 4041 South Oak Creek WI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY 257,705 Wisconsin Electric Power Co
2010 11 4041 South Oak Creek WI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 257,332 Wisconsin Electric Power Co
2010 12 4041 South Oak Creek WI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 247,546 Wisconsin Electric Power Co
2010 1 4041 South Oak Creek WI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY 235,831 Wisconsin Electric Power Co
2010 8 4041 South Oak Creek WI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 229,357 Wisconsin Electric Power Co
2010 9 4041 South Oak Creek WI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 228,048 Wisconsin Electric Power Co
2010 5 4041 South Oak Creek WI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY 196,954 Wisconsin Electric Power Co
2010 7 4041 South Oak Creek WI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 163,953 Wisconsin Electric Power Co
2010 6 4041 South Oak Creek WI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 163,845 Wisconsin Electric Power Co
2010 11 4078 Weston WI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 47,637 Wisconsin Public Service Corp
2010 10 4078 Weston WI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 16,444 Wisconsin Public Service Corp
2010 7 4078 Weston WI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NRG 16,421 Wisconsin Public Service Corp
2010 6 4078 Weston WI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE NRG 13,915 Wisconsin Public Service Corp
2010 9 4078 Weston WI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 13,740 Wisconsin Public Service Corp
2010 1 4078 Weston WI SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES LLC 121 Wisconsin Public Service Corp
2010 7 3943 Fort Martin Power Station WV SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE ARCH 28,290 Monongahela Power Co
2010 7 3947 Kammer WV SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 49,430 Ohio Power Co
2010 3 3947 Kammer WV SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES 42,042 Ohio Power Co
2010 2 3947 Kammer WV SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES 24,924 Ohio Power Co
2010 11 3947 Kammer WV SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 16,503 Ohio Power Co
2010 5 3947 Kammer WV SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 16,406 Ohio Power Co
2010 1 3947 Kammer WV SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES 16,135 Ohio Power Co
2010 8 3947 Kammer WV SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 16,113 Ohio Power Co
2010 1 3947 Kammer WV SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES 16,002 Ohio Power Co
2010 6 3947 Kammer WV SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 13,725 Ohio Power Co
2010 5 3947 Kammer WV SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COALSALES 8,239 Ohio Power Co
2010 4 3947 Kammer WV SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE Peabody COALSALES 7,874 Ohio Power Co
2010 3 3947 Kammer WV SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE COALSALES 7,309 Ohio Power Co
2010 9 3947 Kammer WV SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE OPCO 1,493 Ohio Power Co
2010 7 3946 Willow Island WV SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE ARCH 6,169 Monongahela Power Co
2010 11 6204 Laramie River Station WY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 213,490 Basin Electric Power Coop
2010 8 6204 Laramie River Station WY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 148,350 Basin Electric Power Coop
2010 10 6204 Laramie River Station WY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 132,053 Basin Electric Power Coop
2010 4 6204 Laramie River Station WY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 115,701 Basin Electric Power Coop
2010 12 6204 Laramie River Station WY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 98,415 Basin Electric Power Coop
2010 7 6204 Laramie River Station WY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 82,766 Basin Electric Power Coop
2010 6 6204 Laramie River Station WY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 82,376 Basin Electric Power Coop
2010 3 6204 Laramie River Station WY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 82,260 Basin Electric Power Coop
2010 9 6204 Laramie River Station WY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 49,648 Basin Electric Power Coop
2010 5 6204 Laramie River Station WY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 49,546 Basin Electric Power Coop
2010 2 6204 Laramie River Station WY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 49,329 Basin Electric Power Coop
2010 1 6204 Laramie River Station WY SUB Coal S WY 005 NORTH ANTELOPE ROCHELLE MINE PEABODY COAL SALES 49,195 Basin Electric Power Coop
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Carbon Dioxide Emission Factors for Coal  

by

B.D. Hong and E. R. Slatick

(This article was originally published in Energy Information Administration, Quarterly Coal Report,
January-April 1994, DOE/EIA-0121(94/Q1) (Washington, DC, August 1994), pp. 1-8.)

Introduction

Coal is an important source of energy in the United States, and the Nation's reliance on this fossil fuel for electricity generation is
growing. The combustion of coal, however, adds a significant amount of carbon dioxide to the atmosphere per unit of heat energy,

more than does the combustion of other fossil fuels.  Because of a growing concern over the possible consequences of global
warming, which may be caused in part by increases in atmospheric carbon dioxide (a major greenhouse gas), and also because of the
need for accurate estimates of carbon dioxide emissions, the Energy Information Administration (EIA) has developed factors for
estimating the amount of carbon dioxide emitted as a result of U.S. coal consumption.

Carbon dioxide emission factors for U.S. coals have previously been available from several sources. However, those emission factors
have shortcomings because they are based on analyses of only a few coal samples. Most are single factors applied to all coals,
regardless of rank (i.e., whether anthracite, bituminous, subbituminous, or lignite) or geographic origin. Because single factors do not
account for differences among coals, they fail to reflect the changing "mix" of coal in U.S. coal consumption that has occurred in the

past and will occur in the future. Lacking standardization, the factors previously available also differ widely from each other.

EIA's emission factors will improve the accuracy of estimates of carbon dioxide emissions, especially at State and regional levels,
because they reflect the difference in the ratio of carbon to heat content by rank of coal and State of origin. EIA's emission factors are
derived from the EIA Coal Analysis File, a large database of coal sample analyses. The emission factors vary significantly by coal rank,
confirming a long-recognized finding, and also within each rank by State of origin. These findings were verified statistically.

Two types of carbon dioxide emission factors have been developed. First are basic emission factors covering the various coal ranks by
State of origin. These basic emission factors are considered as "fixed" for the foreseeable future until better data become available.
Second are emission factors for use in estimating carbon dioxide emissions from coal consumption by State, with consuming-sector
detail. These emission factors are based on the mix of coal consumed and the basic emission factors by coal rank and State of origin.
These emission factors are subject to change over time, reflecting changes in the mix of coal consumed.

EIA's emission factors will not only enable coal-generated carbon dioxide emissions to be estimated more accurately than before, but
they will also provide consistency in estimates. Energy and environmental analysts will find EIA's emission factors useful for analyzing
and monitoring carbon dioxide emissions from coal combustion, whether they are estimated by the State of origin of the coal,
consuming State, or consuming sector.

Coal Combustion and Carbon Dioxide Emissions

The amount of heat emitted during coal combustion depends largely on the amounts of carbon, hydrogen, and oxygen present in the
coal and, to a lesser extent, on the sulfur content. Hence, the ratio of carbon to heat content depends on these heat-producing
components of coal, and these components vary by coal rank.

Carbon, by far the major component of coal, is the principal source of heat, generating about 14,500 British thermal units (Btu) per
pound. The typical carbon content for coal (dry basis) ranges from more than 60 percent for lignite to more than 80 percent for
anthracite. Although hydrogen generates about 62,000 Btu per pound, it accounts for only 5 percent or less of coal and not all of this is
available for heat because part of the hydrogen combines with oxygen to form water vapor. The higher the oxygen content of coal, the

lower its heating value.  This inverse relationship occurs because oxygen in the coal is bound to the carbon and has, therefore,
already partially oxidized the carbon, decreasing its ability to generate heat. The amount of heat contributed by the combustion of
sulfur in coal is relatively small, because the heating value of sulfur is only about 4,000 Btu per pound, and the sulfur content of coal

generally averages 1 to 2 percent by weight.  Consequently, variations in the ratios of carbon to heat content of coal are due
primarily to variations in the hydrogen content.

(1)

(2)

(3)

(4)
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The carbon dioxide emission factors in this article are expressed in terms of the energy content of coal as pounds of carbon dioxide
per million Btu. Carbon dioxide (CO2) forms during coal combustion when one atom of carbon (C) unites with two atoms of oxygen (O)
from the air. Because the atomic weight of carbon is 12 and that of oxygen is 16, the atomic weight of carbon dioxide is 44. Based on
that ratio, and assuming complete combustion, 1 pound of carbon combines with 2.667 pounds of oxygen to produce 3.667 pounds of
carbon dioxide. For example, coal with a carbon content of 78 percent and a heating value of 14,000 Btu per pound emits about 204.3

pounds of carbon dioxide per million Btu when completely burned.  Complete combustion of 1 short ton (2,000 pounds) of this coal
will generate about 5,720 pounds (2.86 short tons) of carbon dioxide.

Methodology and Statistical Checks

EIA's carbon dioxide emission factors were derived from data in the EIA Coal Analysis File, one of the most comprehensive data
sources on U.S. coal quality by coalbed and coal-producing county. Most of the samples in the file were taken from coal shipments to
U.S. Government facilities, from tipples and from mines. From the more than 60,000 coal samples in the File, 5,426 were identified as

containing data on heat value and the ultimate analysis  needed for developing the relationship between carbon and heat content of
the coal, that is, the carbon dioxide emission factors. Coal rank was assigned to each sample according to the standard classification
method developed by the American Society for Testing and Materials. These data observations (samples) covered all of the major and
most of the minor coal-producing States (Table FE1). Except for Arizona, North Dakota, and Texas, all of the major coal-producing
States were considered to have a sufficiently large number of data observations to yield reliable emission factors.

The ratio of carbon to heat content was computed for each of the 5,426 selected coal samples by coal rank and State of origin under

the assumption that all of the carbon in the coal is converted to carbon dioxide during combustion.  Variations in the ratios were
observed across both coal rank and State of origin. Analysis was performed to determine whether these variations were statistically
significant and to ensure that other factors pertaining to the samples (that is, the year the sample was collected and the degree of
cleaning the sample received) were not significantly responsible for the observed variations.

Table FE1. Number of Observations by Coal Rank and State of Origin

State of Origin Anthracite Bituminous Sub-bituminous Lignite

Alabama -- 224 -- --

Alaska -- -- -- --

Arizona -- 8 -- --

Arkansas -- 8 -- --

California -- -- -- --

Colorado -- 164 18 --

Georgia -- 1 -- --

Idaho -- 2 -- --

Illinois -- 332 -- --

Indiana -- 51 -- --

Iowa -- 67 1 --

Kansas -- 19 -- --

Kentucky: East -- 486 -- --

Kentucky: West -- 151 -- --

Louisiana -- -- -- --

Maryland -- 13 -- --

Missouri -- 86 -- --

Montana -- 6 23 2

Nevada -- 4 -- --

New Mexico -- 50 -- --

North Dakota -- -- -- 16

Ohio -- 228 -- --

Oklahoma -- 155 -- --

Oregon -- -- 2 --

Pennsylvania 523 679 -- --

South Dakota -- -- -- 3

Tennessee -- 271 -- --

Texas -- -- -- 11

Utah -- 104 2 --

Virginia -- 169 -- --

Washington -- 181 36 4

West Virginia -- 1,071 -- --

Wyoming -- 133 121 1

Total. 523 4,663 203 37

(5)

(6)

(7)
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   Source: Energy Information Administration, Office of Coal, Nuclear, Electric and Alternate Fuels, “Analysis of the Relationship Between the Heat and Carbon
Content of U.S. Coals,” September 1992.

Distributions of the data observations by year of collection and degree of cleaning were compiled (Table FE2). Because the dates of
the samples range from 1900 through 1986, it was thought that changes in laboratory analysis techniques over the years might have

influenced the resultant carbon-to-heat-content ratios. A regression analysis found that, with a R  value of only 0.01 (Table FE3), the
year the sample was collected was not a useful factor in explaining the variation in the ratio, although there were small changes in the

ratio over time.  This finding indicated that samples from earlier time periods could be combined with more recent samples to derive
carbon dioxide emission factors.

Table FE2. Distribution of Observations by Year and Degree of Cleaning

Year Number of Observations Percent of Total

1900-1909 217 4.0

1910-1919 679 12.5

1920-1929 657 12.1

1930-1939 772 14.2

1940-1949 744 13.7

1950-1959 1,043 19.2

1960-1969 557 10.3

1970-1979 339 6.2

1980-1986 418 7.7

Total 5,426 100.0

Degree of Cleaning

Raw 4,519 83.3

Washed 847 15.6

Partially washed 60 1.1

   Note: Total may not equal sum of components due to independent rounding.
   Source: Energy Information Administration, Office of Coal, Nuclear, Electric and Alternate Fuels, “Analysis of the Relationship Between the Heat and Carbon Content of
U.S. Coals,” September 1992.

Of the total samples, 83 percent were raw coal, with the remainder either washed or partially washed. Cleaning should not materially
affect the ratio of a coal's heat-to-carbon content because the process removes primarily non-combustible impurities. This was
confirmed by an analysis of variance. There were differences in the carbon-to-heat-content ratios between washed or partially washed

and raw coal, but with a R  value of 0.06, the differences did little to explain the variation in the ratios. Therefore, no data correction
was warranted to account for the small effect that coal cleaning had on emission factors.

Analysis of variance was used to test the statistical significance of differences in the carbon-to-heat-content ratios across coal rank and
across State of origin within coal rank. The continuous response variable (the carbon dioxide emission factor) was related to
classification variables of rank and State of origin. The carbon dioxide emission factor was assumed to be a linear function of the

parameters associated with the coal rank and State of origin.

The statistical analyses (Table FE3) indicated that: (1) there are statistically significant differences in carbon dioxide emission factors
across both coal rank and State of origin; (2) coal rank and State of origin each explain approximately 80 percent of the variation in
carbon dioxide emission factors; and (3) State of origin combined with coal rank is a slightly more powerful explanatory variable than
either coal rank or State of origin alone.

Table FE3. Summary of Statistical Analyses Carbon Dioxide Emission Factors by Coal Rank and State of
Origin

Variable F Test R MSE Root MSE

Year Collected *** 0.01 55.18 7.43

Degree of Cleaning *** 0.06 52.07 7.22

Coal Rank *** 0.78 12.24 3.50

State of Origin *** 0.81 10.78 3.28

State of Origin Combined

with Coal Rank *** 0.82 9.98 3.16

   Notes: The F test indicates the statistical significance of differences in the emission factors across levels of the explanatory variable; *** indicates significance at the
0.001 level. R  (coefficient of determination) indicates the proportion of total variation in the emission factors explained by the model. MSE (mean square error) is the
variance of the emission factors, and root MSE is the corresponding standard deviation.
   Source: Energy Information Administration, Office of Coal, Nuclear, Electric and Alternate Fuels, “Analysis of the Relationship Between the Heat and Carbon Content of
U.S. Coals,” September 1992.

Carbon Dioxide Emission Factors by Coal Rank and State of Origin

The (arithmetic) average emission factors obtained from the individual samples (assuming complete combustion) (Table FE4)
confirm the long-recognized finding that anthracite emits the largest amount of carbon dioxide per million Btu, followed by lignite,

2
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(9)
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subbituminous coal, and bituminous coal. The high carbon dioxide emission factor for anthracite reflects the coal's relatively small

hydrogen content, which lowers its heating value.  In pounds of carbon dioxide per million Btu, U.S. average factors are 227.4 for
anthracite, 216.3 for lignite, 211.9 for subbituminous coal, and 205.3 for bituminous coal.

Table FE4. Average Carbon Dioxide Emission Factors for Coal by Rank and State of Origin
State of Origin Anthracite Bituminous Sub-bituminous Lignite

Alabama -- 205.5 -- --

Alaska -- -- 214.0 --

Arizona -- 209.7 -- --

Arkansas -- 211.6 -- 213.5

California -- -- -- 216.3

Colorado -- 206.2 212.7 --

Georgia -- 206.1 -- --

Idaho -- 205.9 -- --

Illinois -- 203.5 -- --

Indiana -- 203.6 -- --

Iowa -- 201.6 207.2 --

Kansas -- 202.8 -- --

Kentucky: East -- 204.8 -- --

Kentucky: West -- 203.2 -- --

Louisiana -- -- -- 213.5

Maryland -- 210.2 -- --

Missouri -- 201.3 -- --

Montana -- 209.6 213.4 220.6

Nevada -- 201.8 -- --

New Mexico -- 205.7 208.8 --

North Dakota -- -- -- 218.8

Ohio -- 202.8 -- --

Oklahoma -- 205.9 -- --

Oregon -- -- 210.4 --

Pennsylvania 227.4 205.7 -- --

South Dakota -- -- -- 217.0

Tennessee -- 204.8 -- --

Texas -- 204.4 -- 213.5

Utah -- 204.1 207.1 --

Virginia -- 206.2 -- --

Washington -- 203.6 208.7 211.7

West Virginia -- 207.1 -- --

Wyoming -- 206.5 212.7 215.6

U.S. Average 227.4 205.3 211.9 216.3

   Based on carbon and heat content data supplied by Usibelli Coal Mining Company for the subbituminous C coal currently being produced in the State.
   Based on the CO2 emission factor for Texas lignite.

   Based on the CO2 emission factor for U.S. lignite.

   Derived from “Element Geochemistry of Cherokee Group Coals (Middle Pennsylvanian) from South-Central and Southeastern Iowa,” Technical Paper No. 5, Iowa
Geological Survey (Iowa City, IA, 1984), pp. 15, 48, and 49.
   Based on the CO2 emission factor for subbituminous A coal.

   Based on the CO2 ratio for U.S. high-volatile bituminous coal.
    Source: Energy Information Administration, Office of Coal, Nuclear, Electric and Alternate Fuels, “Analysis of the Relationship Between the Heat and Carbon Content
of U.S. Coals,” September 1992.

In general, the carbon dioxide emission factors are lowest for coal produced in States east of the Mississippi River (Figure FE1), where
the predominant coals are bituminous in rank and therefore have relatively low emission factors. By comparison, the coal deposits in
the West are largely subbituminous coals, which have relatively high emission factors. In a broad sense, the geographic differences
reflect the greater degree of coalification--the process that transformed plant material into coal under the influence of heat and
pressure--in the coal-bearing areas in the East.

In the Appalachian Coal Basin, the emission factors for bituminous coal range from a low of 202.8 pounds of carbon dioxide per million

Btu in Ohio to a high of 210.2 in Maryland.  Pennsylvania anthracite, which is produced in small amounts, has the highest emission
factor among all coal ranks (227.4). For Illinois Basin coal, all bituminous in rank, the emission factors are relatively uniform, ranging
from 203.2 in western Kentucky to 203.6 in Indiana.

Figure FE1: Average Carbon Dioxide Emission Factors for Coal by Rank and State of Origin
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Pounds of Carbon Dioxide per Million Btu

West of the Mississippi River, the emission factors for bituminous coal range from more than 201 pounds of carbon dioxide per million
Btu in Missouri, Iowa, and Nevada to more than 209 in Arizona, Arkansas, and Montana. About 16 percent of the 1992 coal output
west of the Mississippi was bituminous coal, with production chiefly from Utah, Arizona, Colorado, and New Mexico.

Subbituminous coal is the predominant rank of coal produced west of the Mississippi River, accounting for 62 percent of the region's
total coal output in 1992. Subbituminous coal in Wyoming's Powder River Basin, the principal source of this rank of coal, has an
emission factor of 212.7 pounds of carbon dioxide per million Btu. This is the same as for subbituminous coal in Colorado, but slightly
below that in Montana. The lowest emission factor for subbituminous coal is in Utah (207.1) and the highest is in Alaska (214.0).

The emission factor for lignite from the Gulf Coast Coal Region in Texas, Louisiana, and Arkansas is 213.5 pounds of carbon dioxide
per million Btu. This is 1 to 3 percent lower than the emission factors for lignite in the Fort Union Coal Region in North Dakota, South
Dakota, and Montana and for lignite in the Powder River Basin in Wyoming. The 1992 output of lignite accounted for 22 percent of coal
production west of the Mississippi River, with two-thirds from Texas and most of the balance from North Dakota.

All of EIA's carbon dioxide emission factors for coal by rank and State of origin should be considered as "fixed" for the foreseeable
future. This is because detailed coal analysis data are not widely available annually, and because the EIA emission factors, as
developed from the EIA Coal Analysis File, are considered to effectively represent the relationship between the carbon and heat
content of the various U.S. coals. However, the basic emission factors will be reviewed when sufficient additional coal analysis data
are accumulated.

Carbon Dioxide Emission Factors by Coal-Consuming Sector and State

Coal use among the consuming sectors and States varies in quantity as well as in rank and State of origin. Therefore, emission factors
by consuming sector in each State were derived by weighting the emission factors by coal rank and State of origin by the respective

amounts received by sector.  For comparison, emission factors for 1980 and 1992 are reported in this article (Table FE5). It
should be noted that the amount of coal received in a certain year may not equal the amount consumed during that year because of
stock additions or withdrawals. Furthermore, because data on the origin and destination of coal are available only for coal distribution,
EIA's emission factors for coal consumption by sector assume that the mix of coal received during a certain year was the same as that
consumed in that year.

The emission factors for coal consumption involving combustion are based on the assumption that all of the carbon in coal is
converted to carbon dioxide during combustion. Actually, a very small percentage of the carbon in coal is not oxidized during

combustion. The emission factors in Table FE5 can be adjusted to reflect incomplete combustion.

In coke plants, coal is carbonized, not combusted, to make coke, which is used in the manufacture of pig iron by the iron and steel
industry. Although most of the carbon in the coal carbonized remains in the coke, a small amount is retained in byproducts, some of

which are consumed as energy sources and others as non-energy raw materials.  Examination of historical data for coke plant

operations indicates that about 10 percent of the carbon in coking coal remains in non- energy byproducts.  However, no
allowances have been made in the emission factors for coke plants (Table FE5) for carbon retained in non-energy byproducts, leaving
any adjustments to the user's stipulations.

(13),(14)

(15)

(16)

(17)
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Table FE5. Average Carbon Dioxide Emission Factors for Coal-Consuming Sector and State, 1980 and
1992

State

Sector

Electric Utilities
Industrial

Residential/Commercial State Average
Coking Coal Other Coal

1980 1992 1980 1992 1980 1992 1980 1992 1980 1992

Alabama 205.0 205.3 205.5 206.1 205.5 205.7 205.4 205.5 205.1 205.4

Alaska 214.0 214.0 -- -- -- -- -- 214.0 214.0 214.0

Arizona 208.0 207.7 -- -- 209.2 206.7 -- 208.6 208.1 207.6

Arkansas 212.7 212.7 -- -- 201.4 205.2 205.3 222.3 210.7 212.5

California -- -- 208.7 -- 205.6 204.2 204.5 204.1 207.5 204.1

Colorado 211.5 209.8 212.6 -- 212.6 212.5 212.6 211.0 211.7 209.9

Connecticut -- 204.9 -- -- -- 204.7 226.1 220.2 226.1 205.2

Delaware 206.0 206.9 -- -- 205.9 207.4 221.8 221.1 206.0 207.0

District of Columbia -- -- -- -- 205.0 -- 205.5 206.3 205.4 206.3

Florida 204.0 204.4 -- -- 204.2 205.1 205.0 205.7 204.0 204.5

Georgia 204.3 204.8 -- -- 204.9 204.9 204.7 204.9 204.3 204.8

Hawaii -- -- -- -- -- 204.4 -- -- -- 204.4

Idaho -- -- -- -- 212.6 212.2 205.4 205.0 210.7 211.3

Illinois 207.1 206.2 205.2 206.5 204.2 203.7 203.9 203.9 206.7 205.9

Indiana 204.0 205.6 205.0 206.0 203.7 204.5 203.7 203.8 204.3 205.5

Iowa 207.2 211.1 -- -- 205.7 208.3 205.1 204.2 207.0 210.7

Kansas 209.2 210.9 -- -- 201.9 205.3 202.2 202.9 209.0 210.8

Kentucky 204.0 204.1 204.6 206.3 205.4 205.4 204.6 204.6 204.1 204.2

Louisiana 212.7 212.9 -- -- 203.9 210.9 201.3 -- 212.1 212.8

Maine -- -- -- -- 206.0 204.9 216.2 213.0 207.9 205.3

Maryland 206.6 207.0 205.9 -- 206.1 208.4 210.6 211.7 206.3 207.1

Massachusetts 206.4 206.8 -- -- 206.3 207.0 218.2 214.1 207.6 206.9

Michigan 206.0 208.9 205.5 -- 204.8 205.3 205.0 205.0 205.7 208.5

Minnesota 212.9 213.0 -- -- 211.6 211.8 208.6 212.3 212.7 212.9

Mississippi 204.7 204.5 -- -- 204.0 204.6 202.6 227.4 204.7 204.5

Missouri 204.5 206.2 205.2 -- 203.6 204.5 202.1 203.4 204.5 206.1

Montana 213.9 213.5 -- -- 211.2 211.4 205.6 213.3 213.7 213.5

Nebraska 211.7 212.7 -- -- 212.3 213.1 212.6 219.2 211.7 212.7

Nevada 208.2 208.4 -- -- 204.5 204.1 208.4 204.1 208.1 208.3

New Hampshire 206.9 206.3 -- -- 207.0 207.1 227.2 225.4 207.0 206.5

New Jersey 206.6 206.6 -- -- 218.3 207.3 227.2 227.1 207.1 206.8

New Mexico 205.7 205.7 -- -- 212.0 212.7 209.8 206.3 205.7 205.7

New York 205.7 206.1 205.5 206.1 206.9 207.0 218.9 218.0 206.3 206.5

North Carolina 205.6 205.8 -- -- 204.8 205.7 204.9 206.2 205.6 205.8

North Dakota 218.8 218.8 -- -- 218.8 218.3 218.5 216.8 218.8 218.6

Ohio 204.4 204.4 205.4 206.4 204.0 204.5 203.8 205.5 204.5 204.6

Oklahoma 210.5 212.6 -- -- 202.2 207.5 205.7 207.0 210.0 212.3

Oregon 212.7 212.9 -- -- 212.7 211.5 205.6 204.1 212.5 212.8

Pennsylvania 206.1 206.2 205.7 206.1 207.9 208.5 221.2 219.7 206.4 206.7

Rhode Island -- -- -- -- 210.0 -- 223.9 227.4 217.2 227.4

South Carolina 204.9 205.0 -- -- 205.0 205.3 204.8 205.3 204.9 205.0

South Dakota 218.1 218.8 -- -- 210.5 212.7 212.0 212.8 217.6 217.9

Tennessee 204.0 204.0 210.2 -- 204.8 205.5 204.5 204.6 204.1 204.2

Texas 213.0 212.9 209.8 -- 212.3 212.3 213.7 211.0 212.8 212.9

Utah 204.1 204.3 210.8 205.6 205.2 204.1 204.1 204.1 205.7 204.4

Vermont 205.7 -- -- -- 207.8 212.2 227.4 227.4 216.0 216.8

Virginia 205.9 206.0 206.2 206.2 205.1 206.2 205.0 206.3 205.7 206.1

Washington 208.7 209.3 -- -- 206.3 205.8 204.3 206.9 208.3 209.1

West Virginia 206.9 207.0 205.3 206.7 205.4 206.6 205.0 210.2 206.6 207.0

Wisconsin 207.0 209.9 205.4 -- 205.5 206.1 205.8 204.9 206.8 209.5

Wyoming 212.7 212.0 -- -- 212.0 212.5 212.3 212.7 212.6 212.1

b
a
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U.S. Average 206.7 207.7 205.8 206.2 205.9 207.1 210.6 211.2 206.5 207.6

   No allowances have been made for carbon retained in non-energy coal chemical byproducts from the coal carbonization process.
   Weighted average. The weights used are consumption values by sector.
   Source: Energy Information Administration, Office of Coal, Nuclear, Electric and Alternate Fuels.

The mix of rank and origin of coal consumed in the United States has changed substantially in the past two decades, reflecting shifts to
Western low-sulfur subbituminous coal and lignite, predominantly for electricity generation. Further changes are expected in the
coming years, especially due to the Clean Air Act Amendments of 1990, which will encourage switches from high-sulfur Eastern
bituminous coal to low-sulfur Western subbituminous coal.

The shift in the mix of coal ranks consumed becomes apparent when production by coal rank in 1980 is compared with that in 1992, as

most production was for domestic consumption.  In 1980, bituminous coal comprised 76 percent of the total, but by 1992 its share
dropped to 65 percent. By contrast, the share for subbituminous coal rose from 18 percent in 1980 to 25 percent in 1992, while the
share for lignite grew from 6 percent to 9 percent. Anthracite's share was about 1 percent in both years. Because lower rank coals
have relatively high carbon dioxide emission factors, increased use of these coals caused the national average carbon dioxide
emission factor to rise from 206.5 pounds per million Btu in 1980 to 207.6 pounds per million Btu in 1992.

The change in mix of coal ranks produced reflects the large sectorial and regional shifts in coal consumption that have occurred in the
past two decades. The electric utility sector dominates coal consumption, and its share has grown substantially. Of total coal
consumption in 1992, electric utilities accounted for 87 percent, up from 81 percent in 1980, due mostly to increases in utility coal

consumption west of the Mississippi River.  The share held by low-rank coals in the electric utility sector increased substantially.
Subbituminous coal rose from 24 percent in 1980 to 31 percent in 1992, and lignite grew from 7 to 10 percent during the period. In
contrast, bituminous coal fell from 69 percent in 1980 to 58 percent in 1992. The share held by anthracite (about 1 percent) did not
change.

Coal used to produce coke is virtually all bituminous in rank; less than 1 percent is anthracite. Only a few States, mostly in Appalachia,
supply coking coal. The coke industry, which has been declining, accounted for only 4 percent of total coal consumption in 1992, down
from 9 percent in 1980.

All ranks of coal are used by the other industrial and the residential/commercial sectors.  The other industrial sector accounted for 8
percent of total coal consumption in 1992, slightly less than in 1980. However, the emission factor for this sector increased sizably
during the period, due mainly to the rising use of low-rank coals in the West, and contributed to the increase in emission factors for the
overall national average. The residential/commercial sector is a relatively minor component of coal consumption, with about 1 percent
of the total in 1980 and 1992.

As with coal consumption by sector, the amount of carbon dioxide emitted from total coal combustion in a particular State--and hence
the carbon dioxide emission factor for that State--depends on the mix of coal consumed by various consuming sectors in that State
during a particular year. When the total energy in Btu from coal consumption by State is known (with no breakdown by coal-consuming
sector), the State average emission factors can be used to estimate the total amount of carbon dioxide emissions by State.

Publication of Carbon Dioxide Emission Factors

EIA's carbon dioxide emission factors by consuming sector and State will be updated periodically to reflect changes in the mix of U.S.
coal consumption. EIA plans to report these updates in the Quarterly Coal Report, the State Energy Data Report, and the annual issue
of Emissions of Greenhouse Gases in the United States.

Coal combustion emits almost twice as much carbon dioxide per unit of energy as does the combustion of natural gas, whereas the
amount from crude oil combustion falls between coal and natural gas, according to Energy Information Administration, Emissions of
Greenhouse Gases in the United States 1985-1990, DOE/EIA-0573 (Washington, DC, September 1993), p. 16.

Examples of previously published emission factors include, in pounds of carbon dioxide per million Btu, single emission factors of 205.7
in "United States Emissions of Carbon Dioxide to the Earth's Atmosphere," Energy Systems Policy, Vol. 14, 1990, p. 323; 210.2 in
Changing by Degrees, U.S. Congress, Office of Technology Assessment, February 1991, p. 333; 205.6 for bituminous coal in Greenhouse
Gases, Abatement and Control, IEA Coal Research, June 1991, p. 24; and 183.4 in Limiting Net Greenhouse Gas Emissions in the United
States (Executive Summary), U.S. Department of Energy, Office of Environmental Analysis, September 1991, p. 37. EIA's first reported
emission factors by coal rank, published in Electric Power Annual 1990, DOE/EIA-0348(90) (Washington, DC, January 1992), p. 124,
were as follows: anthracite, 209; bituminous coal, 209; subbituminous coal, 219; and lignite, 213.

U.S. Department of Energy, Pittsburgh Energy Technology Center, "A Coal Combustion Primer," PETC Review, Issue 2 (Pittsburgh, PA,
September 1990), p. 17.

The relationships of the various heat-producing components of coal are given in Dulong's formula, which provides a method for
calculating the heating value of solid fuels. Dulong's formula is as follows: Btu per pound = 14,544C + 62,028(H - O ÷ 8) + 4,050S. C is
carbon, H is hydrogen, O is oxygen, and S is sulfur, all expressed in percent by weight. The coefficients represent the approximate
heating values of the respective components in Btu per pound. The term O ÷ 8 for hydrogen is a correction applied to account for the
portion of hydrogen combined with oxygen to form water. For a further discussion of Dulong's formula, see Babcock and Wilcox Co.,
Steam/Its Generation and Use, 40th edition, 1992, p. 9-9.

Potential carbon dioxide emissions can be calculated by use of the following formula: percent carbon ÷ Btu per pound x 36,670 = pounds

(lbs) of carbon dioxide per million (10 ) Btu. Multiply pounds of carbon dioxide per million Btu by 0.123706 to get million metric tons

(MMT) of carbon per quadrillion (10 ) Btu.

b
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Ultimate analysis refers to the determination of carbon, hydrogen, sulfur, nitrogen, oxygen, and ash. By comparison, proximate analysis
determines fixed carbon, volatile matter, moisture, and ash. Fixed carbon is principally carbon, but it may contain appreciable amounts of
sulfur, hydrogen, nitrogen, and oxygen. Volatile matter comprises hydrogen, carbon dioxide, carbon monoxide, and various compounds of
carbon and hydrogen.

Modification of the emission factors for incomplete combustion is described on page 6 of this article under "Carbon Dioxide Emission
Factors by Coal-Consuming Sector and State."

For details, see "Analysis of the Relationship Between the Heat and Carbon Content of U.S. Coals," prepared for the Energy Information
Administration, Office of Coal, Nuclear, Electric and Alternate Fuels, by Science Applications International Corp., September 1992.

Because of the unbalanced nature of the data being analyzed (i.e., unequal numbers of observations for the different levels of the
classification variables), the General Linear Models procedure in the Statistical Analysis System was used to perform the analyses.

The EIA Coal Analysis File did not contain data for bituminous coal in Texas, subbituminous coal in Alaska and New Mexico, or lignite in
Arkansas, California, and Louisiana. The emission factor for Alaska subbituminous coal was derived from information obtained from the
sole producer of coal in Alaska. The others were assigned appropriate average factors for their coal ranks, as noted in Table FE4.

For the coal analyzed in the EIA Coal Analysis File, the average hydrogen content was as follows, by weight (dry basis): anthracite, 2.5
percent; bituminous coal, 5.0 percent; subbituminous coal, 4.8 percent; and lignite, 4.4 percent.

For information on States that produce coal, see Energy Information Administration, Coal Production 1992, DOE/EIA-0118(92)
(Washington, DC, October 1993), and State Coal Profiles, DOE/EIA-0576 (Washington, DC, January 1994).

The amount of coal distributed by State of origin and State of destination is reported on Form EIA-6, "Coal Distribution Report," for
consuming sectors other than electric utilities, and on Federal Energy Regulatory Commission (FERC) Form 423, "Monthly Report of Cost
and Quality of Fuels for Electric Plants," for utility coal by rank. The amount and energy content of coal consumption by State and sector
are detailed in Energy Information Administration, State Energy Data Report, DOE/EIA-0214, published annually.

Acknowledgement is due Albert D. Gerard, Energy Information Administration, Office of Coal, Nuclear, Electric and Alternate Fuels, for
assistance in developing Table FE5.

Adjustments can be made by multiplying the factors by the estimated percentage of carbon converted to carbon dioxide. This has been
estimated as 99 percent by G. Marland and A. Pippin, "United States Emissions of Carbon Dioxide to the Earth's Atmosphere by
Economic Activity," Energy Systems and Policy, Vol. 14, (1990), p. 323. EIA's Emissions of Greenhouse Gases in the United States
1985-1990 (DOE/EIA-0573, September 1993) also assumed 99 percent combustion for carbon emission estimates.

Byproducts include coke oven gas, benzene, creosote, and other hydrocarbons. See, for example, Energy Information Administration,
Coke and Coal Chemicals in 1980, DOE/EIA-012(80) (Washington, DC, May 1981), for production and disposition of coal chemical
materials.

Another source, Greenhouse Gas Inventory Reference Manual--IPCC Draft Guideline for National Greenhouse Gas Inventories
(IPCC/OECD Joint Programme, 1993), Volume 3, part 2, 1.29, states that on average 5.91 percent of coal going to coke plants ends up
as light oil and crude tar, with 75 percent of the carbon in these products remaining unoxidized for long periods.

Energy Information Administration, Coal Production 1980, DOE/EIA-0118(80) (Washington, DC, May 1982), p. 20; and Coal Production
1992, DOE/EIA-0118(92) (Washington, DC, October 1993), p. 30.

Energy Information Administration, Quarterly Coal Report July-September 1993, DOE/EIA-0121(93/3Q) (Washington, DC, February
1994), p. 77; and Quarterly Coal Report October-December 1987, DOE/EIA-0121 (87/4Q) (Washington, DC, May 1988), p. 46.

Energy Information Administration, Cost and Quality of Fuels for Electric Utility Plants 1992, DOE/EIA-019(92) (Washington, DC,
August 1993), and Cost and Quality of Fuels for Electric Utility Plants 1980 Annual, DOE/EIA-0191(80) (Washington, DC, June 1981).

Information on the rank of coal distributed to the other industrial and residential/commercial sectors from States producing more than
one rank is not available. Therefore, based on available EIA data, the following coal ranks were assigned to distributions of nonutility coal
from the following coal-producing States: Arkansas, bituminous; Colorado, Montana, Washington, and Wyoming, subbituminous; Texas,
lignite.

 

see also:
Historical Coal Data back to 1949
Projected Coal Supply & Demand to 2030
International Coal Data

Contact:

  Paulette Young
  Phone: 202 - 586-1719
  Email: Paulette Young
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Climate Change Considerations in Project Level NEPA Analysis 
January 13, 2009 

 

Introduction 
Forest Service Chief Abigail R. Kimbell characterized the Agency’s response to the challenges 
presented by climate change as “one of the most urgent tasks facing the Forest Service” and 
stressed that “as a science-based organization, we need to be aware of this information and to 
consider it any time we make a decision regarding resource management, technical assistance, 
business operations, or any other aspect of our mission.”1 The Forest Service mission is to 
“sustain the health, diversity, and productivity of the Nation’s forest and grasslands to meet the 
needs of present and future generations.” 2

Ongoing climate change research was summarized in reports by the United Nations 
Intergovernmental Panel on Climate Change (IPCC) (

   

www.ipcc.ch), US Climate Change 
Science Program’s Science Synthesis and Assessment Products and the US Global Change 
Research Program.  These reports concluded that climate is already changing; that the change 
will accelerate, and that human greenhouse gas (GHG) emissions, primarily carbon dioxide 
emissions (CO2), are the main source of accelerated climate change. 

Projected climate change impacts include air temperature increases; sea level rise; changes in the 
timing, location, and quantity of precipitation; and increased frequency of extreme weather 
events such as heat waves, droughts, and floods.  These changes will vary regionally and affect 
renewable resources, aquatic and terrestrial ecosystems, and agriculture.  While uncertainties will 
remain regarding the timing and extent magnitude of climate change impacts, the scientific 
evidence predicts that continued increases in GHG emissions will lead to increased climate 
change. 

This document provides initial Forest Service guidance on how to consider climate change in 
project-level National Environmental Policy Act (NEPA) analysis and documentation.  The 
following are the basic concepts outlined in this paper: 

1. Climate change effects include the effects of agency action on global climate change and 
the effects of climate change on a proposed project. 

2. The Agency may propose projects to increase the adaptive capacity of ecosystems it 
manages, mitigate climate change effects on those ecosystems, or to sequester carbon. 

3. It is not currently feasible to quantify the indirect effects of individual or multiple 
projects on global climate change and therefore determining significant effects of those 
projects or project alternatives on global climate change cannot be made at any scale. 

4. Some project proposals may present choices based on quantifiable differences in carbon 
storage and GHG emissions between alternatives. 

                                            
1 Abigail R. Kimbell, Chief, USDA Forest Service, February 15, 2008, letter to Forest Service National Leadership 
Team 
2 USDA Forest Service Strategic Plan, FY 2007 - 2012 

http://www.ipcc.ch/�
http://www.climatescience.gov/Library/sap/default.htm�
http://www.usgcrp.gov/usgcrp/default.php�
http://www.usgcrp.gov/usgcrp/default.php�
http://www.fs.fed.us/publications/strategic/fs-sp-fy07-12.pdf�
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This guidance will be revised as more scientific literature is published, climate change 
management experience is gained, and government policies are established. 

Types of Climate Change Effects 
Consider two types of climate change effects when appropriate.   

• The effect of a proposed project on climate change (GHG emissions and carbon 
cycling).  Examples include: short-term GHG emissions and alteration to the carbon 
cycle caused by hazardous fuels reduction projects, GHG emissions from oil and gas 
field development, and avoiding large GHG emissions pulses and effects to the 
carbon cycle by thinning overstocked stands to increase forest resilience and decrease 
the potential for large scale wildfire. 

• The effect of climate change on a proposed project. Examples include: effects of 
expected shifts in rainfall and temperature patterns on the seed stock selection for 
reforestation after timber harvest and effects of decreased snow fall on a ski area 
expansion proposal at a marginal geographic location, such as a southern aspect or 
low elevation. 

Climate Change Considerations in Pre-NEPA Analyses, Purpose and Need 
Statements, and Proposed Actions 
Pre-NEPA analyses and identifying a purpose and need are important first steps in developing a 
proposed action. Typically, land management plan components (especially the desired conditions 
and objectives) provide a basis for developing the underlying purpose and need for projects. 

Future revised plans are likely to recognize climate change influences on local natural resource 
management and the ecological, social, and economic environments.  The comprehensive 
evaluation report developed for a land management plan revision and its successive updates 
provide information on conditions and trends, including climate change.  These conditions and 
trends provide the basis and important underpinnings for designing project purpose and need 
statements, proposals, and alternatives. In the absence of comprehensive evaluation reports, the 
Resources Planning Act (RPA) assessments3

Pre-NEPA analyses and assessments often consider existing and projected stresses on the 
environment (e.g., insect and disease epidemics) and should include the potential effects of 
climate change on our ability to achieve the desired conditions.  This analysis may lead to 
developing purpose and need statements and proposed actions designed to address climate 
change effects on the local environment. 

 include climate change discussions that may 
provide some relevant information for considering climate change in project analysis. 

