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~\VELDE~RTH, 
GUARDIANS 

:\I UI~Ct: I i.JJ..: N~\1 Li{l January 19, 2016 

Via Fax 

Ma ry .To Rugwell 

Actin g State Director 

U.S. B ureau of land Management 

\Vyoming State Oftice 

53 53 Yellowstone Road 

Cheyenne, WY 82003 


Re: Protest of February 2016 Competitive Oil and Gas Lease Sa le 

Dear Ms. Ru gwcll: 

Pursuant to 43 C.F.R . § 3120.1-3, WildEarth Guardians hereby p rotests the Bureau o f 
Land Management 's CI3LM 's") proposal to orfer 117 publicly ownccl oil and gas lease parcels 
covering 122,432.45 acres orland in the High Plains, Wind River, an d Bighorn Dishict Offices 
ofWyoming for competitive sale on February 2, 2016. T hese lease parcels include the 
follmving, as identified by tbe BLM 's in its Fin al February 20 16 Oi l and Gas Sale List 1 

Lease ;..lumber Acres Field Office Countv 
WY-1602-00 l 194.12 Newcastle Niobrara 

-VvY-1602-002 560.00 Newcastle Niobrara 
WY-1602-003 160.00 Newcastle Niobrara 
WY-1602-004 !075.22 Newcastle Niobrara 
WY-1602-005 l 003.49 Newcastle Niobrara 
WY-1602-006 2241.48 Newcastle Niobrara 

WY-1602-007 1878.24 Newcastle Niobrara 
WY-1602-008 1200.15 Newcastle Niobrara 
WY-1602-009 22 83.49 Newcastl e Niobrara 
WY-1602-010 2326.31 Newcastle Niobrara 
WY-1602-0 11 641.03 Newcastle Niobrara 

WY-1602-01 2 120 .00 Newcastle · Niobrara 

WY-1602-013 40.00 Newcastle Niobrara 

1 Tbis list is avai labl e on the BLM's website at 

ht\Q1/_~vwvv .blm.eov/stvlc/m cJialib/blm/wv/proerams/cncre:y/oe/lcasing/2.016. Par.21203 .Filc.dal/ 

02list.pdf. 
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WY -1 602-014 160 .00 Newcastle Goshen 
WY -1602-015 600.31 Newc8stle Niobrara 
WY-1602 -016 2260.73 Newcastle Niob rara 
WY- 1602-017 520.00 Newcastle N iob rara 
WY-1602-018 1967.08 Newcastle Niobra ra 
WY1602-019 4 00.76 Newcastl e Niobra ra 
WY-1602-02 0 603.31 Newcastle Niobrara 
WY-1602-021 240.00 Newcastle We~ ton 
\ VY-1602-022 236.27 Newcastle Wes ton 
WY-1602-023 320.69 Newcastle We~tun 
WY -1602-024 199.01 Newcastle Weston 
WY-1602-025 40.00 I Caspe r Co nver se 
WY-1602-026 320.44 Caspe r Converse 
WY-1602-027 720.35 Casper Co nver se 
WY-1602-028 40.00 Nev.;castle Crook 
WY- 1602-029 80.00 Newcastle Crook 
WY-1602-030 76.64 Newcastle Crook 
WY-1602-031 360.00 Casper Converse 
WY-1602-032 274.50 Newcastle Crook 
WY -1 602-03 3 283.76 Newca s tle Crook 
WY-1602-034 51 1.97 Casp er Co nverse 
WY-1602-035 80.00 Casp er Co nverse 
WY-1602-036 160.00 Caspe r Co nverse 
WY -1602-03 7 39.47 Caspe r Co nverse 
WY-1602-038 240.00 Casper Converse 
WY-1602-039 2377 .59 Casper Natrona 
WY -1602 -040 2530.03 Casper Na trona 
WY1602-041 440.00 Casper Converse 
\~'Y-1602-04 2 1918.73 Casper Natrona 
WY-1602 -043 1569.63 Casper Natrona 
wy -1602-044 2240.00 Casper Natrona 
WY1602-045 2400.00 Casp er Natrona 
WY-1602-046 1640.50 Casper Natrona 
WY-1602-047 1840.00 Casper Natrona 
WY -1602-048 720.00 Casper Nat rona 
WY-1602-049 2120 .00 Casper Natrona 
WY-1602-05 0 1517 .37 Caspe r Natrona 
WY-1602-051 945.20 Lander Fremont 
WY -16 02-052 344.70 Lander Fremont 
WY -1602-053 1268.82 Lander Fremont 
WY-1 602-054 1579.68 Lander Fremon t 
WY-1602-055 939.92 Lande r Fre mont 
WY -1602-056 1940.24 CasperiLande r Frem ont 
WY-1602-057 384 .78 Lander Fremont 
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\VY-1602-058 40.00 Lander Fremont 
WY-1602-05 9 2239 . 12 Land er Fremont 
WY-1602-060 2098.69 Lander Fremont 
WY-1602-061 1480.00 Lander Fremont 
WY-1602-062 1240.00 Lander Frem ont 
WY-1602-063 360.00 Lander Fremont 
WY- 1602-064 1120.00 Lander Frem ont 
WY-1602-065 2400.00 Lantkr Fremont 
WY-1 602-066 1320.00 Lander Fremont 
WY-1602-067 799.32 Lamler Fremont 
WY-160 2-068 2032 . 16 I La nder Fremon l 
WY-1602-069 2490.68 ILander Fremon t 
WY -1602 -070 1280.00 Lander Fremont 
WY-1602-071 219 1.21 Lander Fremont 
WY-1602-072 1600.00 Lander Fremont 
WY -1602-073 160.00 Lander Fremont 
WY-1602 -074 280.00 Lander Fremont 
WY-1602-075 640 .00 Lander Fremo nt 
WY-1602-076 465 .00 Lander Fremont 
WY-1602 -077 480.00 Lander Fremont 
WY-1602-078 240.00 Lander Fremont 
WY-1602-079 200 .00 Lander Fremont 
WY-1602-080 280.00 Lander Frem ont 
WY-1602-081 2560.00 Lander Fremont 
WY-1602-082 1421.88 L mder Fremont 
WY-1602-083 40.00 Lander Fremont 
WY-1602 -084 160.00 Lander Fremont 
\VY- 1602-085 80.00 Lander Fremont 
WY-1602-086 1460.00 Lander Fremont 
WY-1602 -08 7 2442.6 8 La nder Fremo nt 
w y -1602 -088 2560.00 Lander Fremon t 
WY1602-089 1688.36 Lander Frem ont 
WY-1602-090 720 .00 Lander Frem ont 
WY-1602-091 1280.00 Lander Frem ont 
WY1602-092 120 .00 Lander Frem ont 
WY-1 602-093 1758.99 Lander Fremont 
WY-1602-094 1240.00 Lander Fremont 
\VY -1 602-095 11 87.82 Lander Fremont 
WY-1602 -096 80.00 Lander Fremon t 
WY1602-097 280.00 Lander Fremont 
\VY-1602-098 80. 90 Lander Fremont 
WY -I 602-099 11 60.00 Lander Fremon t 
WY-1602-1 00 1200.00 Lander Frem ont 
WY-1 60 2-1 0 1 1280.00 Lander Fremont 
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WY-1602-102 320.00 Lander Fremont 
WY-1602-103 2452.51 Lander Fremont 
WY-1602-104 1905.29 Lander Fremont 
WY-1602- I 05 2400.00 Lander Fremont 
WY-1602- I 06 2002.76 Lander Fremont 
WY-I602-107 2160.00 Lander Fremont 
WY-I602- I 08 80.00 Lander Fre mont 
\VY-1602- 1 09 763.I6 Lander Fremont 
WY-1602- 11 0 1073.33 La nder Fremont 
WY-1602- 1 J1 1350.31 Lander Fremont 
WY-I602-I 12 1280.00 Lander Fremont 
WY-1602-113 2200.00 Lander Fremont 
WY-1602-I 14 2560.00 Lander Fremont 
WY-1602-115 240.00 Lander Fremont 
WY-1602-116 160.35 NcwcasLic Weston 
WY-1602-117 72.91 Newcastle Weston 

STATE:.VIENT OF l~TEREST 

Wild.Earth Guardians is a nonpro fit environmental advocacy organization dedicated to 
protecting the wild! ifc, wild places, wild rive rs, and hea lth of tbe American Wes t. On behalf of 
our members, Guardians has an interest in ensuJin g the I3LM lu lly protec ts public lands and 
resources as it conveys the right for the oil and gas indust1y to develop publicly owned minerals. 
More speciiically, Guardians bas an interest in ensuring the BLM meaningfully and genuinely 
takes into account th e climate implications or its oil and gas leasing decisions and objecti ve ly 
and robu stly weighs the costs and beneJits of authorizing the release ofmore greenhouse gas 
~missions that are kno\\11 to contribute to global warming. 

Wi ldEarlh Guardians s ubmiucJ comments on the BLM 's proposed leasing on August 19. 
20 15. T hese nagged concerns over the BLM's failure to adequately address !he climate impac ts 
of the proposed leasing. As part of these comments, Guardians referenced and attac hed 
numerous exhibi ts . For purposes of this protest, our comments and exhibits are hereby 
incorporated by reference. 