The effects of climate change on natural resource management are best considered when 
developing a proposal prior to initiating NEPA.  In this way it is efficient to integrate climate 
change considerations together with the Agency mission objectives.  It is possible, and in some 
projects likely, that proposals may meet the Agency’s mission while also enhancing the 
resilience or adaptive capacity of resources to the potential impacts of climate change.  For 

                                            
3 Since 1990, the effects of climate change on forest resources have been included as a focus of assessment research. 
The RPA assessment results are used by public and private land managers to set a broad-scale context for evaluating 
future changes in renewable resources (see http://www.fs.fed.us/research/rpa/2005rpa/2000-RPA-Assessment-
Update.pdf for the April 2007 interim update to the 2000 RPA Assessment). 

http://www.fs.fed.us/research/rpa/2005rpa/2000-RPA-Assessment-Update.pdf�
http://www.fs.fed.us/research/rpa/2005rpa/2000-RPA-Assessment-Update.pdf�
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example, projects designed to restore the health, resilience, and productivity of forested 
ecosystems may also improve the capability of the stands or landscape to withstand climate 
change stresses.  Also, consider whether climate change may affect the ability to reach a desired 
condition. For example, the success of the proposal to restore aspen in a particular location may 
be reduced by expected warmer temperatures and lower rainfall during the next century.   

Climate change mitigation4 could be an objective or a complementary objective for a particular 
proposal.  Also, proposals may include adaptation5

Scoping and Climate Change Issues 

 proposals and adaptive management 
strategies to allow for uncertainties in environmental conditions resulting from climate change. 

Scoping is an integral part of environmental analysis and is used, in part, to identify and refine 
issues, establish analysis criteria, and explore possible alternatives and their probable 
environmental effects (Forest Service Handbook (FSH) 1909.15, sec. 11).   

Scoping is useful to determine if climate change issues are specifically related to the proposed 
action. Refrain from prematurely dismissing climate change issues as “outside the scope” of the 
analysis and use the interdisciplinary team and other sources to identify potential cause-effect 
relationships (if they exist) between the proposal and climate change. Also, refrain from 
prematurely assuming that NEPA documentation for every proposal must include a climate 
change discussion. 

Determining whether there is a cause-effect relationship is the first step in identifying a potential 
issue. Consider whether some element of the proposal will result in direct, indirect, or 
cumulative effects on GHG emissions or the carbon cycle and the direction of effects (e.g., 
increase, decrease, or combination of both).  Consider this example.  

The proposal to underburn 30,000 acres of ponderosa pine stands to maintain a Fire 
Regime Condition Class 1 (FRCC 1) condition will directly release CO2 during the 
burning operation, which contributes to increasing the atmospheric greenhouse gas 
concentration.  However, research indicates that restoration (or maintenance) of a    
FRCC 1 condition will result in a lower risk of uncharacteristically severe wildfire for 
those treated acres.  This reduced risk has a two-fold effect on GHG emissions or the 
carbon cycle: 

1) There is a direct beneficial effect on climate change of decreased GHG emissions 
from these acres because the risk of acres being burned by uncharacteristically 
severe wildfires would be reduced, and 

2) There is an indirect beneficial effect by treating these acres because live stands of 
trees will retain higher capacity to sequester carbon dioxide compared to stands 
killed by uncharacteristically severe wildfires, especially if not immediately 
reforested. 

Some proposals will not have cause-effect relationships to GHG emissions or the carbon cycle, 
or are at such a minor scale that the direct effects would be meaningless to a reasoned choice 

                                            
4 To paraphrase the IPCC definition (IPCC, 2007) in this context, mitigation is defined as “A human intervention to 
reduce the sources or enhance the sinks of greenhouse gases.” 
5 In this context, adaptation is defined by the IPCC Fourth Assessment Working Group as “Initiatives and measures 
to reduce the vulnerability of natural and human systems against actual or expected climate change effects.”  
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among alternatives. Examples include: installing a water guzzler for wildlife habitat 
improvement, approving a use by a commercial outfitter for guided hunting trips, removing 
hazardous trees in a campground, and chipping brush along a roadside. All NEPA documentation 
needs to be relevant to informing the decisionmaker and the public about pertinent 
environmental effects relevant to the decision being made. The scoping process is designed to 
facilitate relevant analysis, including relevant climate change analysis. 

Developing Alternatives Responding to Climate Change Issues 
The President’s Council on Environmental Quality (CEQ) directs agencies to consider and 
evaluate reasonable alternatives to proposals (Title 40, Code of Federal Regulation, Part 1502.14 
(40 CFR 1502.14)).  Alternatives proposed to address climate change issues need to be relevant 
to the proposed action’s purpose and need as well as technically and scientifically feasible.  
Alternatives may include mitigation measures to reduce GHG emissions, affect carbon cycling, 
or enhance adaptive capacity. Alternatives developed to respond to climate change issues should 
clearly relate to the cause-effect relationship between the proposal and climate change and have 
meaningfully different climate change-related effects when compared to the proposal and other 
alternatives.   

 

Direct & Indirect Effects Analysis 
The CEQ regulations at 40 CFR 1508.7 and 1508.8 and FSH 1909.15, section 15 provide 
direction and guidance for assessing direct, indirect, and cumulative effects caused by the 
proposed action and alternatives.  In addition to CEQ and agency NEPA requirements, it is 
important to understand that individual state laws and programs may require reduction, 
regulation, or monitoring of GHG emissions. 

As presented in the discussion on scoping, an analysis of GHG emissions and carbon cycles is 
not always appropriate for every NEPA document.  As with any environmental impact, GHG 
emissions and carbon cycling should be considered in proportion to the nature and scope of the 
Federal action in question and its potential to either affect emissions or be affected by climate 
change impacts.  As with any environmental effects analysis, the scope of effects needs to be 
established in timing and geography relative to the scope of the actions being considered in the 
alternatives.  There will be some situations where quantitative analysis will be useful and others 
where qualitative analysis will best serve decisionmaking. The following sections provide 
guidance on considerations for when to use quantitative and qualitative analyses. 

 

Quantitative Effects of Projects on GHG Emissions & Carbon Cycle Climate Change 

Many proposed projects and programs will emit greenhouse gases (direct effect) and, thus, 
contribute to the global concentration of greenhouse gases that affect climate (indirect effect).   

Quantifying greenhouse gases emitted and/or sequestered may help choose between alternatives 
based on relative direct effects trade-offs. Forest Service decisions having the potential to emit or 
sequester more greenhouse gases; such as, energy facilities, transmission lines, oil & gas 
development or leases, and some Federal permitting decisions may be best informed by 
quantitative analyses. Also, quantitative analysis may be best when addressing applicable 
requirements for reducing, regulating, or monitoring GHG emissions. 
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Because greenhouse gases mix readily into the global pool of greenhouse gases, it is not 
currently possible to ascertain the indirect effects of emissions from single or multiple sources 
(projects). Also, because the large majority of Forest Service projects are extremely small in the 
global atmospheric CO2 context, it is not presently possible to conduct quantitative analysis of 
actual climate change effects based on individual or multiple projects.  

Currently the Agency does not have an accepted tool for analyzing all GHG emissions.  Models 
used by the Agency such as FOFEM 5.56 and Consume 3.07

Other models that are being or have been developed include carbon life cycle calculators.  For 
example, the Forest Vegetation Simulator (FVS) is a forest growth and yield model that can 
produce per acre estimates of total stand carbon and removed carbon over time and under various 
management scenarios and forest disturbances such as fire, insects, and disease.  The FVS also 
tracks how much of the merchantable carbon is stored in products or is emitted with or without 
energy capture.  Efforts are under way to make FVS growth projections sensitive to changes in 
climate.  Guidance and analysis methods will continue to be developed for estimating GHG 
emissions and carbon sequestration from activities by federal, state and local governments, and 
non-governmental organizations which the Agency will continue to evaluate for applicability to 
its environmental analysis. 

 can estimate the conversion of fuel 
loads into emissions (CO2, Methane, nitrogen oxide (NO2)), though these tools are for projects 
which include prescribed burning of vegetation only.  These two models are not used to estimate 
emissions for other project categories such as oil & gas development, transportation, and so on. 

It is not necessary to calculate GHG emissions for most projects; however, in situations where 
the responsible official finds the information useful for decisionmaking, such data and 
conclusions developed through quantitative analysis would normally only be used for comparing 
alternatives related to direct effects or addressing any applicable regulatory requirements related 
to GHG emissions.  Without enough scientific understanding to draw conclusions about the 
significance of the quantitative results, qualitative discussions about the potential for greenhouse 
gases sequestered and emitted are more appropriate for disclosing climate change implications. 

Consider the effects of no action frames, the effects tradeoffs of the proposed action and other 
action alternatives on GHGs emissions.  The projected environmental baseline of the no action 
alternative can be used to compare quantitative impacts of the alternatives with respect to GHG 
emissions (when applicable); however, because it is not possible to predict the actual effects of a 
particular project on global climate change, a baseline comparison cannot be made using the no 
action alternative relative to climate change.   

  

Qualitative Analysis Methods: GHG Emissions & Carbon Cycle 

Qualitative effects disclosure for a project’s impacts on GHG emissions and carbon sequestration 
should be couched in the ecosystem’s role in the carbon cycle.  In this context, descriptions of 

                                            
6 FOFEM 5.5. is First Order Fire Effects Model, a public domain computer program for predicting tree mortality, 
fuel consumption, smoke production, and soil heating caused by prescribed fire or 
http://www.fire.org/index.php?option=content&task=category&sectionid=2&id=12&Itemid=31. 
7 Consume v. 3.0 is a software application used to predict fuel consumption, pollutant emissions, and heat 
release based on a number of factors including fuel loadings, fuel moisture, and other environmental 
factors http://www.fs.fed.us/pnw/fera/research/smoke/consume/index.shtml. 

http://www.fire.org/index.php?option=content&task=category&sectionid=2&id=12&Itemid=31�
http://www.fs.fed.us/pnw/fera/research/smoke/consume/index.shtml�
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qualitative impacts should disclose the nature and direction (short-term and long-term) of the 
impact as opposed to the specific magnitude of the impact. 

Forests play a major role in the carbon cycle.  The carbon stored in live biomass, dead plant 
material, and soil represents the balance between CO2 absorbed from the atmosphere and its 
release through respiration, decomposition, and burning.  Over longer time periods, indeed as 
long as forests exist, they will continue to absorb carbon. Qualitative discussions about these 
relationships can show the implications of agency decisions about climate change. 

The RPA assessment, literature, and national and regional web sites can provide information 
about general carbon sequestration and GHG implications of various categories of project 
activities. These resources describe concepts and provide language explaining general 
connections between management activities and the carbon cycle that can be incorporated by 
reference in qualitative discussions. 

 
Cumulative Effects Analysis 
As GHG emissions are integrated across the global atmosphere, it is not possible to determine 
the cumulative impact on global climate from emissions associated with any number of 
particular projects.  Nor is it expected that such disclosure would provide a practical or 
meaningful effects analysis for project decisions.   

Where a proposed project would be anticipated to emit relatively large amounts of greenhouse 
gases (e.g., large-scale oil and gas development project), the following may be appropriate. 

1. Quantify the expected annual and total emissions from the project, where possible, using 
already generated data from air quality analyses; 

2. Provide context for these numbers by comparing to other emission sources (e.g., 
individual, regional, national, global); and 

3. Qualitatively describe the effects of GHG emissions on climate change. 

A qualitative cumulative effects discussion could incorporate a summary of local, regional, or 
national climate change scientific assessments to recognize overall climate change effects 
expected as a result of all contributions to climate change. However, it will not be possible and it 
is not expected that the effects of a particular project or multiple projects can be specifically 
attributed to those effects. The land management plan comprehensive evaluation and RPA 
Assessment may include information that would help in this summary. 

 
Uncertainty Regarding Climate Change 
Although it is possible to quantify a project’s direct effects on carbon sequestration and GHG 
emissions, there is no certainty about the actual intensity of individual project indirect effects on 
global climate change.  Uncertainty in climate change effects is expected because it is not 
possible to meaningfully link individual project actions to quantitative effects on climatic 
patterns.   

Complete quantifiable information about project effects on global climate change is not currently 
possible and is not essential to a reasoned choice among alternatives.  However, based on climate 
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change science, we can recognize the relative potential of some types of proposals and 
alternatives to affect or influence climate change and therefore provide qualitative analysis to 
help inform project decisions.  .  

 
Findings of No Significant Impact Related to Climate Change 
Context considerations together with 10 intensity factors are used to determine whether a 
proposed action’s environmental impact may be significant (40 CFR 1508.27).  A Finding of No 
Significant Impact documents a Federal agency’s reasons why a proposed action will not have a 
significant effect on the quality of the human environment and an environmental impact 
statement (EIS) will not be prepared (40 CFR 1508.13). 

The responsible official determines the “significance” of effects of a proposal, given the context 
and intensity of the effects.  Significance varies with the context or setting of the proposed 
action.  For a site-specific action, significance usually depends on the effects in the locale rather 
than the world as a whole.  Therefore, actions potentially having effects on climate change that 
are not discernible at the global scale are unlikely to be determined significant from a climate 
change standpoint for that reason.  The determination is relative to the scope of the 
environmental effects described in an environmental assessment. Because the context of 
individual projects and their effects cannot be meaningfully evaluated globally to inform 
individual project decisions, it is not possible and it is not expected that climate change effects 
can be found to be “significant” under NEPA and therefore require EIS preparation.   

Of the 10 “intensity” factors in the CEQ definition of significance, 5 may be questioned or raised 
as reasons for requiring an EIS.  Factors 2, 4, 5, and 7 can be addressed by explaining the context 
of the actions and the scope of the effects: 

Factor 2 – The degree to which the proposed action affects public health or safety.   
Factor 4 – The degree to which the effects on the quality of the human environment 
are likely to be highly controversial.   
Factor 5 – The degree to which the possible effects on the human environment are 
highly uncertain or involve unique or unknown risks 
Factor 7 – Whether the action is related to other actions with individually insignificant 
but cumulatively significant impacts.  Significance exists if it is reasonable to 
anticipate a cumulatively significant impact on the environment.  Significance cannot 
be avoided by terming an action temporary or by breaking it down into small 
component parts.   
We can recognize that global climate change may affect human health, that there is uncertainty 
and unknown risks associated with global climate change, and that the ultimate effects on 
climate change are indeed the results of incremental cumulative effects of many actions, most of 
which are outside the Agency’s control. However, we should also recognize in our findings that 
we cannot discern significant climate change effects of our proposals, given the context of 
projects and plans and the lack of effects that can be meaningfully evaluated under current 
science, modeling, and policies.  

Factor 10 – Whether the action violatesthreatens a violation of Federal, state, or local 
law or requirements imposed for the protection of the environment.   
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Under this factor, it would be difficult to determine the significance of effects of one 
project on greenhouse gases directly, and therefore climate change indirectly, as there are 
currently no Federal statutes, regulatory standards, or policy direction on the significance 
of such effects.  Until meaningful, accepted thresholds are adopted against which to 
weigh any project-related GHG emissions, it will not be possible to determine whether a 
specific project will have a significant effect under this factor. 

If a state does have a threshold in law or regulation for GHG emissions, then the environmental 
analysis needs to address the project’s relationship to that threshold (40 CFR 1508.27 (b)(10)).  
As states and counties begin to develop such thresholds, NEPA practitioners must be aware of 
their current local situation and how factor 10 should be addressed in a finding of no significant 
impact.   

 

Decision Documents  
It may be appropriate for the decision document rationale to include some indication of 
how climate change considerations (if any) were weighed during decisionmaking.  These 
statements should reference relevant NEPA documents, assessments, and science to 
substantiate findings.   

In recognizing agency responsibility to consider climate change, the responsible official 
can cite the Forest Service mission to “sustain the health, diversity, and productivity of 
the Nation’s forests and grasslands to meet the needs of present and future generations” 
and state how their decision considered climate change issues. They can explain how 
climate change was considered to the extent possible given the scope of the project, the 
scope of the effects, and how all the effects were weighed along with the benefits in 
arriving at a decision. This would convey Chief Kimball’s intent that we need to be aware 
of climate change information and to consider it when making decisions. 

 
Responding to Comments Regarding Climate Change 
The CEQ regulations (40 CFR 1503.4) provide direction that is applicable when responding to 
comments about climate change. 

1. Modify alternatives including the proposed action. 

2. Develop and evaluate alternatives not previously given serious consideration by the 
Agency. 

3. Supplement, improve, or modify the analysis. 

4. Make factual corrections. 

5. Explain why the comments do not warrant further agency response, citing the sources, 
authorities, or reasons which support the Agency’s position and, if appropriate, indicate 
those circumstances that would trigger agency reappraisal or further response. 

Though some examples may help, no standard list of responses to comments can work across all 
national forests or grasslands.  However, given the context of global climate change, there are 
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some elements of individual responses that can be standardized. The following are potential 
information sources to use in response to comments: 

o EPA State of Knowledge on Climate Change Science. 

o Regional appeal websites contain responses to appeal issues, including those related to 
climate change http://www.fs.fed.us/appeals/. 

o Agency climate change science syntheses and assessments to support forest plan 
revisions and projects expected to be completed by January 1, 2009.  

Tools, Resources, Literature, and Websites 
o Examples - Purpose and need, proposed action, issue statement, alternative development, 

effects analysis, and response to comments examples are available on the intranet at 
www.examples.fs.fed.us  

o Inter-governmental Panel on Climate Change 

o US Climate Change Science Program 

o Climate Impacts Group, University of Washington 

o Climate Change Resource Center 

o Climate Assessment for the Southwest, University of Arizona 

o Southern Global Climate Change Program 

o EPA Greenhouse Gas Equivalencies Calculator 

o EPA Climate Change & Forests 

o Regional Integrated Sciences and Assessments Program, National Oceanic and 
Atmospheric Administration 

o United States Climate Action Partnership 

o Forest Plan Implementation (1900-1) Training Materials 

o Consortium for Research on Renewable Industrial Materials 

o Forest Vegetation Simulator (FVS) 

o CONSUME 

o Tools for Carbon Inventory, Management, and Reporting 

o Climate, Fire, and Carbon Cycle Sciences  

http://www.epa.gov/climatechange/science/stateofknowledge.html�
http://www.fs.fed.us/appeals/�
http://www.examples.fs.fed.us/�
http://www.ipcc.ch/�
http://www.climatescience.gov/�
http://cses.washington.edu/cig/�
http://www.awma.org/CCRC/index.html�
http://www.climas.arizona.edu/�
http://www.sgcp.ncsu.edu/�
http://www.epa.gov/cleanenergy/energy-resources/calculator.html�
http://epa.gov/climatechange/effects/forests.html�
http://www.climate.noaa.gov/cpo_pa/risa/�
http://www.us-cap.org/�
http://fsweb.wo.fs.fed.us/em/nepa/nepa_coordination_training/00index.html�
http://www.corrim.org/�
http://www.fs.fed.us/fmsc/fvs/�
http://www.fs.fed.us/pnw/fera/research/smoke/consume/index.shtml�
http://nrs.fs.fed.us/carbon/tools/�
http://www.nrs.fs.fed.us/units/climate/�
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References & Literature 
o Science and Assessment Program (SAP 4.3), The Effects of Climate Change on 

Agriculture, Land Resources, Water Resources, and Biodiversity in the United States 

o Science and Assessment Program (SAP 4.4), Adaptation Options for Climate-Sensitive 
Ecosystems and Resources, U.S. Climate Change Science Program. 

o Silviculture and Forest Management Under a Rapidly Changing Climate, Millar, et al, 
Ecol. Applications, 2007. 

o British Columbia Department of Forests Research Publications by Dave Spittlehouse for 
the Pacific Northwest. 

o Intergovernmental Panel on Climate Change’s Fourth Assessment Report.  

o Climate change and Forests of the Future: Managing in the Face of Uncertainty, 
Ecological Applications, 17(8), 2007, pp. 2145–2151. 

o April 2007 interim update to the 2000 RPA Assessment. 

http://www.usda.gov/oce/global_change/files/CCSPFinalReport.pdf�
http://www.climatescience.gov/Library/sap/sap4-4/public-review-draft/ch3-forests/sap4-4prd-chap3figs.pdf�
http://www.fs.fed.us/psw/publications/documents/psw_gtr203/psw_gtr203_004skinner.pdf�
http://www.for.gov.bc.ca/hre/pubs/dspittle.htm�
http://www.ipcc.ch/ipccreports/assessments-reports.htm�
http://www.fs.fed.us/psw/publications/millar/psw_2007_millar029.pdf�
http://www.fs.fed.us/research/rpa/2005rpa/2000-RPA-Assessment-Update.pdf�


13 January 2009 11 

 
Links for Forest Service Employees 

o Region 1 and Region 9 Forest Service internal websites include sample comments. 

o The Project, Appeals and Litigation System (PALS) Forest Service internal website is 
designed to track appeal issues, including those for climate change. 

 

http://fsweb.r1.fs.fed.us/em/nepa_web/climatechange.html#samples�
http://fsweb.r9.fs.fed.us/departments/nr/Planning/nepa/climate_change.shtml�
http://fswebas.wo.fs.fed.us:7777/pals/�


 
 
 
 
 
 
 
 
 
 
 
 
 

Exhibit 9 
 

U.S. EPA, Daily Ozone AQI Levels, 2005-2010, Campbell County, Wyoming 



2/8/11 8:38 PMSAS Output

Page 1 of 1http://www.epa.gov/cgi-bin/broker?msaorcountyName=countycode&msao…flag=Y&_debug=2&_service=data&_program=dataprog.trend_tile_dm.sas

This request took 3.94 seconds of real time (v9.2 build 1495).



2/8/11 8:38 PMSAS Output

Page 1 of 1http://www.epa.gov/cgi-bin/broker?msaorcountyName=countycode&msao…flag=Y&_debug=2&_service=data&_program=dataprog.trend_tile_dm.sas

This request took 3.67 seconds of real time (v9.2 build 1495).



2/8/11 8:38 PMSAS Output

Page 1 of 1http://www.epa.gov/cgi-bin/broker?msaorcountyName=countycode&msao…flag=Y&_debug=2&_service=data&_program=dataprog.trend_tile_dm.sas

This request took 4.14 seconds of real time (v9.2 build 1495).



2/8/11 8:37 PMSAS Output

Page 1 of 1http://www.epa.gov/cgi-bin/broker?msaorcountyName=countycode&msao…flag=Y&_debug=2&_service=data&_program=dataprog.trend_tile_dm.sas

This request took 4.19 seconds of real time (v9.2 build 1495).



2/8/11 8:37 PMSAS Output

Page 1 of 1http://www.epa.gov/cgi-bin/broker?msaorcountyName=countycode&msao…flag=Y&_debug=2&_service=data&_program=dataprog.trend_tile_dm.sas

This request took 7.26 seconds of real time (v9.2 build 1495).



2/8/11 8:37 PMSAS Output

Page 1 of 1http://www.epa.gov/cgi-bin/broker?msaorcountyName=countycode&msao…flag=Y&_debug=2&_service=data&_program=dataprog.trend_tile_dm.sas

This request took 3.93 seconds of real time (v9.2 build 1495).



 
 
 
 
 
 
 
 
 
 
 
 
 

Exhibit 10 
 

U.S. EPA, Comments on Wright Area Coal DEIS (Sept. 10, 2009) 



 

 

 
Ref:  EPR-N     SEP 10  2009 
 
Sarah Bucklin 
Project Manager 
Bureau of Land Management 
Wyoming High Plains District Office 
2987 Prospector Drive 
Casper, WY  82604 
 

Re: Draft EIS for Wright Area Coal Lease Applications 
[CEQ# 20090209]  

 
Dear Ms. Bucklin:  
 
 The U.S. Environmental Protection Agency (EPA) has reviewed the Bureau of Land 
Management’s (BLM) Draft Environmental Impact Statement (EIS) for Wright Area Coal Lease 
Applications to assess the consequences of holding competitive sales for modified maintenance 
lease tracts on 18,000 acres of federally-owned solid minerals making available 2.570 billion 
tons of surface-minable coal in the Powder River Basin (PRB) of Wyoming.  Our review and 
comments are provided pursuant to Section 102(2)(C) of the National Environmental Policy Act 
(NEPA), 42 U.S.C. Section 4332(2)(c) and Section 309 of the Clean Air Act, 42 U.S.C. Section 
7609.        
 

Air quality continues to be EPA’s main concern for the energy activities in the PRB.  
Large surface coal mines have the potential to become particulate emission sources in the PRB 
contributing to air quality degradation. Although the Wyoming Department of Environmental 
Quality (WDEQ) has by statute, the authority and responsibility to require mitigation for air 
quality impacts, the Final EIS should propose additional mitigation measures for air quality 
impacts that are not directly related to the new leases such as additional dust suppression.  During 
many recent years, air quality monitoring in the area has shown exceedances of the PM10 

standards (particulate matter less than 10 micrometers in diameter, commonly referred to as 
fugitive dust).  Air quality modeling results from the PRB Coal Review (cumulative air quality 
effects) also predict additional increases in PM10 emissions for this mining area, potentially 
causing exceedances of the air quality standard.  Therefore, we are recommending that the Final 
EIS analyze more effective dust control measures than the current Best Available Control 
Technology (BACT) and Best Available Control Measure (BACM) practices and require 
additional mitigation to reduce fugitive dust from mining the lease tracts and the cumulative 
effects of mining in the surrounding area.  
 

  UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGION 8 

1595 Wynkoop Street 
DENVER, CO   80202-1129 

Phone 800-227-8917 
http://www.epa.gov/region08  

 

 



 

 

EPA also has concerns about the impacts of nitrogen dioxide emissions from cast blasting 
shots and whether the proposed mitigation is sufficient.  Voluntary blasting restrictions to control 
public exposure to NOx emissions have not always been implemented.  Depending on the 
proximity of public exposure to the explosive fumes, it may be appropriate to incorporate the 
mitigation measures into the terms of the leases.  The most successful control measure would be 
to eliminate cast blasting entirely as the Eagle Butte Mine has done; alternatively, smaller shots 
using reduced amounts of explosives could become the standard practice.   
 
 The existing PRB Coal Review studies were used effectively in the Draft EIS discussion 
of the cumulative environmental consequences.  We understand that an update to the PRB Coal 
Review air quality analysis is currently under consideration by BLM.  This update is a proactive 
action by BLM that we support and we are always willing to provide assistance or participate in 
air quality working groups, if needed.  Such an analysis might inform an appropriate control 
measure strategy to be developed to avoid any adverse impacts.   
 

Consistent with section 309 of the Clean Air Act, it is EPA’s responsibility to provide an 
independent review and evaluation of the potential environmental impacts of this project.  In 
accordance with our policies and procedures for reviews under NEPA and Section 309 of the 
Clean Air Act, EPA is rating this Revised Draft EIS as EC-2 (EC - Environmental Concerns, 2 - 
Insufficient Information).  This rating means that our review identified environmental impacts 
that should be avoided in order to fully protect the environment and the Draft EIS lacked 
sufficient information and analysis regarding impact mitigation and the analysis of the proposed 
action’s impact on climate change.  In addition to EPA’s detailed comments on the Draft EIS, a 
full description of EPA’s EIS rating system is enclosed. 

 
Please see the following detailed comments for our specific environmental and 

informational concerns.  If you have any questions regarding our comments or this rating, please 
contact me at (303) 312-6004, or you may contact James Hanley of my staff at (303) 312-6725. 
 
 

Sincerely, 
 
/s/ Robin Coursen (acting for) 
 
 
Larry Svoboda 
Director, NEPA Program 
 

 
Enclosure
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Wright Area Coal Lease Applications DEIS 
Technical Comments 

 
 
Air Quality Modeling 
 

1. Near Field Impacts -- Direct project impacts using the air dispersion model ISCLT3 for 
annual PM10 and annual NOx concentrations were disclosed in the Draft EIS for base case 
and maximum emission scenario years for each of the three mines.  No PM2.5 impact 
analysis was conducted in the near field for the Draft EIS.  In all cases the modeling 
predicted compliance with the PM10 annual Wyoming Ambient Air Quality Standards 
(WAAQS).  No 24-hour PM10 near field predictions were made for the Draft EIS in 
conformance with the 1994 Memorandum of Agreement between EPA and Wyoming 
Department of Environmental Quality (WDEQ) that involves comprehensive air 
monitoring conducted in the area in lieu of PM10 modeling. NOx modeling results were 
compared against the NO2 National Ambient Air Quality Standards (NAAQS) (assuming 
100% NOx to NO2 conversion) and were generally lower than the NAAQS with one 
exception.  For the Jacobs Ranch Mine year 2013, the NOx prediction was 55 ug/m3 
which exceeds the NO2 NAAQS by 2 ppb.   

 
Recommendation:  The Final EIS should present potential PM2.5 near field impacts from the 
project and identify measures to reduce the NO2 impacts from the Jacobs Ranch Mine.   

 
2. Additional PM10 Mitigation --   Monitoring data in 2007 exceeded predictions of the 

WDEQ Permit Model.  WDEQ approaches PM10 control in the Wyoming PRB coal 
mines through use of a conservative Fugitive Dust Model to determine coal production 
levels that will not exceed the annual NAAQS at any monitor when required BACM 
(Best Available Control Methods) are used; and with monitoring data (in the absence of 
accurate short term models) to show that at actual production levels, 24-hour PM10 
NAAQS exceedances do not occur. 

 
Recommendation:  To ensure compliance with the PM10 standards, EPA believes that either 
mine emissions or emissions from other area sources must be reduced before PRB operations 
are expanded to realize the upper range of future coal production.  We recommend that the 
Final EIS add additional mitigation measures to reduce fugitive dust emissions.  These 
mitigation measures would be in addition to BACM and should be incorporated into the 
terms of the proposed leases.  Through our discussions with BLM on air quality, it appears 
that it may be more efficient for the lessees to be obligated for mitigation for other activities 
on BLM land or private lands.    

 
3. NOx, NO2 & Ozone - Many of the voluntary blasting (cast blasts) restriction measures 

implemented by the mines appear to be successful in reducing or eliminating public 
exposure to high NO2 emissions. However, NO2 emission rates described in Section 
3.4.3.2.1, page 3-70 of over 4,500 tpy for the Black Thunder Mine alone are very high 
and may contribute to visibility impairment and the formation of ozone. EPA is 
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concerned with measured ozone concentrations in the surrounding area. For example, the 
WDEQ’s Thunder Basin National Grassland site has a design value of 72 ppb (2006-
2008), which is very near the NAAQS of 75 ppb.   Also, on June 26, 2009, EPA 
published a proposed revision to the NO2 NAAQS.  EPA is considering a new NO2 
NAAQS over a 1-hour averaging period of between 80 and 110 ppb. The EPA plans on 
finalizing the rulemaking on January 22, 2010. Given the short-term nature of the cast 
blasts coupled with a very high emission rate of over 4,500 tpy, we are concerned that 
compliance with the proposed NO2 1-hour NAAQS may be problematic. 

 
Recommendation:  Because of the high levels of existing ozone levels and our concerns with 
short-term NO2 impacts, we recommend that the BLM and proponents should consider 
additional NOx mitigation strategies that would reduce visibility impairment, ozone and NO2 
concentrations in the area. 
 
4. (Draft EIS section 3.4.3.2.1) Mitigation for Nitrogen Dioxide Emissions.  On page 3-66, 

the Draft EIS states that Wright Area Mines have already implemented voluntary 
measures to reduce NO2 emissions. Because the measures are voluntary, the mine 
operators may choose not to implement the mitigation measures.  It should also be noted 
that the measures for the mines do not include a prohibition of blasting when conditions 
are unfavorable (large blast, wet conditions, weather inversions, little wind, wind 
direction towards residences/road, etc.) The existing mitigation merely requires 
notification and monitoring.  

 
Recommendation:  We recommend that a condition of approval be added to the lease 
prohibiting blasting when conditions are unfavorable. The mines would then need to analyze 
the size of blasts in conjunction with weather conditions and potential public exposure to 
prevent exceedances of the EPA and NIOSH recommended toxicity levels. The Final EIS 
also needs to more fully describe the types and levels of mitigation and how the mitigation 
will be implemented to reduce exposure to nitrogen dioxide. For example we understand that 
several of the mines have reduced the sizes of blasts, changed the composition of the 
explosive agents used for blasting, and/or changed the placements of blasting agents.  
 
Specific Air Quality Narrative Comments 
 
5. The Executive Summary (ES) presents significance levels for fugitive dust and tailpipe 

particulates and includes a short discussion of other existing air pollutant sources.  EPA 
recommends inclusion of a summary of the greenhouse gas emissions analyzed in Section 
3 and 4 within the Executive Summary.  

 
6. ES-36.  It would be helpful to present the value for the annual NO2 NAAQS within the 

text so that readers may make comparisons to the maximum modeled NOx concentrations 
shown on Figures ES-8, ES-9, and ES-10.  

 
7. Figure ES-11.  Explain in the text why a 3-mile buffer was chosen to depict the potential 

for public exposure to emissions from surface mining operations.          



 

  
 

3 

8. Tables 4-11 through 4-14 of the Draft EIS disclose potential cumulative impacts that were 
tiered from the October 2008 PRB Coal Review Cumulative Air Quality Effects project. 
The PRB Coal Review disclosed cumulative adverse impacts from PM2.5, PM10, and 
visibility impairment at Class I areas under the three modeled scenarios.  Specifically, for 
both the lower and upper coal development scenarios in 2015, the 24-hour PM2.5 

prediction is 179.5 µg/m3 (NAAQS is 35 µg/m3) and the annual PM2.5 prediction is 18.7 
µg/m3 (NAAQS is 15 µg/m3).  For both the lower and upper coal development scenarios, 
the PM10 modeling predicted 24-hour impacts of 512.8 µg/m3 (NAAQS is 150 µg/m3).  
These predictions are all well over the NAAQS for PM2.5 and PM10.  The 1994 
Memorandum of Agreement between EPA and WDEQ does incorporate monitoring in 
lieu of short-term PM10 modeling. However, for planning purposes we believe the type 
and location(s) of the emissions contributing to these concentrations should be presented 
in the Final EIS.  Since the PRB Coal Review modeling work is under consideration by 
BLM, we believe this updated analysis should capture all sources within a modeling 
domain large enough to determine cumulative impacts including PM10, ozone and 
visibility.  The analysis should also present source attribution contributions associated 
with the locations of predicted elevated pollutant levels.  Such an analysis might inform 
an appropriate control measure strategy to be developed to avoid the predicted adverse 
impacts.   

 
9. 3.4.1.1 (Table 3-8) Assumed Background Air Pollutant Concentrations.  This table 

contains references to several air monitoring site data collected generally from 2002-
2004. The Table units are presented as ug/m3, however, for some of the parameters it 
appears that ppb units may be shown instead.  We recommend using consistent units 
throughout the table.   It also appears that some of the units are incorrect.  Please ensure 
units are correct. In addition, there are much more recent data available from 2006 and 
2007 that should also be incorporated into the table. 

 
a. The background concentration for NO2 is listed for the Thunder Basin National 

Grassland Monitoring Site, which is located more than 20 miles north of Gillette. 
Please replace this location with the WDEQ site southwest of Gillette which 
generates NO2 monitoring data and would be more representative of true 
background conditions.  

 
b. Data for SO2 should be updated to include more recently measured concentrations 

at the Wyodak Site 4 monitoring station in Campbell County, Wyoming. 
 

c. It is unclear why data from Eagle Butte Mine was used for background PM10 in 
Table 3-8. There are numerous nearby PM10 monitoring sites in the southern PRB, 
including the WDEQ site southwest of Gillette.  For air quality analysis purposes, 
data presented as Background Data should be data that represents base case 
ambient conditions near the proposed action. 

 
d. Page 4-42 references the Memorandum of Agreement between the WDEQ and 

EPA (January 24, 1994).  A condition of the agreement is to continue PM10 
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monitoring near the mine to ensure compliance with the 24-hour PM10 NAAQS.  
BLM should ensure that the mine operator(s) consult with the WDEQ on any 
monitoring site adjustments or additions due to the proposed expansion of the 
active mine area.  Particular attention should be made to placement of monitors 
closer to the active mine areas in order to determine maximum impacts from the 
mines.   

 
10. Section 3.4.2.3, Page 3-63, text states that “While PRB mining operators have already 

implemented these control measure in practice, formal approval of the NEAP [Natural 
Event Action Plan] for the mines in the PRB by EPA Region VIII is still pending”.  EPA 
Region VIII approved the WDEQ NEAP on March 13, 2007.   

 
11. Section 3.4.2.3, Page 3-63, the full paragraph describes the NEAP for the mines in the 

PRB in the context of an Exceptional Event; this is no longer strictly applicable.  The 
Exceptional Event Rule of March 22, 2007 no longer requires a NEAP.  However, 
according to the preamble to the Exceptional Event Rule (Signed March 22, 2007, 
Effective May 21, 2007), “The EPA believes that it is advantageous for States to keep 
NEAPs in place that are currently being implemented in order to address the public health 
impacts associated with recurring natural events such as high wind events.  However, 
following the promulgation of this rule, States will no longer be required to keep NEAPs 
in place that were not approved as a part of a SIP for an area”.  We believe the NEAP 
should be retained because it provides the flexibility to control other emission sources, 
like fugitive emission sources, that otherwise might not be controlled with BACT. We 
believe the BACM specified in the NEAP contains an appropriate and reasonable 
minimum level of control as required under the Exceptional Event Rule for the PRB coal 
mines.  Additional mitigation of PM10 should be introduced if PM10 exceedances occur at 
Wright Area Coal Lease mines.    

 
12. We recommend that the Final EIS disclose that emissions from coal combustion have 

been identified as a significant source of atmospheric mercury.  EPA's web site at 
http://www.epa.gov/mercury/report.htm has several reports summarizing the 
environmental impacts of mercury, primarily bioaccumulation in the aquatic food web.  
Concentrations of mercury emitted as a result of combustion vary depending on the 
chemistry of coal deposits and the type of air pollution controls.   

 
Recommendation:  For purposes of the Final EIS, we recommend including any existing 
information on mercury emissions from power plants currently burning coal from the PRB 
mines.  

 
Cumulative Environmental Consequences 
 

13. Adverse visibility impairment impact days were also identified in the Draft EIS. These 
include 26 days at Badlands National Park, 32 days at the Northern Cheyenne Indian 
Reservation and 18 days at the Wind Cave National Park for the lower 2015 Coal 
Development scenario.    
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Recommendation:  The Final EIS should add additional mitigation measures to reduce the 
days of visibility impairment in these Class 1 areas.   Since the PRB Coal Review modeling 
work is under consideration by BLM, we believe this updated analysis should capture all 
sources within a modeling domain large enough to determine cumulative impacts including 
PM10, ozone and visibility.  The analysis should also present source attribution contributions 
associated with locations of predicted elevated pollutant levels.  Such an analysis might 
inform an appropriate control measure strategy to be developed to avoid the predicted 
adverse impacts.   
 
14. Section 4.2.14.1 presents an analysis regarding global climate change and Greenhouse 

Gas (GHG) emissions. EPA recommends the following  updates and changes to this 
section:  

 
a. Greenhouse gas emissions from burning the coal should be calculated in the Final 

EIS and reported in millions of metric tons CO2-equivalent per year or 
comparable units.  Although the coal is sold as a commodity, the emissions can be 
calculated using coal production and emissions factors.  For a more detailed 
analysis, the BLM may want to consider calculating the differences in CO2 
emissions from the combustion technologies described in the Draft EIS (standard 
combustion, IGCC, advanced pulverized coal, circulating fluidized bed). 

 
b. The Final EIS should disclose the measures the coal mines are using or plan to use 

to reduce or mitigate direct greenhouse gas emissions, including but not limited to 
reduction of coalbed methane and railroad locomotives’ emission reductions.  
Mitigation measures designed to reduce the GHG emissions per unit of coal 
produced needs to be analyzed.   

 
c. The Final EIS should update the information regarding climate change modeling.  

For example, the last two paragraphs on page 4-110 of the Draft EIS, starting with 
“Tools necessary to quantify incremental climatic changes associated with those 
factors for the projected development activities in the PRB are presently 
unavailable” and the last paragraph on page 4-110 should be deleted or rewritten 
to describe current climate change prediction modeling. 

 
d. The last paragraph of Section 4.2.14 suggests that estimates of greenhouse gas 

emissions from the combined or cumulative mine operations can be found at 
Section 3.4.5, but the reference should be to Table 3-24 found in Section 3.18.2 
on Page 3-307.    

 
The broader cumulative impact analysis should also factor in the success of reclamation 
and mitigation plans for various resources. Mining reclamation works well for restoring 
some aspects of resources such as grazing livestock and wildlife, and visual aesthetics. 
Other resource values may take a longer time to return to full function or may not be 
restorable at all (e.g., wetlands, groundwater, and unique habitats). 
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Recommendation:  We recommend that the impact sections for resources that are 
substantially impacted by cumulative impacts be reevaluated to determine how the impacts 
will overlap in time and for the resource as a whole. For example, does the timing of 
maximum impact from other activities (e.g., coalbed methane) coincide with the peak of 
impacts from coal mining? Are any resources impacted by coal mining approaching 
sustainability limits because of cumulative impact levels? 
  
Wetlands 

 
15. (Section 3.7.3) Wetlands Compliance, Mitigation and Monitoring.  The wetlands 

mitigation plan needs to be amended to compensate for the long-term loss of wetland 
values during and following mining. The mitigation ratios may need to be increased to 
compensate for the temporal loss of wetlands. Wetlands obviously cease to function 
during the 10 to 20 years of mining. However, wetlands fed by groundwater will not 
regain function until the ground water table recovers. We recommend that additional 
mitigation be established to compensate for the long-term loss of wetland values. The 
mitigation plans for previous or current reclamation may provide good locations for 
increasing wetlands in the area. Alternatively, the mines may want to improve other 
wetlands damaged by overgrazing, poorly constructed roads, or off-road vehicle damage.  

 
Wildlife 

 
16. (Section 4.2.8.4) Special Status Species.  The analysis for wildlife impacts should be 

based on the habitat needs of the species of concern, rather than the specific boundaries of 
the mines and lease tracts. There also needs to be sufficient analysis to understand the 
impacts of the Lease by Application (LBA) decisions. For example, on page 4-71, the 
Draft EIS states that no sage grouse leks occur within five miles of the Wright Area Coal 
LBA tract.  It is unclear if the absence of nesting areas is important to the decline in sage 
grouse population or if there are sufficient numbers of leks nearby to sustain the 
population. In addition, this information does not appear to be consistent with the 
cumulative impacts discussion in the last paragraph of page H-67, which states that 
"Given the absence of grouse, and the limited quantity and marginal quality of potential 
grouse habitat in the area, US Department of Agriculture-Forest Service Management 
Direction guidelines for Management Indicator Species (MIS) do not apply to this 
project.” By looking at sage grouse habitat on a component-by-component basis and 
mainly on LBA and mining properties, the impacts of the LBA decisions on the health 
and sustainability of the grouse population in this area are not presented .  We note that a 
full biological assessment and evaluation document is being prepared for review in 
addition to the information in the Final EIS analysis.    



 
 
 
 
 
 
 
 
 
 
 
 
 

Exhibit 11 
 

Tonnesen, G., Z. Wang, M. Omary, C. Chien, Z. Adelman, and R. Morris, et al., Review of 
Ozone Performance in WRAP Modeling and Relevance to Future Regional Ozone Planning, 

presentation given at WRAP Technical Analysis Meeting (July 30, 2008) 



Ozone MPE, TAF Meeting, July 30, 2008

Review of Ozone Performance in WRAP 
Modeling and Relevance to Future 

Regional Ozone Planning

Gail Tonnesen, Zion Wang, Mohammad Omary, Chao-Jung Chien
University of California, Riverside

Zac Adelman
University of North Carolina

Ralph Morris et al.
ENVIRON Corporation Int., Novato, CA



Ozone MPE, TAF Meeting, July 30, 2008

Ozone Planning Needs 

• New 75 ppb eight-hr average NAAQS for ozone 
will result in increased number of ozone non-
attainment areas and the need for new ozone SIPs.

• New ozone non-attainment areas will be located in 
western states including rural and remote regions.

• To what extent can previous WRAP visibility 
modeling be used to assist in ozone planning? 



Ozone MPE, TAF Meeting, July 30, 2008

White Paper on WRAP Ozone Modeling

• Review ozone performance in WRAP regional scale 
visibility modeling. 

• Assess suitability of 2002 Base Case and 2018 
WRAP model results for use as boundary conditions 
for future high resolution ozone model simulations.

• Recommend updates and boundary condition values 
to be used in future ozone modeling studies.
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Modeling Needs for Ozone
• Must use photochemical air quality models (CMAQ, 

CAMx) for ozone SIPs to address several issues:
– Need to address both 1-hr and 8-hr average.
– Control strategies might differ in urban versus  

rural areas.
– Contributors to ozone include:

• International transport.
• Regional transport.
• local photochemical production: natural & anthropogenic
• Stratospheric intrusion.
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Previous WRAP Ozone Modeling 

• All WRAP CMAQ and CAMx visibility modeling 
included modeling of ozone:

– Ozone and other oxidants effect the formation of 
secondary PM2.5 species sulfate, nitrate and OC.       
Gas phase NO2 affects visibility directly.

– Limited evaluation of ozone performance because 
regional ozone levels have small uncertainty compared 
to other input data.



Ozone MPE, TAF Meeting, July 30, 2008

WRAP Visibility Modeling Cases
• 2002 Base version B used for the model 

performance evaluation (MPE):
– Full year for 36 km model.
– Selected months for 12km for 2002 Base version A.

• Planning Cases include:
– 2002 planning case using typical baseline period 

emissions (Plan02d). 
– 2018 base case that includes “on the books” emissions 

reductions (Base18b). 
– Preliminary Reasonable Progress (PRP18a).
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Modeling Domain

WRAP CMAQ domain:
red: 36-km blue: 12-km

WRAP 36-km CMAQ/CAMx Domain 
within MM5 36-km domain
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Review of Previous Ozone MPE 

• AQS gas phase data includes ozone data at 249 
sites in the western US in 2002.

• Most of the sites in the AQS are for urban 
influenced sites. 

• Some urban sites also include NO2, CO, HC, SO2. 
• We do not expect the 36 km model to perform 

well for urban areas because of grid resolution.
• Limited gas phase data available at rural and 

remote sites – need more rural gas species 
monitoring.
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Model Performance Approach
• Time-series plots of model and observed data.
• Spatial plots of model and data.
• Mean error and bias performance metrics.

MPE Results available at:
www.cert.ucr.edu/aqm/308/cmaq.shtml 
#base02aV4512kvs36k
#base02bvsbase02a36k
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2002 Model Annual Average Ozone
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Daily comparisons at 4 pm PDT: June 9, 2002
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Annual O3 Time-series: Grand Canyon NP
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Annual O3 Time-series: Yosemite NP
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Annual O3 Time-series: Joshua Tree 
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Annual O3 Time-series: Rocky Mountain NP
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Annual O3 Time-series: Glacier NP
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Annual O3 Time-series: Yellowstone NP
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Tabulated Fractional Bias and Error
(using 60 ppb filter for observed data)
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Tabulated Fractional Bias and Error
(using 60 ppb filter for observed data)
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Ozone 36km vs. 12km:  Joshua Tree
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Ozone 36km vs. 12km: Yosemite NP
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Ozone 36km vs. 12km: Yellowstone NP
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Summary for Ozone MPE

• Limited monitoring data available for rural and 
remote sites. 

• 12km model was not superior to 36km model.
• CMAQ performed well for ozone for remote sites 

(although data for MPE was very limited).
• Tabulated metrics shown above are not 

appropriate for rural ozone MPE because of 60 
ppb filter and the predominance of urban sites.
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Future Needs for Ozone MPE

• Need to identify rural and upwind urban sites in AQS 
database for more complete MPE, and need to add 
new monitoring sites.

• Explore use of satellite data for ozone, NO2 and other 
gas species. 

• Need aloft measurements and ocean aloft 
measurements to better characterize transport.

• Develop new metrics for MPE that do not employ the 
60 ppb ozone filter.
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Projected Ozone for 2018
• Compare Base 2018 Base Case and 2018 Preliminary 

Reasonable Progress Case to the 2002 Planning Case 
for benefits on ozone reduction.

• Results available on RMC webpage:
www.cert.ucr.edu/aqm/308/cmaq.shtml
#base18bvsplan02b
#prp18avsplan02d

• Results include daily average, monthly average and 
annual average spatial difference plots.
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Projected June average ozone change for 2018 base case
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Projected June average ozone change for 2018 PRP case
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Projected 4st Max 8-hr average ozone for 2018 PRP case
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Projected 1st Max 8-hr average ozone for 2018 PRP case
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Summary of 2018 Ozone Predictions

• Reductions in monthly average ozone of 1 to 
10 ppb during summer in 2018 Base Case.

• Slightly larger reductions in 2018 PRP case.
• PRP18a case predicts exceedence of the 8-hr 

average ozone standard in much of the 
southwestern US, mostly in spring.

• Likely that there is large contribution from 
tranported ozone.

• Need to re-evaluate GEOSCHEM ozone BC. 
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Uncertainties in Input Data
• Emissions data – largest uncertainty,  ranges from 30% to 

a factor of 3 depending on source category. WRAP made 
significant improvements in emissions, largest 
uncertainties remain in biogenic VOC, and NH3.

• Meteorology, vertical mixing and PBL height – can have 
large effect on model performance, especially for urban 
areas.  Need to compare MM5 and WRF.

• Boundary conditions – we have pretty good BC estimates 
from GEOSCHEM. Larger uncertainty in ozone at model 
top and in the future BC and transport.

• Uncertainty related to future climate – probable increases 
in biogenic VOC and in reactivity.
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Uncertainties in Model Science
• Photochemical mechanisms – gas phase ozone chemistry 

is best for rural low NOx conditions. Mechanisms 
underestimate reactivity for urban high NOx conditions. 

• Heterogeneous and aqueous chemistry – potentially 
largest uncertainty affecting regional ozone formation. 
Large uncertainty in NOx budget and fate of NOx (N2O5
hydrolysis, renoxification, HOx radical budgets).

• Grid resolution effects – artificial dispersion might over 
estimate ozone formation in areas with large emissions. 
Also makes MPE more difficult. Nested grids in CAMx 
can better handle urban ozone budgets.
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Applications of WRAP data

• Existing planning cases and 2002 base case are useful 
for evaluating ozone in rural & remote areas. 

• Sensitivity studies can be performed to estimate 
effects of boundary conditions and sensitivity to 
emissions controls, either across the board emissions 
reductions or by source category.

• Data can be extracted from 2002 base case to create 
BC for new, high resolution 4-km ozone modeling.
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Ozone Sensitivity to VOC and NOx
• Ozone can be reduced by controlling both VOC and NOx.
• Urban ozone in the west is more sensitive to VOC 

control, while NOx controls can have both benefits and 
transient dis-benefits for urban ozone. (There is no NOx 
dis-benefit for urban ozone if NOx reductions are 
sufficiently large.)

• Rural ozone is more sensitive to NOx controls.
• Ozone sensitivity to VOC and NOx reductions can be 

estimated directly using ambient indicator ratios 
(although data is limited) and using model sensitivity 
simulations.
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Ozone Production Efficiency per NOx
• Ozone produced per molecule of NOx emissions varies 

considerably – less efficient ozone production at low 
VOC/NOx ratios and at higher VOC and NOx
concentrations because NOx is more rapidly converted to 
inert HNO3:
– Power plant plumes:  1-3 molecules O3 per NOx
– Urban conditions:  4-10 molecules O3 per NOx
– Rural conditions:  10-100 molecules O3 per NOx

• Much greater benefit of controlling mobile and areas 
sources of NOx in rural areas for an equivalent mass 
reduction.
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Recommended Model Updates

• New emissions data should be included in future 
CMAQ or CAMx runs:  MEGAN biogenic model; 
new oil & gas inventory; lightning NOx emissions.

• Should use updated model versions and updated 
chemistry, new CB-05 or new SAPRC07, if available.

• Updated global simulations for present and future BC.
• Need to save 3-d concentration files in all future runs.
• Long-term needs: 

– More ambient monitoring of gas species.
– Advances in science of NOx budget and fate.



 
 
 
 
 
 
 
 
 
 
 
 
 

Exhibit 12 
 

U.S. EPA, Comments on Draft Supplemental Environmental Impact Statement for the Pinedale 
Anticline Oil and Gas Exploration and Development Project, Sublette County, Wyoming 

(February 14, 2008) 



February 14, 2008 
Ref:  EPR-N 
 
Mr. Robert A. Bennett, State Director 
Bureau of Land Management 
Wyoming State Office 
5353 Yellowstone Road 
Cheyenne, Wyoming 82009 
 
     Re: Revised Draft Supplemental Environmental Impact 

Statement for the Pinedale Anticline Oil and Gas 
Exploration and Development Project 
Sublette County, Wyoming CEQ #20070542 

Dear Mr. Bennett: 
 
 In accordance with our responsibilities under Section 102(2)(C) of the National 
Environmental Policy Act (NEPA), 42 U.S.C. Section 4332(2)(C), and Section 309 of the Clean 
Air Act, 42 U.S.C. Section 7609, the U.S. Environmental Protection Agency Region 8 (EPA) has 
reviewed the Revised Draft Supplemental Environmental Impact Statement for the Bureau of 
Land Management’s (BLM) proposed Pinedale Anticline Oil and Gas Exploration and 
Development Project (Revised Draft SEIS).  The Revised Draft SEIS provides additional 
alternatives and impacts analyses in response to changes to the preferred alternative and to 
comments received on the December 2006 Draft SEIS.   
 
 The Revised Draft SEIS supplements a previous EIS and a 2000 Record of Decision 
authorizing up to 700 producing wells in the Pinedale Anticline Project Area (PAPA). The 
Revised Draft SEIS assesses both the site-specific and cumulative environmental impacts of 
year-round drilling, completions, and production of up to 4,399 additional natural gas wells on 
up to 12,885 acres of new disturbance.  The year-round drilling is proposed within certain areas 
of the PAPA that coincide with big game crucial winter habitats and greater sage-grouse 
seasonal habitats.  The PAPA encompasses 198,037 acres and is located directly south of 
Pinedale, Wyoming, in Sublette County.  The Bridger-Teton National Forest is located west, 
north, and east of the PAPA and comes within 2.3 miles of the PAPA boundary.  In addition, the 
PAPA is located approximately 11 miles west of the Bridger Wilderness Area.  The Bridger 
Wilderness Area is a federal Class I area under the Clean Air Act, requiring special protection of 
air quality and air quality related values, such as visibility. 
 
 
 
 

  UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGION 8 

1595 Wynkoop Street 
DENVER, CO   80202-1129 

Phone 800-227-8917 
http://www.epa.gov/region08  
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The Revised Draft SEIS considers five alternatives in detail.  The preferred alternative 
consists of up to 4,399 additional wells on up to 12,885 acres of new surface disturbance by the 
year 2025.  The drilling and completions within big game crucial winter habitats would occur 
year-round within concentrated development areas centered in a core area on the Anticline Crest. 
The Proposed Action also includes installation of a liquids gathering system in the central and 
southern portions of the PAPA complementing the existing liquids gathering system in the 
northern portion of the PAPA.  Tier 2 equivalent emission controls would be installed on 29 out 
of 48 drilling rigs at peak drilling in 2009.  The proponent’s new Proposed Alternative is similar 
to the Preferred Action in that it consists of the same project components including 4,399 
additional wells on up to 12,885 acres of disturbance.  However, the core development area 
considered under the Preferred Alternative is different spatially from the Proposed Action and 
includes a potential development area (PDA).  With the PDA, the Preferred Alternative has the 
potential for year-round development on 70,200 acres, over 60% greater than the core 
development area proposed under the Proposed Action.  In addition to the Proposed Action and 
Preferred Alternative, the Revised Draft SEIS considers two other action alternatives that differ 
primarily in areas where year-round development may occur; installation of liquids gathering 
systems; and air quality mitigation measures.  The Revised Draft SEIS also includes a No Action 
Alternative, which is based on elements set forth in the 2000 Pinedale Anticline Record of 
Decision (ROD). 
 

EPA Region 8 has reviewed the Revised Draft SEIS and has three primary concerns, 
which are briefly highlighted in this letter:  air quality impacts to visibility and ozone, and 
groundwater impacts.  The enclosed “Detailed Comments” provides more discussion of our 
concerns regarding these issues as well as our comments on the proposal’s impacts to surface 
water quality and wetlands. 
 
AIR QUALITY IMPACTS - VISIBILITY 
 

The Revised Draft SEIS discloses the significant and unanticipated impacts to visibility that 
occurred since implementation of the 2000 Pinedale Anticline ROD.  The NOX emissions from 
all sources operating in the PAPA in 2005 were five times the analysis threshold set in the 2000 
Pinedale Anticline ROD (Revised Draft SEIS, page 3-70).  For visibility, the 2005 emissions led 
to a modeled 45 days of visibility impairment greater than 1.0 deciview (dv) at the Class I 
Bridger Wilderness Area, 5 days at the Class I Fitzpatrick Wilderness Area, and additional days 
at other regional Class I areas (Revised Draft SEIS, page 3-73).  Under the No Action scenario 
(ie., where development occurs under the provisions of the 2000 ROD) predicted 2007 visibility 
impacts are even higher than the 2005 predictions, with 62 days above 1.0 dv at Bridger 
Wilderness Area, 8 days at Fitzpatrick Wilderness Area, and additional days at other regional 
Class I and sensitive Class II areas (Revised Draft SEIS, page 4-78).  Given the unforeseen and 
significant impacts that have occurred from the development of the 642 producing oil and gas 
wells approved under the 2000 Pinedale Anticline ROD, EPA recommends the Revised Draft 
SEIS identify effective and enforceable mitigation strategies to ensure environmental protection 
as the proposed 4,399 additional wells on the Pinedale Anticline are developed.  EPA also 
recommends the Revised Draft SEIS provides a plan to mitigate the significant air quality 
environmental impacts resulting from the existing oil and gas development on the PAPA. 
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EPA and the Wyoming Department of Environmental Quality (WDEQ) participated on 
the Air Quality Stakeholders group that provided early guidance and comments to the BLM on 
the air quality modeling and visibility mitigation plan included in the December 2006 Draft 
SEIS.  The air quality analysis and a substantial part of the visibility mitigation plan negotiated 
for the December 2006 Draft SEIS have been carried forward to this Revised Draft SEIS.  
However, the mitigation plan included in this Revised Draft SEIS includes significant 
modifications of the original commitments.  EPA is concerned these modifications weaken the 
plan’s ultimate goal and create uncertainty about achieving the ultimate goal of zero days of 
visibility impairment at Bridger Wilderness Area.  The modified commitments suggest 
reluctance to commit to the full mitigation plan and have eroded EPA’s confidence that the goal 
of zero days will be achieved.  Without further specificity on how the ultimate goal will be 
achieved, EPA believes that the proposed project will result in at least ten days of visibility 
impairment at the federal Class I Bridger Wilderness Area.  EPA considers ten days of visibility 
impairment greater than 1.0 dv a significant, adverse impact to air quality.   

 
AIR QUALITY IMPACTS - OZONE 

 
The Revised Draft SEIS updates the ozone analysis with a current state-of-science 

photochemical grid model.  This level of analysis is particularly important given the elevated 
ozone levels that have been recorded at ambient air monitoring stations neighboring the PAPA.  
The BLM modeling analysis predicts ozone concentrations approaching EPA’s current National 
Ambient Air Quality Standard (NAAQS).  Specifically, ozone concentrations for the Proposed 
Action are predicted to be 0.0782 ppm near the PAPA.  For Alternative C with the 80 percent 
reduction in drill rig emissions, ozone concentrations are predicted to be 0.0765 ppm near the 
PAPA (Alternative C is similar to BLM’s Preferred Alternative).  However, the Revised Draft 
SEIS does not provide analysis of ozone concentrations for the first five years prior to full 
implementation of the 80 percent reduction in drill rig emissions under the Preferred Alternative 
air quality mitigation strategy.  The performance evaluation of the photochemical model 
supported the model’s reliability in predicting ozone but also noted a small underestimation bias. 
With predicted ozone concentrations approaching the current standard and an underestimation 
bias in the model, EPA is concerned about the potential environmental and health impacts 
associated with the projected 0.0782 and 0.0765 ppm ozone concentrations.  This concern is 
further substantiated by the elevated ozone concentrations above the current 0.08 ppm standard 
recorded at ambient air monitoring stations near the PAPA in 2005 and 2006.  In addition, 
natural gas development and production under the Preferred Alternative is anticipated to 
continue until 2065. 
 
 In view of the ozone levels monitored, modeled and predicted, EPA recommends that an 
air quality mitigation strategy be developed to address these potentially significant air quality 
and health impacts.  The SEIS should also include modeled demonstrations that the proposed 
action will not incrementally contribute to violations of a NAAQS.  In addition, EPA is currently 
reviewing the national primary and secondary standards for ozone.  This project may be affected 
if EPA determines that a revision to the current ozone standard is necessary and appropriate.  
Consequently, EPA may have further comments on the project's ozone analysis after the final 
rule is issued. 
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GROUNDWATER 
 

The Revised Draft SEIS includes important new information on groundwater monitoring 
in the PAPA.  The monitoring data suggest that current drilling and production activities on the 
PAPA have contributed to contamination of an aquifer used as a drinking water source.  Existing 
benzene contamination exceeding the Drinking Water Standard (maximum concentration level 
or MCL) in two wells was attributed to oil and gas exploration activities in the Revised Draft 
SEIS. Further, benzene and other hydrocarbons have been detected in 88 of the approximately 
230 water supply wells monitored.  The Revised Draft SEIS does not disclose the monitored 
concentrations; it is, therefore, unknown how much the monitored concentrations are above or 
below the MCL.  Based upon the extent of contamination of these two wells completed in an 
aquifer used as a source of drinking water and benzene contamination in approximately one third 
of the other wells monitored, EPA is concerned about the significance of existing and potential 
future impacts associated with activities in the PAPA.  EPA believes that such impacts are 
environmentally unsatisfactory.   

 
The Revised Draft SEIS provides only raw data.  EPA believes the Revised Draft SEIS 

does not provide an adequate analysis of the effects of the expanded well field on groundwater; 
nor does it discuss the potential effectiveness of the proposed mitigation measures.  Although the 
2000 Pinedale Anticline ROD required all wells within one mile of proposed development be 
monitored on an annual basis, there is no documentation of how many wells exist within this 
defined buffer area nor can it be documented that monitoring took place in the defined areas.  
The Wyoming State Engineer has identified 4000 points of use within the PAPA.  While some of 
these points of use may be duplicates, monitoring has taken place in only approximately 230 
wells.  The full extent of the benzene and hydrocarbon contamination in the PAPA has not been 
comprehensively evaluated.  Although there are distinct aquifers in this area described in the 
Revised Draft SEIS, information on impacts and potential mitigation measures were generalized 
across all of the aquifers.  Further, the Revised Draft SEIS acknowledges the source of the 
widespread low concentration detections (lower than the MCL) is not known (Revised Draft 
SEIS, page 3-85).  EPA recommends that a more clear understanding of the extent of the 
benzene and hydrocarbon contamination, the aquifers, and the source of contamination is needed 
to develop effective mitigation measures.   

 
The Revised Draft SEIS provides mitigation measures intended to reduce impacts to 

groundwater.  These measures, however, were not identified as necessary nor were they 
evaluated as to their effectiveness in any of the alternatives.  As the source of the widespread 
contamination remains unclear, it is difficult to identify and implement appropriate and effective 
mitigation measures to protect valued groundwater supplies.  EPA recommends that where 
impacts have occurred or may reasonably be expected to occur to groundwater sources as a 
result of oil and gas production, including but not limited to hydraulic fracturing practices, an 
effective and enforceable mitigation plan should be developed.  The mitigation plan could 
specifically include plans for replacement of quality water to water users if necessary. 
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EPA’s RATING 
 
 Consistent with section 309 of the Clean Air Act, it is EPA’s responsibility to provide an 
independent review and evaluation of the potential environmental impacts of this project.  In 
accordance with our policies and procedures for reviews under NEPA and Section 309 of the 
Clean Air Act, EPA is rating this Revised Draft SEIS as “Environmentally Unsatisfactory – 
Inadequate Information” (EU-3) because our review has identified significant, adverse, long-
term impacts to air quality and groundwater quality.  The “EU” rating is based on potential 
adverse impacts to visibility in federal Class I areas without adequate mitigation;  the extent of 
groundwater contamination in the PAPA where development has already occurred; and EPA's 
concern about further potential groundwater contamination impacts that may occur with the 
proposed project.  Some of this contamination exceeds National Drinking Water Quality 
Standards.  In addition, EPA is currently reviewing the national primary and secondary standards 
for ozone.  This review will be completed by March 12, 2008.  Should the ozone standard be 
revised, EPA may have additional comments on the SEIS and project.  These impacts are of 
sufficient magnitude that the proposed action should not proceed as proposed.  Further, the “EU” 
rating makes this project a candidate for referral to the Council on Environmental Quality (CEQ) 
if the unsatisfactory impacts we identified are not resolved.  The rating of “3” is based on the 
lack of adequate information to characterize existing groundwater contamination or the extent of 
potential groundwater impacts from the proposed action.  The Revised Draft SEIS also does not 
contain adequate analyses from air quality modeling to disclose the predicted ozone 
concentration under varying emission scenarios.  This “3” rating indicates EPA’s belief that the 
Draft EIS is not adequate for purposes of our NEPA and/or Section 309 review, and thus, should 
be formally revised and made available for public comment in a supplemental or revised Draft 
EIS.  The “3” rating also makes this project a potential candidate for referral to CEQ.  In addition 
to EPA’s detailed comments on the Revised Draft SEIS, a full description of EPA’s EIS rating 
system is enclosed. 
 

If you have any questions regarding our comments or this rating, please contact Larry 
Svoboda, Region 8 NEPA Program Director, at 303-312-6004, or Carol Campbell, Acting 
Assistant Regional Administrator of Ecosystems, Protection and Remediation at 303-312-6340.  
 
      Sincerely, 
 
      /signed/ 
 
      Robert E. Roberts 
      Regional Administrator 
 
 
cc: John Corra, Wyoming Department of Environmental Quality 
 Chuck Otto, BLM Pinedale Field Office Manager 
 
Enclosures 
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Detailed Comments by the Region 8 Environmental Protection Agency for the 

Draft Supplemental Environmental Impact Statement (SEIS) 
Pinedale Anticline Oil and Gas Exploration and Development Project 

Sublette County, Wyoming 
 

 
 

Air Quality – Visibility   
 
The Clean Air Act requires special protection of air quality and air quality related values 

(such as visibility) in many of the nation’s wilderness areas and national parks.  Subpart II of 
Part C of the Clean Air Act prescribes a program specifically for the protection of visibility in 
federal Class I areas and establishes “as a national goal 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.”  EPA’s implementing regulations require 
states to submit implementation plans that contain such measures as are necessary to make 
reasonable progress towards the national requirements, and that states establish reasonable 
progress goals toward improving visibility on the worst days and preventing further degradation 
in visibility during the best days.  Actions by BLM that lack adequate mitigation of potential 
visibility impacts could impede Wyoming’s and neighboring states’ ability to submit State 
Implementation Plans that meet the Clean Air Act requirements.   
 

In addition to its visibility provisions, the Clean Air Act contains general provisions for a 
Prevention of Significant Deterioration (PSD) program designed to protect federal Class I areas 
from air quality degradation under Subpart I of Part C.  The PSD program places an affirmative 
responsibility on federal land managers to protect air quality in many of the most important 
national parks and wilderness areas in the nation from human-caused pollution.  The Wilderness 
Act further directs the federal land management agencies to protect the wilderness character of 
those areas designated as wilderness.  In that Act, Congress recognized the importance of 
preserving designated areas in their natural condition and declared a policy to “secure for the 
American people of present and future generations the benefits of an enduring resource of 
wilderness.”  

 
As stated on page 4-74 of the Revised Draft SEIS, “BLM considers a 1.0 deciview (dv) 

change to be a significance threshold for visibility impairment,” which is consistent with other 
federal agencies’ approach to visibility protection.  Pursuant to the Clean Air Act and other 
provisions of law, EPA and the Federal Land Managers have developed regulations, guidance, 
and technical tools including models and data that land managers can use to help protect air 
quality in federal Class I areas.  One of these is a guidance document from the Federal Land 
Managers’ Air Quality Related Values Workgroup (FLAG), a workgroup that the federal land 
managers formed to develop a more consistent approach to evaluate air pollution effects on the 
areas that they manage.  The FLAG guidance document states that impacts greater than 1.0 dv 
would be considered perceptible and significant for new source review purposes, and EPA 
supports efforts by the Federal Land Managers to coordinate and streamline their participation in 
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permitting.  EPA has not adopted the 1.0 dv threshold into rules governing the requirements for 
federal or state New Source Review programs.   

 
The Revised Draft SEIS includes analysis of modeled visibility impacts for both the 

current level of development in 2005 and the proposed project development through 2023.  In 
Chapter 3.11, the Revised Draft SEIS discusses the visibility analysis conducted for 2005 and 
discloses the impacts of development that have occurred since BLM’s 2000 Pinedale Anticline 
ROD.  This analysis was conducted because the level of development since 2000 led to 
emissions that significantly exceeded those analyzed in the earlier EIS, triggering additional 
analysis under the 2000 Pinedale Anticline ROD.  The visibility modeling analysis for the 2005 
level of development predicts 45 days per year of visibility change greater than the 1.0 dv 
threshold at the Bridger Wilderness Area, five days per year at the Fitzpatrick Wilderness Area, 
and additional days at other regional Class I and sensitive Class II areas.  Under the No Action 
scenario where development occurs under the provisions of the 2000 ROD, predicted 2007 
visibility impacts are even higher with 62 days above 1.0 dv at Bridger Wilderness Area, 8 days 
at Fitzpatrick Wilderness Area and additional days at other regional Class I and sensitive Class II 
areas.  

 
The BLM Preferred Alternative (Alternative D) proposes an air quality mitigation plan 

that attempts to reduce visibility impacts to Federal Class I areas from both the existing 
development and the proposed development.  Detailed in Section 4.9.3.5 of the Revised Draft 
SEIS, the air quality mitigation plan provides for a two-phased approach to minimizing visibility 
impacts.  Phase I mitigation would initiate after issuance of the ROD and would require 
operators to reduce project induced visibility impairment to 2005 levels.  Immediately following 
Phase I, Phase II would require operators to reduce drill rig emissions by 80 percent over four 
years. The intervening years (years two through five) would have stepped 20 percent decreases 
in NOx emissions with corresponding decreases in the number of days of impairment in the Class 
I areas. The ultimate goal of Phase II mitigation is zero days of visibility impairment at Bridger 
Wilderness Area.  However, after the five-year period and the 80 percent reduction in NOx 
emissions from drilling rigs, the Bridger Wilderness area is projected to have at least 10 days of 
impairment (greater than 1.0 dv) with impairment at other nearby Class I areas as well.  During 
the first five years the proposed project will not meet the intent of Section 169A of the Clean Air 
Act (CAA) Amendments of 1977, which requires the “prevention of any future, and the 
remedying of any existing, impairment of visibility in mandatory Federal Class I areas which 
impairment results from man-made air pollution.” 
 

EPA fully supports the ultimate goal of Phase II air quality mitigation: zero days of 
visibility impairment over 1.0 dv at the Bridger Wilderness Area.  However, EPA is concerned 
that the commitment to achieve the goal has been weakened with the significant modifications of 
the original commitments.  Specifically, EPA is concerned that the addition of “practicable” in 
the commitment for “using any and all practicable means with full consideration of all 
resources” and the addition of “technically and economically practicable” create uncertainty and 
doubt that the ultimate goal will be achieved.  The modified commitments suggest reluctance to 
commit to the full mitigation plan and have eroded EPA’s confidence that the goal of zero days 
will be achieved.  Without further specificity on how the ultimate goal will be achieved, EPA 
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believes the proposed project will result in at least ten days of visibility impairment at the federal 
class I Bridger Wilderness Area.  EPA considers ten days of visibility impairment greater than 
1.0 dv a significant, adverse impact to air quality.  EPA recommends BLM strengthen the 
language and include more specific details in the air quality mitigation plan to ensure the goal of 
zero days of impairment is met within a scheduled timeframe.  Specifically, EPA recommends 
that the Revised SEIS include the air quality mitigation commitments set forth in the December 
2006 Draft SEIS that if modeling cannot demonstrate achievement of this goal within five years 
of the ROD being signed, the Operators, BLM, EPA, and WDEQ would jointly agree to a 
mitigation plan that complies with the goal of zero days, using any and all available means. 
 
 
Air Quality – Ozone Analysis  

 
EPA commends BLM for updating the Ozone (O3) analysis using the photochemical grid 

model, CAMx.  The Revised Draft SEIS discloses summary results from air modeling conducted 
for the proposed Pinedale Anticline project and other cumulative emission sources.  The 
maximum predicted ozone impacts using the EPA guidance approach occur near the PAPA.  For 
Alternative C (Alternative C is similar to BLM’s Preferred Alternative) with the 80 percent 
reduction in drill rig emissions, ozone concentrations are predicted to be 0.0765 ppm near the 
PAPA.  The Revised Draft SEIS does not provide analysis of ozone concentrations for the first 
five years prior to full implementation of the 80 percent reduction in drill rig emissions under the 
air quality mitigation strategy.  The performance evaluation of the photochemical model 
supported the model’s reliability in predicting ozone but also noted a small underestimation bias. 
With predicted ozone concentrations approaching the current standard and an underestimation 
bias in the model, EPA is concerned with the health impacts associated with the projected 0.0782 
and 0.0765 ppm ozone concentrations with this proposed project.  This concern is further 
substantiated by the elevated ozone concentrations above the current 0.08 ppm ozone standard 
recorded at Sublette County ambient air monitoring stations in 2005 and 2006. 

 
In view of the ozone levels monitored, modeled and predicted, EPA recommends that an 

air quality mitigation strategy be developed to address not only NOx sources, but include 
measures to control other O3 forming precursors such as volatile organic compounds (VOCs) and 
formaldehyde.  The SEIS should also include modeled demonstrations that the proposed action 
will not incrementally contribute to violations of a NAAQS.  In addition, EPA is currently 
reviewing the national primary and secondary standards for ozone.  This project may be affected 
if EPA determines that a revision to the current ozone standard is necessary and appropriate.  
Consequently, EPA may have further comments on the project's ozone analysis after the final 
rule is issued. 
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Detailed Ozone Comments 
 

1. The design value predictions for the reported modeling for Alternative C (Alternative 
C is similar to BLM’s Preferred Alternative) were based on an 80 percent NOx 
reduction in the PAPA after four years with intervening years of 20 percent stepped 
decreases in NOx emissions.  For the intervening years, predicted O3 design value 
concentrations have not been reported.  These values may be considerably higher and 
EPA recommends they be reported in the SEIS. 

 
2. Figure 4-4 of Appendix H of the Air Quality Impact Analysis Technical Support 

Document for the Revised Draft SEIS upper right map depiction for Alternative C 
(Alternative C is similar to Alternative D, BLM’s Preferred Alternative) presents the 
predicted difference in O3 design value impacts from Alternative C with Phase II 
mitigation to the base case scenarios.  Please clarify the location of the maximum 
impact location from this figure.  Furthermore, the difference of 5.5 ppb presented in 
Figure 4-4 is not represented in Table 4-1 of Appendix H.  EPA recommends the 
maximum predicted O3 concentration near the PAPA and approximate location of 
these impacts be presented in the SEIS. 

 
3. Ozone concentrations were predicted for cumulative sources in the PAPA and 

surrounding areas. EPA recommends the SEIS disclose ozone concentrations for 
PAPA specific sources in order to determine the direct project impacts.  In addition, 
EPA recommends the analysis disclose the absolute modeled results in addition to the 
results calculated under EPA’s guidance approach.   

 
4. Section 5.2.2.1.  EPA Guidance Ozone - Projection Approach  EPA guidance for 

projecting future ozone concentrations using relative reduction factors to scale 
current observed ozone design values is required for State Implementation Plan (SIP) 
modeling in urban non-attainment areas.  The approach is useful in the context of the 
current study; however, the ozone monitoring network is very sparse compared to 
urban monitoring networks.  For this reason EPA recommends the absolute model 
prediction of maximum ozone concentrations be presented in addition to the “scaled” 
modeled attainment test (MATS) results used in SIP modeling. 

 
Groundwater  
 

The Revised Draft SEIS includes significant new information on groundwater monitoring 
that was completed under a monitoring program established under the 2000 Pinedale Anticline 
ROD.  The monitoring data suggest that current drilling and production activities on the PAPA 
have contributed to contamination of an aquifer used as a drinking water source.  Benzene and 
other hydrocarbons have been detected in 88 of the approximately 230 water supply wells 
monitored or 38 percent of the wells tested.  Existing benzene contamination exceeding the 
Drinking Water Standard (maximum concentration level or MCL) in two wells was attributed to 
oil and gas exploration activities in the Revised Draft SEIS.  The Revised Draft SEIS does not 
disclose the monitored concentrations; it is, therefore, unknown how much the monitored 
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concentrations are above or below the MCL.  Based upon the extent of contamination of these 
two wells completed in an aquifer used as a source of drinking water and benzene contamination 
in approximately one third of the other wells monitored, EPA is concerned about the significance 
of existing and potential future impacts associated with activities in the PAPA.  EPA believes 
that such impacts are environmentally unsatisfactory.   

 
While the monitoring data suggest significant impacts to groundwater have occurred in 

the PAPA, insufficient information has been provided to fully understand the nature of the 
existing contamination and the potential for additional groundwater contamination from the 
proposed action.  Although the 2000 Pinedale ROD required that all wells within one mile of 
proposed development be monitored on an annual basis, there is no documentation of how many 
wells are within this defined buffer area nor is it documented that monitoring took place in the 
defined areas.  The Wyoming State Engineer has identified 4000 points of use within the PAPA. 
 While some of these points of use may be duplicates, monitoring has taken place in only 
approximately 230 wells.  The full extent of the benzene and hydrocarbon contamination in the 
PAPA has not been comprehensively evaluated.  In addition, although there are five distinct 
aquifers in this area described in the Revised Draft SEIS, information on impacts and potential 
mitigation measures were generalized across all of the aquifers.   

 
The Revised Draft SEIS provides mitigation measures intended to reduce impacts to 

groundwater.  These measures, however, were only identified as potential requirements and were 
not evaluated as to their effectiveness in any of the alternatives.  As the source of the widespread 
low concentration detections remains unclear, it is difficult to identify and implement effective 
mitigation measures to protect valued groundwater supplies without understanding of the source 
of contamination.  EPA recommends that where impacts have occurred or may reasonably be 
expected to occur to groundwater sources as a result of oil and gas production, including but not 
limited to hydraulic fracturing practices, an effective and enforceable mitigation plan should be 
developed.  The mitigation plan could specifically include plans for replacement of quality water 
to water users if necessary. 
 

Based on the information included in the Revised Draft SEIS, EPA recommends BLM 
develop a monitoring plan sufficient to characterize each of the aquifers throughout the PAPA.  
Use of industrial water wells, not designed for monitoring purposes, provides inadequate 
information to identify and mitigate groundwater problems.  We suggest that monitoring 
methods approved by the Wyoming DEQ be used to ensure Quality Control over the monitoring 
process, including proper drilling methods and casing.  Furthermore, each new well within the 
PAPA should be logged and sampled during drilling preventing any cross-contamination with 
industrial uses.  EPA also suggests the Revised SEIS include a map identifying the 
approximately 230 wells that have been tested; the wells with detectable levels of benzene and 
other hydrocarbons; and the wells with benzene concentrations above the MCL. 
 

EPA believes it is important to sustain and protect quality drinking water supplies in 
times of increased demand for water and especially in times of drought.  Rather than using 
potable grade water for drilling, EPA recommends BLM consider and evaluate non-potable 
alternative drilling water sources in the Revised SEIS.  The Fort Union Formation at a slightly 
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deeper depth is an aquifer with adequate quality for industrial purposes but is not of high enough 
quality for a water supply at this time.  In addition, reuse of produced water is also demonstrated 
within the PAPA and could potentially be an appropriate alternative for industrial water supply.   
 

Finally, EPA recommends the Revised SEIS include a more detailed analysis of 
cumulative groundwater impacts.  EPA is aware of additional groundwater contamination that 
has occurred in the Jonah field directly south and adjacent of the Pinedale Anticline.  The 
drilling water well in the Jonah field has monitored levels of benzene of 615 ug/l at a depth of 
over 900 feet with lower concentrations near surface.  This information should be disclosed to 
the public in addition to any other existing monitoring analyses for the area. 
   
No Action Alternative  
 
 As previously mentioned in EPA’s April 6, 2007, comments on the Draft SEIS, NEPA 
requires analysis of a No Action Alternative in order to establish an environmental impacts 
baseline for comparison with the Proposed Action.  In the December 2006 Draft SEIS and in this 
Revised Draft SEIS, BLM analyzes the No Action Alternative in terms of continuing with the 
present course of action until that action is changed (i.e., approving wells under the 2000 ROD 
until approval of a new ROD).  The Revised Draft SEIS states there is “uncertainty” with regard 
to the 2000 ROD.  Any uncertainty should be resolved by examining the extent of development 
actually analyzed in the Pinedale Anticline Oil and Gas Exploration and Development Project 
EIS, that is, impacts associated with the development of 700 producing natural gas wells over a 
10 to 15 year time period.  EPA believes that this scenario should be the basis for the No Action 
Alternative rather than the No Action Alternative considered in the Revised Draft SEIS which 
includes the development of an additional 1,139 wells for a total of approximately 1,800 wells by 
the year 2011.  EPA recommends the No Action Alternative and baseline analysis be revised to 
accurately reflect the 700 producing well scenario analyzed in the initial Pinedale Anticline EIS 
and implemented in the 2000 ROD. 
 
Surface Water, Water Quality, and Aquatic Habitat   
 

In the Revised Draft SEIS’s executive summary, it is acknowledged that sediment yields 
will be substantially increased above current conditions in six hydrologic sub-watersheds that 
coincide with the Anticline Crest.  This conclusion is substantiated by the Erosion Modeling, 
Sediment Transport Modeling and Salt Loading Technical Report prepared by HydroGEO which 
was presented in Table 4.14-4 in the previous Draft SEIS (December 2006).  This important 
finding and the table illustrating the diverse and varied effects in different subwatersheds should 
be re-inserted in the Revised Draft SEIS.  This information provides insight and geographic 
pattern to a potentially significant environmental effect, and EPA recommends that this Table 
and a discussion of its findings should be a part of this analysis.  According to the model, the 
average annual sediment yield would increase by 73% in the New Fork River – Alkali Creek, 
102% in Mack Reservoir and 26% in the Sand Draw-Alkali Creek sub-watersheds in 2023 
(under the worst case modeling scenario with no reclamation).  Yet, Chapter 4.14 concludes 
these substantial increases in sediment yield are not expected to result in “significant” impact to 
surface water resources under any of the alternatives.  It appears this conclusion is reached based 
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on a finding that the increased sediment loading, although substantial, would not impair the 
designated uses for these waters.  The Revised Draft SEIS does not clearly explain the basis for 
this conclusion.  EPA strongly recommends that the Revised SEIS clarify how the projected 
increased sediment yields are translated into projected compliance with Wyoming’s narrative 
water quality standard for settleable solids, which states: 
 

“In all Wyoming surface waters, substances attributable to or influenced by the activities 
of man that will settle to form sludge, bank or bottom deposits shall not be present in 
quantities which could result in significant aesthetic degradation, significant degradation 
of habitat for aquatic life or adversely affect public waters supplies, agricultural or 
industrial water use, plant life or wildlife.”   

 
It is also clear from the Revised Draft SEIS that avoiding adverse effects to the 

designated uses will rely on “extensive” use of Best Management Practices (BMPs) to prevent 
erosion, as well as timely reclamation.  To ensure adverse effects to surface water quality are 
avoided, EPA recommends the Revised SEIS identify: 1) the target and the threshold of change 
(e.g., percent change of fines, or in suspended sediment) from the target being used to determine 
compliance with the designated uses assigned to these waters; and 2) the level of effectiveness 
for the applicable BMPs; 3) the process that will be used to ensure effective implementation and 
maintenance of those BMPs (i.e., ongoing and future monitoring of effectiveness and 
implementation enforcement); 4) and how sufficient reclamation will be accomplished and 
monitored given the ambient ecological conditions.   
 