The mailing address for Wi ldEarth Guardi ans to whic h correspondence regarding thi s 
protest shou ld be directed is as follows: 

WildEarth Guardians 
1536 Wynkoop. Suite 310 
Denve r, CO 80202 
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STATE:.\lE~T OF REASO~S 

WildEartb Guardians protests the BLM's February 2, 2016 oil and gas lease sale over the 
agency 's failure to adequatel y ana lyze and assess the climat e impacts of the reasonab ly 
foreseea ble oil and gas dev elopment that ·will result in accordance w ith the National 
Environmenta l Policy Act (''NEPA"), 42 U. S.C. § 4331, el seq ., and regulations promu lgated 
thereu nder by tbe White House Counc il on Environmental Quality (''CEQ"), 40 C.F .R. § 1500, 
et seq. 

N EP A is our '· basic national charter fo r protection of the env iron ment. " 40 C.F.R. 
§ 1500.1 (a) . The law requires federal agencies to full y co nsider the environmental implications 
of their actions, taking into accou nt "hi gh qual ity' ' infonnation. '·accurate scientiti c analysis," 
"ex pert agency commen ts," and "public scruti ny," prior to making decisions. !d. at 1500. 1 (b). 
This cons ideration is meant to "foster excell ent action," meaning decisions that are well 
infonned and that "protect. restore, and enhance the enviro nment." !d. at 1500.l(c). 

To fulfill the goals ofNEPA, federa l age nci es are required to analyze the "effects ," or 
impacts, of thei r actions to the hum an environment prior to undertakin g th eir action s. 40 C.F.R. 
~ 1502.16( d) . To th is end, the agency must analyze tbc "direct," ' ·indirec t," and "cumulative" 
effects or its actions, and assess their sign ificance. 40 C.F.R. §§ 1502. 16(a), (b), and (d). D irect 
effec ts include all im pacts tha t arc "caused by th e action and occur at the same time and pl ace." 
40 C.F.R. § 1508.8(a) . Indirect effec ts are ''ca used by the action and are later in tim e or farther 
remnvecl in dis t;tnr.e. hut me s ti ll re<t<;onah lv fnr eseeahle ." fd at & 1SOR.R(hl. Cmnnlrlti ve effects 
includ e the impacts o[all past, presen t, ami reasonably fore seeab le actions. regardless of what 
entity or entities undenake the actions. 4U C . .F.R. § 1508 .7. 

An age nc y may prepare an environm ental assessmen t ("EA ")to analyze the effects of its 
actio ns and assess the signifi cance of impacts. See 40 C.F.R . § 1508.9; see also 43 C.F. R. § 
46.300. Where effects arc significa nt, an E nv irorunental Impact Statement ("EIS'') must be 
prepared. See 40 C.F.R. § 1502.3. Where signifi cant impacts are not significant, an agency may 
issue a Finding ofNo Significant Impact ("FONSI'') and implement irs :1ction. See 40 C.F.R. 
§ 1508.1 3; see also 43 C.F.R. § 46. .325(2). 

IJere, rbc 13LM fe!J short of complying V..'it h NEPA with regards to a na lyzing and 
assessing the potentially significant cl ima te impacts ofoil and gas leasin g. In support o f it s 
proposed leasi ng, the agency prepared tv.·o EAs , one for rhe High Plai ns Distri ct parcels (DOI 
I3LM-\VY-070-EA 15-225, hcreaJ1er ''High Plain s EA") ami one fo r parcel s in the Wind River 
and Bighorn Di s tricts (D01-l3LM-\VY-R000 -201 5-0002-EA, hereafter " Wind River-B ighorn 
EA").2 In the EAs, however, the I3LM failed to analyze the reasonably foreseeab le greenh ouse 

2 These EAs arc avai lable on th e BLM's websi te at 
http:!/www.b lm.eovfstv lc/mcdial ib/ blmlv.:v!infOJmation /N EPA /or!/20 16/vcr I . Par.90542 .Fi lc.dat/ 
EA JTPD.pdf and 
http://\vww. blm.govistylei mcd ialib/blm/wyfintorrnatio n!N EPA/or!./20 16/ver l.Pa r.90459 .File .dati 
FA_\VRBBD .pdJ'. 
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gas emiss ions tha t would result from selling the oil and gas lease parcels, as well as failed to 
assess the signi ficanee o f any emissions, particularly in tcnns or carbon cos ts. 

In the EAs, the I3LM rightfully acknowledges that climate change is a very serious issue 
and that it is being fueled by the release of human-produced greenhouse gas emissions. Sl?e EA 
at 47-52. The l3LM ack nowledged findings by the Lntergovemmental Panel on Cl imate Change 
("IPCC''), stating: 

The IPCC recently concluded that "wanning of the climate system is unequi vocal" and 
'·most of the observed increase in globally average temperatures si ne the miJ-20'h century 
is very likely due to the observed increase in anthropogen ic greenhouse gas 
concentrations.,. 

\Vind River-Bighorn EA at 3-. Cnfortunately, in spite of recognizing these serious climate 
consequences. the BLM made no effort in the EAs to analyze and assess the reaso nably 
foreseeable greenh ouse gas emis~ions that wmdd resul t from oil and gas deve lopment and th e 
likely climate consequences. 

The bes t tbc BLM cou ld offer in both EAs was the bizarre assertion th at an oi l and gas 
wel l emits only 0.00059 metric tons ofcarbon diox ide equivalent ("C02e'') annually. See Tiigb 
Plains EA at 5 1 and Wind River-l3ighom EA at 4-3. Yd reports by the l3LM have estimated 
that, depending on the type of oi l and gas well, per well greenhouse gas emis~ i ons range from 
79 1 to 3.682 tons of C02e. See Exhibit I, Kleinfelder, ''Air Emissions Inventory Estimates for a 
Representa tive Oil and Gas Well in the Western U ni ted States," report prepared l'or Bureau of 
Laud Management (March 25, 2013), avai lable online at 
h.t!J:1s://c limatcwest.filcs.wordpress.corn/2015i03/ blm oandQ rpt fin al 032613 2'1.pdr. This 
em ission estimates, however. do not account for the reasonably fore seeable emi ssions that would 
result ii·om the process ing, retining, and ultimate combustion of oi1and gas. 

Instead ofu sing readil y available infonmtion and methods, including analyses that other 
l3LM ofli.ces h ave been perfectly capable ofpreparing, the agency instead asse1ts that it is simply 
"impossible'' to estimate such emissions. See High Plains EA at 51 and Wind Rive r-Bighorn EA 
at4-3. The issue, however, is not that it is impossible to es timate emissions, but tha t BLM 
believes it cannot estimate emission s as precisely as ir prefers to. Thi s is not allO\ved under 
NEPA. Although the agency may believe tha t without definitive development proposal s, it 
cam10t project imp acts, the who le point of leasing oil and gas is to facilitate development. The 
l3LM crumot claim that the act o f leasing carries with it no intention to Co ster future 
development. Regardless. because leasing conveys a right to develop, absent any s6pulations 
that provide the agency with autho ri ty to constrain or even prevent future developmen t to limit 
greenhouse gas or climate impacts. the l3L.M has basis to assert that it is appropriate to wait to 
conduct its legally required analysi s under l\fEPA. or worse, assert that there v.:ou ld be no 
rea sonab ly f'ore~eeablc emissions at-sociatcd with its proposed action. 

In any case, the BLM has completely failed to provide infommtion and analys is, even 
brief info rmation and ana lysis, supporting a FONSl and any decision to sell and issue the 
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aforementioned lease parcels. Either the I3LM must prepare an EIS or it cannot proceed with the 
lease sale as proposed. Below, we detail how BUv1's proposal fai ls to comply with NEPA. 

I. 	 Tbe BL~1. Failed to Analyze a nd Assess the Direct, Indirect, and Cumulative 
Impacts of G1·eenbouse Gas Emissions that Would Result from Issuing the Proposed 
Lease Parcels 

In the EAs, the I3LM completely rejected analyzing and assessing the potential direct and 
indirect greenhouse gas emissions, including carbon dioxide and methane, that \vou ld result from 
the reasonably foreseeable development of the proposed leases. Although aeknmvlcdging that 
development of Ibe lease parcels would occur and that greenhouse gas emissions would be 
produced, no <malysis of these emissions was actually prepared. 

The I3LM appears to assert that estimates of emissions are impossible to derem1ine 
because it is impossible to detem1inate what reasonably foreseeable development may occur. 
llowever, as the agency notes in the EAs, reasonably foreseeable development scenarios have 
been ana lyzed for the High Plains, Wind River, and Bighorn Districts. See High Plains EA at 48 
anJ Wind Rivcr-Bighom EA at 4-5. In the Casper Field Office. lor example, the agency 
estimated up to 2,642 new oil and gas wells arc likely to be developed by 2020. See Table 
below. 

'fable 15. Total wells projt~tL":-d to be drilled whhln the Casper Field Office rue~>. fur th.e 
base 1\nc and each alternative tor ;t e period 2001-:wzo. Tbt: projoc.ti011.S oft!1c percent of 
Federal welb drilkd for this period is elso prcscna:d. 

···------  -------------------·---·--
Conlbed G~U ;'l:ou~c.oalbed Oil 	 Pft'Cllnt 

All~rnative 	 Totul \\:'cll11Wells ,___and Gas Wells ,__t:_.edeial __ 

Bu.s.c Unl) 700 2,)00 l.SOO 7l 

AH~mativeA 
677 1,%5 ::..642 69

(No Act!tJn} 

Alc~nnative B· 343 655 998 19 

Altcmarivc C M2 1,841 1,483 67 

Attem::trve D 678 1,931 2,609 69 

Attemati>'C E 679 !.949 2/128 69 

Reasonably Foreseeable Development findings from Casper Reasonably Foreseeable Development 

Scenario report (hereafter "Casper RFDS''). See BLM, "Final Reasonably Foreseeable Development 


Scenario for Oil and Gas, Casper Field Office" (Feb. 3, 2005) at Table 15, available at 

vvww .blm.oov/style/med ialib/blm/wv/programs/plannino/rmps/casper/docs.Par.27322.File.dat/03 rfd. pdf. 


Further, the E/\ s acknowledge that as a result of pas t leasing, extensive development has 
occurred in the lligh Plaius. Wind River, and Bighorn Dislricts. The BLM explains in the lligh 
Plain s EA, for example: 

7 

RECEIVE: N0.2575 01/19/2016/TUE 03:20PM 	 BLM Wyo ming M & L 



To: "M ary Jo Rugwel l Page 9 of 25 1/19/2016 319 03 PM MST 15052131895 From : W ildEarth Guardians 

Over the last 10 years including 20 l 0, leasing Federal oil and gas m int:ral estate has 
resulted in a total of 13,436 APDs approved in the Buffalo FO, 882 APDs in Casper FO. 
and 327 APDs in the Newcastle FO. A total of 14,465 APDs have been approved iu the 
IIPD over these last ten years for an annual average of 1,465 APDs; I ,344 APDs per year 
in Buffalo FO, 88 APDs per year in Casper FO and 33 APDs per year in Newcastle FO. 
As of 20 10, there are over 39,000 producing \veils in the HPD consisting of: Buffalo FO 
w ith over 3 1,000 , Casper FO with over 5,000 and Newcastle FO with over 3.000. 

High Plans EA at 48 . ln this case, alth ough BLM may not know precise ly how many well s will 
be developed, the agency knows that some we lls \vill clearly be developed, and that over the li fe 
of the current Resource l'vfanagcment Plan s, a certain number or wells arc likely to be developed. 
This cannot support a conclusion that zero wells will be developed, w hich the BLM appea rs to 
advance. 

The BLM's position is al l the more egregious giYen that other BLM Field Of!ices. 
including, but not limited to, the Four Rivers Field Oflice in Idaho, the Billings Field Oflice in 
Montana, the Miles City Field Office in Montana. the Royal Gorge Field Office in Colorado, ru1d 
others have not only estimated reasonably lorcseeablc greenhouse gas emissions associated \vith 
the development o f oil and gas leases. but cl early do not believe that such infom1ation is not 
''impossi ble" to analyze under NEPA. 

In the Fou r Rivers Field O!Tice orTdaho, the BLM utilized an emission calculator 
deve loped by ai r qual ity specialists at the BLM National Operations Center in Denver to estimate 
likely green house gases that would result from leasing five parcels. S ee Ex hi bit 2, excerpts from 
BLM, '·Little Willow Creek Protective O il and Gas Leasing,'· EA No. D01-I3LM-lD-B010-2014
0036-EA (February I 0, 201 5) at 41, avai lable on line at Ji...l!nilGV\V""\v. blm~ov/cpl- Ji·ont

office/projcc1·s/ncpai39064/55 13V59R25/D Of-BLM-1 fJ -801 0-2014-0036
EA UPDATED 02272015.odf. Relying on a report prepared in 2013 for the B LM by 
Kle infcldcr, w hich is attached to this Protest as Exhibit 1, the agency estimated that 2.893. 7 tons 
ofcarbon dioxide equivalent ("C02e'·) would be released per well. !d. at 3 5. Based on the 
a nalyzed altematives, which projected bet\veen 5 and 25 new wells . the I3Uv1 estimated that total 
greenhouse gas emissions would be between 14,468.5 tons and 72,342.5 tons annually. Jd. 

In the Miles City Fie ld Onicc of Montana, the BLM estimated likely greenhouse gas 
emissions from dcvclopmenl of oil and gas leases. To do so, the agency llrsl calcu lated annual 
greenhouse gas emissions from oi l and gas activity \VitlLin the Field Offices. See Exhibit I 8 to 
Guardia11s' Augu~t 15,2015 Comments ou the EA at 51 . The BLM then calculated tota l 
greenhouse gases by assuming that the percentage ofacres to be leased within the federal 
mineral estate of the Field Office would equal the percentage ofemissions. I d. A I though we 
have conccms over the validity of this approach to estimate emission:; (an "acre-based" estimate 
o r emission s is akin to estimating automobi le emissions by including junked cars, which has the 
mi sleading effect of reducing the overa ll "per car" emissions), nevertheless it dcmon~trates that 
the BLM has the ability to estimate reasonably foreseeable greenhouse gas emissions associated 
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with oil and gas leasing and that such estima tes are valuable fo r ensuring a we ll-iufonued 
decis ion .~ 

In the Royal Gorge Field Office of Colorado, the I3LM co ntrac ted with CRS Grou p Inc. 
to prepare au analysis of air emissions from the develo pment of seve n oi l and gas lease parcels. 
See Exhibit 3, GRS Group Inc., ·'Draft Oil and Gas Air Emissions lnven tory Report for Seven 
Lease Parcel s in the BLM Royal Gorge Field Onice,'' Prepared for BLM, Colorado State Office 
and Royal Go rge f ield Office (July 2013 ). This repo rt estimated emissions of carbon dio xide 
and methan e on a pe r-well basi s and estimated the total number orwell s that could be deve loped 
in these seve n parcels. See Exhibit 1 at 3 and 5. This rcp01t was late r supp lanted by the 
Co lorado Air Resource Management Modelin g Study, or CA RMMS , which estimated 
reasonably for eseeable emissions of greenhouse gases, criteria pollutants, an d hazardous air 
pollutants associated ,,·itb oil and gas development through ou t Colorado, as \Veil as part ofNe\V 
Mexico, ;md mode led air quality impacts. See ENVIRON, "Colorado Air Reso urce Management 
Modeling S tudy (CA Ri\1MS) 2021 Modeling Resul ts lo r the Higb, Low and Medium Oil and 
Gas Development Scenarios," Prepar ed for BLM Colorado State Offi<.:e (January 2015), 
availab le on lin e at 
http://www.]:> lm. QOV/srylc/ mcdiali b/ b lf!llco/iQformation/ncpafair quality .Par.97 516.l'i lc.dat/CA R 
Ml\.·1S Final Report \v-appcndiccs 0120 15.pdf. As part of the CA RJvfJ\.1S report. t he BLM 
es tima ted per we ll emiss ions. including green house gas emi ssions, in tons pe r year. as fo llows: 

Usi ng these CARMMS estimates, as well as assumptions used in the agency's re asonabl y 
foreseeab le deve lopment sce nmio analyses , it appears relatively strai ghtforward for the agency to 
estima te total gree nhouse gas emissions, at l eas t on a cum ul ative basis. For instance. in the 
Casper Fie ld Oftice, t he age ncy conc luded in 2005 that up to 2, 100 new conven ti ona l oil an d gas 
wells could be dri lled in the area by 2020. See Casper RFD at Table 15. 2,100 new we l ls wou ld 
amou nt to 227,010 tons of carbon dioxide for constru c tion (2,100 \Vclls * 108.1 tons of C02) an d 
528,990 tons/yea r for production (2, 100 wells * 251.9 tons/year). 

Although the BLM may asser t that such information is not possi ble to analyze, there is no 
basis for suc h a claim. Nor only has the agency estimated reasonably fore seeable developmenr 
and di sclosed in the EAs that greenhouse gas emis5 ions arc a likel y reasonably foreseeab le 

~ In addition to tbc Miles City field Offices, the BLM estimate d greenhouse gas emissions 
a ssociated \vith oil a nd gas lea sing in the Billin gs. Butte, and Dillon Fie ld Ortices. 
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consequence of issuing the leases, but using the agency's own lo gic, this wo uld mean that any 
ana lysis of future environmental impac.ts \vould be incredibly uncertain. or course, this \Vould 
completely undcnnine NEPA's mauda tc that significance be based on "unccrrain[ty].'' 40 C.F .R. 
§ 1508.27(b)(5). Indeed, if the climate impacts of oil and gas leasing are, as the BLM asserts, so 
uncertain , then an EIS is justified. As CEQ states, whether or not impacts arc significant, and 
therefore trigger the need to prepare an EIS, are based on w hether impacts are "highly uncertain 
or involve unique or unk.t1ov.rn risks.,. !d. The BLM cannot summarily dismiss significant 
issues, such as climate change, on the basis of uncc1tainty without assessing whether this 
uncertainty necessitates preparation of an EIS. 

Regardless, the agency's arguments in the EAs arc belied by the fact that, as j ust 
discussed, other BLM Field Offices clearly believe that an analysis of reasonably foreseeab le 
greenhouse gas emissions is not only reasonable, but also possible and useful. 