The Revised Draft SEIS notes that a number of waters within the Anticline Crest are 
prime sport fisheries.  Measures of impact to these aquatic communities from increased sediment 
yield could be based on either change in biological condition or change in bedded sediments (% 
fines).  The Revised Draft SEIS notes that a report by EcoAnalysts, Inc. (2005) concluded “... 
there has been no discernable change in ... invertebrate biology indices between 2000 and 2005.” 
EPA recommends the Revised SEIS provide more detail about this analysis as well as the 
general approach to and results of the monitoring conducted by the Sublette County 
Conservation District (SCCD).  For example, is the biological monitoring approach used similar 
to, or consistent with, the Wyoming DEQ’s bioassessment protocol? [see: Wyoming DEQ’s 
Redevelopment of the Wyoming Stream Integrity Index (WSII) for Assessing the Biological 
Condition of Wadeable Streams in Wyoming].  At a minimum, EPA recommends the discussion 
include information about the biological metrics or index used, the basis for their derivation and 
application, and level of precision by which these analyses are able to define thresholds that 
would avoid “significant degradation of habitat for aquatic life” under Wyoming’s narrative 
standard. 
 

Once a target and threshold of change from the target have been identified, EPA 
recommends BLM implement a comprehensive water monitoring plan to ensure the BMPs are 
successfully mitigating the impacts from increased sedimentation and that the identified target is 
being met.  At a minimum, we recommend that BLM establish a monitoring program in the most 
sensitive watersheds and the watersheds most likely to be impacted.  EPA is concerned that such 
monitoring is not already ongoing, and looks forward to BLM establishing an effective 
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monitoring program and utilizing the results from those monitoring efforts to direct reclamation 
resources and efforts. 

 
It is best to involve a system of BMPs that targets each stage of the erosion process to 

ensure success from construction activities.  The most efficient approach involves minimizing 
the potential sources of sediment from the outset. This means limiting the extent and duration of 
land disturbance to the minimum needed, and protecting surfaces once they are exposed.  BMPs 
should also involve controlling the amount of runoff and its ability to carry sediment by 
diverting incoming flows and impeding internally generated flows.  And finally, BMPs should 
involve retaining sediment that is picked up on the project site through the use of sediment-
capturing devices.  On most sites successful erosion and sedimentation control requires a 
combination of structural and vegetative practices.  Above all BMPs are best performed using 
advance planning, good scheduling and maintenance. 
 

In the 2000 Pinedale Anticline ROD, BLM committed to implementing a monitoring 
program to ensure that the Green and New Fork Rivers continue to support their designated uses. 
Yet, the Draft SEIS indicates that it is not known if significant impact has occurred to surface 
water.  EPA recommends BLM include a discussion of the surface monitoring program, any 
obstacles in implementing the program, and any monitored results in the Revised SEIS.  Further, 
the Revised SEIS should analyze the potential for underground aquifer interaction with surface 
water and the potential resulting impacts should the benzene and hydrocarbon contamination 
reach these high value prime fisheries.   
 
Wetlands   
 
 As noted in the Revised Draft SEIS, certain wetlands are subject to protection pursuant to 
the Clean Water Act and Executive Order 11990.  The Clean Water Act (CWA) Section 404 
regulates discharge of dredged or fill material into “waters of the United States,” including 
jurisdictional wetlands.  Under CWA Section 404, permits for such discharges are generally 
issued by the U.S. Army Corps of Engineers, in accordance with EPA’s CWA Section 404(b)(1) 
guidelines.  These guidelines require, among other provisions, that no discharge of dredged or 
fill material shall be permitted unless appropriate and practicable steps have been taken which 
will minimize potential adverse impacts of the discharge on the aquatic ecosystem (40 CFR 
230.10(d).  In addition, Executive Order 11990 – Protection of Wetlands (May 24, 1977) states 
in pertinent part as follows: “Section 1. (a) Each agency shall provide leadership and shall take 
action to minimize the destruction, loss or degradation of wetlands, and to preserve and enhance 
the natural and beneficial values of wetlands in carrying out the agency's responsibilities for (1) 
acquiring, managing, and disposing of Federal lands and facilities; and (2) providing Federally 
undertaken, financed, or assisted construction and improvements; and (3) conducting Federal 
activities and programs affecting land use, including but not limited to water and related land 
resources planning, regulating, and licensing activities. (b) This Order does not apply to the 
issuance by Federal agencies of permits, licenses, or allocations to private parties for activities 
involving wetlands on non-Federal property.”  It should be noted that Executive Order 11990 is 
not limited to wetlands regulated under the Clean Water Act.   
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EPA considers the protection, improvement, and restoration of wetlands and riparian 
areas to be a high priority.  Executive Order 11990 directs all Federal Agencies to provide 
leadership and take action to minimize the destruction, loss or degradation of wetlands, and to 
preserve and enhance the natural and beneficial values of wetlands.  EPA recommends that, 
consistent with the Executive Order, indirect draining of, or direct disturbance of, wetland areas 
should be avoided if at all possible.  If disturbance is unavoidable, BLM should commit to 
replace in kind such impacted wetlands and to a level that fully restores wetland function and 
value.  Due to the time it can take to adequately reclaim disturbed wetlands and the potential life 
of this project, BLM may consider requiring mitigation to begin concurrent with the disturbance. 
  

The Revised Draft SEIS provides updated information on potential impacts to wetlands 
from the Proposed Action and Preferred Alternative.  An additional 183.9 acres of disturbance in 
riparian forest and riparian shrub vegetation are predicted, yet no mitigation for wetland and 
riparian resources has been identified (page 4-129).  EPA recommends that the Revised SEIS 
discuss BLM’s approach to implementing federal wetland policies and legal requirements in the 
continued development of the PAPA.  In particular, EPA recommends the Revised SEIS clearly 
explain how BLM will be mitigating the loss and disturbance of wetlands and streams within and 
adjacent to the PAPA under Executive Order 11990.  EPA is available to provide guidance and 
work with BLM towards development of a mitigation plan for the Revised SEIS and 
development of an implementation plan. 
 
Greenhouse Gas Emissions  
 
 EPA believes the greenhouse gases section in the Final SEIS should be expanded, 
keeping in mind that there are currently no EPA regulatory standards directly limiting 
greenhouse gas emissions1.  While methane represents only 8 percent of the U.S. greenhouse gas 
emissions, it is 23 times more effective as a greenhouse gas than carbon dioxide.  Oil and natural 
gas systems are the biggest contributor to methane emissions in the U.S., accounting for 26 
percent of the total (EPA’s Natural Gas Star Program and the US Emissions Inventory 2007: 
Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2005).  EPA recommends that to 
the extent possible the Revised SEIS estimate and disclose the amount of methane and carbon 
dioxide emissions associated with each alternative in carbon dioxide-equivalent terms.  As a 
point of comparison, EPA recommends the Revised SEIS consider utilizing a greenhouse gas 
equivalencies calculator to translate greenhouse gas emissions into terms that are easier to 
conceptualize.  For example, a comparison of emissions to a range of other greenhouse gas 
                                                 
1 Since issuance of the April 2, 2007 Supreme Court opinion in Massachusetts, et. al. v. EPA, 
127 S. Ct. 1438, 549 U.S. __ (2007), EPA has begun to develop regulations  to address 
greenhouse gas emissions from motor vehicles and fuels under the direction of the President’s 
May 14, 2007 Executive Order and relevant Clean Air Act authorities.  The Agency continues to 
evaluate the potential effects of the Court’s decision with respect to addressing emissions of 
greenhouse gases under other provisions of the Clean Air Act.  Thus, neither this comment letter 
nor the EIS for an individual project reflects, and should not be construed as reflecting, the type 
of judgment that might form the basis for a positive or negative finding under any provision of 
the Clean Air Act. 
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emitting sectors (www.epa.gov/solar/energy-resources/calculator.html). 
 
As part of a cumulative impact analysis, in the event the GHG emissions associated with the 
project are significant, EPA recommends the Revised SEIS compare annual projected 
greenhouse gas emissions from the proposed project to annual emissions from other existing and 
reasonably foreseeable future projects.  In addition, we recommend that the Revised SEIS 
compare the annual greenhouse gas emissions from the proposed project to estimated annual 
greenhouse gas emissions at a regional, national, and global scale.   Emissions of greenhouse 
gases in the United States have been quantified by the U.S. Department of Energy and EPA in 
publications released in 2007.   EPA recommends that the cumulative impacts analysis also 
include a general, qualitative discussion of the anticipated effects of climate change, including 
potential effects at a regional level.    
 
The Revised SEIS should also identify possible mitigation measures that may be implemented to 
reduce and capture methane gas and reduce potential impacts.  There are a number of voluntary, 
cost-effective technologies and practices to reduce and off-set greenhouse gas emissions.  
Through EPA’s Natural Gas STAR (www.epa.gov/gasstar), EPA works with companies that 
produce, process, transmit and distribute natural gas to identify and promote the implementation 
of cost-effective technologies and practices to reduce emissions of methane, a potent greenhouse 
gas. 
 
Accountability for Implementation of Effective Mitigation Measures  
 
 The Revised Draft SEIS discloses the significant and unanticipated impacts to 
groundwater, air quality and wildlife that have occurred since implementation of the 2000 
Pinedale Anticline ROD.  Of particular concern: 
 

− Benzene and other hydrocarbons have been detected in 88 of approximately 230 water 
supply wells sampled since monitoring began in 2004 (Revised Draft SEIS, page 3-84). 

 
− Elevated ozone concentrations above the current National Ambient Air Quality Standard 

(NAAQS) have been recorded at Sublette County ambient air monitoring stations in 2005 
and 2006 (Revised Draft SEIS, Table 3.11-2) and ground-level ozone concentrations 
have also increased.   

 
− For 2005 “actual” emissions, a modeled 45 days of visibility impairment greater than 1.0 

dv has occurred at the Class I Bridger Wilderness Area, 5 days at the Class I Fitzpatrick 
Wilderness Area, and additional days at other regional Class I areas (Revised Draft SEIS, 
page 3-73).  For 2007, the predicted impacts to visibility are even higher with 62 days of 
visibility impairment predicted for the Bridger Wilderness Area (Revised Draft SEIS, 
page 4-78).   

 
− Sage grouse male counts have declined by 51 percent on leks near the PAPA that were 

heavily impacted by gas wells from one year prior to well development in 1999 through 
2004 (Revised Draft SEIS, page 3-135, Holloran, 2005).   
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Given the unforeseen and significant impacts that have occurred from the development of 

the 642 producing oil and gas wells approved under the 2000 Pinedale Anticline ROD, EPA 
believes that it is of the utmost importance that the Revised Draft SEIS identify effective and 
enforceable mitigation strategies to ensure environmental and public health protection as the 
proposed 4,399 additional wells on the Pinedale Anticline are developed.  The Revised Draft 
SEIS should also develop a plan to mitigate the significant environmental impacts resulting from 
the oil and gas development that has already occurred on the PAPA.  While the Revised Draft 
SEIS includes many of the necessary components that provide a starting point for mitigation, 
EPA recommends each of the mitigation plans include a mechanism for public accountability, 
such as stakeholder forums and/or annual status reports.  Public accountability can be an 
important tool in ensuring mitigation targets are met in a timely manner.   



 
 
 
 
 
 
 
 
 
 
 
 
 

Exhibit 13 
 

COM, Update of Task 3A Report for the Powder River Basin Coal Review Cumulative Air 
Quality Effects for 2020, Prepared for Bureau of Land Management, High Plains District Office, 

Wyoming State Office, and Miles City Field Office (Dec. 2009) 



 
Update of Task 3A Report for the  
Powder River Basin Coal Review 
Cumulative Air Quality Effects for 
2020 
 
 
 
 
 
 
 
 
 
 
Prepared for 
 
Bureau of Land Management 
High Plains District Office, 
Wyoming State Office, and 
Miles City Field Office 
 
 
 
 
 
Submitted by 
 
AECOM, Inc. 
Fort Collins, Colorado 
 
 
 
 
 
 
December 2009 



 
 
 
 
 
 
 
 
 

UPDATE OF TASK 3A REPORT FOR THE  
POWDER RIVER BASIN COAL REVIEW 

CUMULATIVE AIR QUALITY EFFECTS FOR 2020 
 
 
 
 
 
 
 
 
 
 

Prepared for 
 

BUREAU OF LAND MANAGEMENT 
HIGH PLAINS DISTRICT OFFICE, 
WYOMING STATE OFFICE, AND 

MILES CITY FIELD OFFICE 
 
 
 
 
 
 
 
 

Submitted by 
 

AECOM, Inc. 
Fort Collins, Colorado 

 
 
 
 
 
 
 

December 2009 
 

 



Executive Summary 
 

60138355 ES-1 December 2009 

ES.1 INTRODUCTION 
 
The Powder River Basin (PRB) of Wyoming and Montana is a major coal-producing region in the 
United States (U.S.). It also has produced large quantities of natural gas and oil, and has 
experienced significant development of coal bed natural gas (CBNG) from its coal seams. The 
region has a diverse set of environmental values, including proximity to some of the most pristine 
areas in the U.S.  
 
This update to the Task 3A Report for the PRB Coal Review evaluates the air quality-related 
environmental impacts of ongoing development in the region. The Task 1A Report for the PRB Coal 
Review, Current Air Quality Conditions (ENSR 2005a) documented the air quality impacts of 
operations during a base year (2002), using actual emissions and operations for that year. The 
base year analysis evaluated impacts both within the PRB itself and at selected sensitive areas 
surrounding the region. The analysis specifically quantified impacts of coal mines, power plants, 
CBNG development, and other activities. Results were provided for both Wyoming and Montana 
source groups and receptors.  
 
The Task 2 Report for the PRB Coal Review, Past and Present and Reasonably Foreseeable 
Development Activities (ENSR 2005b) depicted the range of projected coal-related development in 
the PRB, for selected source groups. The report identified reasonably foreseeable development 
(RFD) activities for the years 2010, 2015, and 2020, and was separated into selected, partially 
overlapping source groups, including power plants, coal mine development, conventional oil and 
gas and CBNG activities, and other coal-related energy development scenarios. The results of that 
study were used to develop changes in air pollution emission rates for source groups in 2010, 2015, 
and 2020 which are the basis for modeled estimates of the projected cumulative air quality impacts. 
The 2020 RFD scenarios from the Task 2 report were updated with current information, as 
applicable, and revised emissions were included in this updated analysis. 
 
The original Task 3A report (ENSR 2006) provided a modeled change in impacts on air quality and 
air quality-related values (AQRVs) resulting from the projected RFD activities in 2010. Impacts of 
coal and other resource development were evaluated for each source group and for the various 
receptor groups. The Task 2 projected development for 2010 was modeled using the same model 
and meteorological data that were used for the base year study in the Task 1A report. Impacts for 
2015 and 2020 were qualitatively projected based on modeled impacts for 2010 and expected 
changes in source group emissions identified in the Task 2 study.  As the uncertainty associated 
with predicted developments for 2015 and 2020 decreased, it became increasingly valuable to 
update the original Task 3A qualitative estimates for 2015 and 2020 with a quantitative evaluation.  
In 2008, the cumulative air quality effects for 2015 were modeled, and the Task 3A study 
correspondingly was updated (ENSR 2008a).   
 
This current update to the Task 3A report quantitatively updates the original Task 3A qualitative 
analysis based on modeled changes in impacts on air quality and AQRVs resulting from the 
projected RFD activities in 2020. Similar to the original Task 3A report, impacts due to development 
of selected source types were evaluated at various receptor locations. Several important changes 
that occurred during the development of the 2015 update were carried through to this 2020 update. 
The changes that affect the comparison of this updated report with the original Task 3A report 
include: 
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• A new version of the dispersion model used to predict air quality and AQRVs;  
• Initiation of the dispersion model with a different meteorological year; 
• An improved base year emissions inventory; and 
• Updated RFD emission sources and projected emissions activities to 2020. 
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ES.2  TECHNICAL APPROACH 
 
Similar to the original Task 3A report, this updated analysis evaluates two levels of coal 
development: a lower production (or development) scenario and an upper production scenario. 
Existing and projected sources in the study area were analyzed using base year emissions and 
adjusting those emissions based on the projected development level. Emissions were evaluated for 
sources in the study area, which comprises several counties in the PRB in both states:  
 
• Wyoming portion of the study area comprises all of Campbell County, all of Sheridan and 

Johnson counties except the Bighorn National Forest lands to the west of the PRB, and the 
northern portion of Converse County 

 
• Montana portion of the study area comprises the area of relevant coal mines including 

portions of Rosebud, Custer, Powder River, Big Horn, and Treasure counties 
 
The study evaluates impacts on air quality and AQRVs resulting from projected development of 
RFD activities (for 2020) in the study area. For the original Task 3A study, a quantitative modeling 
assessment was used to predict ambient air quality impacts for 2010, and qualitative evaluations 
were made for 2015 and 2020. For this current update to the Task 3A study, the original 2020 
qualitative evaluations were quantitatively updated based on the same approach previously used to 
predict ambient air quality impacts for 2010 and 2015.  
 
A state-of-the-art, guideline dispersion model was used to evaluate impacts at several locations:  
 
• Near-field receptors in Wyoming (within the PRB study area);  
 
• Near-field receptors in Montana (within the PRB study area); 
 
• Receptors in nearby federally designated pristine or Class I areas; and 
 
• Receptors at other sensitive areas (sensitive Class II areas). 
 
The U.S. Environmental Protection Agency (USEPA) guideline CALPUFF model system version 5.8 
(Scire et al. 2000a,b) was used for this study, which differs from the version used in the Task 1A 
and original Task 3A studies. The modeling domain is identical to the Task 1A, original Task 3A, 
and 2015 update to the Task 3A studies and extends over most of Wyoming, southeastern 
Montana, southwestern North Dakota, western South Dakota, and western Nebraska. A group of 
agency stakeholders participated in developing the modeling protocol and related methodology that 
were used for this analysis (ENSR 2008b).  
 
This updated Task 3A report uses an identical model setup, meteorological input data, and base 
year emissions inventory as the 2015 update. Previously, the base year inventory was developed 
for actual emissions in 2002; for this update, the base year emissions inventory is for year 2004. 
Detailed information regarding the development of the emissions information is available in the 
2015 update report (ENSR 2008a) and its corresponding Technical Support Document 
(ENSR 2008d).  The base year emissions inventory is projected into future year 2020 for upper and 
lower production scenarios.  
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The meteorological data set for 2003 was selected as the worst-case meteorological year during 
the 2015 update based on an analysis of visibility impacts at the nearest Class I areas. The 
meteorological year 2003 was then used to model impacts for all emissions sources for the revised 
base year and the 2015 and 2020 development scenarios. Modeling data settings generally were 
set to default values. Base year ozone concentrations also were incorporated into the model using 
measured concentrations representative of the study area.  
 
The objective of this updated study is to provide a quantitative evaluation of projected 2020 
cumulative air quality impacts for comparison to both the base year impacts and the 2020 
qualitative projections from the original Task 3A report. For this updated study, the base year (2004) 
and projected future year (2020) impacts are evaluated using the same receptor set and modeling 
domain used for the Task 1A and original Task 3A reports. The 2020 development scenarios were 
directly modeled for this study. The only difference between the base year and future year predicted 
impacts is due to the projected change in emissions as a result of RFD activities in the PRB study 
area. This report documents the modeled impacts for 2020 under both the upper and lower 
development scenarios. The changes in air quality and AQRVs due to projected development in the 
PRB are summarized and compared with the original Task 3A qualitative projections for 2020.  
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ES.3  CUMULATIVE IMPACTS 
 
Generally, measured air quality conditions are good throughout the region. The base year (2004) 
modeling showed that there is reason for concern regarding the short-term impacts for some 
pollutants including particulate matter (PM) with an aerodynamic diameter of 10 microns or less 
(PM10) and PM with an aerodynamic diameter of 2.5 microns or less (PM2.5). The base year 
modeling also predicted substantial visibility impacts at the nearby Class I and sensitive Class II 
areas. For regulatory purposes, the Class I evaluations are not directly comparable to the air quality 
permitting requirements, because the modeling effort does not segregate increment-consuming 
sources that would need to be evaluated under the Prevention of Significant Deterioration (PSD) 
program. The cumulative impact analysis focuses on changes in cumulative impacts versus a 
comparison to PSD-related evaluations, which would apply to specific sources. Changes in 
predicted impacts for air quality parameters (NO2, sulfur dioxide [SO2], PM10, and PM2.5) were 
evaluated, along with changes in AQRVs at Class I and sensitive Class II areas.  
 
It is important to note that the effects of Best Available Retrofit Technology (BART) implementation 
are not incorporated into the results presented below, since the states are still developing their 
implementation plan. It is anticipated that air quality effects from large sources summarized below 
likely would be reduced as a result of BART regulations. 
 
Table ES-1 presents the modeled impacts on ambient air quality at the near-field receptors in 
Montana and Wyoming. Results indicate the maximum impacts at any point in each receptor group. 
Results are summarized for both 2020 development scenarios, and results from the base year are 
included for comparison purposes. Peak impacts occur at isolated receptors and are likely due to 
unique source-receptor relationships. The model results should not be construed as predicting an 
actual exceedence of any standard, but are at best indicators of potential impacts. 
 
The results of the modeling depict the anticipated changes under both development scenarios. For 
the Wyoming near-field receptors, the predicted impact of the 24-hour PM10 and PM2.5 

concentrations show localized exceedences of the National Ambient Air Quality Standard (NAAQS) 
for the base year (2004), as well as for both development scenarios for 2020. The 2020 
development scenarios show the concentration increases by a factor of 2.5 relative to the base year 
for these parameters. Additionally, 2020 development scenarios show a 20 percent increase of 
annual PM10 and PM2.5 concentrations at peak Wyoming near-field receptors. This level of increase 
indicated modeled exceedences of annual standards for PM2.5.1

 

 Impacts of NO2 and SO2 emissions 
are predicted to be below the NAAQS and Wyoming State Ambient Air Quality Standard (SAAQS) 
at the Wyoming near-field receptors. 

Based on the modeling results, impacts at Montana near-field receptors would be in compliance 
with the NAAQS and the Montana SAAQS for all pollutants and averaging periods. Importantly, the 
1-hour NO2 concentrations at Montana near-field receptors for 2015 were predicted to exceed the 
SAAQS at isolated locations due to CBNG development in Wyoming; however, with the anticipated 
southward progression of the CBNG wells, the 1-hour NO2 concentrations in 2020 are predicted to 
remain below the SAAQS. The southward progression of the CBNG wells also contributes to a 
                                            
1 At the time of publication of this report, the annual PM10 NAAQS have been revoked by the USEPA. The state-specific 

annual PM10 standards are still in effect. Modeled impacts are compared to the annual PM10 threshold for consistency with 
the original Task 3A Report. 
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predicted decrease in impacts for annual NO2, PM10 and PM2.5 relative to the base year. Although 
large percentage increases were predicted in SO2 impacts, the levels would be below the ambient 
standards for all pollutants in the Montana near-field.  
 

Table ES-1 
Projected Maximum Potential Near-field Impacts 

(µg/m3) 
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Wyoming Near-field         
NO2 Annual  31.3 80.5 80.6 100 100 -- 25 
SO2 Annual 15.3 16.4 16.5 80 60 -- 20 

 24-hour 112.3 144.3 144.3 365 260  91 
 3-hour 462.0 936.7 936.7 1,300 1,300 -- 512 

PM2.5  
 

Annual  13.4 16.3 16.3 15 15 -- -- 
24-hour  87.6 218.4 218.5 35 35 -- -- 

PM10  Annual  38.4 46.6 46.6 -- 50 -- 17 
 24-hour  250.4 624.1 624.3 150 150 -- 30 

Montana Near-field  
NO2 Annual  3.3 2.5 2.6 100 -- 100 25 

 1-hour 409.0 440.1 442.7 -- -- 564 -- 
SO2 Annual  1.6 3.0 3.1 80 -- 80 20 

 24-hour 16.1 24.7 27.1 365 -- 365 91 
 3-hour 65.0 138.9 138.9 1,300 -- 1,300 512 
 1-hour 162.9 237.0 259.1 -- -- 1,300 -- 

PM2.5  
 

Annual  1.0 0.9 0.9 15 -- 15 -- 
24-hour  10.2 10.2 10.2 35 -- 35 -- 

PM10 Annual  2.8 2.5 2.6 -- -- 50 17 
 24-hour  29.1 29.3 29.3 150 -- 150 30 

Note: -- = No standard or increment. 
  µg/m3 = microgram per cubic meter. 
  Bold numbers indicate potential exceedences. 

 
Table ES-2 provides modeled impacts at the three Class I areas and two Class II areas with the 
greatest impacts. A comparison to SAAQS and PSD increments is provided; however, the analysis 
did not separate PSD increment-consuming sources from those that did not consume increment. 
The PSD-increment comparison is provided for informational purposes only and cannot be directly 
related to a regulatory interpretation of PSD increment consumption.  
 
None of the modeled Class I areas currently have, or are predicted to have, NAAQS or SAAQS 
exceedences. Table ES-2 compares the modeled impacts to the PSD Class I and sensitive Class II 
increment levels. At the Northern Cheyenne Indian Reservation (IR), Badlands National Park (NP) 
and Wind Cave NP base year impacts are slightly above the Class I comparative levels for 24-hour 
PM10 in 2020. Additionally, the SO2 impacts at the Northern Cheyenne IR for the 3-hour and 
24-hour averaging period exceed the Class I PSD increment levels. In the other Class I areas, only 
the modeled 24-hour SO2 impacts at Theodore Roosevelt NP and Fort Peck IR, and 3-hour SO2 
impacts at Theodore Roosevelt NP, are above the PSD increment levels for the 2020 development 
scenarios; the predicted exceedences for these areas are due to sources outside the PRB study 
area. 
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Table ES-2 

Maximum Predicted PSD Class I and Sensitive Class II Area Impacts 
(µg/m3) 

 

Location  Pollutant 
Averaging 

Period 

Base Year 
(2004) 

Impacts 

2020 
Lower 

Development 
Scenario 

2020 Upper 
Development 

Scenario 

PSD 
Class I and 

Class II 
Increments 

Class I Areas      

Northern 
Cheyenne IR  

NO2 Annual  0.4 0.8 1.1 2.5 

SO2 
Annual  0.5 1.1 1.3 2 
24-hour 3.1 7.1 12.8 5 
3-hour 9.4 23.6 39.7 25 

PM2.5 
Annual  0.3 0.4 0.5 -- 
24-hour 3.4 4.5 4.6 -- 

PM10 
Annual  0.9 1.2 1.5 4 
24-hour 9.6 12.9 13.2 8 

Badlands 
NP 

NO2 Annual  0.1 0.2 0.2 2.5 

SO2 
Annual  0.5 0.6 0.6 2 
24-hour 3.6 4.0 4.0 5 
3-hour 8.1 8.2 8.2 25 

PM2.5 
Annual  0.2 0.3 0.3 -- 
24-hour 2.1 3.0 3.1 -- 

PM10 
Annual  0.7 0.9 1.0 4 
24-hour 5.9 8.5 8.8 8 

Wind Cave 
NP 

NO2 Annual  0.2 0.3 0.3 2.5 

SO2 
Annual  0.7 0.8 0.8 2 
24-hour 3.7 4.6 4.7 5 
3-hour 7.0 7.5 7.7 25 

PM2.5 
Annual  0.4 0.5 0.5 -- 
24-hour 3.8 4.6 4.7 -- 

PM10 
Annual  1.0 1.4 1.4 4 
24-hour 10.9 13.0 13.3 8 

Sensitive Class II Areas      

Cloud Peak 
WA 

NO2 Annual  0.06 0.12 0.12 25 

SO2 
Annual  0.2 0.3 0.3 20 
24-hour 2.0 2.5 2.5 91 
3-hour 8.0 8.9 9.0 512 

PM2.5 
Annual  0.2 0.2 0.2 -- 
24-hour 2.6 3.2 3.3 -- 

PM10 
Annual  0.5 0.7 0.7 17 
24-hour 7.4 9.1 9.3 30 

Crow IR 

NO2 Annual  0.9 3.6 4.2 25 

SO2 
Annual  2.3 2.4 2.4 20 
24-hour 14.4 14.8 14.8 91 
3-hour 76.8 77.0 77.0 512 

PM2.5 
Annual  0.8 0.8 0.8 -- 
24-hour 7.2 7.2 7.2 -- 

PM10 
Annual  2.2 2.3 2.4 17 
24-hour 20.5 20.6 20.6 30 

Note: Bold numbers indicate potential exceedences. 
 
In the sensitive Class II areas, there are no modeled exceedences of the Class II PSD Increments. 
The modeled annual NO2 impacts at the Cloud Peak Wilderness Area (WA) and Crow IR are 
projected to increase by a factor of 2 to 4, respectively, in 2020 as a result of projected CBNG and 
coal hauling activities. For comparison purposes, modeling results for all sensitive Class II areas are 
below PSD increment levels for both 2020 development scenarios. 
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Table ES-3 provides a detailed listing of visibility impacts for all analyzed Class I and sensitive 
Class II areas. Modeled visibility impacts at the identified Class I areas continue to show a similar 
pattern as exhibited for the base year (2004), with a high number of days with a greater than 
10 percent change in visibility at the most impacted Class I areas. Visibility impacts at Badlands NP, 
Northern Cheyenne IR, and Wind Cave NP all have greater than 10 percent change for more than 
200 days a year during the base year. These Class I areas are the top three Class I areas with the 
highest predicted change in light extinction in 2020. All but four of the sensitive Class II areas have 
more than 100 days per year with greater than a 10 percent change during the base year. The most 
significant visibility change to sensitive Class II areas in 2020 is predicted for Black Elk WA and 
Mount Rushmore National Monument. Class II areas do not have any visibility protection under 
federal or state law. 
 

Table ES-3 
Modeled Change in Visibility Impacts at Class I and Sensitive Class II Areas 

 

 
Base Year 

(2004) 
2020 Lower 

Development Scenario 
2020 Upper 

Development Scenario 

Location 
No. of Days 

>10% 
Change in No. of Days  

> 10% 
Change in No. of Days 

> 10% 
Class I Areas    
Badlands NP  218 44 44 
Bob Marshall WA  8 0 0 
Bridger WA  144 5 5 
Fitzpatrick WA  91 6 6 
Fort Peck IR  105 20 21 
Gates of the Mountain WA  55 4 4 
Grand Teton NP  70 6 6 
North Absaorka WA  61 8 8 
North Cheyenne IR  243 59 60 
Red Rock Lakes  42 3 3 
Scapegoat WA  27 2 2 
Teton WA  57 8 8 
Theodore Roosevelt NP  178 24 24 
UL Bend WA  77 18 18 
Washakie WA  83 8 8 
Wind Cave NP  262 28 31 
Yellowstone NP  84 5 5 
Sensitive Class II Areas        
Absaorka Beartooth WA  101 10 10 
Agate Fossil Beds National Monument  251 26 26 
Big Horn Canyon NRA  331 1 1 
Black Elk WA  236 47 47 
Cloud Peak WA 126 29 30 
Crow IR  360 3 3 
Devils Tower National Monument  274 31 32 
Fort Belknap IR  66 14 15 
Fort Laramie National Historic Site  260 15 16 
Jedediah Smith WA  79 3 3 
Jewel Cave National Monument  261 36 37 
Lee Metcalf WA  97 2 2 
Mount Naomi WA  51 1 1 
Mount Rushmore National Monument 222 49 52 
Popo Agie WA  139 6 6 
Soldier Creek WA  268 19 19 
Wellsville Mountain WA  130 17 17 
Wind River IR  217 9 10 
 



Executive Summary 
 

60138355 ES-9 December 2009 

For acid deposition, all predicted impacts are below the deposition threshold values for both 
nitrogen and sulfur compounds. There are substantial percentage increases in deposition under the 
lower and upper development scenarios; however, impacts remain well below the nitrogen and 
sulfur levels of concern (1.5 and 5.0 kilograms per hectare per year, respectively). The acid 
neutralizing capacity of sensitive lakes also was analyzed, and results are summarized in 
Table ES-4. The base year study indicated that none of the lakes had predicted significant impacts 
except Upper Frozen Lake; however, the lower and upper development scenarios for 2020 show an 
increased impact at Florence Lake, leading to an impact above the 10 percent change in acid 
neutralizing capacity (ANC). Impacts also are predicted to be above the 1 micro-equivalent per liter 
(µeq/L) for Upper Frozen Lake.  
 

Table ES-4 
Predicted Total Cumulative Change in Acid Neutralizing Capacity of Sensitive Lakes 

 

Location Lake 

Background 
ANC 

(µeq/L) 
Area 

(hectares) 

Base 
Year 

(2004) 
Change 

(percent) 

2020 Lower 
Development 

Scenario 
Change 

(percent) 

2020 Upper 
Development 

Scenario 
Change 

(percent) 
Thresholds 
(percent) 

Bridger  Black Joe 67 890 4.00 4.26 4.27 10 
WA Deep 60 205 4.70 4.98 4.99 10 
 Hobbs 70 293 3.95 4.14 4.15 10 

 
Upper 
Frozen 5 64.8 2.42 2.55 2.56 11 

Cloud Peak  Emerald 55.3 293 5.24 6.69 6.80 10 
WA Florence  32.7 417 9.09 11.79 11.99 10 
Fitzpatrick 
WA Ross 53.5 4,455 2.72 2.89 2.90 10 
Popo Agie 
WA 

Lower 
Saddlebag  55.5 155 6.28 6.65 6.67 10 

1Data for Upper Frozen Lake presented in changes in µeq/L. (For lakes with less than 25 µeq/L background ANC.) 
 
The study also modeled impacts of selected hazardous air pollutant emissions (benzene, ethyl 
benzene, formaldehyde, n-hexane, toluene, and xylene) on receptors with the highest ambient 
impacts. The near-field receptors in Wyoming and Montana were analyzed for annual (chronic) and 
1-hour (acute) impacts. Model results for the base year (2004) and 2020 development scenarios 
show that impacts are predicted to be well below the acute Reference Exposure Levels, 
non-carcinogenic Reference Concentrations for Chronic Inhalation, and carcinogenic risk threshold 
for all hazardous air pollutants. The maximally exposed individual’s carcinogenic risk factor due to 
benzene exposure is predicted to increase 50 percent as a result of projected development in the 
PRB; however, even with this substantial increase, the predicted risk is well below USEPA 
carcinogenic risk thresholds.  
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ES.4  COMPARISON TO ORIGINAL TASK 3A REPORT 
 
With a few notable exceptions, the original Task 3A qualitative projections for 2020 are consistent 
with the findings of the current quantitative update. One important difference between this updated 
study and previous findings is the large increase in projected 2020 impacts due to CBNG 
development. While the original Task 3A study was based on preliminary Task 2 CBNG 
development production, this updated study used the final Task 2 projections for CBNG 
development, which were 15 to 30 percent greater than the earlier estimate. This increase suggests 
that while previously coal development was the most significant contributor to projected future year 
increases, based on this updated study, CBNG development may have a secondary, or even 
primary, contribution to air quality impacts. An additional change relative to the original Task 3A 
projections is the incorporation of new information on RFDs identified in the original Task 2 Report. 
Several coal-fired power plants had revised their permits since the original Task 2 and Task 3A 
reports, and expanded or reduced their power-generating capacity. Despite revisions to several of 
the tools used to analyze cumulative air quality, the overall findings and projected changes of this 
updated study generally are consistent with the original qualitative results for 2020. 
 
Ambient impacts of PM10 continue to be a concern, as well as PM2.5, at near-field locations and 
Class II areas located in proximity to the study area. While, generally, annual impacts are 
diminished relative to the original study, short-term impacts increased under some conditions. 
Essentially, coal mine operations and CBNG development would continue to dominate the PM10 
impacts; the power plants would continue to dominate the SO2 impacts (although they would 
continue to be below the standards); and the overall source groups would continue to contribute to 
NO2 impacts, although impacts should remain below the national and state annual NO2 standard.  
 
Visibility impacts continue to be significant, and the predicted changes in the impact (number of 
days with greater than 10 percent change in extinction) for year 2010 are more than doubled in 
2020 at some locations.  
 
Based on modeling results, none of the acid deposition thresholds were exceeded at Class I areas 
for either the lower or upper development scenarios for 2020. However, there is a concern relating 
to the acid deposition into sensitive lakes. The model results showed that the increased deposition, 
largely from SO2 emissions from power plants, exceeded the thresholds of significance for the ANC 
at two sensitive (high alpine) lakes. The results indicate that with increased growth in power plant 
operations, the reduced ANC of the sensitive lakes would become significant and would need to be 
addressed carefully for each proposed major development project. 
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ACRONYMS AND ABBREVIATIONS 
 
µeq/L micro equivalents per liter 
µg/m3 micrograms per cubic meter 
ANC acid neutralizing capacity 
AQRV air quality related values 
BACT Best Available Control Technology 
BART Best Available Retrofit Technology 
BCF billion cubic feet 
BLM Bureau of Land Management 
CBNG coal bed natural gas 
DM&E Dakota, Minnesota, and Eastern 
EA environmental assessment 
EIS environmental impact statement 
FLAG Federal Land Manager’s Air Quality Guidance 
FS U.S. Department of Agriculture-Forest Service 
HAPs hazardous air pollutants 
IDLH Immediately Dangerous to Life or Health 
IR Indian Reservation 
kg/ha/yr kilogram per hectare per year 
km kilometer 
LBA lease by application 
LAC limits of acceptable change 
MDEQ Montana Department of Environmental Quality 
mmtpy million tons per year 
MW megawatt 
NAAQS National Ambient Air Quality Standards 
NEPA National Environmental Policy Act 
NO2 nitrogen dioxide 
NOx oxides of nitrogen  
NP National Park 
NRA National Recreation Area 
PM particulate matter 
PM10 particulate matter with an aerodynamic diameter of 10 microns or less 
PM2.5 particulate matter with an aerodynamic diameter of 2.5 microns or less 
PRB Powder River Basin 
PSD Prevention of Significant Deterioration 
RELs Reference Exposure Levels 
RfCs Reference Concentrations for Chronic Inhalation 
RFD reasonably foreseeable development 
SAAQS state ambient air quality standards 
SO2 sulfur dioxide 
U.S. United States 
USEPA U.S. Environmental Protection Agency 
WA Wilderness Area  
WDEQ Wyoming Department of Environmental Quality 
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1.0 INTRODUCTION 
 
The Powder River Basin (PRB) of Wyoming and Montana is a major energy development area with 
diverse environmental values. The PRB is the largest coal-producing region in the United States 
(U.S.); PRB coal is used to generate electricity both within and outside of the region. The PRB also 
has produced large amounts of oil and gas resources. Over the last decade, this region has 
experienced nationally significant development of natural gas from coal seams (coal bed natural 
gas [CBNG]).  
 
BLM is required to complete a National Environmental Policy Act (NEPA) analysis (environmental 
impact statement [EIS] or environmental assessment [EA]) for each coal lease by application (LBA) 
as part of the leasing process. In the coal leasing EAs and EISs that have been prepared since the 
Powder River Regional Coal Team decertified the region in early 1990 (thereby allowing BLM to 
use the coal LBA process), cumulative impacts have been addressed in a separate section of the 
NEPA analyses to highlight the distinction between site-specific and cumulative impacts. With coal 
leasing continuing into the foreseeable future, and with impacts related to oil and gas development 
increasing beginning in the late 1990s due to development of coal bed natural gas (CBNG) in the 
PRB, BLM initiated studies and analyses to provide a consistent basis for evaluation of cumulative 
impacts in the coal leasing EISs. These studies and analyses included the PRB Coal Development 
Status Check (BLM 1996), Wyodak EIS (BLM 1999), PRB Oil and Gas EIS (BLM 2003), 
Montgomery Watson Harza (2003) study of PRB coal demand through 2020, and most recently, the 
PRB Coal Review. 
 
Initiated in 2003, the PRB Coal Review includes the identification of current conditions (Task 1 
reports), identification of reasonably foreseeable development (RFD) and future coal production 
scenarios (Task 2 Report), and predicted future cumulative impacts (Task 3 reports) in the PRB. All 
PRB Coal Review reports can be accessed from the BLM website.1

 

 For the air quality component of 
this study, the Wyoming PRB cumulative effects study area (Figure 1-1) comprises all of Campbell 
County, all of Sheridan and Johnson counties outside of the Bighorn National Forest lands to the 
west of the PRB, and the northern portion of Converse County. It includes all of the area 
administered by the Bureau of Land Management (BLM) Buffalo Field Office, a portion of the area 
administered by the BLM High Plains District Office, and a portion of the Thunder Basin National 
Grasslands, which is administered by the U.S. Department of Agriculture-Forest Service (FS). The 
Montana portion of the PRB cumulative effects study area for air quality (Figure 1-1) comprises the 
area of relevant coal mines including portions of Rosebud, Custer, Powder River, Big Horn, and 
Treasure counties. It encompasses the area administered by the BLM Miles City Field Office. State 
and private lands also are included in the study area.  

The Task 1A Report for the PRB Coal Review, Current Air Quality Conditions (ENSR 2005a) 
documented the air quality impacts of operations during a base year (2002), using actual emissions 
and operations for that year. The base year analysis evaluated impacts both within the PRB itself 
and at selected sensitive areas surrounding the region. The analysis specifically looked at impacts 
of coal mines, power plants, CBNG development, and other activities. Results were provided for 
both Wyoming and Montana source groups and receptors.  
 

                                            
1 http://www.blm.gov/wy/st/en/programs/energy/Coal_Resources/PRB_Coal/prbdocs.html  

http://www.blm.gov/wy/st/en/programs/energy/Coal_Resources/PRB_Coal/prbdocs.html�
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The Task 2 component of the PRB Coal Review defined the past and present development actions 
in the study area that have contributed to the current environmental and socioeconomic conditions 
in the PRB study area. The Task 2 study also defined the projected RFD scenarios in the Wyoming 
and Montana PRB for years 2010, 2015, and 2020. The past and present actions were identified 
based on information in existing NEPA documents on file with federal and state agencies, and the 
Coal Development Status Check (BLM 1996). The identified RFD activities subsequently were 
evaluated as to their probability for occurrence. In order to account for the variables associated with 
future coal production, two detailed coal production scenarios (reflecting upper and lower production 
estimates) were projected to span the range of most likely foreseeable regional coal production 
levels and to provide a basis for quantification of development parameters that can be used to 
assess impacts. These future production levels were derived from the analysis of historic production 
levels and current PRB coal market forecasts, public and private information sources, and input 
from individual PRB coal operators; and they are summarized in the Task 2 report (ENSR 2005b). 
The RFD scenarios presented in the Task 2 Report provide the basis for the analysis of potential 
cumulative impacts in the Task 3 component of the study. The 2020 RFD scenarios from the Task 2 
report were updated with current information, as applicable, and revised emissions were included in 
this updated analysis. 
 
Due to the lack of detailed information for many developments beyond the next few years, the 
degree of uncertainty associated with the predicted developments and trends increases as the 
timeframe extends further into the future. As a result, the original Task 3A study (ENSR 2006) 
directly modeled RFD projections only for the year 2010. The original Task 3A study qualitatively 
evaluated cumulative air quality effects for years 2015 and 2020 based on the 2010 modeled 
impacts and the RFD projections from the Task 2 report. When the original Task 3A study was 
completed in 2006, the projected RFD activities for 2015 and 2020 had a higher level of uncertainty 
than is currently associated with revised projections. As the uncertainty associated with predicted 
developments for 2015 and 2020 decreased, it became increasingly valuable to update the original 
Task 3A qualitative estimates for 2015 and 2020 with a quantitative evaluation.  In 2008, the 
cumulative air quality effects for 2015 were modeled, and the Task 3A study correspondingly was 
updated.  The updated Task 3A report (ENSR 2008a) is referred to hereafter as the 2015 Update.1

 
 

This current update to the Task 3A report quantitatively updates the original Task 3A qualitative 
analysis of projected changes in impacts on air quality and air quality-related values (AQRVs) 
resulting from projected upper and lower RFD activities in 2020. This updated report is 
supplemental in nature and focuses exclusively on summarizing updated information and 
documenting any changes that have occurred since submittal of the original Task 3A Report and 
the 2015 Update. As the PRB Coal Review’s underlying objectives and methodology have not 
changed since the 2015 Update report, this 2020 update to the Task 3A report does not reiterate 
this information, which is available in the 2015 Update (ENSR 2008a). Instead, this updated 
Task 3A Report details all technical changes relative to the 2015 Update report in Chapter 2.0, 
provides a summary of impacts for the projected 2020 scenarios in Chapter 3.0, and compares 
projected 2020 results to both the revised base year (2004) and to the previous qualitative 
projections from the original Task 3A report in Chapter 4.0. 

                                            
1 Available at http://www.blm.gov/wy/st/en/programs/energy/Coal_Resources/PRB_Coal/prbdocs.html  

http://www.blm.gov/wy/st/en/programs/energy/Coal_Resources/PRB_Coal/prbdocs.html�


I-9
0

I-9
0

I-2
5

14
/16

59

38
7

59

59

T3
5N

T3
6N

T3
7N

T3
8N

T3
9N

T4
0N

T4
1N

T4
2N

T4
3N

T4
4N

T4
5N

T4
6N

T4
7N

T4
8N

T4
9N

T5
0N

T5
1N

T5
2N

T5
3N

T5
4N

T5
5N

T5
6N

T5
7N

T5
8N

R
69

W
R

71
W

R
72

W
R

73
W

R
74

W

R
75

W

R
89

W
R

88
W

R
87

W

R
74

W
R

73
W

R
72

W
R

71
W

R
70

W

R
70

W
R

69
W

R
76

W

R
77

W
R

78
W

R
79

W
R

80
W

R
81

W
R

82
W

R
83

W
R

84
W

R
85

W

T4
1N

T4
2N

T4
3N

T4
4N

T4
5N

T4
6N

T4
7N

T3
5N

T3
6N

T3
7N

T3
8N

T3
9N

T4
0N

JO
HN

SO
N

CO
UN

TY

CO
NV

ER
SE

CO
UN

TY

CA
MP

BE
LL

CO
UN

TY

SH
ER

ID
AN

CO
UN

TY

R
86

W
R

85
W

R
84

W
R

83
W

R
82

W
R

81
W

R
80

W
R

79
W

R
78

W
R

77
W

R
76

W
R

75
W

SH
ER

ID
AN

DA
YT

ON

GI
LL

ET
TE

WR
IG

HT
KA

YC
EE

BU
FF

AL
O

An
te

lo
pe

 C
r.

D
ry

 F
or

k 
C

he
ye

nn
e 

R
iv

er

Be
lle

 F
ou

rc
he

 R
ive

r

Little Powder River

Wild
 C

at 
Cr.

Powder River

Craz
y W

om
an

 C
r.Clea

r C
r.

Wild Horse
 Cr.

Bi
g 

G
oo

se
 C

r.

Dr
y 

Fo
rk

 P
ow

de
r R

ive
r

M
id

dl
e 

Fo
rk

 

Po
w

de
r R

iv
er

Sag
e C

r.

Spo
tte

d H
ors

e C
r.

Bitte
r C

r.

D
ry

 C
r.

Little
 Goose Cr.

Prairie 

Dog Cr.

Salt Cr.

Buffalo Cr.

South Fork 
Powder River

Pu
m

pk
in

 C
r.

Li
ttl

e
Th

un
de

r C
r.

Bl
ac

k
Th

un
de

r C
r.

Ti
m

be
r C

r.

North Fork

Crazy Woman Cr.
South Fork Crazy Woman Cr.

Re
d 

Fo
rk

 
Po

wd
er

 R
ive

r

Piney Cr.

Cottonwood Cr. Four Horse Cr.

Trabing 

Dry Cr.

N
or

th
 F

or
k 

Po
w

de
r R

iv
er

M
id

dl
e 

Pr
on

g
W

ild
 H

or
se

 C
r.

Ro
ck

 C
r.

Fo
ur

m
ile

 C
r.

Be
ar

 T
ra

p 
Cr

.
Po

rc
up

in
e 

Cr
.Ba

co
n 

C
r.

T5
0N

T5
1N T4

9N

T5
2N

T5
3N

T5
4N

T5
5N

T5
6N

T5
7N

T4
8N

T5
8N

Burl
ing

ton
 

Nort
her

n R
R.

Union Pacific RR.
Burlin

gton 

Northern
 RR.

1

2

3

21
2

R
51

E
R

50
E

R
49

E

R
48

E

R
52

E

R
41

E
R

42
E

R
43

E
R

44
E

R
45

E
R

46
E

R
47

E
R

40
E

R
33

E
R

34
E

R
35

E
R

36
E

R
37

E
R

38
E

R
39

E

T9
S

T8
S

T7
S

T6
ST5

S

T4
S

T3
S

T2
S

T1
ST1

N

T2
N

T3
N

T5
NT5

N

T6
N

T7
N

T8
N

T9
N

T1
0N

T1
1N

T1
N

T2
N

T3
N

T4
NT5

N

T6
N

T7
N

T8
N

T9
N

T1
0N

T1
1N

T9
S

T8
S

T7
S

T6
S

T5
ST4
S

T3
S

T2
S

T1
S

R
51

E
R

50
E

R
49

E
R

48
E

R
52

E
R

41
E

R
42

E
R

43
E

R
44

E
R

45
E

R
46

E
R

47
E

R
40

E
R

33
E

R
34

E
R

35
E

R
36

E
R

37
E

R
38

E
R

39
E

R
53

E
R

54
E

Tongue R.

Otter Cr.
Pow

de
r R

ive
r

Little Powder River

Ro
se

bu
d 

Cr
.

Lit
tle

 

Bi
gh

or
n 

R.

Rotten Grass Cr.

Bighorn R.

Ye
llo

ws
to

ne
 R

.

I-9
4

I-9
4 21

2

59

12

12

47
39

22

Tullock Cr.
Sarpy Cr.

Froze
 to

 Death Cr.

Ea
st

 F
or

k 
Ar

m
el

ls
 C

r.

Rosebud Cr.

Sweeney Cr. To
ng

ue
 R

.

Ye
llo

ws
to

ne
 R

.

Li
ttl

e 
Pu

m
pk

in
 C

r.
Be

av
er

 C
r.

Muste
r C

r.

Cottonwood Cr.

Powder R.

Armells Cr.

West Fork Armells Cr.

Sou
th 

Sun
da

y C
r.

Little Porcupine Cr.

Big Porcu
pine Cr.

Muggins Cr.

Mizpah Cr.

Moon Cr.

Ash Cr.

Foster Cr.

North
 Sunday C

r.

Lo
dg

e G
ra

ss
 C

.

C
oo

k 
C

r.

Hanging Woman Cr.

Pumpkin Cr.

Pumpkin Cr.

Sq
ui

rre
l C

r.

Little Bighorn R.

Owl Cr.

BI
G 

HO
RN

CO
UN

TY

TR
EA

SU
RE

CO
UN

TY
RO

SE
BU

D
CO

UN
TY

PO
WD

ER
 R

IVE
R

CO
UN

TY

CU
ST

ER
CO

UN
TY

Indian Cr.

Bear C
r.

Gre
en

lea
f C

r.

Ho
m

e 
Cr

.

San
d C

r.

Pi
lg

rim
 C

r.

Sh
ee

p 
C

r.

Powder R
.

Ash Cr.
Crow Cr.

Timber Cr.

MI
LE

S C
ITY

Wes
t B

lac
kta

il C
r.

Eas
t B

lac
kta

il C
r.

Stellar C
r.

Sand Cr.

Horse Cr.

Lo
ca

te
 C

r.

FO
RS

YT
H

HA
RD

IN

BR
OA

DU
S

4

14

16

5

R
53

E
R

54
E

R
55

E

R
32

E
R

31
E

R
30

E

T1
2N

R
32

E
R

31
E

R
30

E
R

29
E

R
28

ER
28

E
R

27
E

R
26

E
R

25
E

R
25

E
R

26
E

R
27

E

R
30

E

Pryor Cr.

Crow Rock 
Cr.

Bi
g S

ky
 M

ine

We
lch

 M
ine

Bi
g H

or
n M

ine

PS
O 

As
h

Cr
ee

k M
ine

Da
ve

 Jo
hn

sto
n M

ine

T1
2N

11
/0

9/
09

C
am

pb
el

l C
ou

nt
y

C
on

ve
rs

e 
C

ou
nt

y

Jo
hn

so
n 

C
ou

nt
y

Sh
er

id
an

 C
ou

nt
y

R
iv

er
 o

r s
tre

am

R
ai

lro
ad

Su
br

eg
io

n 
1

Su
br

eg
io

n 
2

Su
br

eg
io

n 
3

Su
br

eg
io

n 
4

Su
br

eg
io

n 
5

W
YO

M
IN

G

Powder River Basin
Coal Review

Figure 1-1

Montana and Wyoming
Study AreaCo

al 
Mi

ne
 Su

br
eg

ion
s

1 2 3

M
O

N
TA

N
A

4

Mo
nta

na
 St

ud
y A

rea
 C

ou
nti

es

Wy
om

ing
 St

ud
y A

rea
 C

ou
nti

es

Bi
gh

or
n 

C
ou

nt
y

C
us

te
r C

ou
nt

y

Po
w

de
r R

iv
er

 C
ou

nt
y

R
os

eb
ud

 C
ou

nt
y

Tr
ea

su
re

 C
ou

nt
y

- B
uc

ks
ki

n,
 D

ry
 F

or
k,

 E
ag

le
 B

ut
te

, R
aw

hi
de

, 
an

d 
W

yo
da

k 
m

in
es

- B
el

le
 A

yr
, C

ab
al

lo
, C

oa
l C

re
ek

, a
nd

 
C

or
de

ro
-R

oj
o 

m
in

es
- A

nt
el

op
e,

 N
or

th
 R

oc
he

lle
/B

la
ck

 T
hu

nd
er

,
Ja

co
bs

 R
an

ch
, a

nd
 N

or
th

 A
nt

el
op

e/
R

oc
he

lle
 m

in
es

- D
ec

ke
r a

nd
 S

pr
in

g 
C

re
ek

 m
in

es

- A
bs

al
ok

a,
 B

ig
 S

ky
, a

nd
 R

os
eb

ud
 m

in
es

5

Le
ge

nd Ap
pr

ox
im

at
e 

C
oa

l M
in

ed
-o

ut
Ar

ea
 th

ro
ug

h 
20

06

0
8

16
24

Ki
lo

m
et

er
s

0
8

16
24

M
ile

s

Ac
tiv

e 
su

rfa
ce

 c
oa

l m
in

e 
lo

ca
tio

ns
in

 M
on

ta
na

Fo
rm

er
 s

ur
fa

ce
 c

oa
l m

in
e 

si
te

So
ur

ce
: B

LM
 2

00
9.

N
ot

e:
 A

pp
ro

xi
m

at
e 

co
al

 m
in

ed
-o

ut
 a

re
as

 w
er

e 
no

t a
va

ila
bl

e 
fo

r t
he

 M
on

ta
na

 m
in

e 
si

te
s.

gallegosl
Typewritten Text
1-3

gallegosl
Typewritten Text



1.0 Introduction 
 

60138355 1-4 December 2009 

1.1 Objectives 
 
The PRB Coal Review is a regional technical study to assess cumulative impacts associated with 
past, present, and RFD in the PRB. The overall objectives of the PRB Coal Review have not 
changed from the original Task 3A Report. This current update to the Task 3A report furthers the 
objective of estimating the environmental impacts associated with RFD through the year 2020. The 
primary objective for updating the Task 3A report is to provide a quantitative evaluation of potential 
cumulative air quality effects for 2020. 
 
Secondary objectives of this update are to develop the projected 2020 emissions using updated 
emissions from the base year (2004) and to compare the modeled impact to the previous qualitative 
evaluation for 2020. This objective is undertaken via a comparison of the original 2020 qualitative 
predictions to the quantitative evaluation performed here. Three important changes that affect the 
comparison of this updated report with the original Task 3A report include a new version of the 
dispersion model used to predict air quality and AQRVs, initiation of the dispersion model with a 
different meteorological year, and an improved base year emissions inventory. The 2015 Update 
report (ENSR 2008a) details these changes.  This current update of the Task 3A report provides a 
summary of impacts for the projected 2020 scenarios, and compares projected 2020 results to both 
the revised base year (summarized in the 2015 Update report) and the qualitative projections from 
the original Task 3A report.  
 

1.2 Agency Outreach, Coordination, and Review 
 
The BLM directed the preparation of this PRB Coal Review. In order to ensure the technical 
credibility of the data, projections, interpretations, and conclusions of the study and ensure the 
study’s usefulness for other agencies’ needs, the BLM initiated contact with other federal and state 
agencies early in the study.  
 
As part of this agency outreach and technical oversight, the BLM organized technical advisory 
groups. These groups were composed of agency representatives and stakeholders with technical 
expertise in the applicable resources. Participating agencies relative to air quality included the BLM; 
Wyoming Department of Environmental Quality (WDEQ); Montana Department of Environmental 
Quality (MDEQ); U.S. Environmental Protection Agency (USEPA); National Park Service; and FS. 
This technical advisory group provided comments on the original and 2008 modeling protocol 
(ENSR 2008b, 2005c). The 2008 modeling protocol was used for the 2015 Update and the current 
update for 2020; it provides additional details regarding the modeling approach and other technical 
details not presented in this report.  
 

1.3 Methodology 
 
The general methodology for updating the Task 3A report with quantitative estimates of 2020 
cumulative air quality effects is unchanged relative to the original Task 3A approach used to 
produce quantitative estimates of 2010 cumulative effects, with the exception that Task 2 RFD 
projections for 2020 are the basis of the analysis rather than the projections for 2010.  
 



1.0 Introduction 
 

60138355 1-5 December 2009 

This study evaluates impacts at the same receptor groups for all of the same air quality metrics as 
the original Task 3A study. The evaluation of ambient air impacts includes the same pollutants 
(nitrogen dioxide [NO2], sulfur dioxide [SO2], particulate matter [PM] with an aerodynamic diameter 
of 10 microns or less [PM10], and selected hazardous air pollutants [HAPs]), with the addition of PM 
with an aerodynamic diameter of 2.5 microns or less (PM2.5). Similar to the original study, the HAPs 
were evaluated at the near-field receptors in Montana and Wyoming, but not at the sensitive 
receptor areas. At the sensitive receptor areas, impacts on visibility and acid deposition also were 
evaluated. Like the original study, the updated study evaluates the changes in impacts for each of 
these fields for the projected levels of development. A comparison of the quantitative 2020 results to 
the qualitative 2020 projections from the original Task 3A report also is provided.  
 
For the original Task 1A and Task 3A reports, potential impacts were modeled using meteorological 
data for 1996. For this current update and the previous 2015 Update to the Task 3A report, 
meteorological data for 2003 were used to evaluate air quality impacts in this updated study.  The 
2004 base year emissions inventory used for this current update is the same base year emissions 
inventory as was used for the 2015 Update.  
 
For this updated Task 3A report, an updated future year emissions inventory and/or production 
ratios were used to estimate emissions for future year 2020. Base year emissions for most groups 
were increased to projected 2020 levels by a ratio that was calculated using production data for the 
projected development level divided by the production data for the base year. The future year 
scenarios then were modeled, and results were compared to base year impacts. 
 
For this updated study, air quality impacts for the 2020 upper and lower production scenarios were 
modeled directly. The changes from the base year to the upper and lower development scenarios 
for 2020 subsequently are summarized. The summary includes a comparison of modeled ambient 
air quality impacts and AQRVs. The comparison includes discussion of modeled impacts relative to 
applicable state and federal standards and guideline values. Cumulative air quality effects predicted 
for 2020 also are compared to the original Task 3A qualitative results. 
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2.0 TECHNICAL APPROACH 
 

2.1 Overview of Assessment Approach 
 
The objective of the study is to evaluate impacts over a wide range of receptors centered over the 
PRB cumulative effects study area. The evaluation covers receptors within the PRB in both 
Montana and Wyoming, and it includes individual sensitive receptor groups in the region 
surrounding the PRB cumulative effects study area. Key aspects of the study include the selection 
of air emissions within the study area, the selection of a modeling system to conduct that 
evaluation, the selection of a receptor set (within the model system) to be used for evaluating 
cumulative impacts, and the selection of criteria for evaluation of impacts. 
 
The 2020 air quality cumulative effects assessment for the PRB Coal Review, as presented in this 
updated Task 3A Report, evaluates the difference between modeled air quality impacts from the 
base year (2004) to the future year (2020) scenarios based on the projected change in emissions 
from the identified RFD activities. The model selected to assess cumulative air quality for both 
current and future conditions is the USEPA guideline model, CALPUFF. The USEPA’s CALPUFF 
modeling system is a regulatory guideline model that was used in the original PRB Coal Review 
Task 3A (ENSR 2006), the 2015 Update (ENSR 2008a), and in the Montana Statewide Oil and Gas 
Supplemental EIS (ALL Consulting 2006). All of these studies were directed by the BLM and have 
identical modeling domain and receptor grids.  
 
This update of the Task 3A report uses an identical model setup, meteorological input data, and 
base year emissions inventory as was used for the 2015 Update.  Detailed information regarding 
the development of this input information is available in the 2015 Update report (ENSR 2008a) and 
its corresponding Technical Support Document (ENSR 2008d). 
 

2.2 Air Quality Modeling  
 
The CALPUFF model is a Lagrangian puff model with the capability to simulate regional-scale, 
long-range dispersion as well as local-scale, short-range dispersion (Scire et al. 2000a). The model 
was used for the original PRB Coal Review Task 3A (ENSR 2006), the Montana Statewide Oil and 
Gas Supplemental EIS (ALL Consulting 2006), and the 2015 Update Report (ENSR 2008a) to 
assess impacts over both near-field and far-field receptors. Since completion of the original Task 3A 
study (ENSR 2006), the USEPA has released a new guideline version of CALPUFF. The 2015 
Update report, as well as this update to the Task 3A report, used the most recent approved version 
of CALPUFF. The modeling approach and technical options are identical between base year (2004) 
and predictive future year (previous 2015 Update and current 2020) cumulative analyses.  
 
The CALPUFF modeling system used in this updated study has three main components: 
 
● CALMET Version 5.8, Level 070623 (a diagnostic three-dimensional meteorological model, 

which develops the meteorological data for modeling input); 
 
● CALPUFF Version 5.8, Level 070623 (the transport and dispersion model that carries out 

calculations of dispersion); and  
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● CALPOST Version 5.6394, Level 070622 (a post-processing package that is used to depict 

overall concentrations and impacts).  
 
The CALPUFF modeling domain was established to be identical to that used in the PRB Oil and 
Gas Final EIS (BLM 2003), the original PRB Coal Review (Task 1A report [ENSR 2005a] and Task 
3A report [ENSR 2006]), and the Montana Statewide Oil and Gas Supplemental EIS (ALL 
Consulting 2006). The CALPUFF modeling domain, study area, and sensitive areas are shown in 
Figure 2-1.  The modeling domain includes most of Wyoming and Montana, and extends into the 
states of Idaho, Utah, Nebraska, and North and South Dakota.  
 
The receptor sets established for the original PRB Coal Review (Task 1A and Task 3A) are identical 
to the receptor sets used in this updated study. These selected receptor sets include: near-field 
receptors in both states, which cover the study area; receptors along boundaries and within the 
Class I and sensitive Class II areas identified by the technical advisory group; and other sensitive 
receptors, such as lakes. The locations of all receptors are shown in Figure 2-2 and are described 
in detail in the original Task 3A Report (ENSR 2006), as well as the modeling protocols (ENSR 
2005c, 2008b). 
 

2.3 Meteorological Data and Analyses  
 
The meteorological data set for 2003 was selected as the worst-case meteorological year based on 
an analysis of visibility impacts at the nearest Class I areas for the base year (2004). The 
meteorological year 2003 was used to model all impacts presented in this updated report. 
 

2.4 Emissions Input Data  
 
The objective of the air quality component of the PRB Coal Review, including the 2020 update for 
the Task 3A report, is to assess the predicted change in air quality and related impacts given a 
predicted change in RFD-related activities in the PRB. The key assumptions used for the update to 
the Task 3A report include the following: 
 
● Where actual source characteristics (e.g., stack height, temperature, etc.) exist in provided 

emissions inventories, they were used. Where source characteristics were lacking, 
representative source characteristics generically were developed for each source type;  

 
● A state-specific emission rate, determined by state-specific presumptive-best available 

control technology (BACT) levels, were applied to minor group sources (e.g., CBNG sources);  
 
● USEPA regulations mandating future use of ultra-low sulfur fuels and future model engine 

emission limits were not incorporated into future year emissions due to the level of 
uncertainty surrounding the rate of replacement of existing engines and implementation of 
these regulations;  

 
● No specific facility boundaries (for ambient air) were developed for individual sites; and  
 
● Emissions were broadly characterized and do not represent actual short-term emission rates. 
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The emission sources were separated into various emission source groups for separate analyses. 
For regional modeling of this magnitude, it is not expected that a single source would dominate 
predicted impacts. Rather, for a more detailed understanding of projected changes in 2020, it is 
beneficial to compare impacts resulting from source types (e.g., CBNG, coal mining, etc.), or source 
locations (e.g., Montana, Wyoming, or other states). In this manner, the dominant source types or 
source locations can be more easily identified for future planning efforts. The emission source 
groups for which separate modeling results were analyzed included:  
 
● All sources combined 
 
● Coal production-related sources (from both states, including mines, power plants, railroads, 

and coal conversion facilities) (Note: the Tongue River Railroad only was included in the 
upper development scenario for 2020) 

 
● Coal mines (in both states) 
 
● Montana sources (all sources located in Montana) 
 
● Wyoming sources (all sources located in Wyoming) 
 
● CBNG sources (all CBNG producing sources) 
 
● Power plants (includes coal- and gas-fired power plants in Wyoming and Montana)  
 
● Non-coal sources (roads, urban areas, miscellaneous sources, conventional oil and gas, 

non-coal power plants [excludes CBNG sources]). 
 
Current emissions from other non-coal sources, such as major roads, railroads, and urban areas, 
were included as separate source groups; however, it should be noted that this study only includes 
non-coal sources within the study area (Campbell, Johnson, Sheridan, and most of Converse 
counties in Wyoming; Rosebud, Custer, Powder River, Big Horn, and Treasure counties in 
Montana) (see Figure 1-1). 
 
The 2004 emission inventory developed for the Montana Statewide Oil and Gas Supplemental EIS 
(ALL Consulting 2006) was used as the revised base year emissions inventory for the current 
update of the cumulative air quality analysis.  
 
Although, PM2.5 emission rates were not uniformly available in the provided emission inventory, with 
the promulgation of PM2.5 national and state ambient air quality standards (NAAQS and SAAQS, 
respectively), an estimate of total PM2.5 impacts was valuable for a comprehensive evaluation of the 
PRB cumulative air quality effects. Therefore, total PM2.5 impacts were indirectly estimated based 
on a ratio of monitored PM10 concentrations that were representative of impacts from sources in the 
region. The Lame Deer monitoring station, a site representative of the PRB study area, measures 
both ambient PM10 and PM2.5 at a co-located site. The annual average ratio of ambient PM2.5 to 
PM10 was calculated to be 0.35 during 2005, which is the only recent year with data recovery over 
80 percent for both PM2.5 and PM10. This ratio was used to scale the modeled PM10 impacts to 
estimate PM2.5 impacts. While evaluation of short-term PM2.5 was limited by this technique, it is 
anticipated that annual PM2.5 impacts would be appropriately representative for a region with similar 
sources. 
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Previously, the Task 2 analysis projected future year production estimates for various resources. 
The results summary from the Task 2 report are presented in Table 2-1. The changes in production 
were used to project emissions for the base year for this report (2004) to 2020. The methodology 
used to calculate emission rates for each emission source group is presented below. 
 

Table 2-1 
Emissions Calculations for 2020 by Source Group 

 
 Production Data Adjustment Ratio 

Source Group Base 
(2004) 

Lower 
Scenario 

(2020) 

Upper 
Scenario 

(2020) 

Base 
(2004) 

Lower 
Scenario 

(2020) 

Upper 
Scenario 

(2020) 
Conventional Oil and Gas 
Sources 

39.9 BCF 35.1 BCF 35.1 BCF 1.0 0.880 
 

0.880 
 

CBNG Sources 338 BCF 631 BCF 631 BCF 1.0 1.867 1.867 
Coal Production 
(Wyoming) 

363 mmtpy 495 mmtpy 576 mmtpy 1.0 1.364 1.587 

Coal Hauling (Wyoming) 363 mmtpy 495 mmtpy 576 mmtpy 1.0 1.364 1.587 
Coal Production (Montana)  36.1 mmtpy 56 mmtpy 83 mmtpy 1.0 1.551 2.299 
Power Plants Individual Plant Adjustments 
Urban Areas No Adjustment 
Miscellaneous  No Adjustment 
Note: BCF = billion cubic feet 
 mmtpy = million tons per year 

 
Coal Production-related Sources 
 
For coal production-related sources, which included mines, power plants (discussed separately 
below), railroads, and coal conversion sources, 2004 data were used to establish representative 
base year conditions. Two coal development scenarios were analyzed to estimate emissions rates 
for the future year, a lower production scenario and an upper production scenario. The projected 
increase in coal production under the lower and upper production scenarios were used to scale the 
base year emissions to the future year emissions, as a ratio of the base year production to the 
projected production. 
 
As shown in Table 2-1, different lower production and upper production values were applied to 
sources in Wyoming and Montana. The lower and upper coal production values for Wyoming are 
presented in Tables A-1 and A-2 of the Task 2 report (ENSR 2005b), and the lower and upper coal 
production values for Montana are presented in Tables A-3 and A-4 of the Task 2 report.  
 
Several RFD coal production-related sources were identified for future year 2020 as part of the 
Task 2 report (ENSR 2005b). These sources were not operational during the base year (2004) and, 
therefore, were not included in the base year emissions inventory.  An emissions inventory for these 
RFD sources was developed and incorporated into the 2020 modeling for this updated Task 3A 
report. RFD coal production-related sources include: new coal mines, new rail lines to transport the 
coal, coal conversion facilities, and coal-fired power plants (new power plants are described in the 
power plant section of this chapter).  
 
Three RFD mines were included in the emissions inventory for this 2020 analysis. The Otter Creek 
Mine and Kinsey Mine in Montana are projected to be developed under the upper 2020 
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development scenario, but not under the lower development scenario.  Figures A-3 and A-4 of the 
Task 2 report show the projected locations of these mines. The School Creek Mine (a newly 
identified RFD mine) is projected to be developed in the Subregion 3 coal mine area near Wright, 
Wyoming. The School Creek Mine was included in both the upper and lower development 
scenarios. Per information provided by the BLM (2009) the RFD estimated 2020 coal production 
from the Wyoming mines (Table 2-1) would not change as a result of the School Creek Mine 
development; rather the projected coal production from this new RFD mine would be offset by 
reduced production at the existing mines in Subregion 3. Therefore, the total coal mining emissions 
are consistent with Task 2 2020 projections; however, the spatial distribution of emissions differs 
slightly from the base year due the addition of these three new production areas. 
 
Per the Task 2 report, it was projected that the Tongue River Railroad would not be constructed 
under the lower 2010 production scenario; however, it was included in the upper 2010 production 
scenario. This same approach was used in this updated analysis for 2020. Construction of this 
railroad under the upper production scenario would be dependent on development of the Otter 
Creek Mine in Montana. The analysis in the Draft Supplemental EIS for the Tongue River Railroad 
(Surface Transportation Board 2004) concluded that air quality-related impacts from railroad 
operations would not adversely affect the Northern Cheyenne Indian Reservation (IR).  
 
Emissions from the proposed Dakota, Minnesota, and Eastern (DM&E) rail line expansion into the 
PRB were not included in the base year. Per the Task 2 Report, it was projected that this railroad 
would not be operational until 2015. Emissions from the DM&E were included in the upper and 
lower production scenarios for the 2015 Update and this current update for 2020. Only the portion of 
the DM&E expansion line located in the PRB study area was included in this updated analysis. 
Emissions were based on information presented in the Draft EIS (Surface Transportation Board 
2000) for the proposed rail line. 
 
Several existing rail lines are projected to increase their capacity in Wyoming by 2020. The increase 
in emissions associated with expanded carrying capacity is modeled using the scaling factor for 
coal hauling activities shown in Table 2-1. It is expected that there would be no change in the 
spatial location of these existing rail lines.  
 
Two RFD coal conversion facilities are projected to be developed by 2020 based on the update of 
the Task 2 report (AECOM 2009). One coal to liquid plant (CTL) would be developed in Wyoming, 
and another coal conversion plant would be built in Montana. In the absence of additional 
information, the modeled emissions and release parameters were developed based on the North 
Rochelle CTL plant permit. Both coal production-related RFD sources were included in upper and 
lower development modeling as part of the “coal-related” source group (not listed in Table 2-1). 
 
CBNG Sources 
 
CBNG activity was evaluated separately from conventional oil and gas production for this study. 
Conventional oil and gas impacts were included in non-coal sources (see below). For CBNG 
sources, 2004 base year emissions data were scaled based on projected increases in production. 
The projected increase in CBNG production was based on the ratio of base year gas production to 
projected gas production, as presented in the Task 2 report (ENSR 2005b) and shown in Table 2-1.  
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It is projected that the spatial distribution of CBNG wells in the Wyoming PRB would change 
between the base year and 2020. For this updated Task 3A report, a new spatial distribution of 
wells was modeled for Wyoming CBNG sources. Similar to the CBNG emissions inventory for the 
base year in the original Task 3A report and the 2015 Update, well locations were gridded, and 
emissions from all wells within a single cell were modeled at the center point of the cell. This 
approach produces conservative results as the emissions are more spatially concentrated. 
 
Other Non-coal Sources 
 
Other non-coal sources included conventional oil and gas production, for which projected emissions 
increases were based on data developed from expected increases in conventional oil and gas 
activity. For other sources (urban areas, non-coal highways, and miscellaneous sources), there was 
no adjustment to the emission rates from the base year. For all non-coal sources, the same 
emission rates were used for both the lower and upper production scenarios. Many of these source 
emissions were developed from the original PRB Coal Review 2002 source emissions data base.  
 
Power Plant Sources 
 
Emissions from existing power plants in the study area, and the Dave Johnson Power Plant located 
outside of but adjacent to the study area, are included in the base year. For existing coal-fired 
power plant sources that were operational in the base year, a scaling factor was used to increase 
the capacity of these sources from an 88 percent capacity factor in the base year to a 90 percent 
capacity factor in both future year scenarios to account for a potential increase in capacity. There 
were no projected increases in emissions for gas-fired power plants. 
 
For coal-fired power plants, the projected emission rates for power plants that were not operational 
in the base year but were projected to be operational in future years were derived from the actual 
power plant permit application or the power plant permit from the specified facility. This information 
provides for a conservative estimate since permitted emission rates are the maximum allowable 
emission rates. Actual emission rates from RFD power plants could be less than the allowable 
emissions. Where stack parameters were available, those data were used for input into the model. 
Emissions of NOX, SO2, and PM10 from the power plant permits were based on expected levels with 
BACT that would be applied to those sources. Where a coal-fired power plant permit application or 
permit was not available, emissions from a coal-fired power plant of equivalent size were used to 
estimate future year emissions. The RFD coal-fired power plants for which emissions were 
estimated include the following: 
 
● WYGEN 2 and 3 
● Two Elk Unit 1 and 2  
● Dry Fork (also known as Basin Electric/Gillette) 
● Hardin Generating Station 
● Otter Creek Power Plant 
● One additional 700-kilowatt of energy production (2020 upper production development 

scenario only) 
 
These coal-fired power plants were included as individual sources, in addition to the existing 
coal-fired facilities that also were analyzed.  
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Projected RFDs previously identified in the Task 2 Report (ENSR 2005b) were re-evaluated as part 
of the 2015 Update, and updated information was incorporated into the 2015 Update report. No 
changes to RFD power plants were identified since the 2015 Update, with the exception of adding 
two RFD power plants: Otter Creek and an additional power plant in Wyoming.  
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3.0 PREDICTED CUMULATIVE AIR IMPACTS 
 

3.1 Modeled Cumulative Impacts 2020 
 
Using the model and source groups discussed in Chapter 2.0, the modeling effort determined 
impacts of each of the source groups on each of the receptor groups for the 2020 lower and upper 
production scenarios. 
 
A summary of the key findings for each of the air quality components is provided in Table 3-1. The 
detailed analyses for each of the components are provided in this chapter. In general, the results of 
this modeling study support the findings presented in the Task 1A, original Task 3A, and 2015 
Update reports, and extend the impacts that had been identified in those studies.  
 

Table 3-1 
Summary of Modeled Air Quality Impacts 

 
Air Quality Metric Base Year Impacts Year 2020 Impacts 

Concentrations  Criteria Impacts are below NAAQS 
and SAAQS, except short-
term PM10 and PM2.5 in the 
near-field 

Short-term and annual PM2.5 and 
short-term PM10 are above applicable 
NAAQS and SAAQS at localized 
points. 

 HAPs Less than the RELs and 
RfCs for all HAPs 

Less than the RELs and RfCs for all 
HAPs 

Visibility  Far-
field 

Northern Cheyenne IR, 
Badlands NP, Wind Cave 
NP, and several Class II 
areas have more than 200 
days with greater than 10 
percent change in visibility 

The observed spatial extent of 
visibility impacts increases with 
development. The number of days 
with greater than a 10 percent 
change in visibility increases by 0 to 
60 days per year. 

Atmospheric 
Deposition-Sulfur 

level of  
concern 

Below 5 kilograms per 
hectare per year (kg/ha/yr) 

Below 5 kg/ha/yr 

Atmospheric 
Deposition-Nitrogen  

level of  
concern 

Below 1.5 kg/ha/yr Below 1.5 kg/ha/yr 

Atmospheric 
Deposition-Lake 
Chemistry 

ANC Impacts above threshold 
values at one lake 

Development increases impacts 
above the LAC2 for one lake 

1Nitrogen and sulfur deposition thresholds are published in Fox et al. (1989).  The FS does not consider these values to be sufficiently 
protective of all areas and are currently in the process of revising these.  The new nitrogen level of concern  is 1.5 kg/ha/yr based on 
a study by Baron (2006).  All predicted nitrogen deposition values are below the 1.5 kg/ha/yr level of concern. 

 
2LAC refers to a 10 percent change in ANC for lakes with an ANC of 25 micro equivalents per liter (µeq/L) or more, or a threshold of 

1 µeq/L for lakes with less than 25 µeq/L ANC. 
 
Note: SAAQS = State Ambient Air Quality Standards 
 ANC = acid neutralizing capacity 
 LAC = limits of acceptable change 
 NAAQS = National Ambient Air Quality Standards 
 RELs = Reference Exposure Levels 
 RfCs = Reference Concentration for Chronic Inhalation 
 IR = Indian Reservation 
 
It is important to note that the effects of Best Available Retrofit Technology (BART) implementation 
were not incorporated into the presented results, since the states are still developing their 
implementation plan. BART implementation primarily will target emission reductions of NOx and 
SO2, precursors to particulates most involved in visibility reduction. It is anticipated that the modeled 
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air quality effects summarized as part of this report likely would be reduced as a result of BART 
regulations; however, the level of reduction cannot be determined at this time. 
 

3.1.1 Impacts on Ambient Air Quality 
 
Using the receptor grids identified in Chapter 2.0 along with the source groupings, the model was 
used to predict the impacts at each receptor point in the receptor grid. For this analysis, the results 
are provided for the maximum receptor in each group, which may not be the same receptor in each 
of the modeling scenarios. Impacts may occur at different receptors for each of the modeling 
scenarios, but changes in location of the maximum receptors are not identified in these results. The 
Technical Support Document (TSD) (ENSR 2008d) contains plots of predicted concentrations for 
near-field receptors. 
 
The analysis does not separate the sources into Prevention of Significant Deterioration (PSD) 
increment-consuming and non-PSD increment-consuming sources. Therefore, the results cannot 
be used to develop a pattern of increment consumption for a particular site. The PSD increment 
level comparisons are for informational purposes only and do not constitute a regulatory PSD 
increment level consumption analysis, which would be required for evaluating larger projects by air 
permitting authorities.  
 
The model results also are limited by certain assumptions regarding sources and receptors. The 
source characterizations are based on available data, and do not represent specific stacks or 
sources of fugitive emissions. The modeling sources generally are provided by area or volume, to 
represent multiple sources within each specified facility. The specific fence lines or exclusion areas 
around a modeled source also are not identified in this study. The results cannot, therefore, be 
interpreted as evaluating maximum impacts that might occur at the boundary or fence line of a 
specific source. The receptors in the near-field grid in both states were removed from modeling if 
their location was within 1 kilometer (km) of any source. There were several Wyoming near-field 
receptors located less than 1 km from modeled CBNG source locations. Results from these 
receptors were not included in summary tables or plots. Removal of these receptors ensured that 
results were representative of the broad area in the PRB study area, rather than unduly affected by 
a specific source. However, there are still receptors with high impacts due to a single 
source-receptor relationship.  
 
Additional assumptions were made to aid in the interpretation of ambient impacts. Generally, only 
NOx emission rates, and not NO2, were provided in the emission inventory. Therefore, the maximum 
NO2 impacts are assumed to be 75 percent of the maximum NOx impacts, a standard USEPA 
approved method (40 Code of Federal Regulations 51, Appendix W). As was discussed in 
Chapter 2.0, PM2.5 emission rates were not available in the emissions inventory as PM2.5; instead, 
PM2.5 impacts were estimated based on modeled PM10 emissions scaled by an annual-average 
ratio of ambient PM2.5 to PM10. While evaluation of short-term PM2.5 is limited by this technique, it is 
anticipated that the overall magnitude of annual PM2.5 impacts is approximately representative for a 
region with similar sources. 
 
All ambient air quality impacts presented in this report generally are consistent with the definition of 
the standard. The annual impacts are the maximum value (first highest) for each area. Reported air 
quality impacts for 3-hour and 24-hour averaging periods are highest second high value at each 
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receptor. The maximum (first highest) 1-hour impacts are reported for receptors within the state of 
Montana. 
 
Ambient air quality results for specific receptor groups are presented in a series of bar graphs as 
discussed in Section 3.1.1.1. The graphs show each source group’s maximum impacts for the base 
year (2004) and the 2020 upper and lower production scenarios. Data are provided for each 
ambient standard and PSD increment level for NO2, SO2, and PM10, and the ambient standard for 
PM2.5. It is important to note that the location of the maximum impact that results from one source 
group is not necessarily the same location as the maximum impact for another source group. 
Additionally emissions sources are aggregated into multiple source groups (e.g. coal-fired power 
plants are included in two source groups: power plants, and coal-related sources); therefore, the 
results for each source group are not additive. 
 
3.1.1.1 Impacts at Near-field Receptors in Wyoming  
 
Results for the near-field receptor grid for Wyoming are presented in Figure 3-1. The maximum 
modeled impacts on Wyoming near-field receptors that result from each individual source group are 
identified in the figure. Based on modeling results for PM10, in Wyoming, the maximum 24-hour 
PM10 and PM2.5 impacts are predicted to exceed the NAAQS (150 micrograms per cubic meter 
[µg/m3] and 35 µg/m3, respectively) for the base year as well as for both of the 2020 scenarios, 
primarily as a result of CBNG operations and coal mining activities. The combined impacts from all 
sources for the 2020 upper production scenario are predicted to be nearly four times the standard 
for PM10 and six times the standard for PM2.5. NO2 and SO2 impacts are all below their respective 
standards. Figure 3-2 provides a spatial depiction of the 24-hour PM10 impacts at the near-field 
receptors from all sources. For the 2020 upper production scenario, the modeled impacts are above 
150 µg/m3 for several areas surrounding coal mines and CBNG activities in the Wyoming PRB. It is 
assumed that the level and spatial extent of the modeled exceedances are an over-prediction since 
future locations of activities are roughly estimated. The approach used in this analysis scaled base 
year emissions based on projected 2020 production levels at aggregated well locations, which 
produces conservatively high impacts. The location of maximum modeled impacts and spatial 
pattern of the 24-hour PM2.5 impacts for the 2020 upper production scenario are very similar to 
PM10, as shown in Figure 3-3. The only substantial difference is that the small areas in Figure 3-2 
with predicted SAAQS exceedances are somewhat larger for PM2.5. A large portion of the short-
term impacts for all scenarios are associated with CBNG sources. 
 
Figure 3-4 shows the modeled extent of the annual PM2.5 impacts for the 2020 upper production 
scenario for all sources. This is similar to the spatial pattern depicted in Figure 3-3, except the 
maximum impacts are slightly above SAAQS, and maximum values are limited in their spatial 
extent. For the 2020 production scenarios, the modeled impacts of the annual PM2.5 levels would be 
above the Wyoming and national standard (15 µg/m3) at the maximum receptor in Wyoming. The 
annual PM10 spatial pattern is similar to the spatial pattern shown for annual PM2.5; however, 
maximum impacts are predicted to be below SAAQS. 
 