Adding to the shm1comings in the EAs is that the BLM failed to ana lyze the cm1mlative 
impacts of greenhou se gas emissions Crom past, present, and reasonably foreseeable oil and gus 
development. As noted above, other B LM Field Offices, including several Montana Field 
Offices. have analyzed the likely greenhouse gas emissions that would result based on the 
BLI\·1's own reasonably foreseeable development scenarios. See e.g. Exhibit 18 to Guardians' 
Augus t 15,2015 EA Comments at 51. In Colorado, the BLM estimated the likely greenhouse 
gas emissions that woul d result from the reasonably Jore sceablc development projected in each 
lield office. See Exhibit 4, BLM, "CARMMS GHG Emissions." available on line at 
llttp:/:\V\vw. b Jm. eov/style/rnedial ib/bl m/co/infomwtion/nepa/air qual itv. Par. 549 8J.Fi I e. dat/CA R 
MMS%,20GHG%20Data.xlsx. In this case, the BLM has not made any attempt to estimate 
greenhouse gas emissions that would result from oil and gas development likely to occur under 
the agency's reasonably foreseeable development scenarios for any Field Office in the ll igh 
Plains, Wind River, or Bigham Disn-icts. 

In both EAs, BLM appears to insinuate that greenhouse gas emissions from reasonably 
foreseeable oi l and gas development would simply be insign ificant , fo r example asserting that a 
single well would only emit 0 .00059 metric tons ofC02e annually. This assertion, however, 
defies the required scope of the BLM's analysis. Linder NEPA, an agency must ana lyze the 
impacts of "similar" and "cumulative" actions in the same NEPA document in order to 
adequately disclose impacts in an E IS or provide sufficient j ustification for a FONSI in an EA. 
See 40 C.F.R. §§ 1508.25(a)(2) and (3) . ITerc, the BLM was required to al least Lake in to 
account the greenhou se gas emissions resulting from other proposed oil and gas leas in g in 
\Vyom ing, if not beyond, as \Vell as related oil and gas developmen t. and to a11alyzc the impacts 
orthese actions in ten11S or their direct, indirect, and cumulative impacts. At a minimum, it 
would appear the BLM was requjred to analyze the impacts ufleasing in the IIigh Plains. Wind 
River, and Bighom Districts in a si ngle NEPA document. The lt~ilurc to conduct such an 
analysis underscores that FONSis are not warran ted.4 

4 It also indicates the BLM may be inappropriately piccemea ling. or segmenting, its analysis 
under NEPA. 

10 


RECE IVE: N0.2575 01/19/2016/TUE 03:20PM BLM Wyoming M & L 

http:unk.t1ov.rn
http:impac.ts


To: "Mary Jo Rugwell Page 12 of 25 	 1/19/2016 3 19 03 PM MST 15052131895 From : WildEarth Guardians 

The failure to address cumulative greenh ouse gas emissions is made worse by the fac t 
that the underl ying Final E!Ss prepared for the Lander, Newcastle, and Casper Field Oniccs' 
R esource Management Plans nowhere analyze or assess gree nhouse gas crni5sion s assoc ia ted 
w ith oil and gas development. In light of this, the BLM c learly has no basis to conc lude that 
greenhouse gas emissions resulting from t he reasonably fore seeable impacts ofoil and gas 
developmen t associa ted wit h the proposed leas ing would not be signi fi cant. Without any 
an alysis of cumula tive greenhouse emiss ions whatsoever, the agency's proposed FONS is are 
unsupporte d under NEPA. 

The I3Uvf fina lly atte mpts to argue t hat an analysis of greenhouse gas emissions is more 
appropriate at the drilling stage . We have ye t to sec the BLM actually prepa re s uch a sitc
specifi<.; ana lysis in conjunction with an oil and gas lea se development proposal. As Wi ldEarth 
Guardians pointed out in its comment s, no suc h analysis is ever conducted by the B Uvl. See 
Exhibi ts 7 and 8 to Guardians' Augu st 15, 20 15 Conunents. What's more, this argument has no 
merit as the age ncy has proposed no stipulation s that would grant t he BLM discret ion to limit , or 
outright prevent. development of the proposed leases on the basis of greenhouse gas emissions 
;lnrl/ nr r. lim;lte t'.OlH.'em s The RT M ic,; enec.tively prnpoc,;ing tn m::~ke an irrever'\ih lt>. r.nm m itm e nt 
o f re source s. which is the ha llma rk o f significance unde r NEPA. See 42 li.S.C. § 4332(c)(v) and 
40 C.F.R. § I 502.16. The failu re to prepare an ElS--or any analysis lor that mancr- for th e 
proposed leases is there fore con t rary to NEPA. 

2. 	 The BL.:\1 Failed to Analyze the Costs ofRrasonably Foreseea bl e Ca rbon Emission s 
Usin g Well-Accepted, Valid, Credible, GAO-Endorsed, Interagency Methods for 
Assessing Carbon Cosls that are Support ed by the White House 

Compounding the failure or the BLM to make any effort to e stimate th e greenh ouse gas 
emissio ns that wonld result from reasonab ly foreseeable oi l and gas development is that rhc 
agency a lso rejected analyzi ng and assessing these emissions in t he context of thei r costs to 
soc iety. It is particularl y di sco ncertin g tha t the agency refused to analyze and assess costs using 
the socia l cost of carbon protocol, a va lid, \ve il -accepted, credib le, and in teragency endorsed 
method of calculating the costs of greenhouse gas emissions and understanding the potential 
significance of such emissions. 

The soc ial cost of carbon protocol for assessing c limate impacts is a method for 
'·est imat[in g] the economic damages associated with a small incr ease in carbo n dioxide (C02) 
emiss ions, conventi onally one me tri c ton, in a given year [and] represent s the value of dama ges 
avoi dt.:d for a sma ll emission reduction (i.e. the benefit o f a C02 reduction)." Exhibit 13 to 
G uardians' Augus t 15, 201 5 EA Comments. The protocol \vas developed by a \VOrking group 
consisting or several federal agenc ies, includi ng the li.S. Department of Agriculture, EPA. CEQ. 
and others, with the primary aim of imp lementing Execut ive Order 12866, whi ch requires that 
the costs ofproposed regulatio ns be taken into account. 

In 2009, an fntcragcncy Working Group was form ed to deve lop the protocol and iss ued 
fina l estimates or carbon costs in 20 I 0. These estimates were revised in 2013 by the Interagency 
Working Group, which at the time consisted or 13 age nci es, including the Department or 
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A griculture, and again revised in 20 15. See Exhibit 16 to Guardians' August 15,2015 EA 
Com m ents. 

Depending on the discount rate and the year during w hich the carbon emissions a re 
produced, the Interagency Working Group es timates the cost of carbon emissions, and therefore 
the benefits o f reducing carbon emiss ions, to range from $10 to $2 12 per metric ton of carbon 
dioxide. See Chart Below. In July 2014, the U.S . Govemment Accountability 011ice ("GAO") 
confinncd that the Interagency Working Group 's es timates were based on 
sound procedures and methodology. See Exhibit 19 to Guardians' August 15, 2015 E A 
Comments. 
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:\1ost recent social cost of carbon estimates presented by Interagency Working Group on 
Social C ost of Carbon. The 95tb percentile value is me ant to r ept·es ent " hi ghe•·-tllan

expected" impacts from climate cll ange. 

Although often utilized in the context of agency ru1emakiugs. the protocol has been 
recommended for u..c:;e and bas been used in project-level dec isions. For in st ance, the EPA 
recommended that an E IS prepared by the U.S. Depa rtment of State for th e proposed Keystone 
XL oil pipeline include "an estimate of the 'social cost of carbon' associated \vit h potential 
increases of GliG emissions ." Exhibit 17 to Guardians' August 15, 2015 EA Comments. 

More importanlly, the BUvf has also utili zed the social cost of carbon protoco l in the 
contex t of oil and gas leasing. ln recent Envi ronmental Assessmen ts for oil and gas leasing in 
Mon tana, the agency estimated ;'the annu al SCC [social cost of carbon] associated w ith potential 
development on lease sal e parcels.'' Exhibit 18 to Guardians ' A ugust 15,2015 EA Conm1e ntsat 
76. In conduc tin g its an alysis. the BLM used a ' ;3 percent average discoun t rate and year 2020 
values," presuming socia l costs of carbon to be $46 per metric ton. id. Based on its estimate of 
greenh ouse gas emi ssions, the agency estimated total carbon costs to be ''$38,499 (in 201 1 
dol lars) ." !d. In Idaho, the BLM also utilized the social cost of carb on protocol to ana lyze and 
assess the costs or oil and gas leas ing. Using a 3% average discount rate and year 2020 values, 
the agency estimated the co5t of carbo n to be $51 pe r ton of annual C02e increase. See Exhibit 2 
at 81. Based on tbis estimate, the agency estimated that the total carbon cost or developing 25 
wells on ii.ve lease parcels to be $3,689,442 annually. Id. ar 83. 

To be certain, the social cos t or carbon protoco l presents a co nservative estimate of 
economic. damages associated w ith tbc environmental impacts climate change. As th e EPA has 
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noted. the protocol ·'does not currently include all import<mt [climate change] damages.'' Exhib it 
13 to Guard ians' August 15,2015 EA Comments. As explained: 

The models used to develop [social cost of ca rbon] estimates do not currently include all 
of the important physical. ecological, and economic impacts of climate change 
recognized in the climate change literature because of a lack ofprecise infonnati on on the 
nature of damages <.md because the science incorporated into these models namrally lags 
behind the mos t recent research. 

!d. In fac t, more recent stu dies have rep orted significantly higher carbon costs. Fo r instance. a 
report published this month found that current estimates for the social cost o f ca rbon should be 
increased six times for a mid-range va lue of $220 pe r ton. See Exhibit 15 to Guardians' August 
15. 20 15 EA Comments at 2. In sp ite ofuncertainty and likely underestimation orcarbon costs, 
ne\'ertheless, ' 'the SCC is a useful measure to assess the benefits of C02 redu ctions.'' and thus a 
useful measure to assess the costs of C02 increases. Exhibit 13 to Guardians' August 15, 2015 
EA Comments. 

That the economic impacts or climate change, as rcllccted by an assessment ofsocial cost 
or carbon, s hould be a signi lieant consideration in agency dccisionmaking, is emphasized by a 
recen t White IIouse report, whi ch \'Vmned that delayi ng carbon reduction s vvould yield 
signilicant economic cos ts. See Exhibit 5, Executive Onice o f the President of the United States, 
" The Cost of Delaying Action to Stem Climnte Chan ge" (July 2014), available on line at 
https://wvv'W.\vhitehouse .e:ov/s iresldefault/files /docs/the cost of delaving action to stem clima 
tc cha n12:e.pd f. As the report states: 

[D)elaying action to limit the effects or climate change is costly. Because C02 

accumu lates in the atmos phere. delaying action increases C02 concentrations. Thus. if a 
poli cy delay leads to hig her ultimate col concentrations, that delay produces pe rsistent 
economic damages that arise from higher tcmpcratmes and higher C02 concentrations. 
Altern atively. if a delayed policy still aims to hit a given climate target, such as limitin g 
C02 concentratio n to given level, then that delay means that the policy, when 
implemented, mu:,t be more :,tringcn t and thus more costly in subse(1ucnt years. ln either 
case, de lay is costly. 

Exh ibitS alI. 

The requirement to analyze the :)Ocial cost o r carbon is supported by the gene ral 
requirements of NEPA, specilically supported in federa l case lm:v, and by Executive Order 
13 ,514. As exp lained, NEPA req uires agencies to <.malyze the consequ ences ofproposed agency 
actions and consider include direct, indirect, and cumu lative consequences. In tcm1s of oil and 
gas leasing, an analysis o f site-speci ilc impacts must take place at the lease s tage and can n ot be 
deferred until after receiving appli cations to drill. See New Mexico ex ref. Richardmn v. Bureau 
ofLand Management, 565 F.3d 683, 71 7- l 8 (J Uth Cir. 2009); Conner v. Blii:J"ord, 848 F.2d 1441 
(9th Cir.198g); Bah Marshall Alliance v. Hodel, 852 F.2d 1223, 1227 
(9th Cir. 1988). 
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To this end, courts have ordered agencies to assess the social cost of car bon pollution, 
even bcl'orc a federal protocol lo r such an alysis was adop ted . In 2008, the U.S. Court of Appeals 
for the Ninth Circuit ordered the National Highway Traffic Safety Administra tion to include a 
monetized be neiit tor carbon emissions reductions in an Environmental Assessment prepared 
under NEPA. Cmrerfor Biological Diversity v. }llationa/ Highway Traffic Safety Adminisrmtion, 
538 F.Jd I 172, 1203 (9th Cir. 2008). The Hi gbway Traffi c Safety Administra tion had proposed 
a. rule setting corporate average fuel economy standards for li ght trucks. A number of states and 
public interest groups challenged the rule for, among other things, faili ng to monetize the 
benefi ts that would accrue from a decision that led to lower carbon dioxide emissions. The 
Admini stration bad monetized the employment and sales impacts of the proposed action. !d. at 
1199. T he agency argued, ho·wevcr, that val uing the costs of carbon emissions was too 
uncertain. Jd. at 1200. The court fou nd this argument to be arbitrary and capricious. !d. The 
court noted that wh ile estimates of the value o r carbon emissions reduction s occupied a wide 
range of va lues, the correct value was certainly not zero. !d. It further noted that other b en e Jits, 
\vb ile also uncertain, \:Vere mo netized by the agency. !d. at 1202. 

More recently, a federal court has done likewise for a federally approv ed coal lea se . Tha t 
court began its analysis by recognizing that a monetary co~t-bcncfit analysis is not un iversally 
required by NEPA. See Hi gh Country Conservation Advocates v. U.S. Forest Service, ---F. 
Supp.2d---, 2014 WL 2922751 (D. Colo. 20 14), citing 40 C. F.R. § 1502.23. However, \Yhen an 
agency prepares a cost-benefit analysis, "it cannot be misleading." I d. at 3 (citations omitted) . 
In that case, the NEPA ana lysis included a quantifica tion of benelits of the project. However, 
the quanti fica tion of the social cost ofcarbon, although inc luded in ear lier analyses , \Vas omitted 
in the tina! NEPA analysis. !d. at p. 19. The agencies then rel ied on th e stated bene !its oftbe 
project to justify project approval. This, the court explai ned, was arbitrary and capricious . Id. 
Such approval was based on a NEPA anal ysis v.:ith mi sleading economic assumptions, a n 
approach long disallowed by eomts throu ghout the counrry. ld. at pp. 19-20 . 

A recent op-ed in the New York Times from Michael Greenstone, the fo nncr chief 
economist for the President' s Counci l ofEconomjc Advisers, confirms tha t it is appropriate and 
acceptable to calculate the social cost of carbon when reviewing whether to approve iossil fuel 
extraction. See Exhibit 6, Greenstone, M. , ' There's a Formu la Jor Deciding When ro Extract 
Fossil Fuels," New York Times (Dec. 1, 2015), available online at 
http://www.nvtimcs.com/20 1511 2/02/upshot/rhcrcs-a-fom1U la- for-decidin !!-whcn-to-extract
ro ssil- fuels.hlml? r=O (last accessed Dec. 15, 20 15). 

In li ght of all this, it appears more than reasonable to have expected the BLM to take into 
account carbon costs as part of its NEPA analyses. T he agency did not. instead , the DLM 
rejected tbe notion tbat a social cost o r carbon ana lysis was appropriate, implicitly concluding 
that there would be no cost associated w ith the proposed oil and gas leasing. 

In respon se to Guardians' comments on the EAs, tbe BLM rei terated its position that it is 
impossible to analyze the reasonably foreseeabl e greenhouse gas emi ssions associated with the 
proposed leasing. As explained earlier, there is no support lor thi s assertion. Further, absent any 
stipulations tbat woul d retai n disc reti on for the BLM to reject future drilling proposals, the 
agency lacks any authori ty or ability to meaningfully limit future emissions to address carbon 
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costs. At a minimum, any claimed unce rtainty associa ted with greenhouse gas emissions simply 
means the proposed leasing poses signilica nt impacts to the environ ment and that the BLM was 
required to prepare an EI S. 

The fact that the I3LM has, in the context of other oil and gas lease sale environmen tal 
analyses, clearly acknow ledged that soci al cost ofcarbon analyses are appropriate, useful , and 
po ssible, the refusal of the agency to similarly undertake such analyses in the context of the High 
Plains and Wind R iver-I3ighom EAs is unsuppmicd under NEP A and cannot stand to support tbe 
decision to o iTer the aforememioned lease parcels fo r sale and issuance in February 201 6. 
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1 EXECUTIVE SUMMARY 

- ----···---·------· -------------·-----------··--·--·---··--·····-

Th e Bureau of Land Management National Operations Center (BU.A NOC) retained the 

Kleinfelder Team (which consis ts of staff from Kle infe lder, Inc. and ENVIRO N International 

Corporation) to prepare an emissions inventory estimate of criteria pollutants , greenhouse 

gases (GHG), and key hazardous ai r pollutants (HAPs) for a representative oi l and gas well in 

the western United States (US). The emissions inve ntory is designed to be used by BUvl staff, 

such as NEP.A. planners, air resource specialists, and natural resource specialists, to evaluate 

emissions from small, which for purposes of this inventory is approximately five wells or less, oil 

and gas projects. 

Defining a ··representative" oil and gas well for the entire vv'estern US is extremely challenging as 

th ere are numerous variables, even within a single basin and sub basin that can materially 

affect the emissions. Such variables include oil and gas com position, difficulty drilling the 

geologic f ormatio n, oil and gas production rate, equ ipment at the well site , emission controls, 

produced water that may be associated with oil and gas production, among many oth ers. 

Accordingly, to develop such an inventory, five different well types (three natural gas wells and 

two oil we lls) representative of five different major oil and gas basins in the western US were 

evaluated. Figure 1-1, located at the end of this section, shows the major oil a nd gas producing 

basins in the western US. In order to develop the emission inventories , information th at is not 

proprietary, not draft. and not pre-decisional was reviewed for the five selected basins plus other 

oil and gas deve lopments in the western US . The information sources are discussed in Section 

2 of this repo1i. The cha racteristics of the five basins selected are sim ilar to a la rge po1iion of 

the oi l and gas produced in the western United States. Tt1e five we ll types and key 

characteristics are shown Table 1-1 on th e next page. 