The modeled base year impacts of NO2 generally were about one-third of the annual standard, 
increasing to approximately three-quarters of the annual standard under the upper production 
scenario. The CBNG operations are predicted to be the largest contributor to the maximum NO2 
impacts with a secondary contribution  from coal-mining activities. The combined Wyoming sources  
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would be responsible for virtually all of the NO2 impacts in Wyoming. While modeled NO2 
concentrations are above the PSD increment levels at the maximum receptor in Wyoming, the 
result is not a direct evaluation of PSD increment consumption. The regulatory agency has the 
authority and responsibility to determine if an exceedance or violation has occurred.  
 
The modeled impacts of SO2 emissions are below the ambient standards for the 3-hour and 
24-hour averaging periods for both the upper and lower development scenarios and are well below 
the annual standards. Modeled impacts are above the PSD Class II increment levels for short-term 
periods. Generally, it appears that the 3-hour and 24-hour impacts for all scenarios are associated 
with CBNG sources, while the annual impacts are associated with coal-fired power plant emissions. 
Based on the modeling results, coal mining would not contribute substantially to SO2 impacts. The 
3-hour SO2 impacts are predicted to increase by up to a factor of 2 relative to the base year, and 
24-hour impacts are predicted to increase by 25 percent as a result of CBNG activities affecting the 
short-term impacts. Annual impacts have only moderate increases (7 to 8 percent) relative to the 
base year. 
 
3.1.1.2 Impacts at Near-field Receptors in Montana 
 
Figure 3-5 provides a similar analysis for near-field receptors in Montana, providing the maximum 
modeled impact for each source group as well as the total predicted maximum. The modeled 
impacts and a comparison to the 1-hour Montana standards for SO2 and NO2 are provided in 
Figure 3-6.  Projected impacts are all well below the state and national standards.  Notably, future 
year impacts of NO2, PM10, and PM2.5 are predicted to either remain similar to the base year or 
decrease. Reductions in impacts are due to the anticipated southerly progression of Wyoming 
CBNG wells, which previously were impacting areas in Montana. 
 
As shown in Figures 3-2, 3-3, and 3-4, the modeled PM10 and PM2.5 impacts in the Montana near-
field are substantially less than those modeled for the Wyoming near-field. The annual and 24-hour 
impacts of PM10 and PM2.5 emissions remained below applicable standards and the PSD 
increments, except for the 24-hour PM10 impacts, which remain just below the PSD increment in 
future year scenarios. No formal increment consumption analysis was completed; therefore, this 
comparison is not a valid PSD increment consumption evaluation. 
 
Based on the modeling results, the annual and 1-hour NO2 impacts in Montana would be well below 
the ambient standard. This is a marked improvement in the 1-hour NO2 impacts relative to the 
projected impacts for 2015, where it was predicted that the 1-hour NO2 standard would be 
exceeded under the 2015 upper and lower development scenarios. The modeling for 2020 
suggests that as Wyoming CBNG wells move southward, short-term 1-hour NO2 impacts in 
Montana would remain below the standard. The primary contributor to the maximum short-term NO2 
impacts appear to be due to projected increases in Montana CBNG production. An acceptable 
adjustment of 0.75 was used to convert the NOx emissions to NO2 impacts. 
 
Based on the modeling, the SO2 impacts in Montana would be well below the applicable standards 
and PSD increment levels. The projected maximum impacts from SO2 emissions are attributable to 
emissions from Montana coal-fired power plant sources. The modeled impacts showed that 
increases of SO2 impacts are predicted to approximately double for all averaging periods, resulting 
largely from additional coal-fired power plants.  
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Figure 3-5
Change in Modeled Concentrations of NO2, SO2, PM10, and PM2.5

at Montana Near-field Receptors 
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Figure 3-6
Change in Modeled Concentrations of 1-hour NO2 and SO2

at Montana Near-field Receptors 
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3.1.2 Air Quality Impacts at Class I Area Receptors 
 
As discussed in Chapter 2.0, the impacts at Class I areas also were modeled, with separate 
assessments for each Class I receptor group. The modeled impacts were all well below the ambient 
standards for all air pollutants.  For comparison only, the 24-hour PM10 impacts were above the 
Class I PSD increment levels for the base and future year scenarios at the Northern Cheyenne 
Indian Reservation (IR), Badlands NP, and Wind Cave NP. The Class I areas with the highest SO2 
impacts were Theodore Roosevelt NP, the Northern Cheyenne IR, and Fort Peck IR.  The majority 
of the SO2 impacts in Theodore Roosevelt NP and Fort Peck IR occur in the base year and are not 
indicative of growth in the PRB region. 
 
The results for the Northern Cheyenne IR are provided in Figure 3-7. The modeled impacts were all 
well below the ambient standards and the PSD increments for all air pollutants, except the projected 
impacts are above the 24-hour PM10 and SO2 increment levels. For comparison only, the 24-hour 
PM10 impacts were above the Class I PSD increments for the base year and future year scenarios. 
The 24-hour PM10 impacts are predicted to increase by up to 40 percent from the base year to the 
future year scenarios, primarily as a result of increases in Wyoming sources (predominantly CBNG 
development). For comparison only, the 24-hour SO2 impacts were above the Class I PSD 
increment levels, primarily as a result of additional coal-fired power plants in Montana. All other SO2 
and NO2 impacts are less than 5 percent of the national and state standards. 
 
Two additional Class I areas also were analyzed, including Badlands NP (Figure 3-8) and Wind 
Cave NP (Figure 3-9). These areas show modeled impacts above the comparative Class I PSD 
increment levels for 24-hour PM10 for the future year development scenarios. The PM10 impacts at 
the Badlands NP are slightly over comparative 24-hour Class I PSD increment but remain below 
25 percent of the annual standard. The base year (2004) 24-hour PM10 impact at Wind Cave NP 
was 10.8 µg/m3, and the upper production scenario was 13.3 µg/m3, versus a Class I PSD 
increment level of 8 µg/m3. For both areas, all modeled SO2 and NO2 impacts are near or less than 
1 percent of the ambient standards, and also are below their comparative PSD increment levels. 
The 24-hour SO2 combined impacts are between 80 to 95 percent of the comparable PSD 
increments. 
 
The predicted 24-hour SO2 impacts at Theodore Roosevelt NP and Fort Peck IR, and the 3-hour 
SO2 impacts at Theodore Roosevelt NP; exceeded the Class I PSD increments; these predicted 
exceedances are due to sources outside of the PRB study area. The predicted 24-hour SO2 
impacts exceed the Class I PSD increments at Northern Cheyenne IR due to the addition of coal-
fired power plants in Montana. The maximum modeled impacts are less than 5 percent of the 
national and state standards for all pollutants at Theodore Roosevelt NP, the Northern Cheyenne 
IR, and Fort Peck IR.  
 
These impact data are provided for comparison only; PSD increment-consuming sources were not 
specifically evaluated. 
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Figure 3-7
Change in Modeled Concentrations of NO2, SO2, PM10, and PM2.5

at Northern Cheyenne IR
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Figure 3-8
Change in Modeled Concentrations of NO2, SO2, PM10, and PM2.5

at Badlands NP
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Figure 3-9
Change in Modeled Concentrations of NO2, SO2, PM10, and PM2.5

at Wind Cave NP
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3.1.3 Air Quality Impacts at Sensitive Class II Area Receptors  
 
None of the Sensitive Class II areas evaluated for this study had predicted impacts that exceeded 
the ambient standards or Class II PSD increment thresholds. Modeled impacts at the Cloud Peak 
Wilderness Area (WA) and Crow IR demonstrated the largest changes in NO2 impacts with respect 
to the base year. For PM10 impacts, the highest changes relative to the base year occurred at the 
Wind River IR. Modeled impacts for Cloud Peak Wilderness Area (WA) and Crow IR are shown in 
Figure 3-10 and Figure 3-11, respectively. For the two Class II areas, modeled impacts were below 
the ambient standards, and they were below established Class II PSD increment levels. At the 
Cloud Peak WA, there was a marked change in NO2 and PM10 impacts due to increased CBNG 
production shifting toward the WA. Similarly, at the Crow IR, the modeled NO2 impacts demonstrate 
a marked increase due to projected coal-related RFD sources under the 2020 upper and lower 
development scenarios.  
 
Figure 3-12 shows the base year (2004) and predicted future year (2020) modeled 1-hour NO2 
impacts at Big Horn Canyon National Recreation Area (NRA) and Crow IR. These two Class II 
areas have the highest modeled impacts of any modeled Class II area for the base year, yet 
impacts in the future years remain below the state 1-hour standard of 564 µg/m3. It is likely that the 
conservative modeled impacts are greater than actual impacts. Initially, nitrogen monoxide (NO) 
emissions comprise the majority of NOx emissions. NO is then converted into NO2. Given that the 
conversion of NO into NO2 typically occurs over several hours (Finlayson-Pitts and Pitts 2000),  the 
fraction of NOx that is NO2 is probably substantially less than the 75 percent assumed for this study 
over the 1-hour averaging period. 
 

3.1.4 Impacts on Visibility  
 
Under the Clean Air Act, visibility has been established as a critical resource for identified Class I 
areas. Under the guidance of the Federal Land Managers Air Quality Workgroup (FLAG) (FLAG 
2000), the impacts presented here were calculated using the same approach presented in the Task 
1A and original Task 3A reports. The visibility impacts are provided using the CALPUFF modeling 
system and the Method 6 approach, which uses monthly relative humidity values for representative 
receptor groups. Visibility impacts were based on the highest 24-hour calculated extinction (reduced 
visibility) at the indicated source receptors. Impacts were based on FLAG speciated seasonal 
natural background reference visibility levels and calculated as a percent increase in extinction from 
the background values. Visibility impacts also can be expressed in terms of deciviews (dv), a 
measure for describing perceived changes in visibility. One deciview is defined as a change in 
visibility that is just perceptible to the average person. The study tabulated the reduced visibility at 
the maximum impact receptor in each of the Class I and Class II groups in terms of the maximum 
reduction on any one 24-hour period, the number of days annually that showed visibility reductions 
of 5 percent and 10 percent, which are equivalent to reductions in deciviews of 0.5 and 1 deciview, 
respectively. A significance threshold of 10 percent (1 deciview) has been used in this analysis to 
evaluate the frequency of the impact from the source groups. 
 
Tables 3-2 and 3-3 provide the modeled visibility impact results using “Method 6” for the lower and 
upper production scenarios for 2020, respectively. Based on the modeling results, those areas 
predicted to be the most impacted in the base year (2004) and 2015 typically are predicted to 
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Figure 3-10
Change in Modeled Concentrations of NO2, SO2, PM10, and PM2.5

at Cloud Peak WA
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Figure 3-11
Change in Modeled Concentrations of NO2, SO2, PM10, and PM2.5

at Crow IR
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Montana SAAQS: 564

Montana SAAQS: 564

Note:
Base Year = 2004
2020 Lower = 2020 lower production scenario
2020 Upper = 2020 upper production scenario

Applicable Standards/ Montana 
Standards (g/m3)

Figure 3-12
Change in Modeled Concentrations of 1-Hour NO2

at Big Horn Canyon NRA and Crow IR 
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NumMlrof 
Oays>N% 

ChangeinS 
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Receptor Set 5% '0% Change In Sat 
CLASS I AREAS 

Badlands NP 297 262 390 

Bob Marshall WA 21 8 73 

BridgerWA 215 149 154 

Filzpalrlck WA 159 97 125 

Fort Peel<. IR 167 125 257 

Gates of the Mountain WA 95 59 118 

Grand Teton NP 135 76 88 

North Absaorka WA 136 69 234 

North Cheyenne IR 350 302 544 

Red Rock lakes 83 45 65 

Scapegoat WA 49 29 74 

Teton WA 128 65 155 

Theodore Roosevelt NP 253 202 307 

UL BendWA 143 95 228 

WashakieWA 153 91 235 

Wind Cave NP 334 290 559 

Yellowstone NP 164 89 196 

SENSITIVE CLASS • AREAS 

Absaorka Beartooth WA 196 111 225 

Agate Fossfi Beds NM 322 2n 676 

Big Hom Canyon NRA 361 332 449 

Black Elk WA 327 283 523 

Cloud Peak WA 227 155 713 

Crow IR 364 363 652 

De-Als Tower NM 341 305 325 

Fort Belknap IR 127 80 205 

Fort Laramie NHS 318 275 740 

Jedediah Smith WA 142 82 113 

Jewel Cave NM 335 297 532 

Lee MetcalfWA 171 99 145 
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NumbfKof 
Days>N% 
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CLASS I AREAS 