A n Excel workbook that provides the deta ile d and summa ry of the em ission estimates was 

prepared. The Workbook is interactive, allowing the user to choose one of the five we ll types 

based on basin characteristics for the project of interest. Once the well type is se lected, the 

Excel W orkbook is automatically popu lated with the key variables. The e lectronic version of the 

Excel Workbook is included as Appendix A. Appendices B through F include printou ts of the 

Exce l Workbook for each of the five well types. Table 1-2 presents the summary emission 

in ve ntory estimate results. Except fo r sulfur dioxide (S02}, ethylbenzene, and nitrous oxide 
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(N20), the values in Table 1-2 are rounded to one decimal place. Global warming potential 

(GWP) is rounded to a whole number. The number of significant figures shown in T able 1-2 

varies as the quantity of individua l pollutants is highly va riable. For example, SO:~ emi ssions are 

reported to o nly one significant fig ure because the emissio ns are on the orde r of one ten 

thousandth of a ton pe r year. But GWP is reported to 5 significant figures beca use e missions 

are in the thousands of tons per year. 
TABLE 1-1 

CHARACTERISTICS OF SELECTED REPRESENTATIVE BASINS 
Product Basin . I - Key Characteristics 

De ep w ells which may include shale , dry gas. moderate 
Uinta/Picean ce Gas w ell I 	 condensate production 

! Deep wells, multiple devices per well, high condensate 
Gas well Upper Green River I 

I production. v.tet ga s I 
Gas well San Juan 	 ! Sha!low wells, low amounts of condensate productio~ ._d~~-! 

1 Sh ale formation, ve ry deep wells , long horizontal drill ing , hig h 1Wil liston Oil we ll,_______ . amounts C?f 9ssociated gas, associated gas fl ared 
I Shallow wells, lower amounts of associated gas, associated gas IDenverOil well i 	 sen t to a sa les line 

TABLE 1-2 

SUMMARY OF EMISSION ESTIMATES FOR A SING L E OIL OR GAS WELL 


::,; We ll Type ; - Gas · Gas Gas ' Oil Oil •.c'• ·. .. 
,:. 

~ 
Uinta/ Upper.. Green 

SanJuan' - Williston :·: Denver 

!~. 
Pollutant Piceance ' River 

(tpy) (lpy) 
! >· 

(tpy) -
;' (tpv) 

-.; 
(tpy) - . 

I NOx 15.6 14.6 5.6 15.6 6.3 - ------- --
I co 3.8 3. 9 3 .1 I 8.0 3.4 

i voc 3.4 5.2 5.3 I 17.6 6.7 
I so2 0.0004 0.0004 0.001 0.001 0 .001 J 
I PM~o 6. 9 6 .7 6. 8 I 6. 9 6.6 I 
I PMz.s 0.8 0.8 0.5 ! 0.8 0.5 
I 

! 
I col. I 2,552.1 2, 882 .1 651.9 3 ,156 .4 1 ,049.0 I 

I CH4 12.2 14.1 6.1 16.6 1. 8 
I 0.05 0.05 0.04 0.6 0 .04 I N20 L1-· 

GWP 2.825 3 ,194 
·-- 

791 3.682 1,09 9 I 

I 

I 
I 
I 
I 

I 
I 
I 

i 
Benze ne 1.4 1 .5 1.4 1.5 1.4 
Toluene 1.0 1.2 1.0 1.0 1.0 

Ethylb enzen e 0.00003 0.01 0.0008 0.0008 0 .000 6 
~--0) 0.6 - 1- --  --  --0.6Xyle ne 0.6 0.6 

n-Hexa ne 7.5 7 5 7. 5 
I 

7.9 7.5 
To tal HAPs i 10.4 10.9 10.5 11 .0 10.5 

I 

Note: Sums may not precn;ely total due to round off d1fferences. A value of 0.00 1nd1C<Jles that pollutant 1s not 
emitted or emitted in de min1mis amounts. If there is a non-zero value. at least one s1gnificant figure is reported . 
Greenhouse gas emissions are in terms of short Ions CO<. CH.1. and N20. Global Warming Potential (GWP) is in 
terms of short tons of C02 equivalent {CO,e). using a GWP of ·1 for CO". 21 for CH4• and 310 for N20. 
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Emissio n estimates can be calculated as annual average em issions. worst-ca se single yem 

emissions, or some other scenario. The various methods of representing emissio ns are 

problematic s ince a project could involve simultaneous construction and deve lopment (drilling 

and fracturing) and operation (production) i n the sarne location , which is fU1i~1e r complicated 

since well product ion is not a constant. T herefore , the worst-case em ission estimate is to 

assume th at construction, develo pment , and operation occur simuitaneously as shown in Table 

1-2. If th e user is interested in maximum ope ra tio n-only emissions, then \he tables in Section 

3.3 of this report can be consulted where emissions from the t hree activiti es are rep or ted 

separate ly. 

As discussed in Sections 3.2.5 and 3.2.6 of this repo rt, the emission calculations do not accoun t 

for the fact tr1at over time oil and gas well production rates decrease, i .e. , the decline curve or 

decline factor. If one wanted a life-time average emission rate for production operations, a 

decline fac tor would have to be ap plied to 1he emiss ion estimates in t he tables of tl1is report. To 

estimate lifetime ave rage emissions, one can assume that opera tion al emissions are linearly 

related to production and thus a linear application of the decline factor to the emissions can be 

used (i.e., if th e decline factor is 50 percent, th e lifet ime average emissions would be 50 pe rcent 

of those presented herein for operation). Note that the decline factor is not applied to 

cons1ruction or drilling emissions. 

The electronic version of the Exce l Workbook in Appendix A allows the user to en ter project

specific variab les tl1at wi ll over-ride tt1e default values incorporated into the Workbook. Project 

variables are entered into a single "Constants and References'' tab in the Workbook, and the 

cha nges automatic..a lly populate the remaining tabs and ca lculations. (The user should not enter 

th e ove r-ridd e n value directly into the indi vidua l emission calc ul ation shee ts, but rather into the 

"Constants and References·· sheet.) 

In this document, the emission es timates are reported as a single value for each pollutan t and 

well type rather than a range of va lues. However, Sec tion 3 presen ts the range of key 

parameters evaluated and the basis for the selected single parameter. If the user wants to 

co nside r a range of emission estimates for a specific project. the range of key parameters 

shown in Section 3 or any other range of parameters can be entered into the Excel Workbook 

and a range of emission estimates easily generated. 
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The remaining sections of this report describe the methodology, references, and regu latory 

analyses used to develop t he emission estimates in Section 2. Section 3 presents the 

parameters se lected and results of the emission inventories. Sections 4 and 5 prese nt 

conclu sions and lirnitations . Secti on 6 provides a list of references used in the study . 
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Oklahoma, and Ka nsas. In concert with BLM (Mr. Dave Maxwell of the National Operations 

Center), it was decided that neither California nor Alaska would be included in the project and 

tllal th e focus would be only on conventional and shale oil and gas (e.g., coal bed methane was 

excluded). There is relatively little active oil and gas BLM land in Califomia and Alaska has its 

own program for developing emission inventori es and thus were excluded. It was also decided 

that Texas. Oklahoma, and Kansas would be excluded as well-specific information tor wells in 

these basins tends to be proprietary to the operators. Although some information is availab'e 

from state permit applications tor wells, many of the activities that occur do not need a s1ate 

permit or do not need a complete emissions inven tory. Thus complete information for emissions 

inventories is not readily available. In addition, there is relatively !ess BLM controlled oil and 

gas lands in these Basins. Althougl1 the inventory can probably be used wilh relative 

confidence in Texas, Oklahoma. Kansas. or California if needed, it should not be used in Alaska 

because of the unique environment in that area . 

For the remaining states, the major producing basins within which ttlere is a relatively large 

amount of pub lic land are the Williston, Upper Green River, Uinta. Piceance, Denver, San Juan , 

and Permian basins. These basins are responsible for a large portion of the oil and gas 

production in the western US that occurs on public lands. The Uinta and Piceance Basins are 

next to each other and have similar oil and gas geoiogic formation and production 

characteristics. Therefore, for purposes of the emission inventories, the Uinta and Piceance 

Basins were combined. The Permian Basin is also a major producing basin in soulheast New 

Mexico and west Texas. Although this is a major basin, most of the development in Texas is on 

non-BLM land. and in New Mexico, BLM has already developed an emissions calculator for the 

Permian Basin. Therefore. the Permian basin was a lso excluded from this study. A rnap of the 

f<ey oil and gas basins is shown in Figure 1-1 and a more detailed map is available from the US 

Energy Information Administration (EIA, 2013). 

Therefore, 1he basins that were evaluated for this stuuy are the Williston. Upper Green River. 

Uinta/Piceance. Denver. and San Juan. The Wil liston and Denver Ba!:iins are primarily oil plays, 

while the Upper Green River. Uinta/Piceance , and San Juan Basins are prim arily natural gas 

plays. This does not mean that there could not be oil wells in the Upper Green River. 