Badlands NP 297 ",,2 393 

Bob Marshall WA 21 8 73 

BridgerWA 215 149 154 

FIlzpaUid<WA 161 97 126 

Fort Peel< IR 167 126 257 

Gates of the MOI.X'Itain WA 95 59 118 

Grand Teton NP 135 76 9B 

North Absaorl<a WA 137 69 237 

North Cheyeme IR 355 303 550 

Red Rock lakes 83 45 65 

Scapegoat WA 49 29 75 

TetonWA 126 65 157 

Theodore RClOOOveit NP 253 202 308 

UL BendWA 144 95 237 

Washakie WA 153 91 239 

Wind Cave NP 334 293 564 

Yellowstone NP 164 89 199 

SENSITTVE ClASS. AREAS 

Absaorka Beartooth WA 196 111 228 

Agate F06Sil Beds NM 322 277 660 

Big Hom Canyon NRA 361 332 456 

Black Elk WA 328 283 529 

Cloud Peak WA 227 156 716 

CmwlR 364 383 655 

Oevils Tower NM 343 306 332 

Fort Belknap IR 128 81 213 

Fort Laramie NHS 316 276 742 

Jedediah Smith WA 142 62 113 

Jewel Cave NM 336 298 541 

Lee Metcatf WA 172 99 146 

MtNaomlWA 90 52 23$ 

Mt RusIvnore NM 322 274 526 

PopoAgieWA 200 145 168 

Sokfier Creek WA 324 287 656 

W_ MounIaln WA 221 147 300 

~~~Mlr~ __ _ _ 281 227 343 

1 \Iisi)My. Method 61nd mcnthIy f(Rh)....,.. 
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N '" NpetC«lt (5« 10 percent. n:icrHd). 
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CSNG 

Number of 
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ChongelnS 
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5% 10% C_InS 

124 M 101 

0 0 1 

19 13 56 

13 6 23 

26 16 92 
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3 1 13 

7 3 19 

156 113 257 

2 0 9 

0 0 2 

8 2 13 

57 36 79 

18 8 60 

14 3 45 

156 99 112 

8 3 14 

7 3 16 

119 68 162 

42 28 116 

135 69 84 

72 46 373 

134 99 284 

196 141 108 

12 6 40 

102 63 270 

3 1 13 

160 96 116 

2 1 13 

5 3 20 

131 59 76 

23 16 89 

136 86 169 

49 30 154 

69 45 179 
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Table 3·3 
Modeled Visibility Impacts for the 2020 Upper Production Scenario 1 

Coof.rehlted So<Hces Co.I Mines AfontitN SOUI'Ce5 

Numbfwof HumbtJrol Number 01 
o.ys >N'J(, Oays>N% Days > Mf. 

Cho_InS 
Afulmum " 
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Ch.ngeinS 
Maximum " 

.% 10% ClMnge in Bat 5% 10% Change In B...t 5% 10% Change in B..t 

247 189 221 24 5 17 129 79 75 

12 6 53 0 0 0 15 7 so 
145 90 M 0 0 4 44 23 45 

101 51 64 0 0 2 41 22 56 

124 82 92 13 2 13 110 62 91 

79 36 102 0 0 1 69 48 117 

76 36 52 0 0 3 34 18 32 

91 43 160 0 0 2 89 46 129 

330 267 360 74 20 29 342 283 171 

53 28 83 0 0 2 44 20 64 

36 20 56 0 0 1 42 25 M 

78 39 109 0 0 2 50 27 74 

152 99 167 7 1 11 116 74 136 

118 67 148 6 1 11 118 65 126 

105 49 149 0 0 3 81 40 129 

304 248 363 56 18 20 149 73 89 

111 60 139 0 0 3 93 53 104 

152 81 159 0 0 3 164 89 123 

290 230 516 40 12 31 101 52 50 

221 141 315 86 60 224 218 149 241 

285 217 293 26 7 17 145 87 97 

161 106 616 11 6 97 122 66 76 

364 356 564 364 340 504 364 361 548 

315 289 234 76 21 27 173 95 83 

102 58 144 4 0 8 106 57 130 
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74 36 55 0 0 4 34 15 34 
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51 33 204 0 0 3 5 1 17 
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187 122 240 6 1 13 90 53 145 
-- -
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3.0 Predicted Future Cumulative Impacts 
 

60138355 3-21 December 2009 

continue to be impacted by production increases in 2020. For the Class I areas, the maximum 
impacts were at the North Cheyenne IR in Montana and at Wind Cave NP and Badlands NP in 
South Dakota. Both of these South Dakota areas are located adjacent to, and east of, the PRB 
study area, and are downwind of the prevailing wind direction from the PRB. In the base year 
(2004), modeling showed more than 200 days would be impacted with a change of 10 percent or 
more in extinction at each of these Class I areas. This trend continues for 2015 and 2020 projected 
impacts. Modeling results suggest that by 2020 these three maximum impacted Class I areas may 
experience change of at least 1.0 dv for more than 300 days a year. 
 
For the Class II areas, the maximum impacts were at the Crow IR and the Big Horn Canyon NRA in 
Montana, with almost all days in a year impacted by 10 percent or more. Eight other Class II areas 
showed impacts of 10 percent or more for 200 days or more per year. These areas also are located 
east (downwind in the prevailing wind direction) of the PRB study area, with the exception of Wind 
River IR, which is to the west.  
 
The modeling results showed that coal mining and CBNG operations had little to no impact on the 
visibility to the northwest of the PRB. Power plants and coal mines dominated the impacts at the 
Class II areas, and the impacts on the Class I areas generally were split between power plants and 
CBNG operations. Coal mining activities generally had a negligible impact on the visibility at all 
locations except for areas in close proximity to the PRB (Northern Cheyenne IR, Big Horn Canyon, 
and Crow IR). However, areas disproportionately impacted by CBNG development are predicted to 
have larger visibility impairment, relative to other areas, as CBNG development continues to 
expand. Likewise, areas disproportionately impacted by conventional oil and gas development 
(represented in the “non-coal” source group) are predicted to have an improved visible range, 
relative to other areas, as oil- and gas-related emissions are predicted to slow by 2020.  
 
To provide a basis for discussing the modeled visibility impacts resulting from increased production 
(emissions) under both the lower and upper production scenarios in 2020, the modeled visibility 
impacts for the base year (2004) (Table 3-2 in the 2015 Update report) were subtracted from the 
model results for 2020. The resulting changes in modeled visibility impacts are presented in 
Tables 3-4 and 3-5. The data in these tables show the projected changes in the number of days 
with impacts greater than 5 and 10 percent, as well as the projected incremental increase in the 
maximum percent change in light extinction as a result of the RFD activities. It should be noted that 
for most Class I areas, the model results show no change from the base year in the number of days 
with impacts greater than 5 percent, although the modeling results indicate that the maximum level 
of impacts for those days would increase. Concurrently, the model results may show a 
corresponding increase from the base year in the number of days with impacts above 10 percent. 
For such data sets, the increase in the number of days with impacts greater than 10 percent does 
not conflict with the fact that there is no anticipated increase in the number of days with impacts 
greater than 5 percent, as the data represent the change over base year (2004) conditions. 
 
For all sources combined, the largest impacts (greater than 10 percent for 10 days or more for both 
production scenarios) would be to those Class I areas estimated to currently be most impacted and 
generally located adjacent to and to the east of the PRB study area (Northern Cheyenne IR, 
Badlands NP, and Wind Cave NP).  
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Change in 
Number of 
Days >trfi, 

Challfl"lnB 

Receptor Set SI< '0% 
CLASS I AREAS 

Badlands NP 14 44 

Bob Marshall WA 5 0 

Bridger WA 3 5 

Fitzpatrick WA 2 6 

Fort Peck IR 16 20 

Gates of the Mountain WA 5 4 

Grand Teton NP 3 6 

North Absaorka WA 5 8 

North Cheyenne IR 34 59 

Red Rock lakes 2 3 

Scapegoat WA 5 2 

Teton WA 3 8 

Theodore Roosevelt NP 10 24 

Ul Bend WA 15 18 

WashakieWA 6 8 

Wind Calle NP 16 28 

Yellowstone NP 4 5 

SENSITIVE CLASS. AREAS 

Absaorka Beartooth WA 6 10 

Agate Fossil Beds NM 12 26 

Big Hom Canyon NRA 0 1 

Black Elk WA 20 47 

Cloud Peak WA 18 29 

Crow IR 0 3 

Devils Tower NM 20 31 

Fort Belknap IR 16 14 

Fort laramie NHS 5 15 

Jedediah Smith WA 2 3 

Jewel Cave NM 24 36 

lee Metcalf WA 4 2 

Mt Naomi WA 2 1 

Mt Rushmore NM 20 49 

PopoAgieWA 7 6 

Soldier Creek WA 3 19 

Wellsville Mountain WA 12 17 

Wind River IR 0 9 

! VlsIJIky - Method 6 am monttIy f(Rh) values. 

Note ON :II N pef"Cf:o!'lt (5 Of 1 0 P*f~ as Ild!cated) 
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Change In B.n 

55 

2 

9 

10 

1 

2 

1 

57 

129 

2 
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46 

102 

49 

58 

68 

100 

67 
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52 
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13 
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Table 3-4 
Change in Modeled Visibility Impacts ·2020 Lower Production Scenario Less the Base Year (2004)' 

CBNG Co.I·reI.ted Sotw'ees Coa/Mines MonUM Sources Non-coal Sources 

C/""'geln Clnlfl9" In Change In Change In Change In 
Humber of Days Number of Nurnbe<of NumbfN'of Number of 
> NY. Change In Change In tho Dilys>N% Change In tho Days>N% Change In the Days>N% DBYS >N% Challfl" In the 

B Maximum" Change In B Maximum" Cha~InB_ "'ilX/mum" Chan9"lnB __ Challfl" In tho Change In B __ Maximum" 
Change In ChaIlfl"In Change In Muimum" Challfl"ln 

S% '0% B_ SI< '0% B_ S% 10% B_ SI< ,.,." Change In B SI< ,0% B_ 

52 41 57 <B 58 81 8 0 2 63 52 26 5 1 1 

0 0 0 0 1 1 0 0 0 0 1 1 0 0 0 

10 10 35 8 6 2 0 0 0 11 2 8 1 1 -1 

8 6 15 6 7 13 0 0 0 6 3 7 2 2 0 

10 5 40 30 29 27 0 0 1 32 25 26 0 1 0 

0 0 2 7 1 2 0 0 0 5 1 2 0 0 0 

2 1 5 8 2 7 0 0 0 4 2 1 0 0 0 

5 3 9 10 6 53 0 0 0 12 9 47 0 0 0 

-4 7 58 85 121 64 -3 1 1 95 135 83 16 7 1 

2 0 5 3 3 2 0 0 0 4 2 2 0 0 0 

0 0 1 4 0 1 0 0 0 3 2 1 0 0 0 

6 2 5 10 7 36 0 0 0 7 7 24 0 0 0 

11 14 37 34 36 77 0 0 1 37 35 76 1 1 0 

10 2 18 28 18 71 0 0 0 31 18 52 0 1 0 

10 2 27 7 12 35 0 0 0 9 7 38 0 0 0 

50 50 55 44 71 115 12 2 2 77 40 33 4 3 2 

7 3 6 4 8 46 0 0 0 7 6 35 0 0 0 

5 3 8 15 14 55 0 0 0 5 9 21 2 0 0 

45 29 87 23 37 115 1 4 4 51 30 16 6 2 2 

1 8 43 13 23 59 0 0 0 16 22 0 0 0 0 

53 39 40 49 58 93 1 3 2 76 38 47 3 1 2 

25 19 62 29 24 112 1 2 9 32 27 22 4 4 20 

-17 -19 113 0 6 24 0 0 0 0 5 15 14 7 0 

16 48 58 56 76 46 -6 -5 0 91 55 48 10 7 0 

6 2 10 23 22 78 0 0 0 26 18 52 0 1 0 

37 35 126 14 34 139 1 2 6 48 21 31 8 3 9 

2 1 5 9 2 1 0 0 0 5 2 1 2 0 0 

52 52 53 50 68 107 3 3 3 71 31 70 5 2 2 

2 1 10 4 3 52 0 0 0 3 4 29 1 0 0 

4 3 15 4 1 5 0 0 1 1 0 3 0 0 0 

60 30 38 61 53 88 2 3 1 71 38 40 6 1 2 

10 13 57 6 8 15 0 0 0 7 4 15 0 0 0 

38 45 82 24 41 116 4 4 4 55 37 29 9 5 5 

30 21 99 10 12 43 0 0 1 11 12 32 1 0 0 

43 26 115 16 15 34 0 0 1 11 10 38 0 0 -1 

Power Plants 

Change In 
Number of 

Dilys>N% Change In the 

ChangelnB Maximum " 
Chafl9" In 

SI< ,.,." B_ 

56 43 70 

0 1 1 

6 5 1 

10 7 11 

32 28 14 

6 1 2 

7 2 5 

9 7 51 

103 131 45 

3 3 2 

3 0 1 

11 6 33 

37 31 66 

24 20 61 

7 13 34 

55 53 66 

5 9 44 

13 ,. 52 

25 39 67 

33 35 45 

60 45 72 

23 28 42 

50 70 59 

70 77 20 

22 18 68 

20 21 70 

6 2 1 

61 56 77 

3 4 51 

2 0 5 

54 49 69 

7 7 12 

32 38 79 

11 12 36 

9 13 33 

Wyoming Soun:ea 

CMnge/n 
Change In Number of 

Days >11% tho 

Cha"ll" In Bu< Maximum " 
Chilnge/n 

S% 10% B 

16 31 80 

0 0 0 

2 7 3 

4 5 2 

4 8 61 

0 0 1 

1 5 1 

7 3 12 

-18 -8 119 

1 1 2 

0 1 1 

8 4 1 

15 7 62 

3 7 21 

6 8 3 

9 28 106 

2 4 8 

5 5 15 

13 23 77 

0 0 73 

13 38 86 

16 16 38 

61 32 63 

1 6 45 

4 8 12 

4 24 24 

3 6 1 

4 28 109 

2· 0 5 

2 2 6 

18 40 79 

2 7 29 

8 23 6$: 
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All Sources 
Change in 
Number of 
Oays>N% 
Change In Change In the 

B "axlmum" 
Receptor Set 5% 110% Change In B .... 

CLASS I AREAS 

Badlands NP 14 « 59 

Bob Marshall WA 5 0 2 

BrldgerWA 3 5 10 

FitzpatrlckWA 4 6 11 

Fort Peck IR 16 21 1 

Gates of the Mountain WA 5 4 2 

Grand Teton NP 3 6 1 

North Absaorka WA 6 8 60 

. North Cheyenne IR 39 60 135 

Red Rock Lakes 2 3 2 

Scapegoat WA 5 2 10 

TetooWA 3 8 41 

Theodore Roosevelt NP 10 2' 1 

U.l. BendWA 16 18 24 

WashakieWA 6 8 50 

Wind Cave NP 16 31 106 

Yellowstone NP 4 5 51 

SENSITIVE CLASS II AREAS 

Absaor1<a Beartooth WA 6 10 61 

Agale Fossil Bods NM 12 26 72 

Big Hom Canyon NRA 0 1 108 

Black Elk WA 21 47 72 

Cloud Peak WA 18 30 40 

CrowlR 0 3 58 

Devils Tower NM 22 32 59 

Fort Belknap IR 17 15 53 

Fort Laramie NHS 5 16 15 

Jededlah Smith WA 2 3 1 

Jewel Cave NM 25 37 135 

Lee Metcalf WA 5 2 65 

Mt Naomi WA 2 1 6 

Mt Rushmore NM 22 52 72 

PopoAgieWA 7 6 53 

Soldier Creek WA 3 19 67 

Wellsv~le Mountain WA 12 17 60 

Wind River IR 0 10 17 

1 VISbity. MethOd 6 and montNy f(Rh) vakles. 

Note _ N = N pefC:eflt (5 or 10 percent 8$ Indiceted) 

BMI '" ext.1dlon coofflcient fO( visbWy. 

Table 3·5 
Change In Modeled Visibility Impacts· 2020 Upper Production Scenario Less the Base Year (2004)' 

CBNG eo./"-'/at.d Sources CfuIMlnes Montana Sourees Non-co.l Sources 
Change In Change In 

Change In Change In Change in Number of Number of 
NumbMof Numbwof Number of Days > 1/% Days > Irh 
Days>N% ChMlge In the Days >11% Change In u,. Days>N% Change In the Change In Change In the Change In Change In the 

Change In B Maximum" Chang.eln B Maximum" Change In B "'.x/mum" B Maximum" B Maximum" 
5% 1 10% Change/nBUI' 5% 1 10% Change In 8 u1 5% 1 10% ChlIngeIn Bu1 5% 10% Change/nB.,...., 5% 110"/0 Change In 8 ut 

52 41 57 48 61 87 13 2 4 66 55 28 5 1 1 

0 0 0 0 1 1 0 0 0 1 1 1 0 0 0 

10 10 35 9 8 3 0 0 1 11 2 9 1 1 -1 

8 6 15 6 8 15 0 0 0 6 3 8 2 2 0 

10 5 40 31 31 35 1 0 3 34 27 27 0 1 0 

0 0 2 7 1 2 0 0 0 6 1 2 0 0 0 

2 1 5 8 2 8 0 0 1 4 2 1 0 0 0 

5 3 9 10 6 57 0 0 0 13 10 50 0 0 0 

-4 7 58 93 130 72 4 6 4 99 146 93 16 7 1 

2 0 5 3 3 2 0 0 0 4 2 2 0 0 0 

0 0 1 4 0 1 0 0 0 3 2 1 0 0 0 

6 2 5 10 7 38 0 0 0 8 7 25 0 0 0 

11 14 37 38 39 88 2 1 2 40 36 84 1 1 0 

10 2 18 30 20 80 1 1 1 34 20 60 0 1 0 

10 2 27 7 12 36 0 0 0 9 8 ., 0 0 0 

50 50 55 47 76 129 19 8 5 82 43 37 4 3 2 

7 3 6 4 9 49 0 0 1 7 6 37 0 0 0 

5 3 8 16 14 58 0 0 0 5 9 23 2 0 0 

45 29 87 2. 39 132 8 8 8 53 30 21 6 2 2 

1 8 43 14 27 68 0 0 0 16 22 0 0 0 0 

53 39 40 54 65 104 5 5 4 82 41 53 3 1 2 

25 19 62 30 27 126 2 3 23 33 28 25 4 4 20 

-17 -19 113 0 6 29 0 0 0 0 5 18 14 7 0 

16 46 58 58 84 53 3 1 4 97 64 49 10 7 0 

6 2 10 23 22 66 1 0 1 27 19 58 0 1 0 

37 35 126 16 37 159 8 3 13 49 25 35 8 3 9 

2 1 5 9 2 1 0 0 1 5 2 1 2 0 0 

52 52 53 52 70 121 12 11 7 76 33 76 5 2 2 

2 1 10 4 3 53 0 0 0 4 4 30 1 0 0 

4 3 15 4 1 5 0 0 , 1 0 3 0 0 0 

60 30 38 64 60 98 5 5 3 76 40 « 6 1 2 

10 13 57 6 9 17 0 0 1 9 5 16 0 0 0 

38 45 82 25 46 129 16 7 8 59 37 36 9 5 5 

30 21 99 12 12 48 0 0 3 11 12 36 1 0 0 

43 28 115 16 17 36 2 0 3 11 10 41 0 0 -1 

Power Plants 

ChMngeln 
Number of 
Days >N% 
Cluing. In Change In the 

B Maximum" 
5% 1 10% Change In B Of 

59 45 74 

0 1 1 

8 6 1 

10 7 13 

33 31 16 

7 1 2 

8 2 5 

9 7 53 

109 143 47 

3 3 2 

4 0 1 

11 6 34 

42 34 74 

26 20 88 

7 ,. 35 

59 55 94 

5 9 46 

14 ,. 55 

25 40 72 

34 39 49 

60 47 78 

23 28 42 

52 73 60 

72 80 21 

23 20 74 

20 23 76 

6 2 1 

65 57 84 

3 4 51 

2 0 5 

55 51 74 

7 7 13 

32 38 85 

11 12 39 

9 13 35 

Wyomln Sources 

Change in 
Numb« of 
Days> 11"/0 Change In the 

Change/nS Maximum" 
5% 1 10% Chan~lnB.., 

16 33 85 

0 0 0 

2 7 3 

4 5 2 

5 9 64 

0 0 1 

1 5 1 

7 3 12 

-17 -7 123 

1 1 2 

0 1 1 

9 4 2 

15 8 66 

3 7 23 

6 8 3 

9 29 111 

2 4 9 

5 5 16 

14 25 81 

0 1 76 

15 39 91 

18 16 43 

67 46 66 

1 7 51 

4 e 13 

4 26 27 

3 7 1 

5 30 116 

2 0 5 

2 2 6 

20 40 83 

2 7 29 

8 25 88 

9 15 48 

-1 19 2 
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3.0 Predicted Future Cumulative Impacts 
 

60138355 3-24 December 2009 

A similar pattern of higher impacts to the east and near the PRB also was observed for the Class II 
receptor groups. The number of days with 10 percent impact or more would exceed 200 days per 
year for 10 Class II receptor areas under both the 2020 lower and upper production scenarios. 
Based on the modeling results, areas to the west of the PRB study area show a distinctly lower 
impact than those to the east of the PRB study area for both of the 2020 production scenarios. 
Modeling results show that all areas would experience some increase in visibility impacts. 
 

3.1.5 Impacts on Acid Deposition  
 
Emissions of NOx and SO2 could lead to increasing impacts of acidic deposition in the region. This 
study evaluated the potential increase in acid deposition as a result of the projected increase in 
production activity in the PRB. The base year (2004) analysis showed that impacts for all listed 
Class I and Class II areas would be below the established level of concern for sulfur and nitrogen 
deposition, which are 5 kilograms per hectare per year (kg/ha/yr) for sulfur compounds and 
1.5 kg/ha/yr for nitrogen compounds. The FS does not believe these thresholds (shown in 
Tables 3-6 and 3-7) are sufficiently protective; however, until newer thresholds are established, 
these values are used for comparative purposes. Tables 3-6 and 3-7 provide a summary of 
deposition levels for the 2020 lower and upper production scenarios, respectively, at the sensitive 
receptor areas. The highest modeled impacts are at the Northern Cheyenne IR with nitrogen and 
sulfur deposition reaching approximately 58 and 21 percent of the level of concern, respectively, 
due to the proximity of major coal-fired power plant units. Generally, sulfur deposition was greater 
than nitrogen deposition at the Class I areas analyzed. Contrary to base year impacts, there 
appears to be a spatial relationship to deposition rates, which generally is lower at the areas to the 
west of the PRB and higher toward the east. This spatial pattern is representative of the increasing 
density of emissions sources coupled with the prevailing wind direction.  
 
The modeled changes in acid deposition (future year deposition minus base year deposition in 
kg/ha/yr) under the lower and upper production scenarios for 2020 are shown in Tables 3-8 and 
3-9, respectively. The modeled changes in deposition levels for all receptors and for both sulfur and 
nitrogen compounds show a nominal change in deposition rates, with changes of less than 
30 percent of the levels of concern. Similar to visibility impacts, the maximum changes in deposition 
levels occur in areas already most impacted in the base year. The maximum change in deposition 
levels occurs at the Northern Cheyenne IR and is predicted to be a result of additional coal-fired 
power plants rather than CBNG development, which caused the highest impacts to the Northern 
Cheyenne IR in the 2015 Update. The Northern Cheyenne IR impacts due to CBNG are predicted 
to decrease in 2020 as the Wyoming well locations are developed farther south. 
 

3.1.6 Impacts on Sensitive Lake Acid Neutralizing Capacity  
 
The analysis of impacts of deposition of acidic substances was carried out in accordance with the 
screening methodology as provided by the FS (FS 2000). Data for lake neutralizing capacity were 
obtained from the FS web site (FS 2006), which provides data for the 10th percentile acid 
neutralizing capacity (ANC) values for the individual lakes that were evaluated. The threshold is 
intended to account for sensitive conditions that may occur with an episodic or seasonal basis. Input 
data to the analysis include the deposition rates that were modeled for the base year (2004), and 
under the lower and upper production scenarios for 2020.  
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3.0 Predicted Future Cumulative Impacts 
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The projected changes in ANC are provided in Table 3-10 for the analyzed lakes. Modeling results 
are provided for the base year (2004) analysis as well as the lower and upper production scenarios 
for 2020. The level of acceptable change was based on a 10 percent change in ANC for lakes with 
an ANC of 25 µeq/L or greater and a 1 µeq/L threshold change for lakes with an ANC value of less 
than 25 µeq/L.  
 

Table 3-10 
Modeled Impacts on Acid Neutralizing Capacity of Sensitive Lakes – 2020 Production 

Scenarios 
 

Location Lake 

Background 
ANC Area 

Base 
Year 

(2004) 
Change 

2020 Lower 
Development 

Scenario 
Change 

2020 Upper 
Development 

Scenario 
Change Thresholds 

(µeq/L) (hectares) (percent) (percent) (percent) (percent) 
Bridger  Black Joe 67 890 4.00 4.26 4.27 10 
WA Deep 60 205 4.70 4.98 4.99 10 
  Hobbs 70 293 3.95 4.14 4.15 10 
  Upper Frozen 5 64.8 2.42 2.55 2.56 11 

Cloud Peak  Emerald 55.3 293 5.24 6.69 6.80 10 
WA Florence  32.7 417 9.09 11.79 11.99 10 
Fitzpatrick WA Ross 53.5 4,455 2.72 2.89 2.90 10 
Popo Agie WA Lower Saddlebag  55.5 155 6.28 6.65 6.67 10 
1 Threshold value for Upper Frozen Lake is reported as the ANC in µeq/L, which is the standard for lakes with less than 25 µeq/L ANC 

(USFS 2000). 
 
At Upper Frozen Lake, the base year (2004) impact was 2.4 µeq/L, which is significantly above the 
threshold value of 1 µeq/L for these lakes. The modeled results for both 2020 production scenarios 
show minor reductions to the ANC level at Upper Frozen Lake with a total ANC of 2.6 µeq/L. 
 
For Florence Lake, the modeled base year impacts are 90 percent of the ANC threshold, and 
projected 2020 development levels contribute to impacts that cause an exceedance of the 
threshold. 
 
The modeling results indicate that the proposed development scenarios may lead to impacts above 
the ANC threshold for two lakes in the region, although the percent change in predicted 2020 upper 
development scenario ANC values relative to the base year are 6 and 30 percent for Upper Frozen 
Lake and Florence Lake, respectively. 
 

3.1.7 Analysis of Hazardous Air Pollutant Impacts  
 
The study also modeled hazardous air pollutant (HAP) impacts from sources in the PRB study area. 
Only those areas with the greatest ambient air quality impacts were analyzed for HAP impacts.  The 
greatest ambient air impacts are anticipated to occur only in the near-field. These areas included 
Wyoming and Montana near-field receptors for annual (chronic) and 1-hour (acute) impacts. 
Results of the 1-hour modeled impacts were compared to the reference exposure levels (RELs) 
(USEPA 2007). Table 3-11 provides an analysis of the short-term impacts for the six analyzed 
compounds (benzene, ethyl benzene, formaldehyde, n-hexane, toluene, and xylene) compared to 
the RELs. Results show that potential impacts from these compounds would be well below the 
RELs at all locations.  
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Table 3-11 
Modeled Maximum Acute Concentrations of Hazardous Air Pollutants at Near-field 

Receptors from All Sources 
 

Receptor Set Pollutant 
Averaging 

Period1 
Base Year 

(2004) 

2020 Lower 
Development 

Scenario 

2020 Upper 
Development 

Scenario REL  
Near-field Receptors All Data in µg/m3 
Montana Near-
field Receptors 

Benzene 1-hour 4.9E-02 6.4E-02 9.9E-02 1,300 
Ethyl Benzene 1-hour 3.5E-03 4.7E-03 7.2E-03 35,000 
Formaldehyde 1-hour 1.2E-01 1.2E-01 1.2E-01 94 
n-Hexane 1-hour 4.0E+00 4.0E+00 4.0E+00 39,000 
Toluene 1-hour 9.0E-03 1.2E-02 1.8E-02 37,000 
Xylene 1-hour 1.1E-03 1.4E-03 2.2E-03 22,000 

Wyoming Near- 
field Receptors 

Benzene 1-hour 9.4E-02 1.2E-01 1.4E-01 1,300 
Ethyl Benzene 1-hour 6.8E-03 8.8E-03 1.0E-02 35,000 
Formaldehyde 1-hour 1.4E-01 1.4E-01 1.4E-01 94 
n-Hexane 1-hour 4.8E+00 4.8E+00 4.8E+00 39,000 
Toluene 1-hour 1.7E-02 2.2E-02 2.6E-02 37,000 
Xylene 1-hour 2.1E-03 2.6E-03 3.1E-03 22,000 

1 Data for ethyl benzene and n-hexane are based on Immediately Dangerous to Life or Health (IDLH)/100 values. 
 
The impacts for chronic and carcinogenic risks are provided in Table 3-12 for the Montana and 
Wyoming near-field receptor grids. Based on the modeling results, potential impacts from these 
compounds would be well below the non-carcinogenic reference concentrations for chronic 
inhalation (RfCs). The impacts for carcinogenic risk also are provided in Table 3-12. Potential 
impacts from these compounds would be well below the 1 x 10-6 risk. The greatest increase in the 
carcinogenic risk is for the Wyoming near-field where the carcinogenic risk due to benzene 
increases 52 percent under the 2020 upper production scenario relative to the base year risk. 
Despite the increases, these impacts remain 3 percent or less of the threshold of acceptable risk 
range of 1 x 10-4 to 1 x 10-6, as provided by the USEPA (2007). 
 

3.2 Comparison to Original Study 
 
With a few notable exceptions, the original Task 3A qualitative projections for 2020 are consistent 
with the findings of the current update. One important difference between the updated Task 3A 
studies (for both 2015 and 2020) and the original Task 3A study is the large increase in projected 
2015 and 2020 impacts due to CBNG development. While the original Task 3A study was based on 
preliminary Task 2 CBNG development production, this updated study used the final Task 2 
(October 2005) development projections for CBNG, which were 15 to 30 percent greater than the 
projections used in the original Task 3A Report. This increase suggests that while previously coal 
development was the most substantial contributor to projected future year increases, based on the 
final Task 2 projections, CBNG development may have a secondary, or even primary, contribution 
to air quality impacts. Additionally, revisions of the base year emissions inventory might be 
substantial when comparing base year modeled impacts; however, it is difficult to determine if this is 
in fact the case because the model version and base year meteorology were not the same. Despite 
revisions to many of the tools used to analyze cumulative air quality impacts, the overall results and 
projected changes of this updated study generally are consistent with the original Task 1A and 3A 
results. 
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Table 3-12 

Modeled Maximum Annual Concentrations of Hazardous Air Pollutants at Near-field 
Receptors from All Sources 

 

Receptor Set Pollutant 
Averaging 

Period1 
Base Year 

(2004) 

2020 Lower 
Development 

Scenario 

2020 Upper 
Development 

Scenario 

Non-
carcinogenic 

RfCs 
Near-field Receptors – Non-carcinogenic Impacts All Data in µg/m3 

Montana Near-field 
Receptors 

Benzene Annual  1.37E-04 1.80E-04 2.67E-04 30 
Ethyl Benzene Annual  9.14E-06 1.22E-05 1.85E-05 1,000 
Formaldehyde Annual  3.38E-03 3.38E-03 3.38E-03 9.8 
n-Hexane Annual  1.12E-01 1.12E-01 1.12E-01 700 
Toluene Annual  1.80E-04 1.81E-04 1.81E-04 5,000 
Xylene Annual  2.87E-06 3.80E-06 5.70E-06 100 

Wyoming Near-field 
Receptors 

Benzene Annual  3.82E-03 4.91E-03 5.71E-03 30 
Ethyl Benzene Annual  2.76E-04 3.55E-04 4.12E-04 1,000 
Formaldehyde Annual  2.13E-03 2.14E-03 2.14E-03 9.8 
n-Hexane Annual  7.02E-02 7.02E-02 7.02E-02 700 
Toluene Annual  7.21E-04 9.22E-04 1.07E-03 5,000 
Xylene Annual  8.33E-05 1.07E-04 1.24E-04 100 

Near-field Receptors – Carcinogenic Risk Evaluation1 Risk Evaluation X 10-6 
Montana Benzene Annual 0.001 0.001 0.001 -- 

Formaldehyde Annual 0.031 0.031 0.031 -- 
Wyoming  Benzene Annual 0.021 0.027 0.032 -- 

Formaldehyde Annual 0.020 0.020 0.020 -- 
1 Benzene concentrations multiplied by risk factor:  7.8 X 10-6 X 0.71. Formaldehyde Concentrations multiplied by risk factor:  1.3 X 10-5 X 0.71. 

 
Generally, the method used for projecting future year emissions was consistent between the original 
Task 3A report and this updated analysis; however, updated information was used in this analysis 
where available. Several coal-fired power plants have revised their generating capacity, as 
discussed in Section 2.4 Emissions Input Data. This information was used to project the 2020 upper 
and lower development scenarios accordingly. Additionally, the projected CBNG development 
activity had changed between the completion of the original Task 3A modeling analysis and the 
finalization of the Task 2 Report (ENSR 2005b, 2006). The finalized CBNG production levels from 
the Task 2 Report were used for this updated analysis. Importantly, new CBNG well locations were 
modeled for this updated analysis to depict the spatial shifting of well locations.  Table 3-13 
provides estimated production levels, by source groups, for the original Task 3A report compared to 
values used for this updated analysis.   
 
The comparison between this updated analysis and the earlier qualitative projections for 2020 in the 
original Task 3A report is affected to some extent by these updated production levels and their 
associated emissions. Overall, coal-fired power plants had limited effect on base year air quality; 
however, the incorporation of RFD power plants in Montana did affect areas in close proximity to 
the PRB, such as the Northern Cheyenne IR. Additionally, changes to CBNG production had a 
noticeable effect on the comparison of qualitative projections for 2020 and the modeled findings 
from this updated analysis.  While previously coal development was the most significant contributor 
to projected future year increases, now CBNG development may have a secondary, or even 
primary, contribution to air quality impacts at some location. 
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Table 3-13 
Comparison of Projected Development Levels by Source Group 

 
 Base 

Year 
Development Scenario Projected Development 

Levels – Original Task 
3A 

Projected Development 
Levels – Updated 

Analysis1 
Group (2004) Units 2010 2015 2020 2010 2015 2020 

Conventional 
Oil and Gas 
Sources  

39.9 BCF Same for 
both 
scenarios  

42.7 39.0 35.1 42.7 39.0 35.1 

CBNG Sources  338 BCF Same for 
both 
scenarios 

554 530 521 640 694 631 

Coal 
Production,  

363 mmtpy Lower  411 467 495 411 467 495 

Wyoming Upper  479 543 576 479 543 576 
Coal 
Production,  

36.1 mmtpy Lower  41 48 56 41 48 56 

Montana Upper 51 74 83 51 74 83 
Power Plants,  512 MW 

Generating  
Capacity 

Lower  1,262 1,262 1,262 1,262 2,002 2,002 
Wyoming Upper 1,512 1,512 1,962 1,512 2,002 2,702 

Power Plants,  2,576 MW 
Generating  
Capacity 

Lower  2,689 3,439 3,439 2,689 2,802 3,552 
Montana Upper 2,689 3,439 4,189 2,689 2,802 4,302 

1 Projected development for 2010 and 2020 did not change from the Task 2 Report (ENSR 2005b), with the exception of RFD 
scenarios for power plants that were revised specifically for 2015 and 2020 based on updated information. For this reason, the 
projected power plant development levels have changed for 2015 and 2020. 

 

3.2.1 Impacts on Ambient Air Quality 
 
3.2.1.1 Wyoming Near-field Impacts  
 
The original Task 3A qualitative analysis for 2015 and 2020 suggested that “coal production is 
anticipated to contribute substantially to impacts on the near-field receptor grid in Wyoming, 
particularly PM10 impacts … and the projected increase in coal production likely would continue to 
affect the PM10 air quality levels.” This statement is supported by the findings in this updated study. 
Additionally, this updated study suggests that PM10 impacts are indicative of PM2.5 impacts. While, 
similar to previous findings, 24-hour and annual exceedances of these pollutants are projected to 
occur in 2020, this updated study suggests that these trends primarily are due to projected CBNG 
development rather than solely due to coal development. Nonetheless, as shown in Figures 3-2, 
3-3, and 3-4, exceedances still would be limited to small individual receptor areas in the near-field. 
 
Power plant emissions are still projected to be the major contributors to increased annual impacts of 
SO2 in the near-field receptor grid for the 2020 modeled impacts; however, under shorter averaging 
periods (24-hour and 3-hour) SO2 impacts predicted for 2020 are dominated by CBNG 
development. Regardless of the source contribution to SO2 impacts, the predicted impacts would 
continue to be well below ambient standards despite substantial increases in projected 
development.  
 
The NO2 impacts are the result of emissions from all source groups with base year impacts 
dominated by coal production and future year impacts predicted to result from CBNG development. 
At the time of the original study, it was unclear if the NO2 standard would be exceeded in 2015 or 
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2020 as a result of projected development in the PRB study area, but results from this updated 
study do not show any exceedances.  
 
3.2.1.2 Montana Near-field Impacts  
 
In general the original predicted Montana near-field impacts for 2015 and 2020 are substantially 
different for this updated study. The base year impacts are substantially different between the 
original study and the updated studies (both 2015 and 2020 updates), and it is believed that this is a 
result of the revised emission inventory. The differences of SO2 impacts are relatively minor, while 
predicted NO2 and PM impacts are notably lower than original predictions. In addition to changes in 
the base year inventory, it is predicted that the CBNG shifting of well locations will reduce Montana 
near-field impacts relative to 2015 projections. Despite these substantial differences, the modeled 
impacts on the Montana near-field receptors were well below the ambient standards for all 
pollutants, and continue to remain below the ambient standards into the future. 
 
In the original study, coal production contributed substantially to impacts on the near-field receptor 
grid in Montana, while in this updated study, the source contribution to maximum impacts includes 
both CBNG, power plants, and coal sources, depending on the air pollutant. 
 

3.2.2 Impacts at Class I Area Receptors  
 
As noted in Section 3.1.2, the projected impacts in Class I areas in 2020 would be below the 
ambient standards. The PM10 and PM2.5 impacts at the Northern Cheyenne IR and Wind Cave NP 
were greater than any other Class I area, and those impacts tended to result from sources in 
Wyoming with no single source type clearly dominating impacts. The 24-hour PM10 impact at both 
of these Class I areas is higher than the comparative PSD increment. These results are consistent 
with the original study’s projections.  
 

3.2.3 Impacts at Sensitive Class II Areas 
 
From the 2010 modeling results, the Crow IR and Cloud Peak WA showed the highest air quality 
impacts for the identified sensitive Class II areas. Current modeling results are consistent with the 
qualitative impacts from the original study, with 2020 impacts in the Crow IR predicted to be the 
highest of the Class II areas evaluated, and impacts at all areas remaining below ambient 
standards. 
 

3.2.4 Impacts on Visibility 
 
Model results of visibility impacts at Class I areas and identified Class II areas (Section 3.1.4) 
showed that a large number of days had modeled impacts for 2010 above 10 percent (1 dv) 
reduction in visibility at all identified areas. The base year visibility impacts for Class I areas 
exhibited a small decrease in this updated study relative to the original Task 3A study; however, 
base year impacts at Class II areas showed a marked increase, with two Class II area predicted to 
have more than 300 days per year with more than a 10 percent change in visibility due to regional 
sources. The substantial differences in base year impacts did not appreciably alter the original 
projected impacts for 2020 projected in the Task 3A Report. While it was predicted that in 2010 
Class I areas would have an increase of up to 20 more days per year that experience greater than 
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10 percent change in visibility, it is predicted that in 2020, the number of days with a 10 percent 
change would increase to more than 60 for the Northern Cheyenne IR. 
 

3.2.5 Impacts on Acid Deposition and Sensitive Lake Acid 
Neutralizing Capacity  

 
Results of the change in ANC for the identified lakes for both 2010 and 2020 showed that 
deposition at two separate lakes would result in reductions in ANC greater than the established 
thresholds. Those lakes (Upper Frozen Lake and Florence Lake) would continue to be impacted by 
the increased development in the PRB study area. However, impacts to the other lakes were well 
below the thresholds, and expected increases in development likely would not lead to impacts at 
the other sensitive lakes.  
 
Modeled impacts on acid deposition in Class I areas for 2010 and 2020 also were well below the 
established sensitive thresholds. Increased development would not likely lead to exceedances of 
those thresholds for any identified sensitive areas.  
 

3.2.6 Analysis of Hazardous Air Pollutant Emissions  
 
The original base year (2002) study and the analysis of development for 2010 showed that the 
modeled formaldehyde levels were above the 1-hour REL at the near-field receptor grid in 
Wyoming. For this updated study the predicted impacts for HAPs were well below all established 
thresholds, and increased development in 2020 would not likely lead to any exceedances. 
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Table A-1 

National and State Ambient Air Quality Standards 
For the PRB Coal Review 

 

Pollutant 
Averaging 

Period National Wyoming Montana 
PM10 Annual  50 µg/m3  

arithmetic average 
Same as NAAQS  50 µg/m3, state and federal 

violation when more than one 
expected exceedance per 
calendar year, averaged over 
3 years.  

 24-hour  The 150 µg/m3 standard 
has been revoked at the 
date of this report. 

150 µg/m3, 
maximum average 
concentration, no 
more than one 
exceedance per 
year.  

150 µg/m3, state and federal 
violation when the 3-year 
average of the arithmetic 
means over a calendar year 
exceeds the standard.  

PM2.5 Annual  15 µg/m3, 3-year average 
of annual arithmetic mean.  

15 µg/m3, annual 
arithmetic mean  

Same as NAAQS.  

 24-Hour  35 µg/m3, 98th percentile of 
the 24-hour values 
determined for each year. 
3-year average of the 98th 
percentile values.  

35 µg/m3, 98th 
percentile 24-hour 
average  

Same as NAAQS.  

SO2 Annual  0.03 ppm (80 µg/m3), 
annual arithmetic mean not 
to be exceeded in any 
calendar year.  

60 µg/m3, 
arithmetic mean  

0.02 ppm, state violation 
when the arithmetic average 
over any four consecutive 
quarters exceeds the 
standard.  

 24-hour  0.14 ppm (365 µg/m3), not 
to be exceeded more than 
once in any calendar year  

260 µg/m3, 
maximum 
concentration not 
to be eceeded 
more than once per 
year  

10 ppm, rolling average, not 
to be exceeded more than 
once every 12 consecutive 
months. 

 3-hour  0.50 ppm (1,300 µg/m3), 
not to be exceeded more 
than once in any calendar 
year (secondary standard)  

1,300 µg/m3 (0.50 
ppm), maximum 
concentration not 
to be exceeded 
more than once per 
year.  

Same as NAAQS.  

 1-hour  No standard -- 0.5 ppm, not to be exceeded 
more than 18 times in any 
12 consecutive months.  

CO 8-hour  10 mg/m3 (9 ppm), 
maximum concentration not 
to be exceeded more than 
once per year  

Same as NAAQS  9 ppm, not to be exceeded 
more than once over any 
12 consecutive months.  

 1-hour  35 ppm (40 mg/m3), 
maximum concentration not 
to be exceeded more than 
once per year.  

Same as NAAQS  23 ppm, not to be exceeded 
more than once over any 
12 consecutive months.  

NO2 Annual  0.053 ppm (100 µg/m3) 
Annual arithmetic mean  

Same as NAAQS  0.05 ppm, not to be 
exceeded more than once 
over any 12 consecutive 
months.  

 1-hour  -- -- 0.30 ppm, not to be 
exceeded more than once 
over any 12 consecutive 
months.  

1Hydrogen sulfide, ozone, and lead are not being modeled for this study; hence, they are not included in this table. 
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U.S. EPA, Clean Air Markets Data for 13 Coal-fired Power Plants (Aug. 27, 2011) 



Facility Level Emissions Quick Report
August 27, 2011

Your query will return data for 13 facilities and 39 units.

You specified: Year(s): 2010 Program: ARP Facility: Sooner, Nebraska City Station, Martin Drake, North Omaha Station, Northeastern, Laramie River, Ray D Nixon, Muskogee, Gerald Gentleman Station, Riverton, Holcomb, La Cygne, Springerville
Generating Station

State Facility Name Facility ID (ORISPL) Year Program(s) # of Months Reported SO2 Tons NOx Tons CO2 Tons Heat Input (mmBtu)

AZ Springerville Generating Station 8223 2010 ARP 12 6,738.5 6,535.0 11,213,477.8 106,976,587 

CO Martin Drake 492 2010 ARP 12 6,033.7 3,415.3 1,966,854.6 19,004,948 

CO Ray D Nixon 8219 2010 ARP 12 4,077.6 1,999.1 1,897,648.7 18,110,846 

KS Holcomb 108 2010 ARP 12 1,710.8 4,234.5 2,909,436.8 27,740,634 

KS La Cygne 1241 2010 ARP 12 20,500.3 9,587.5 10,001,421.9 95,360,619 

KS Riverton 1239 2010 ARP 12 4,204.6 1,145.7 757,928.9 8,143,451 

NE Gerald Gentleman Station 6077 2010 ARP 12 29,741.1 13,164.5 10,298,558.6 98,193,661 

NE Nebraska City Station 6096 2010 ARP 12 14,295.6 8,830.3 8,506,116.5 81,103,348 

NE North Omaha Station 2291 2010 ARP 12 10,515.2 6,765.2 4,065,276.3 38,820,664 

OK Muskogee 2952 2010 ARP 12 24,208.9 15,058.5 9,013,266.1 86,026,756 

OK Northeastern 2963 2010 ARP 12 18,562.2 14,896.2 8,420,861.5 94,905,821 

OK Sooner 6095 2010 ARP 12 16,925.2 9,632.2 6,417,241.9 61,207,307 

WY Laramie River 6204 2010 ARP 12 9,378.1 16,507.7 14,724,743.5 140,396,130 

Total      166,891.6 111,771.7 90,192,833.1 875,990,772 

Clean Air Markets - Data and Maps http://camddataandmaps.epa.gov/gdm/index.cfm?fuseaction=printreport.printthispage&startMarker=1&wizard=emissions

1 of 1 8/27/11 5:35 PM
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U.S. EPA, Toxic Release Inventory Data for Martin Drake Coal-fired Power Plant (2011) 



You are here: EPA Home Envirofacts TRI Envirofacts Report

Envirofacts Report

Query executed on AUG-27-2011
Results are based on data extracted on

Click on "View Facility Information" to view EPA Facility information for the facility.

Facility Name: COLORADO SPRINGS UTILITIES MARTIN
DRAKE POWER PLANT

Mailing Name: COLORADO SPRINGS UTILITIES MARTIN
DRAKE POWER PLANT

Address: 700 S CONEJOS ST
COLORADO SPRINGS CO 80903

Mailing Address: PO BOX 1103 MAIL CODE 0940121 S TEJON
STREET, 4TH FLOOR
COLORADO SPRINGS CO 80947

County: EL PASO Region: 8

Facility
Information:

View Facility Information TRI ID: 80903MRTND700SC DUNS
Number:

122464803

FRS ID 110009559637

TRI Preferred
Latitude:

TRI Preferred
Longitude:

Public Contact: MARK MURPHY Phone: 7196683831

Parent Company: COLORADO SPRINGS UTILITIES Parent DUNS: 127711760

Starting with Reporting Year 2006, TRI Facilities began reporting NAICS codes, instead of SIC codes, to identify their Primary Business
Activities.

NAICS Codes for 2010

NAICS CODE PRIMARY NAICS DESCRIPTION

221112 YES Fossil Fuel Electric Power Generation

The above information comes from 2010, which was the last year NAICS code data was reported for this facility. The earliest NAICS
code data on file for this facility was reported in 1998.

Toxics Release Inventory (TRI)

http://oaspub.epa.gov/enviro/tris_control.tris_print?tris_id=80903MRTND700SC
Last updated on 08/27/2011

EPA | Envirofacts Warehouse | TRI http://oaspub.epa.gov/enviro/tris_control.tris_print?tris_id=80903MRTND700SC

1 of 17 8/27/11 9:41 PM



Map this facility

Map this facility using one of Envirofact's mapping utilities.

Besides TRI, this facility also does the following:

has reported air releases under the Clean Air Act
has permits to discharge to water

More information about these additional regulatory aspects of this facility can be found by pressing the other regulatory data button below.

Other Regulatory Data

Total Aggregate Releases of TRI Chemicals to the Environment:

For all releases estimated as a range, the mid-point of the range was used in these calculations. This table summarizes the releases reported by the
facility. NR - signifies nothing reported by this facility for the corresponding medium.

Total Aggregate Releases of TRI Chemicals excluding Dioxin and Dioxin-like Compounds
(Measured in Pounds)

Media 2010 2009 2008 2007 2006 2005 2004 2003 2002 2001 2000 1999 1998

Air
Emissions

92138.22 151465.98 129179.85 90428.4 101321.501 124494.1 66175.9 115402.5 121807.1 130558.8 103528 89515 84510

Surface
Water
Discharges

0 .1 0 0 0 0 0 .1 0 0 0 NR NR

Releases to
Land

.1 0 .08 .13 .11 .09 .24 0 0 0 .2 NR NR

Underground
Injection

NR NR NR NR NR NR NR NR NR NR NR NR NR

Total On-Site
Releases

92138.32 151466.08 129179.93 90428.53 101321.611 124494.19 66176.14 115402.6 121807.1 130558.8 103528.2 89515 84510

Transfer
Off-Site to
Disposal

398755.6 503305.89 595962 594232.8 600131 709612.7 544635.3 575578.5 561216.9 468752.5 474648.1 322000 319250

Total Releases 490893.92 654771.97 725141.93 684661.33 701452.611 834106.89 610811.44 690981.1 683024 599311.3 578176.3 411515 403760

Graphic Summary of this Table

EPA | Envirofacts Warehouse | TRI http://oaspub.epa.gov/enviro/tris_control.tris_print?tris_id=80903MRTND700SC
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Total Aggregate Releases of Dioxin and Dioxin-like Compounds
(Measured in Grams)

Media 2010 2009 2008 2007 2006 2005 2004 2003 2002 2001 2000 1999 1998

Air Emissions 1.38 1.499 1.47 .79 .7 .8 .7 .79 .71 .75 .71 NR NR

Surface Water Discharges NR NR NR NR NR NR NR NR NR NR NR NR NR

Releases to Land NR NR NR NR NR NR NR NR NR NR NR NR NR

Underground Injection NR NR NR NR NR NR NR NR NR NR NR NR NR

Total On-Site Releases 1.38 1.499 1.47 .79 .7 .8 .7 .79 .71 .75 .71 NR NR

Transfer Off-Site to Disposal NR NR NR NR NR NR NR NR NR NR NR NR NR

Total Releases 1.38 1.499 1.47 .79 .7 .8 .7 .79 .71 .75 .71 NR NR

Graphic Summary of this Table

TRI Chemicals Reported on Form A:

The facility has certified that for each chemical listed below, the annual release did not exceed 500 pounds for the reporting year listed and the listed
chemical was not manufactured, processed, or otherwise used in an amount exceeding 1 million pounds in the reporting year. Form A can not be filed
for PBT chemicals (except certain instances of reporting lead in stainless steel, brass, or bronze alloys).

Chemical
Name

TRI
Chemical

ID
2010 2009 2008 2007 2006 2005 2004 2003 2002 2001 2000 1999 1998

COPPER 007440508
Not
Reported

Not
Reported

Reported Reported Reported Reported Reported
Not
Reported

Reported Reported Reported Reported
Not
Reported

NOTE:
All chemicals reported below have release or transfer amounts greater than zero. To see a list of all chemicals reported by this facility click here.

Names and Amounts of Chemicals Released to the Environment by Year.
For all releases estimated as a range, the mid-point of the range was used in these calculations. NR - signifies nothing reported for this facility by the
corresponding medium. Rows with all "0" or "NR" values were not listed.

Chemical Name Media
Unit Of

Measure
2010 2009 2008 2007 2006 2005 2004 2003 2002 2001 2000 1999 1998

BARIUM
COMPOUNDS
(TRI Chemical ID:

AIR
FUG

Pounds 15 15 13 12 13 15 12 12 250 5 250 5 5

EPA | Envirofacts Warehouse | TRI http://oaspub.epa.gov/enviro/tris_control.tris_print?tris_id=80903MRTND700SC
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N040)

BARIUM
COMPOUNDS
(TRI Chemical ID:
N040)

AIR
STACK

Pounds 351 360 319 298 308 355 303 302 250 250 250 250 250

BARIUM
COMPOUNDS
(TRI Chemical ID:
N040)

DISP
NON
METALS

Pounds 357237 415333 538043 505000 520000 600000 490000 510000 510000 410000 460000 300000 300000

CHROMIUM
COMPOUNDS(EXCEPT
CHROMITE ORE
MINED IN THE
TRANSVAAL REGION)
(TRI Chemical ID:
N090)

AIR
FUG

Pounds NR 1 1 NR NR NR 1 .6 NR NR NR NR NR

CHROMIUM
COMPOUNDS(EXCEPT
CHROMITE ORE
MINED IN THE
TRANSVAAL REGION)
(TRI Chemical ID:
N090)

AIR
STACK

Pounds NR 26 19 NR NR NR 9 5 NR NR NR NR NR

CHROMIUM
COMPOUNDS(EXCEPT
CHROMITE ORE
MINED IN THE
TRANSVAAL REGION)
(TRI Chemical ID:
N090)

DISP
NON
METALS

Pounds NR 27282 21125 NR NR NR 9319 5450 NR NR NR NR NR

DIOXIN AND
DIOXIN-LIKE
COMPOUNDS
(TRI Chemical ID:
N150)

AIR
STACK

Grams 1.38 1.499 1.47 .79 .7 .8 .7 .79 .71 .75 .71 NR NR

HYDROCHLORIC
ACID (1995 AND
AFTER "ACID
AEROSOLS" ONLY)

AIR
STACK

Pounds 6335 9823 8019 22000 8900 11000 8800 19000 17000 30000 20000 18000 14000

EPA | Envirofacts Warehouse | TRI http://oaspub.epa.gov/enviro/tris_control.tris_print?tris_id=80903MRTND700SC
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(TRI Chemical ID:
007647010)

HYDROGEN
FLUORIDE
(TRI Chemical ID:
007664393)

AIR
STACK

Pounds 85383 119664 95712 43000 92000 88000 57000 72000 81000 84000 83000 71000 70000

LEAD COMPOUNDS
(TRI Chemical ID:
N420)

AIR
FUG

Pounds .32 .56 .31 .7 .4 .3 .3 .4 .6 .3 NR NR NR

LEAD COMPOUNDS
(TRI Chemical ID:
N420)

AIR
STACK

Pounds 7.8 14 7.84 17.8 11 8.4 7.2 9.4 14.3 8.9 NR NR NR

LEAD COMPOUNDS
(TRI Chemical ID:
N420)

DISP
NON
METALS

Pounds 7928 14169 8132 18500 11400 8700 6800 9581.1 14472.3 8602.2 NR NR NR

LEAD COMPOUNDS
(TRI Chemical ID:
N420)

SI
5.5.3B

Pounds .1 0 .05 .08 .07 .06 .14 0 NR NR NR NR NR

LEAD COMPOUNDS
(TRI Chemical ID:
N420)

WATER Pounds 0 0 0 0 0 0 0 .1 0 0 NR NR NR

MANGANESE
COMPOUNDS
(TRI Chemical ID:
N450)

AIR
FUG

Pounds 0 1 2 1 1 2 1 1 5 5 0 5 5

MANGANESE
COMPOUNDS
(TRI Chemical ID:
N450)

AIR
STACK

Pounds 13 13 12 16 14 42 15 13 5 5 5 250 250

MANGANESE
COMPOUNDS
(TRI Chemical ID:
N450)

DISP
NON
METALS

Pounds 12210 13853 14101 19012 16021 50015 17027 15250 11250 12250 12250 19250 19250

MERCURY
(TRI Chemical ID:
007439976)

AIR
FUG

Pounds 0 0 0 0 .001 0 0 0 0 0 NR NR NR

MERCURY
(TRI Chemical ID:

AIR
STACK

Pounds 10.9 26.22 22 30 19.2 17.5 5.4 18.1 17.2 19.6 NR NR NR
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007439976)

MERCURY
(TRI Chemical ID:
007439976)

DISP
NON
METALS

Pounds 28.6 68.89 58 78.8 50 45.7 13.3 47.4 44.6 50.3 NR NR NR

MERCURY
(TRI Chemical ID:
007439976)

SI
5.5.3B

Pounds 0 0 .03 .05 .04 .03 .1 0 NR NR NR NR NR

MERCURY
(TRI Chemical ID:
007439976)

WATER Pounds 0 .1 0 0 0 0 0 0 0 0 NR NR NR

MERCURY
COMPOUNDS
(TRI Chemical ID:
N458)

AIR
STACK

Pounds NR NR NR NR NR NR NR NR NR NR 18 NR NR

MERCURY
COMPOUNDS
(TRI Chemical ID:
N458)

DISP
NON
METALS

Pounds NR NR NR NR NR NR NR NR NR NR 48.1 NR NR

MERCURY
COMPOUNDS
(TRI Chemical ID:
N458)

SURF
IMP

Pounds NR NR NR NR NR NR NR NR NR NR .2 NR NR

NICKEL COMPOUNDS
(TRI Chemical ID:
N495)

AIR
FUG

Pounds .2 .6 .7 .4 .3 .3 0 0 5 5 0 0 NR

NICKEL COMPOUNDS
(TRI Chemical ID:
N495)

AIR
STACK

Pounds 4.3 14.4 12 8 4.8 4 5 4 5 5 5 5 NR

NICKEL COMPOUNDS
(TRI Chemical ID:
N495)

DISP
NON
METALS

Pounds 4078 14939 14503 9642 5760 4852 5476 4250 5450 6850 2350 2750 NR

SULFURIC ACID
(1994 AND AFTER
"ACID AEROSOLS"
ONLY)
(TRI Chemical ID:
007664939)

AIR
STACK

Pounds NR 21489 25040 25000 NR 25000 NR 24000 23000 16000 NR NR NR
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VANADIUM
COMPOUNDS
(TRI Chemical ID:
N770)

AIR
FUG

Pounds .7 .7 NR .8 .7 .6 1 NR 5 5 NR NR NR

VANADIUM
COMPOUNDS
(TRI Chemical ID:
N770)

AIR
STACK

Pounds 17 17.5 NR 20 16 15 16 NR 250 250 NR NR NR

VANADIUM
COMPOUNDS
(TRI Chemical ID:
N770)

DISP
NON
METALS

Pounds 17274 17661 NR 22000 17300 16000 16000 NR 20000 31000 NR NR NR

ZINC COMPOUNDS
(TRI Chemical ID:
N982)

AIR
FUG

Pounds NR NR NR .7 1.1 1 NR 1 NR NR NR NR NR

ZINC COMPOUNDS
(TRI Chemical ID:
N982)

AIR
STACK

Pounds NR NR NR 23 32 33 NR 36 NR NR NR NR NR

ZINC COMPOUNDS
(TRI Chemical ID:
N982)

DISP
NON
METALS

Pounds NR NR NR 20000 29600 30000 NR 31000 NR NR NR NR NR

Discharge of Chemicals into Streams or Bodies of Water:
For all releases estimated as a range, the mid-point of the range was used in these calculations. Rows with Release Amount equal to "0" were not
listed.

Chemical Name Year Unit Of Measure Release Amount Stream Or Body of Water

LEAD COMPOUNDS
(TRI Chemical ID: N420)

2003 Pounds .1 FOUNTAIN CREEK

MERCURY
(TRI Chemical ID: 007439976)

2009 Pounds .1 FOUNTAIN CREEK

Transfer of Chemicals to Off-Site Locations other than POTWs:
Please note that transfer amounts are not included in release totals shown above. For all releases estimated as a range, the mid-point of the range was
used in these calculations. Rows with Total Transfer Amount equal to "0" were not listed.
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Chemical Name Year Unit Of
Measure

Total Transfer
Amount

Transfer Site Name and
Address

Type Of Waste
Management

BARIUM COMPOUNDS
(TRI Chemical ID: N040)

2010 Pounds 7

WASTE MANAGEMENT
COLORADO SPRINGS LANDFILL
13320 E. HIGHWAY 94
COLORADO SPRINGS, CO
80929

Other Landfills

BARIUM COMPOUNDS
(TRI Chemical ID: N040)

2010 Pounds 357230

RAY NIXON POWER PLANT
6598 RAY NIXON ROAD
FOUNTAIN, CO 80817

Other Landfills

BARIUM COMPOUNDS
(TRI Chemical ID: N040)

2009 Pounds 1

WASTE MANAGEMENT
COLORADO SPRINGS LANDFILL
13320 E. HIGHWAY 94
COLORADO SPRINGS, CO
80929

Other Landfills

BARIUM COMPOUNDS
(TRI Chemical ID: N040)

2009 Pounds 415332

RAY NIXON POWER PLANT
6598 RAY NIXON ROAD
FOUNTAIN, CO 80817

Other Landfills

BARIUM COMPOUNDS
(TRI Chemical ID: N040)

2008 Pounds 538043

RAY NIXON POWER PLANT
6598 RAY NIXON ROAD
FOUNTAIN, CO 80817

Other Landfills

BARIUM COMPOUNDS
(TRI Chemical ID: N040)

2007 Pounds 505000

RAY NIXON POWER PLANT
14020 RAY NIXON ROAD
FOUNTAIN, CO 80817

Other Landfills

BARIUM COMPOUNDS
(TRI Chemical ID: N040)

2006 Pounds 520000

RAY NIXON POWER PLANT
14020 RAY NIXON ROAD
FOUNTAIN, CO 80817

Other Landfills

BARIUM COMPOUNDS
(TRI Chemical ID: N040)

2005 Pounds 600000

RAY NIXON POWER PLANT
14020 RAY NIXON ROAD
FOUNTAIN, CO 80817

Other Landfills

BARIUM COMPOUNDS
(TRI Chemical ID: N040)

2004 Pounds 490000

RAY NIXON POWER PLANT
14020 RAY NIXON ROAD
FOUNTAIN, CO 80817

Other LandfillsSummary of Waste Management Activities

EPA | Envirofacts Warehouse | TRI http://oaspub.epa.gov/enviro/tris_control.tris_print?tris_id=80903MRTND700SC

8 of 17 8/27/11 9:41 PM



Please note that chemical amounts shown here are not included in Total Aggregate Releases shown above.

Summary of Waste Management Activities excluding Dioxin and Dioxin-like Compounds
(Measured in Pounds)

Year
On-Site

Recycling
Off-Site

Recycling
On-Site

Energy Recovery
Off-Site

Energy Recovery
On-Site

Treatment
Off-Site

Treatment
Total

Amount

2009 0 0 0 0 100251 0 100251

2010 0 0 0 0 72321 0 72321

2011 (Projected) 0 0 0 0 72321 0 72321

2012 (Projected) 0 0 0 0 67982 0 67982

Summary of Waste Management Activities for Dioxin and Dioxin-like Compounds
(Measured in Grams)

This facility did not report any waste management activities for Dioxin and Dioxin-like Compounds.

Chemicals Under Waste Management:
Please note that chemical amounts shown here are not included in the Total Aggregate Releases shown above. Transfers to Publicly Owned Treatment
Works are listed on a seperate table.

Chemical
Name

Year
Unit Of

Measure
On-Site

Recycling
Off-Site

Recycling

On-Site
Energy

Recovery

Off-Site
Energy

Recovery

On-Site
Treated

Off-Site
Treated

Total
Amount

HYDROCHLORIC ACID (1995 AND
AFTER "ACID AEROSOLS" ONLY)

2009 Pounds 0 0 0 0 36681 0 36681

2010 Pounds 0 0 0 0 24334 0 24334

2011
(Projected)

Pounds 0 0 0 0 24334 0 24334

2012
(Projected)

Pounds 0 0 0 0 22874 0 22874

HYDROGEN FLUORIDE 2009 Pounds 0 0 0 0 63570 0 63570

2010 Pounds 0 0 0 0 47987 0 47987

2011
(Projected)

Pounds 0 0 0 0 47987 0 47987

2012
(Projected)

Pounds 0 0 0 0 45108 0 45108
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Transfer of Chemicals to Publicly Owned Treatment Works (POTW):
Please note that transfer amounts are not included in the Total Aggregate Releases shown above. For all releases estimated as a range, the mid-point
of the range was used in these calculations.

Chemical Name Year Unit Of Measure Total Transfer Amount

BARIUM COMPOUNDS 1998 Pounds 250

BARIUM COMPOUNDS 1999 Pounds 250

BARIUM COMPOUNDS 2000 Pounds 250

BARIUM COMPOUNDS 2001 Pounds 250

BARIUM COMPOUNDS 2002 Pounds 250

BARIUM COMPOUNDS 2003 Pounds 119

BARIUM COMPOUNDS 2004 Pounds 126

BARIUM COMPOUNDS 2005 Pounds 188

BARIUM COMPOUNDS 2006 Pounds 253

BARIUM COMPOUNDS 2007 Pounds 215

BARIUM COMPOUNDS 2008 Pounds 211

BARIUM COMPOUNDS 2009 Pounds 180

BARIUM COMPOUNDS 2010 Pounds 230

CHROMIUM COMPOUNDS(EXCEPT CHROMITE ORE MINED IN THE TRANSVAAL REGION) 2003 Pounds 7

CHROMIUM COMPOUNDS(EXCEPT CHROMITE ORE MINED IN THE TRANSVAAL REGION) 2004 Pounds 8

CHROMIUM COMPOUNDS(EXCEPT CHROMITE ORE MINED IN THE TRANSVAAL REGION) 2008 Pounds 13

CHROMIUM COMPOUNDS(EXCEPT CHROMITE ORE MINED IN THE TRANSVAAL REGION) 2009 Pounds 11

LEAD COMPOUNDS 2001 Pounds 6.7

LEAD COMPOUNDS 2002 Pounds 8.6

LEAD COMPOUNDS 2003 Pounds 7.4

LEAD COMPOUNDS 2004 Pounds 7.9

LEAD COMPOUNDS 2005 Pounds 11.8

LEAD COMPOUNDS 2006 Pounds 15.9

LEAD COMPOUNDS 2007 Pounds 13.5

LEAD COMPOUNDS 2008 Pounds 13.23

LEAD COMPOUNDS 2009 Pounds 11.3
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LEAD COMPOUNDS 2010 Pounds 14.4

MANGANESE COMPOUNDS 1998 Pounds 250

MANGANESE COMPOUNDS 1999 Pounds 250

MANGANESE COMPOUNDS 2000 Pounds 250

MANGANESE COMPOUNDS 2001 Pounds 250

MANGANESE COMPOUNDS 2002 Pounds 250

MANGANESE COMPOUNDS 2003 Pounds 127

MANGANESE COMPOUNDS 2004 Pounds 140

MANGANESE COMPOUNDS 2005 Pounds 200

MANGANESE COMPOUNDS 2006 Pounds 270

MANGANESE COMPOUNDS 2007 Pounds 230

MANGANESE COMPOUNDS 2008 Pounds 225

MANGANESE COMPOUNDS 2009 Pounds 192

MANGANESE COMPOUNDS 2010 Pounds 246

MERCURY 2001 Pounds .2

MERCURY 2002 Pounds .3

MERCURY 2003 Pounds .2

MERCURY 2004 Pounds .3

MERCURY 2005 Pounds .4

MERCURY 2006 Pounds .5

MERCURY 2007 Pounds .4

MERCURY 2008 Pounds .4

MERCURY 2009 Pounds .36

MERCURY 2010 Pounds .5

MERCURY COMPOUNDS 2000 Pounds .2

NICKEL COMPOUNDS 1999 Pounds 250

NICKEL COMPOUNDS 2000 Pounds 250

NICKEL COMPOUNDS 2001 Pounds 250

NICKEL COMPOUNDS 2002 Pounds 27

NICKEL COMPOUNDS 2003 Pounds 23

NICKEL COMPOUNDS 2004 Pounds 25
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NICKEL COMPOUNDS 2005 Pounds 37

NICKEL COMPOUNDS 2006 Pounds 50

NICKEL COMPOUNDS 2007 Pounds 42

NICKEL COMPOUNDS 2008 Pounds 42

NICKEL COMPOUNDS 2009 Pounds 35

NICKEL COMPOUNDS 2010 Pounds 45

VANADIUM COMPOUNDS 2001 Pounds 250

VANADIUM COMPOUNDS 2002 Pounds 250

VANADIUM COMPOUNDS 2004 Pounds 61

VANADIUM COMPOUNDS 2005 Pounds 91

VANADIUM COMPOUNDS 2006 Pounds 120

VANADIUM COMPOUNDS 2007 Pounds 100

VANADIUM COMPOUNDS 2009 Pounds 88

VANADIUM COMPOUNDS 2010 Pounds 112

ZINC COMPOUNDS 2003 Pounds 71

ZINC COMPOUNDS 2005 Pounds 113

ZINC COMPOUNDS 2006 Pounds 150

ZINC COMPOUNDS 2007 Pounds 129

Publicly Owned Treatment Works (POTW) that Chemicals were Transferred to:

Chemical Name Year POTW Name and Address

BARIUM COMPOUNDS 1998

COLORADO SPRINGS UTILITIES WASTEWATER TREATMENT
PLANT
703 EAST LAS VEGAS
COLORADO SPRINGS, CO 80906

BARIUM COMPOUNDS 1999

COLORADO SPRINGS UTILITIES WASTEWATER TREATMENT
PLANT
703 E. LAS VEGAS
COLORADO SPRINGS, CO 80906

BARIUM COMPOUNDS 2000
COLORADO SPRINGS UTILITIES WASTEWATER TREATMENT
PLANT
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703 E. LAS VEGAS
COLORADO SPRINGS, CO 80906

BARIUM COMPOUNDS 2001

COLORADO SPRINGS UTILITIES WAS TEWATER TREATMENT
PLANT
703 E. LAS VEGAS
COLORADO SPRINGS, CO 80906

BARIUM COMPOUNDS 2001
NA
,

BARIUM COMPOUNDS 2002

COLORADO SPRINGS UTILITIES WASTEWATER TREATMENT
PLANT
703 E. LAS VEGAS
COLORADO SPRINGS, CO 80906

BARIUM COMPOUNDS 2003

COLORADO SPRINGS UTILITIES WASTEWATER TREATMENT
PLANT
703 E. LAS VEGAS
COLORADO SPRINGS, CO 80906

BARIUM COMPOUNDS 2004

COLORADO SPRINGS UTILITIES WASTEWATER TREATMENT
PLANT
703 E LAS VEGAS
COLORADO SPRINGS, CO 80906

BARIUM COMPOUNDS 2005

COLORADO SPRINGS UTILITIES WASTEWATER TREATMENT
PLANT
703 EAST LAS VEGAS
COLORADO SPRINGS, CO 80906

BARIUM COMPOUNDS 2006

COLORADO SPRINGS UTILITIES WASTEWATER TREATMENT
PLANT
703 E. LAS VEGAS STREET
COLORADO SPRINGS, CO 80906

BARIUM COMPOUNDS 2007

COLORADO SPRINGS UTILITIES WASTEWATER TREATMENT
PLANT
703 E. LAS VEGAS STREET
COLORADO SPRINGS, CO 80906
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BARIUM COMPOUNDS 2008

COLORADO SPRINGS UTILITIES WASTEWATER TREATMENT
PLANT
703 E. LAS VEGAS STREET
COLORADO SPRINGS, CO 80906

BARIUM COMPOUNDS 2009

COLORADO SPRINGS UTILITIES WASTEWATER TREATMENT
PLANT
703 E. LAS VEGAS STREET
COLORADO SPRINGS, CO 80906

BARIUM COMPOUNDS 2010

COLORADO SPRINGS UTILITIES WASTEWATER TREATMENT
PLANT
703 E. LAS VEGAS STREET
COLORADO SPRINGS, CO 80906

CHROMIUM COMPOUNDS(EXCEPT CHROMITE ORE MINED IN THE TRANSVAAL
REGION)

2003

COLORADO SPRINGS UTILITIES WASTEWATER TREATMENT
PLANT
703 E. LAS VEGAS
COLORADO SPRINGS, CO 80906

CHROMIUM COMPOUNDS(EXCEPT CHROMITE ORE MINED IN THE TRANSVAAL
REGION)

2004

COLORADO SPRINGS UTILITIES WASTEWATER TREATMENT
PLANT
703 E LAS VEGAS
COLORADO SPRINGS, CO 80906

CHROMIUM COMPOUNDS(EXCEPT CHROMITE ORE MINED IN THE TRANSVAAL
REGION)

2008

COLORADO SPRINGS UTILITIES WASTEWATER TREATMENT
PLANT
703 E. LAS VEGAS STREET
COLORADO SPRINGS, CO 80906

CHROMIUM COMPOUNDS(EXCEPT CHROMITE ORE MINED IN THE TRANSVAAL
REGION)

2009

COLORADO SPRINGS UTILITIES WASTEWATER TREATMENT
PLANT
703 E. LAS VEGAS STREET
COLORADO SPRINGS, CO 80906

DIOXIN AND DIOXIN-LIKE COMPOUNDS 2000
NA
,

DIOXIN AND DIOXIN-LIKE COMPOUNDS 2001
NA
,
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DIOXIN AND DIOXIN-LIKE COMPOUNDS 2002
NA
,

HYDROCHLORIC ACID (1995 AND AFTER "ACID AEROSOLS" ONLY) 1998
NA
,

HYDROCHLORIC ACID (1995 AND AFTER "ACID AEROSOLS" ONLY) 1999
NA
,

HYDROCHLORIC ACID (1995 AND AFTER "ACID AEROSOLS" ONLY) 2000
NA
,

HYDROCHLORIC ACID (1995 AND AFTER "ACID AEROSOLS" ONLY) 2001
NA
,

HYDROCHLORIC ACID (1995 AND AFTER "ACID AEROSOLS" ONLY) 2002
NA
,

HYDROGEN FLUORIDE 1998
NA
,

HYDROGEN FLUORIDE 1999
NA
,

HYDROGEN FLUORIDE 2000
NA
,

HYDROGEN FLUORIDE 2001
NA
,

HYDROGEN FLUORIDE 2002
NA
,

LEAD COMPOUNDS 2001

COLORADO SPRINGS UTILITIES WAS TEWATER TREATMENT
PLANT
703 E. LAS VEGAS
COLORADO SPRINGS, CO 80906

LEAD COMPOUNDS 2002

COLORADO SPRINGS UTILITIES WASTEWATER TREATMENT
PLANT
703 E. LAS VEGAS
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COLORADO SPRINGS, CO 80906

LEAD COMPOUNDS 2003

COLORADO SPRINGS UTILITIES WASTEWATER TREATMENT
PLANT
703 E. LAS VEGAS
COLORADO SPRINGS, CO 80906

LEAD COMPOUNDS 2004

COLORADO SPRINGS UTILITIES WASTEWATER TREATMENT
PLANT
703 E LAS VEGAS
COLORADO SPRINGS, CO 80906

LEAD COMPOUNDS 2005

COLORADO SPRINGS UTILITIES WASTEWATER TREATMENT
PLANT
703 EAST LAS VEGAS
COLORADO SPRINGS, CO 80906

LEAD COMPOUNDS 2006

COLORADO SPRINGS UTILITIES WASTEWATER TREATMENT
PLANT
703 E. LAS VEGAS STREET
COLORADO SPRINGS, CO 80906

LEAD COMPOUNDS 2007

COLORADO SPRINGS UTILITIES WASTEWATER TREATMENT
PLANT
703 E. LAS VEGAS STREET
COLORADO SPRINGS, CO 80906

LEAD COMPOUNDS 2008

COLORADO SPRINGS UTILITIES WASTEWATER TREATMENT
PLANT
703 E. LAS VEGAS STREET
COLORADO SPRINGS, CO 80906

LEAD COMPOUNDS 2009

COLORADO SPRINGS UTILITIES WASTEWATER TREATMENT
PLANT
703 E. LAS VEGAS STREET
COLORADO SPRINGS, CO 80906

LEAD COMPOUNDS 2010

COLORADO SPRINGS UTILITIES WASTEWATER TREATMENT
PLANT
703 E. LAS VEGAS STREET
COLORADO SPRINGS, CO 80906

COLORADO SPRINGS UTILITIES WASTEWATER TREATMENT

Non Production Releases:

This facility did not report any Non-Production releases.
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Additional links for TRI:

This information resource is not maintained, managed, or owned by the Environmental Protection Agency (EPA) or the Envirofacts Support Team.
Neither the EPA nor the Envirofacts Support Team is responsible for their content or site operation. The Envirofacts Warehouse provides this reference
only as a convenience to our Internet users.

National Library of Medicine (NLM)  TOXMAP
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I. Introduction 

The Surface Mining Control and Reclamation Act of 1977 (SMCRA) created the Office of 
Surface Mining Reclamation and Enforcement (OSM) in the Department of the Interior.  
SMCRA provides authority to OSM to oversee the implementation of and provide Federal 
funding for State regulatory programs that have been approved by OSM as meeting the minimum 
standards specified by SMCRA.  This report contains summary information regarding the 
Wyoming Program and the effectiveness of the Wyoming program in meeting the applicable 
purposes of SMCRA as specified in section 102.  The report covers the period of July 1, 2003 
thru June 30, 2004.  Detailed background information and comprehensive reports for the 
program elements evaluated during the period are available for review and copying at the Casper 
Field Office. 
 
The following list of acronyms is used in this report:  
 
ACHP  Advisory Council on Historic Preservation 
AQD  Air Quality Division 
BLM  Bureau of Land Management 
CFO  Casper Field Office 
DEQ  Department of Environmental Quality 
EQC  Environmental Quality Council 
EY  Evaluation Year 
LQD  Land Quality Division 
MIER  Mine Inspection Evaluation Report 
NOV  Notice of Violation 
NOx  Nitrogen oxides 
NTTP  National Technical Training Program 
OSM  Office of Surface Mining Reclamation and Enforcement 
OTT  Office of Technical Transfer 
PRBRC  Powder River Basin Resource Council 
RSI  Random Sample Inspection 
SHPO  State Historic Preservation Office 
SMCRA  Surface Mining Control and Reclamation Act of 1977 
TDN   Ten-Day Notice 
TIPS  Technical Information Processing Systems  
USFS  United States Forest Service 
USFWS  United States Fish and Wildlife Service     
WQD   Water Quality Division 
WRCC  Western Regional Coordinating Center 
WOC   Wyoming Outdoor Council 
WWF   Wyoming Wildlife Federation 

 

II. Overview of the Wyoming Coal Mining Industry 

Wyoming is the top coal producing state in the nation.  Table 1 shows the past three years’ coal 
production for Wyoming.  Over ninety-nine percent of the current coal production in Wyoming 
is from surface coal mines and 92 percent of all coal produced is being mined in the Powder 
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River Coal Basin near Gillette, Wyoming.   Until 1954, underground mines out-produced surface 
mines, but in that year surface mines began to dominate production.   By the late 1970's, surface 
coal mining production in the Powder River Basin became a major contributor to the Nation's 
total coal production.  Coal-bearing formations underlie more than 40,000 square miles, or 
approximately 41 percent of Wyoming's total land area.   The coal mining industry directly 
employs approximately 4,788 people providing substantial income and secondary employment in 
the State.  Approximately 97 percent of coal produced in Wyoming is used for electrical 
generation in 37 states, Canada and Spain.  Coal production increased 1 percent in the last year 
and over 10 percent in the past 4 years. 
 
The Wyoming Geological Survey estimates the quantity of Wyoming open pit coal reserves is in 
excess of 26.3 billion tons; an additional 38.3 billion tons of coal reserves can be recovered by 
underground mining methods.   Coal seams in the Wasatch Formation and the underlying Fort 
Union Formations can exceed 100 feet in thickness with 30 to 80 foot seams being common; 220 
foot thick seams have been uncovered.  Wyoming coals range from lignite to high volatile A 
bituminous in rank with the majority of the coal produced being sub-bituminous.  Wyoming has 
the largest reserves of "compliance coal" in the lower 48 States; that is coal of such high quality 
that utility companies can burn the coal in power plants without expensive scrubbers to remove 
sulphur dioxide emissions. Currently, over 7 billion tons of coal is leased and 345,570 acres are 
permitted (Table 2). 
 
Thirty-five active mining operations are permitted in Wyoming; 31 are surface operations, two 
(2) are underground operation, one permit for a dragline move from one mine site to another and 
one in-situ operation.   The dragline move and in-situ operations are listed as “other facilities” in 
Table 2 of this report.  Currently, twenty mines of the thirty-five permitted operations are 
producing coal.  Four mines are in temporary cessation, and nine mines and two “other facilities” 
are conducting final reclamation.   Table 3 shows the permitting activity for the past twelve 
month evaluation period. 
 

III. Overview of the Public Participation Opportunities in the Oversight Process and the 
State Program 

A. OSM Outreach Efforts 

The Casper Field Office (CFO) actively encourages public involvement in the Wyoming 
oversight and regulatory program.  This includes CFO initiated contacts with citizen groups 
and participation in industry activities.  Specifically, CFO has visited with citizens 
representing the Powder River Basin Resource Council (PRBRC), Wyoming Outdoor 
Council (WOC), Wyoming Wildlife Federation (WWF), and the Wyoming Mining 
Association (WMA).  The purpose of these contacts is to notify these groups of OSM’s 
activities and to provide the opportunity to interested parties to suggest how OSM’s 
oversight role can assist in improving the State’s regulatory program.  In the past, CFO held 
public meetings; however, there was very limited public participation.   

CFO has a good working relationship with the PRBRC, WOC and WWF.   These 
organizations are actively involved in OSM and State permitting and inspection oversight 
activities.  Such involvement has resulted in helpful changes in the State program, thus 
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improving the overall quality of the program.  PRBRC has taken an active part in the 
oversight process and meets with the CFO a couple times a year.  PRBRC and WOC have 
been focused more on coalbed methane and natural gas development and less on coal.   
WWF have been less actively in coal mining issues for several years.  CFO maintains 
communications with these groups, informing them of meetings and issues and offering 
opportunities to participate in meetings. 

B. Wyoming Outreach Efforts 

LQD has an advisory board (Land Quality Division Advisory Board) that provides 
recommendations to the Land Quality Division through a public forum.   The Environmental 
Quality Council (EQC) rules on regulatory matters for all Divisions within the Department 
(including LQD), and also serves as the administrative hearings board for all Divisions (i.e., 
Land Quality, Air Quality and Water Quality Divisions) in DEQ.  Wyoming’s outreach 
efforts include, but are not limited to LQD Advisory Board meetings, and Environmental 
Quality Council hearings and public meetings.  LQD has met on several occasions with the 
special interest groups (PRBRC, WOC, WWF, and WMA) to discuss their concerns.  In 
addition, LQD has hosted several technical forums addressing current issues. 

LQD is also involved its own public participation program during their permitting, bond 
release, and enforcement processes.  During the permitting and bond release processes, 
notices are published and comments are solicited.  Citizen complaints are investigated as part 
of the enforcement process.  Previous oversight reviews have found that LQD is highly 
receptive to the concerns of public, industry and citizen groups.  DEQ also has an internet 
website at: http://deq.state.wy.us/ with information for the public on permits, current rules, 
proposed rule changes and contact information.    
 
CFO monitors DEQ’s and LQD’s meetings and outreach efforts and believes the State does a 
good job interacting with citizens. 
 

IV. Major Accomplishments/Issues/Innovations in the Wyoming Program 

A. Accomplishments 

Although the State has not addressed all the outstanding regulatory program deficiencies, the 
State of Wyoming continues to administer an excellent Title V program (See VII. General 
Oversight Topic Reviews, B. Monitoring, Program Maintenance).  Wyoming actively works 
to improve its program.  Wyoming has taken the initiative to conduct a pilot study to 
determine the feasibility of using GPS and GIS in tracking and documenting bond release 
areas (see section C. below). 
 
The Wyoming Department of Environmental Quality, Land Quality Division (LQD) has 
addressed the majority of the outstanding program deficiencies.  LQD has submitted and 
received approval for four program amendments since 1995.  There are six remaining 
program amendments addressing 36 program deficiencies.  Two amendments have been 
submitted to OSM for review, and one amendment is in the final stages of the State’s 
rulemaking process.  One of the remaining amendment packages contains “Ownership & 
Control rules” (18 deficiencies).  WRCC has suggested that LQD delay working on these 
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rules to the last, due to OSM’s current rule litigation relating to the valid existing rights, and  
ownership and control rules.   
 
OSM is currently reviewing program amendment 1-R (Highwall Retention and Coal 
Exploration) when approved could eliminate another 8 program deficiencies if approved by 
OSM during the next evaluation period. 
 

B. Issues 

1.    Cooperative Agreement 

On December 7, 1999, CFO hosted a forum to discuss Federal land coordination which 
included participants from four BLM and three LQD offices, the U.S. Forest Service 
(USFS), WRCC, and CFO.  A work group was assembled to establish a Working 
Agreement under the Wyoming Cooperative Agreement.   
 
The group developed a document outlining the coordination between the LQD and the 
Federal agencies including the procedures for coordinating between LQD, USFS, BLM 
and OSM as it relates to each agency’s area of responsibilities.  During the evaluation 
period, there have been three meetings with LQD, BLM, USFS and OSM personnel.  The 
intent of the meetings was to discuss and clarify the implementation of the agreement.  
Thus far, the procedure for this agreement appear to be working and opening lines of 
communications among the agencies that had not occurred in the past. 
 
2.   Fugitive Dust 
 
In the past 5 years, the Powder River Basin has experienced air quality problems cited by 
the EPA.  A large portion of this air quality problem can be attributed to fugitive dust.  
During this time, the expansion of coalbed methane development in the Powder River 
basin quadrupled.  The coalbed methane industry is not as strictly regulated as the coal 
mining industry, yet in many cases, existing adjacent to each other.  If the air quality 
issue is not resolved, EPA may prohibit further expansion in the basin.   State, county and 
both the coalbed methane and coal mining industries are working to reducing the fugitive 
dust and other pollutants in the Powder River Basin.  
 
During the September OSM overflight inspection, fugitive dust was noted coming from 
the South Pit at the Black Thunder  
 

C. Innovations 

LQD with the assistance of OSM’s WRCC and support of the Powder River Basin Coal 
Company’s (PRBCC) North Antelope/Rochelle, and Caballo mines have initiated a GIS/GPS 
pilot study.  The purpose of the study is to determine the feasibility of using GPS in the field and 
integrating the data into a GIS data bank to track reclaimed lands and bond releases.  The 
agreement among the LQD, OSM and Powder River Basin Coal Company was signed including 
the North Antelope/Rochelle mine complex and Caballo mines in the GIS/GPS project.  The 
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software and hardware installation and field work began in June 2003.  As part of this effort 
OSM provided GPS and GIS training.   
 
In September 2003. OSM held an “Intro To ArcGIS for Mining” course.  Twelve people 
attended from LQD and PRBCC.  In addition, WRCC specialists provided on-site training in GIS 
for LDQ’s Cheyenne and Sheridan offices, and worked throughout year on designing and 
geoprocessing data into the Wyoming GIS Bonding database. 

 

 
 

V. Success in Achieving the Purposes of SMCRA as Determined by Measuring and 
Reporting End Results 

 
To further the concept of reporting “end results,” the findings from performance standards and 
public participation evaluations are being collected for a national perspective in terms of the 
number and extent of observed off-site impacts, the number of acres that have been mined and 
reclaimed and which meet the bond release requirements for the various phases of reclamation, 
and the effectiveness of customer service provided by the State.  Individual topic reports are 
available in the Casper Field Office providing additional details on how the following 
evaluations and measurements were conducted.      
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A. Off-Site Impacts 

For the purpose of oversight, an off-site impact is defined as anything resulting from a 
surface coal mining and reclamation activity or operation that causes a negative effect on 
people, land, water, or structures outside the permit.  The impact on the resource must be 
substantiated as being related to a mining and reclamation activity, and must be outside 
the area authorized by the permit for conducting mining and reclamation activities. 
 
During the evaluation period, LQD conducted 142 complete inspections and 251 partial 
inspections resulting in 7 Notices of Violation (NOVs) and no Cessation Orders (COs) 
being issued.  CFO reviewed state inspection reports to determine if off-site impacts 
occurred.  In addition, CFO conducted twenty-one total inspections, all of which were 
partial / focused inspections of coal mining operations in Wyoming (MIER).  CFO did 
not conduct any complete inspections.    

Table 4 reflects that there were two off-site impacts; one hydrology impacted observed 
by OSM; and one blasting violation documented by the State. 

B. Bond Release 

Wyoming LQD completed 14 bond release actions during this evaluation period.  There 
was one Phase I release of 6,550 acres, and no Phase II or III releases (Table 5). 

Reclamation bonds have become more difficult to acquire for mining companies, yet 
there is no noticeable increase in bond release applications.  Instead, the mining industry 
appears to be attempting to change the performance requirements for bond.  Only two 
coal companies have applied for all or portion of the three phases of bond release.  Very 
few companies have even applied for the initial Phase I release.  Instead, nearly every 
year the coal companies apply for bond release on area bonds, which includes the active 
mining pit and the rough backfilled spoils.  The area bond then is applied to the current 
and projected mining pit are for the next year. (see the discussion below).  

OSM evaluates the effectiveness of the Wyoming program based on the number of acres 
that meet bond release standards and have received bond release (Tables 5 and 6).  The 
CFO believes this measure may not capture the total effectiveness of the Wyoming 
program due to the type of mining operations, the large size of western mining operations 
and company policies (not to apply for release until large management units are eligible 
for final bond release).  The number of acres released from bond is relatively small in 
Wyoming when compared to those acres that have been graded, topsoiled and 
revegetated.  Currently in Wyoming approximately 110,578 acres have been disturbed, 
38,498 acres have been backfilled and graded and of those acres 13,267 acres have 
received Phase I release, 1,282 acres Phase II release and 876 acres Phase III released.  
Also, records indicate at least 8,086 acres have been reclaimed for a minimum of 10 
years and may be eligible for full Phase III release.  As defined by OSM Directive REG-
8 (Oversight of State Regulatory Programs) it appears that the Wyoming program is not 
effective in facilitating and encouraging bond release, as indicated by the small number 
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of acres released from bond, compared to the large quantity of acreage available for 
release.   

The Wyoming coal regulatory program has an approved alternative bonding system, 
differing from Federal and other State coal regulatory programs.  Wyoming’s bonding 
system consists of an “area bond” and an “incremental bond.”  The area bond moves 
each year with the pit progression, which is adjusted through the submission and review 
of the permit annual report.  The incremental bond covers the entire permit area.   

There were no bond forfeitures during the past three years.  There have been only two 
bond forfeitures since the approval of the Wyoming program in 1981.  Those two bond 
forfeitures were for two underground mines.  None of the large surface coal mines have 
experienced any bond forfeitures. 

C. Reclamation Success and Program Performance 

 
OSM evaluates and reports annually on the effectiveness of State programs in ensuring 
successful reclamation on lands affected by surface coal mining operations. Success is 
determined based on the number of acres that meet the bond release standards and have 
been released by the State. In addition, Field Offices conduct specific evaluations to 
evaluate the State’s performance. 
 
Using the number of acres released from bonds as the criteria, the Wyoming program has 
not achieved a large amount of reclamation success.  However, as described above, bond 
release may not accurately reflect the performance of the program.  Tables 5 and 6 
summarize reclamation activity within the State. 

Information was collected to measure program performance in the following areas four 
performance areas. 
 

1. Reclamation Success As Measured By Bond Release  

Backfilling and grading achievements are measured by the acres of phase I bond 
release as required by OSM Directive REG-8, p.I-9.  This is depicted in Chart 1.  
Only about 33 percent of the lands that have been backfilled and graded to the 
approved postmine topography/approximate original contour and topsoiled have 
received Phase I bond release.    
 
The proper placement of soil resources and vegetation stability are measured by the 
acres released under Phase I and II release (REG-8, p I-10).  About 36 percent of the 
lands have been topsoiled and received Phase I bond release.  While about 4 percent 
of the lands have been revegetated and received Phase II bond release.  
 
The success of postmining land use, successful revegetation, and the restoration of 
surface and ground water quality and quantity are measured by the acres of Phase III 
bond release (REG-8, pp. I-11-12). Only about 11 percent of the lands have been 
successful revegetated for at least 10 years and received Phase III final bond release. 
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Chart 1.  Bond Release –as a Measurement of Reclamation Success 

 
Measurement of 

Reclamation 
Success 

 
Acres 

available for 
bond release 

Acres of Area 
Bonds Release 

and % 

 
Acres of Bond Released 

Phase I / %    Phase II & %  Phase III & % 

 
Backfill & Grade 
 

 
40,826 13,267 / 

32.5% 

 
NA 

 
NA 

 
NA 

 
Soil Replacement 
 

 
36,966  13,267/ 

35.9% 

 
NA 

 
NA 

 
Revegetation 
 

 
36,966 

   
1,282 / 3.5% 

 
NA 

Achieve Postmining 
Use, Hydrologic 
Reclamation, and 
Timelineness of 
Reclamtion 

 
 

8,086 

    
 

876 / 10.8% 

 
As mentioned previously, the measure of reclamation success solely by bond release 
does not accurately reflect the total effectiveness or success of the coal regulatory 
program.  CFO believes that monitoring the progress of on-going reclamation in 
relation to the mining progression is a better measure of the effectiveness and success 
of a reclamation program.    
 
CFO will continue reviewing the permit annual reports during the next evaluation 
period to determine the acres that have been rough backfilled and those area bonds 
have progressed onto newly disturbed areas.  Such areas are considered eligible for 
Phase I bond releases after final grading is completed under the Wyoming program.  
The State and CFO encourage companies to apply for bond releases.  However, 
economic pressures from the increase cost of bonds maybe the only way to achieve a 
higher number of bond releases.   
  

2.   Program Performance 

a. Contemporaneous Reclamation 

While contemporaneous reclamation is not reflected by bond releases as depicted in 
Table 5, it is the intent of SMCRA to assure that adequate procedures are undertaken 
to reclaim surface areas as contemporaneously as possible on the ground.  Table 6 
provides an overall perspective of the relationship between disturbance and 
reclamation.   Chart 2 and Graph 1 further depict this relationship, while Graph 2 
illustrates the cumulative relationship between disturbance verse reclamation of 
lands.  
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The intent of contemporaneous reclamation is to provide a balance between 
disturbance and reclamation and an overall picture of the success of reclamation is 
keeping step with the mining progression in the State.  Information provided to 
complete Table 5 and Table 6 in the annual reports summarizes mining and 
reclamation activity and should be considered a source for this measurement. 
     
The following charts and graphs are used to highlight the CFO’s concern that the rate 
at which lands are being reclaimed in Wyoming compared to the rate of disturbance.  
Currently the ratio is about 3 to 1 and has been improving over the years.  Ideally the 
ratio should be 1 to 1 as mentioned below.   The gap between the acres disturbed 
verses reclaimed is widening, thereby creating a backlog of lands available for 
reclamation, contributing to a delay in contemporaneous reclamation and subsequent 
bond release.   

 
 

Chart 2. WYOMING STATEWIDE RECLAMATION SUMMARRY 
 

 

YEAR 

 

 
ACRES 

DISTURBED 
 

Cumulative 
Acres Dist. 

 
ACRES 

RECLAIMED 
Cumulative 
Acres Recl. 

 
RATIO OF 

RECLAM VS 
DISTURB 

Cumulative 
RATIO OF 

RECLAM VS 
DISTURB 

1986 3152 44,742 1456 3,335 .46 .075 
1987 2521 47,894 1630 4,791 .65 .100 
1988 2610 50,415 1355 6,421 .52 .127 
1989 2967 53,025 994 7,776 .34 .147 
1990 2833 55,992 1068 8,770 .38 .157 
1991 2807 58,825 1517 9,838 .54 .167 
1992 2919 61,632 1641 11,355 .56 .184 
1993 3173 64,551 1888 12,996 .60 .201 
1994 3327 67,724 1219 14,884 .37 .220 
1995 3873 71,051 1234 16,103 .31 .227 
1996 3954 74,924 1311 17,337 .33 .231 
1997 3613 78,878 1098 18,648 .30 .236 
1998 4303 82491 1973 19,746 .43 .239 
1999 3868 86,794 3541 21,719 .97 .250 
2000 5185 90,662 3174 25,260 .62 .279 
2001 3564 95,847 3295 28,434 .92 .297 
2002 4067 99,411 2857 31,729 .70 .319 
2003 5459 103,478 2924 34,653 .54 .335 
2004 5062 110,578 3843 40,826 .76 .392 
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Total acres disturbed equaled 110,578 and total acres reclaimed equaled 40,826 for a Ratio of 
.392 on a statewide basis. 

Graph 2.  Cumulative Disturbed vs 
Cumulative Reclaimed Acreage
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Approximately 345,570 acres are currently bonded (Table 5).  During the evaluation 
period, an additional 3,843 acres were permanently reclaimed with a permanent seed 
mixture.  Approximately, 35,000 acres are ready for Phase I and Phase II bond 
release.  Table 6 depicts data collect from 1986 to 2004, giving a long term view of 
the mining and reclamation activities in Wyoming. 
 
 

1986 89 92 95 98 2001 2004
0

0.5

1

1.5

2

R
 a 

t i 
o 
s

Years

Graph 3.  Reclamtion Ratios

 
 

Graph 3. is similar to Graph 1., except this graph acknowledges that some facilities 
are necessary to operate the mine can not be reclaimed until mining is completed.   
Graph 3. illustrates the ratio of the yearly permanent reclamation compared with the 
net disturbance  found in Table 6.  Net disturbance consists of areas available for 
reclamation that are not being used for long-term approved disturbances such as: 
stockpiles, active pits, access roads, haul roads, railroad right-of-ways, coal 
preparation and loading sites, offices, shops, sediment ponds, and other approved 
uses. The 2004 ratio shows a 31 percent increase of reclamation, as well as, a 6.8 
percent increase of newly disturbed lands.  Approximately 49 percent of the newly 
disturbed lands were for long-term facilities.  The ratio of reclamation to net 
disturbance for EY 2004 is 1.36.  A ratio of 1.0 indicates that the reclamation and net 
disturbance are equal.  A ratio higher than 1.0 indicates that the reclamation is greater 
than the net disturbance, while a ratio less than 1.0 indicates the opposite 
 

b. Inspection and Enforcement  

The LQD continues to conduct frequent and thorough inspections.  LQD conducted 
142 complete inspections and 251 partial inspections during the evaluation period.  
There are 30 of the 32 coal mines with active NPDES permits.   The Wyoming Water 
Quality Division (WQD) conducted 94 inspections during the first three quarters of 



 14 

the evaluation period.  As per an agreement between WQD and LQD, the LQD 
inspectors completed the WQD inspections for the fourth quarter, completing the 
required water quality inspections.   
 
LQD performed more than the minimum required inspections for the Wyoming 
Program.  All LQD performance standards were reviewed and documented during 
complete inspections and the reports contain a discussion of the current mine status. 
 
The Casper Field Office conducted a total of twenty-one inspections, all of which 
were partial / focused inspections.  CFO did not conduct any complete inspection 
during this evaluation period. 
 
LQD maintains an inspectable units list and an inspection database sufficient to meet 
its program requirements.  LQD has made this database available to the CFO. 
 
LQD issued 7 Notices of Violation and no Imminent Harm or Failure to Abate 
Cessation Orders during this nine month evaluation period.  No pattern of violation 
exists or show cause hearings / alternative enforcement action (bond forfeiture) were 
initiate during this evaluation period. 
 
The CFO issued two (2) Ten-Day-Notices (TDNs) during this review period.  One 
TDNs was resolved during the evaluation period and the other maybe be reopened. 
 

VI. OSM Assistance 

A. Training 

OSM offers training courses through the National Technical Training Program 
(NTTP) to State regulatory authority employees at no expense to the State or the 
attendee (other than salary and benefits).   OSM’s technical training program 
provided a wide range of courses (some listed below).    Nine Wyoming LQD 
employees received training from OSM’s technical training program at a cost of 
$10,460 during EY2004. 
 
The nine LQD employees participated in the following training courses: 
 

Wetlands -     1 staff 
Bonding: Cost Estimation -    2 staff 
Evidence Preparation and Testimony -  1 staff 
Historic / Archeological -   3 staff 
NEPA Procedures -     1 staff 
Blasting      1 staff 
 

B. Office of Technology Transfer (OTT) 

Wyoming Department of Environmental Quality Land Quality Division continues to 
participate in the technological advances by updating its hydrology database, 
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developing a GIS for bond release, and exchanging electronic information for 
permitting activities.  Wyoming staff made significant contributions to the new 
technologies workshops conducted by OTT this year.   
 
Wyoming Staff made presentations at two OTT/WRTT New Technologies 
Implementation Workshops, and nine staff members (Georgia Cash-Hoenig, Rick 
Chancellor, Roberta Hoy, Mark Taylor, Christine Mielnicki, Mark Rogaczewski, 
John Erickson, Marcello Calle, and Carol Bilbrough) attended, and participated in 
discussions at the three workshops – for a total of fifteen attendees. 
 

At the Denver New Technologies Implementation Workshop Mark 
Rogaczewski and Christine Mielnicki presented the status and 
accomplishments of the WY Bond Release GIS. 

 
At the third New Technologies Implementation Workshop in Salt Lake City, 
June 2004, Mark Taylor presented an update on Wyoming Pilot GIS for Bond 
Release  

 
Two staff members attended a day-long workshop on Introducing GIS, Digital Imagery, and 
Volumetrics, and Advanced Modeling, Emphasizing Digital Imagery in GIS Applications 
 
To support the new technologies implementation, this year OTT purchased the 
following for Wyoming DEQ/LQD: 
 
 Geo XM mobile GPS receiver    $2,515 
 Terrasync Pro Software                $1,786 
 InFocus Projectors (Lander/Sheridan)   $3,838 
                                                                           
Technical assistance to Wyoming in the area of bonding included providing: 
 

Information on bond riders for permit renewals 
 
Information on evaluating the quality of applicant’s current assets as shown 
on its financial statements as it relates to self-bonding applications 
 
Background on federal and state self-bonding regulations with respect to 
adding self-bond amounts to applicant’s liabilities before calculating the 
financial tests 

 
 Information on five different changes to the Treasury Circular 570 

 
OSM's Technical Librarian filled 2 reference requests, and provided 24 journal 
articles to Wyoming Staff.  In addition Wyoming received 7 technical publications: 
The Seed and Soil Dynamics in Shrubland Ecosystem; Geologic Studies of Mercury 
by the USGS; Strontium Isotopic Characterization of Coal and Sandstone Aquifers, 
Powder River Basin; Evaluation and Comparison of Hypothesis Testing Techniques 
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for Bond Release Applications; Native Plants Materials Directory;  Proceedings of 
Market-Based Approaches to Mined Land Reclamation and Reforestation: A 
Technical Interactive Forum; Effect of Mechanical and Biological Enhancements on 
Erosion at High Elevation Disturbed Lands; and 10 CDs, that were distributed to 
WRTT. 
 

C. Computer Support (TIPS) 

TIPS personnel gave a brief presentation regarding TIPS' intent to provide scientific 
and engineering software directly to desktop workstations in TIPS customer 
locations.  ArcInfo and AutoCAD software were delivered to the State with 
instructions for desktop and server installations during EY 2003.  As a follow-up 
during EY 2004, TIPS held courses in ArcGIS Spatial Analyst, SEDCAD, and 
Introduction to ArcGIS.   There were 16 LQD participants in the three courses at a 
cost of $6,467 to OSM. 
 
KeyServer will be used to distribute software licensing to most TIPS software 
applications.  TIPS advised each of state that the remaining TIPS software will be 
delivered by the end of the calendar year. 

D. Cultural Resources 

The CFO continues to coordinate the National Historic Preservation Act, Section 106 
cultural resource compliance for the State of Wyoming.  The CFO cultural resource 
coordinator works closely with the OSM Archaeologist in WRCC, Wyoming 
Department of Environmental Quality (DEQ), Bureau of Land Management (BLM), 
Wyoming State Historic Preservation Office (SHPO), the Advisory Council on 
Historic Preservation (ACHP), U. S. Forest Service (USFS) and the affected mining 
companies to process cultural resource clearances on new mining lands and 
previously permitted areas that have not been surveyed for cultural resources.  This 
detailed involvement is necessary because the Wyoming DEQ does not have a 
qualified archaeologist on staff and therefore, the SHPO will not accept cultural 
resource work from them.  The SHPO has taken the position that, by law, the Section 
106 process is the responsibility of the lead Federal agency and that requires that 
OSM be responsible for this work on any mines under permit.  Prior to OSM 
involvement with any parcel of land, the land managing agency (BLM or USFS) 
would be the lead Federal agency and would initiate the Section 106 process.  The 
DEQ has indicated that they have no plans to place an archaeologist on staff since all 
Section 106 clearances are covered by Federal agencies.  During this reporting period, 
action was taken on 6 projects in Wyoming, and one programmatic Agreement.   

 

E. Revegetation Success Standards  

During the 2004 Evaluation Year an OSM representative met several times with 
Wyoming staff as part of ongoing assistance in development of technical vegetation 
success standards.  The OSM representative was also involved in discussions on the 
development of criteria for evaluating vegetative diversity and the selection and 
description of vegetation sampling techniques.  Wyoming's goal is to revise and 
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update its revegetation regulations to include appropriate success standards and 
statistically valid sampling techniques.  As part of this assistance the OSM 
representative attended several meetings with Wyoming staff, including personnel 
from the three districts within the State, and representatives of the Wyoming Mining 
Association.  OSM continues to provide technical assistance in this area at the request 
of the State. 

 

VII. General Oversight Topic Reviews 

A. Program Maintenance (Amendments) 

Wyoming’s Coal Regulatory Program contains unresolved program issues identified 
in OSM’s letters issued pursuant to 30 CFR 732.17 and subsequent required program 
amendments and disapprovals identified under 30 CFR 950.  Wyoming and OSM has 
identified all of the program deficiencies and established a schedule for submitting 
program amendments to OSM.   
 
Wyoming has not been successful in meeting its schedule for rule changes. There 
have been bureaucratic and political barriers within the State’s rulemaking process 
hindering progress.  Many amendments are heard before the Land Quality Advisory 
Board and Environmental Quality Council several times without passing through to  
final rulemaking and submission to OSM for review and final decision.  
 
CFO and LQD have thoroughly reviewed the outstanding program deficiencies. CFO 
has concluded, on the basis of its review and field monitoring, that there were no 
immediate potential environmental problems or threats attributed to the program 
deficiencies.  
 
Of the original 126 deficient rules identified in 1994; 83 have been resolved within 
seven amendment packages.  Thirty-six deficiencies remain to be addressed.  
Eighteen of these are Ownership & Control rules.   WRCC has suggested that LQD 
delay working on these rules to the last due to OSM’s current rule litigation..   
 
There are six program amendments remaining.  One amendment package has been 
submitted to OSM for review, two other amendment is in the State’s rulemaking 
process and the remaining 3 packages have not been started..   The following is the 
current schedule for submitting amendments to OSM as proposed by LQD and 
approved by CFO: 
 
 

Hydrology Approved Nov. 2002 
Permit Processing and Administration Approved June 2002 
Roads Approved Nov. 2003 
Coal Exploration (1R) (7 issues) Submitted June 2004 
Bond Release (1-U) (3 issues) June 2006 
Vegetation (1-S) (5 issues) Sept. 2006 
Non Coal Waste (1-B) (2 issues) No Date Projected 
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Valid Existing Rights (1 issue) Postponed at OSM request 
Ownership and Control (18 issues) Postponed at OSM request 

 
The Wyoming Department of Environmental Quality, Land Quality Division (LQD) 
has addressed the majority of the outstanding program deficiencies.   
 
As of October 2002, LQD lost its principle rulemaking specialist.  LQD has hired a 
replacement, but in less than a year lost that individual.  The duties for preparing 
rulemaking packages has been divided among the LQD staff in an effort to keep 
making progress.   
 
The Vegetation amendment package (1-S) had been prepared for the Advisory Board 
meeting.  At the board meeting, the Wyoming Mining Association submitted their 
version of a vegetation amendment package (1-S).  Land Quality Advisory Board 
directed the LQD to review the WMA’s amendment proposal and compare it with 
Amendment package 1-S and try to resolve differences with the WMA.  So far this 
process has taken more then a year with very little progress despite the numerous 
meetings.  The non-coal waste amendment (1-B) was rejected by the EQC and 
returned to the Advisory Board for a rewrite.  No date has been projected for 
submitting to OSM.   It needs to be re-addressed by the board and EQC again. 
 
The Coal Exploration amendment package (1-R) finally passed through the EQC 
hearing process and has been submitted to OSM.  The Administrative Procedures for 
Bond release amendment (1-P) was also passed by the board and will follow package 
1-R to the EQC. 
 

B. Financial Administration 

CFO conducted financial oversight during the evaluation period.  CFO visited DEQ 
offices in Cheyenne, Wyoming and reviewed financial information.  Specifically, 
drawdowns, payroll approval, travel, property, Federal lands grant distributions, A-
133 Audits, program income, timeliness and accuracy of grant applications and 
reports, were reviewed. 
 
A drawdown analysis was conducted for the existing Administration and 
Enforcement (A&E) grant as well as the previous grant. Five draws from the previous 
and current grant were sampled.  Wyoming drew the correct amounts for each draw 
and the draws followed appropriate expenditures.  All draws were reimbursable. No 
problems were found. 
 
Title V accounting records were reviewed to ensure that the State is following their 
policies and procedures for payroll.  Both the supervisors and the employees are 
required to sign monthly timesheets.   Signatures were adequate, and records are 
being kept not only of weekly hour worked but of sick and annual leave taken.  No 
problems were found. 
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Policies and procedure allowances for air travel, per diem, lodging and mileage for 
personal vehicles were reviewed.  Seven individual’s travel for the past year who 
worked was samples. Over 30 vouchers were scrutinized.  No problems were found.  
Supervisors are approving the vouchers, employees are also signing them as required 
by Wyoming policies and procedures. Per diem and lodging allowance were 
appropriate.  No problems were found. 
 
Wyoming is up to date with their travel property reports.  Based on the current FAM 
property reporting requirements, the State is reporting property correctly though the 
number of properties required to be reporting is dwindling.  No problems were found.  
Each year the Wyoming DEQ reports the respective number of acres that are Federal 
and non-Federal under permit in their grant application.  This is the criterion for 
calculating what share of the grant are Federal lands and what share is not.  Acreage 
reporting of Federal lands permitted and acres permitted under lands non-Federal as 
submitted by permitted operations were reviewed to ensure they agreed with what is 
in the grant.  The reporting was accurate and no problems were found.  
 
There are no outstanding findings for A-133 audits pertaining to Title V program, nor 
were there any that had to be resolved during the reporting period.  A-133 audits are 
up to date and the planning of future audits is up to date.  
 
There was no program income reported when this oversight was conducted.  
 
DEQ is timely in their reporting required cost and progress reports and they are 
timely with their grant applications for Title V.  
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State Comments on the Report 
 
From:  "Rick Chancellor" <RCHANC@state.wy.us> 
To: "Mark Humphrey" <mhumphre@osmre.gov> 
Date:  10/1/2004 9:13:28 AM 
Subject:  Annual report 
 
Mark, 
 
I have completed a review of the draft Annual Evaluation Summary Report 
and found no major concerns.  There are several editorial comments that 
are listed below: 
 
1.  Page 4, IV.B. Fugitive Dust.  In the sixth line of the paragraph 
the word resolve should be resolved. 
 
2.  Page 4, IV.C.  Innovations.  The first sentence should also mention 
the North Antelope/Rochelle Mine.   
 
3.  Page 15, VII.A.  Program Maintenance  The forth paragraph states 
that four program amendments have been approved since 1995 (page 3 also 
states that four amendments have been submitted and approved since 
1995).  The first paragraph on page 16 states that seven program 
amendments have been submitted approved since 1995. 
 
4.  Page 17, VII.B.  Financial Administration   The second sentence of 
the second paragraph seems awkward.  Perhaps it should read "were 
sampled." 
 
5.   Page 17, VII.B.  Financial Administration  The word "travel" in 
the first sentence seems out of place and perhaps should be deleted. 
 
6.   Page 17, VII.B.  Financial Administration  The word "not" in the 
last sentence should be "no." 
 
Thank you for the opportunity to comment on the report. 
 
Rick Chancellor 
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Appendix C:  CFO Response to State Comments 
 
LQD COMMENT: 
1.  Page 4, IV.B. Fugitive Dust.  In the sixth line of the paragraph 
the word resolve should be resolved. 
 
CFO RESPONSE: 
This editorial change was made. 
 
LQD COMMENT: 
2.  Page 4, IV.C.  Innovations.  The first sentence should also mention 
the North Antelope/Rochelle Mine.   

 
CFO RESPONSE: 
This editorial change was made. 

 
LQD COMMENT: 
3.  Page 15, VII.A.  Program Maintenance  The forth paragraph states 
that four program amendments have been approved since 1995 (page 3 also 
states that four amendments have been submitted and approved since 
1995).  The first paragraph on page 16 states that seven program 
amendments have been submitted approved since 1995. 
 
CFO RESPONSE: 
This section was revised to make the text less confusing and more concise. 
 
LQD COMMENT 
4.  Page 17, VII.B.  Financial Administration   The second sentence of 
the second paragraph seems awkward.  Perhaps it should read "were 
sampled." 
 
CFO RESPONSE: 
This editorial change was made. 
 
LQD COMMENT: 
5.   Page 17, VII.B.  Financial Administration  The word "travel" in 
the first sentence seems out of place and perhaps should be deleted. 
 
CFO RESPONSE: 
The first sentence was revised to make the text less confusing and more concise. 
 
LQD COMMEN: 
6.   Page 17, VII.B.  Financial Administration  The word "not" in the 
last sentence should be "no." 
 
CFO RESPONSE 
This editorial change was made. 
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