Umta/Piceance, or San Juan Basins or gas wells in the Williston and Denver Basins. But for 

purposes of the emission inventories. the representative wells were selected based on the 

wimary play of that basin. 
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The key characteristics of the basins that are relevant for purposes of the emissions inventory 

are 	as follows. These characteristics are extremely generalized and actual conditions vary 

widely even within the same basin. 

• 	 Uin ta/Piceance. Gas wells in this basin may or may not be drilled into a shale formation. 

but lend to be deep wells (on the order of 15,000 feet), are difficult to drill, and drill rigs 

aie on a singie well pad for a relatively long duration. There is not much water present 

in the gas. so no dehydrators are normally required at the we ll site. Th e gas 1.vells 

produce a moderate amount o f condensate (light oil). Equipment at the \Veil site tends to 

be simple. with a single separator and a condensate tank. Although there are 

compressors used in the Basin to move gas to market, ihe compressors are not a t well 

sites and are not included in the emission inventories. 

• 	 Upper Green River. Gas wells in the Upper Green River Basin also tend to be deep (on 

the order of 15,000 feet) but are driiled into non-shale formations. The gas tends to 

have more condensate (oil) present than either the San Juan or Uinta/Piceance Basins. 

There is more water vapor present in the gas from this Basin than others, so there 

normally is a dehydrator at each well site. The well sites also usually contain a 

separator and line heater. Wells are drilled at a relatively high density. There are gas 

compressors in the Basin used to move tl1e gas to market. However, these 

compressors are not located at a we !l site . 

., 	 San Juan. Some gas wells in the San Juan basin may contain relatively high volumes of 

liquid water and thus pumpjack engines may be present (to remove the water) even 

though the wells are gas wells. San Juan gas wells produce re latively little condensate, 

thus there may not be any condensate tanks present. The wells tend to be shallow (on 

the order of 5,000 feel) ancl there is a minimal amount of equipment on site. For 

purposes of this study, the emission inventory includes a pumpjack engine and a 

condensate tank. even though th ey may not be present at all San Juan well types. As is 

the case for the Upper Green River Basin. gas compressors are used in the Basin, but 

• 	 Williston. Oil werls in the Williston Basin tend to be very deep (on the o:·der of 15,000 to 

18,000 feet), and are drilled into a sha le formation that is difficult to drill. thus drill rigs are 
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on site for a relatively long time. Horizonta l drilling in the Williston Basin can be very 

long, on the order of a mile or more away from the well pad. The Williston formation is 

relatively very thin, and thus precise driiling is requi red. There is a relati vely large 

amount of gas associated with the o il we lls, and the gas may be flared in a fla ie pit t or a 

period of time before it can be sent to a sales lin e. 

• 	 Denver. The Denver Bas in is the easiest to d rill, wit h relatively shallow wells (on the 

order of 5,000 feet deep) in non-shale formations. There are ielatively low amounts of 

gas associated w ith the oil wells and that gas is sent to a sales line. The Denver Basin 

oil tends to be lighter than the Willist on Bas in. 

Note i.hat the oil and gas we lis in these basins tend to be sweet wells (i.e., there is no or very 

little 11yc!rogen sulfide associated with the wells) . However, any of the wells in any of the basins 

could be sour wells wilh relatively lnrge arnounts of hydrogen sulfide (H2S) . For purposes of the 

emi ssions inventory, it was assumed tha t the we lls were all sweet we lls wilh no H2S. However, 

if it is known that the project-specific wells are not sweet wells, then a project-specific H2S 

concentrati on can be in put in the Excel Workbook and the Workbook will calculate potential H2S 

emissions. If the amount of H2S is significant, the project rnay be required to ins tall H :~ S 

emission co ntrols (e.g., a sweeten ing unit). The effectiveness of a sweetening unit and 

emissions from it are beyond the scope of this study, but would have to be accounted for in an 

emissions inve ntory if present. Since H2S can be an i mportant issue, the Excel Workbook w il l 

calcu late emissions of it. even though it is not a c riteria pollutant or a H,LI.P. The Excel 

Workbook also accounts for emissions of SO? from combustion of gas if the gas contains H;;S. 

2.2. LITERATURE AND REFERENCES 

Once the basins were selected, several sources ot information were cons ulted in order to 

determine representat ive emiss ion calculation parameters. Generally accepted emission 

estimating techniques pub lished by the USEP.A. were used for the emission ca lculations 

However, those techniques req uire a number of parameters in order to yield em issions. The 

parameters were obtained from NEP.L\. document s, RMPs. air permits to construct, and 

professional judgment. USEPA publications are peer reviewed and generally accepted for 

emission estimating techniques. On the other hand, indi vidual parameters needed to ca 'culate 

tile emissions are not generally ava:lable in peer reviewed li terature . but are detailed in the 

NEPA documents. RMPs . and permits to construct. Those major documents used fo r this 
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study, although not from scientific peer reviewed journals, were subjected to extensive 

stakeholder. state. and cooperating agency reviews. Therefore. those publications are suitable 

as the source of l<ey oil and gas parameters needed for calculating emissions. Section 3 of this 

report discusses the key parameters and the source of the parameters selected. and Section 6 

presents a list of refeiences. The key sources of information for each of the basins are 

summarized below: 

• 	 Uinta/Piceance: Gre8ter Natural Buttes EIS (BLM, 2012a), GASCO EIS (BLM. 2011 b), 

White River RMP (BLM, 2012b), and the Colorado River Valley RMP (BLM. 2011a). 

o 	 Upper Green River: Jonah lnfill EIS (BLM , 2006}. Supplemental FEIS for the Pinedale 

Anticline (B LM. 2008). Wyoming air permits to construct 

• 	 San Juan: Farmington RMP (BLM, 2003) 

• 	 Williston. North Dakota air permits to construct and experience with the basin. 

• 	 Denver: Colorado air permits to construct and experience with the basin 

As indicated, the above references are not the only literature sources used to select 

representative parameters. a nd lhe parameters in these sources were not used without 

judgment. In other words, the parameters contained in the above publications were evaluated 

and a representative value chosen based on professional judgment. No attempt was made to 

perform a statistical analysis of the parameters or choose an average ~r median from the 

references. The focus was on selecting representative parameters typical for t11e well type, not 

an average. or a conservative "worst case'' value. The results of the parameter selection and 

the basis for the selection are discussed in Section 3 of this report. The equations and emission 

models used to estimate emissions are shown in the Appendices. The equations and models 

are l11ose promulgaled by t11e USEPA in such publications as AP-42, Fifth Edition, Compilation 

of Air Pollutant Emission Factors, Volumo 1: Stationary Point and /\rea Sources (US EPA, 2013). 

The specific references examined and the source of those references ls listed below. Each of 

the key references has been assigned an abbreviation which is shown below in quotes, and 

wh ich is used throughout the remainder of lhis report. The specific information obtained and 

used from each reference is discussed in Section 3 of this report. 
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• 	 "NDDEQ'': Well site air quality permit 1o construct applications filed and approved for 

Helis Oil and Gas Company, LLC (3 sites). Prima Expioration , Inc. (2 sites), Samuel 

Gary Jr. and Associates, Inc. (2 s ites) and G3 Operating, Inc. (3 si!es). Available 

through a public records request to the North Dakota Departmen t of Environmental 

Quality. 

• 	 "CDPH E": Te n well si te air quality permits to construct applications filed and approved 

for Bayswater Exploration and Production , LL C. Available throug h a public records 

request to the Colorado Department of Health and Environment Air Pollu tion Control 

Division. 

• 	 "WYDEQ": Well site air quality permit to construct applications tiled and approved for 

He!is Oil and Gas Company, LLC (4 sites). Enduro Operating, LLC (2 sites). and 

Samson Oil and Gas Ltd. (6 sites) Availnb le through a public records request to the 

Wyoming Deparlment of Environmental Quality Air Quality Division. 

• 	 "Fa rmington RMP": Farmington Resource Management Plan and Final Environmental 

Impact Statement, March 2003 (B LM, 2003). 

• 	 "White River" : White River Field Office Oi l and Gas Resource Management Plan 

Amendment I Environmental Impact Statement Air Resources Technical Support 

Document, June 2012 (B LM, 2012b). 

• 	 "Jonah": Final Air Quality Technical Support Document for the Jonah lnfiil Drilling 

Project Environmental Impact Sl atement, January. 2006 (B LM, 2006). 

• 	 "Pinedale": Supplemental Final Environmental Impact Statement for the Pineda le 

Anticline Project Area, Ju ne, 2008 (BUvl, 2008). 

• 	 "CRV": Final Colorado Rive r Valley Field Office Resource Management Plan Revision, 

Air Resources Technical Support Document, Revised August 2011 (B LM, 2011a). 

• 	 "GNB". Grea ter Natural Buttes Final Environmental Impact Statement, FES 12-8, March 

2012 (B LM. 20 12a). 

• 	 "GASCO": Fina l Envi ronmental Impact St atement (EIS) for the GASCO Uinta Basin 

Natural Gas Development Project, 2011 (BLM, 2011 b). 

Note that the above documents are mostly BLM publications. Although other publications were 

also evaluated. such as EISs published by !he Bureau of Indian Affairs (B!A 2012a , 

BIA 2012b), because most of the public lands w ith oil and gas resources are in the western US 

and are controll ed by BLM, the BUv1 EIS and RMP public-ations tend to be the most detailed and 

useful for this study. 
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The above pub lications and references provided project-specific detail and calculations for 

individual well adivities, and thus were the most useful. There are other publications and 

information sources that were also reviewed, such as the Western Regional Air Partnership 

0NRr\P) errlissions databases (WRAP, 2013), the West-wide Jumpstart Air Quality Mode ling 

Study (WRAP, 2013), the USEPA National Emissions Inventory (USEPA, 2013), and !he 

USEPA Greenhouse Gas Reporting Program (GHGRP) emissions inventories (USEPA, 2011 ). 

However, these databases and information sources provide emissions on a facility-wide, 

company-wide, or regional basis and do not provide individual well-specific information suitable 

for use in the emissions inventories which are the subject of this study. On ti1a other t1and . the 

information in those databases were evaluated and compared to the emission estimating 

techniques and parameters used in this study as an overall confirmation that the individual well 

inven tories are consistent with the facil ity and company-wide data and that consistent emission 

estimating techniques were used. 

In addition to the above publications and pem1it applications, state regulations for the western 

US that could affect the emission inventories were also reviewed. This review is d iscussed in 

Section 2.5 of this report. 

2.3. EMISSION CALCULATIONS 

The parameters selected from the above references and professional judgment were then input 

into an Excel Workbook in order to calculate the emissions for each of the five representative 

basins. The Excel Workbook is contained in Appendix A , hard copies for each basin are shown 

in Appendices B through F, and a discussion of the key parameiers and reason for selection is 

presented in Section 3 of this report. The Appendices also present the equations, emission 

models, and emission factors used to calculate the emissions and details for each of ihe 

individual emitting activities. 

2.4. QUALITY CONTROUQUALITY ASSURANCE OF THE EMISSION CALCULATIONS 

As the Appendices show. the e miss ion calculations involve a large number of activities. a large 

number of emission estimating techniques and parameters, and the parameters vary by well 

type. Quality Control/Quality Assurance (QC/QA) of the spreadsheets was conducted tl1rough 
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indepen dent (i.e., Kleinfelder Team staff who were not involved in the initial calculations) review 

of the estimating techniques, the parameters chosen, application of the parameters, and the 

emission calcu lations. T he equations in the E>:cel Workbook were subjected to hand-caicula tion 

to confirm the value calculated electronically . Visual inspection was used to confirm population 

of the variables from the ''Constants and References" tab of the Workbook throughout the 

approp riate equations. Selection of emission parameters for each weil type was reviewed by 

engineers familiar with oil and gas operations but who were not involved in the init ial selection. 

Finally, the emission totals were compared to other emission totals from other publications and 

projects to confirm representativeness. 

2.5. STATE AND FEDERAL REGULAT IONS 

The final step was to eva I' 1afe sta te and federa l regulations that could affect the emission.. 
calculations for isolated wells which are the subject of this study. For examp le, the new New 

Source Performa nce Standard (NSPS) for oil and gas production (40 CFR Pa rt 60 Subpart 

0000) requires emission controls on condensate/oil tanks if the uncontroUed emissions are 

greater than 6 tons per year. In parallel ·Nith the NSPS, there are also National Emission 

Standards for Hazardous Air Pollutants (NESHAPs) that couid apply to oil and gas we ll s, e.g .. 

40 CFR 63 Su bpart HH. 

The regulations eva luated and how they affect the emission calculations are summarized below. 

Only those portions of the regulations that could change the emissions inventory for the 

situation where there are a few isolated wells are noted. There are numerous fe dera l and state 

regulatory requirements that cou ld apply to large stationary and mobile sources or groups of 

sources, but it is beyond the scope of this study to present all of those regu latory requ irements. 

2.5.1. Federal NSPS 

The primary f ederal regulation that affects individua l w ells is the NSPS for the Oil a nd Gas 

Sector (40 CFR 60 Subpart 0000). Subpat1 0000 (and 40 CFR 60 Subpart Wa which is 

referenced by Subpa rt 0000 as a requ irement) could affect well emissions through \he 

following requirements: 

• 	 The NSPS requires control of flo wback emiss 1ons (associated natura l gas) that could 

occur during the hydraulic fracturing process. Therefore, in this study it was assumed 
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that hydraulic fracturing flowback emissions during well development would be controlled 

to the 95 percent level. However Subpart 0000 does not require control of flowback 

emissions during workovers, and thus no control during workovers was assumed. 

• 	 l\11 storage tanks for oil or condensate are required to be controlled with a minimum of 95 

percent efficiency ii the uncontrolled VOC emissions are more than 6 tons per year. For 

the wells evaluated in this study, the storage tank VOC emissions from wells in all of the 

Basins except. the San Juan were assumed to have uncontrolled emissions greater than 

6 tons per year, and were controlled. (As discussed in Section 2.4.3, storage tanks in 

the Denver Basin are requ ired to be controlled with a minimum of 70 percent efficiency 

even if uncontrolled emissions are less than 6 tons per year. However, in this study, 

uncontrolled VOC emissions for the Denver Basin oil 'Nell are greater than 6 tons per 

year, and the Subpart 0000 requirement of 95 percent control was applied to the 

Denver Basin well type). 

• 	 The NSPS requires, beginning October 15, 2013, that a!l pneuma tic controllers on new 

wells ernit less H1an 6 standard cubic feet i)er hour (scf/hr) of natural gas (generally 

termed ''!ow bleed" pneumatics) unless high bleed pneumatic controllers are required for 

safety or other justifiable operational requirements. Accordingly, for purposes of the 

emission inventory, it was assumed that ail pneumatic controllers were low-b!eed. Other 

pneumatic devices (e.g. durnp valves and pumps) do not have the lovv bleed 

requirement. 

The second NSPS affecting emissions from single we ll sites is the NSPS for stationary spark 

ignition reciprocating engines, 40 CFR 60 Subpart JJ JJ. This NSPS only applies to the 

pumpjack engines in the emissions inventory as the other eng ines are either not stationary or 

are diesel-fueled compression ignition engines. {Subpart JJJJ also applies to reciprocating 

compressor engines, but as discussed, the emissions inventories do not include compressors 

since compressors are not located at individual \"''ell sites). The NSPS requires engines 

manufactured after July 1, 2008 to meet emission limits of 2.8 grams per horsepower ho ur 

(g/bhp-hr) NOK and 4 .8 g/bhp-hr CO for engines less than 100 horsepower (the pump jack 

engines are smaller than 100 horsepower). For purposes of this study, it was assumed that the 

pumpjack engines would be model year 2008 or later and thus \viii meet the Subpart JJJJ 

emission lirniis. 
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In addition to the NSPS. there are federal regulations (40 CFR 89 and 40 CFR 1 039) that 

require manufacturers of diesel-fueled engines used on the drill rig and drill platform to meet 

certain emission limits. The emission limits d;ffer according to !he size and yea r of manufacturer 

of the engine, with the most stringent llmi!s being for engines manufactured after 2015 (i.e .. 

Iorge Tier ti onginoo). ~owa•.•o r, o lder modal yacH onginoo oon continuo to bo Ltood oHor 2016. 

For purposes of the emission inventories, it ~tvas assumed that drill rig engines would meet Tier 

2 emission limi ts, i.e.. limtls for engines manufactured after 2001 for the smalier engines and 

after 2006 for the large driil rig engines over 750 horsepower. It was assumed that the 

remainder of the engines would not meet any specific emission limits (i.e .. so-called Tier 0 

engines). The emission limits on engines are comp lex and a complete description of the limits 

and alternatives is beyond the scope of this study. The engine emission limits also affect 

construction equipment and other tailpipe emissions ; however, those emission limits are built 

into the USEPA NONROAD emission model used to select emission factors for that type of 

equipment. 

2.5.2. Federal NESHAP 

Federal NESHAPs can apply to major and non-major sources of hazardous air pollut<ml s 

(HAPs). The individual wells in th is study are not major sources of HAPs. and thus only the 

non -major provisions of the NESHAP apply (non-major sources of HAPs are termed "area 

sources''). There are two NESI·1AP provisions that app!y to single well site area sources: 

Subpart HH and Subpart ZZZZ. For area sources, Subpart HH only applies to dehydrators that 

process more than 3 million cubic feet per day of natural gas or have benzene emissions 

greater than 1 ton per year It was assumed that all of the gas v ..·ells in this study produce 4 

million cubic feet per day of natural gus, and thus it was assumed that dehydrators, if present, 

would be controlled to a minimum of 95 percent efficiency. 

40 CFR 63 Subpart ZZZZ applies to both stationary spark ignition and stationary compression 

ignition engines. calied reciprocating internal combu stion engines (RICE). For this study, the 

only stationary RICE is the pumpjack engine, (because compressors are not included in the 

inventory), and in that case, for the small pumpjack engrnes, compliance with Subpa rt ZZZZ is 

met by complying with Subpart JJJJ as discussed previously. 
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2.5.3. State Regulations 

The key state regulations that could affect the emission inventory are summarized below. As in 

the case \Vith the federal regulations, the following is not a complete list of all of the compliance 

obligations that individual well sites may have to meet, but rather only a brief summary of those 

regulations that could meaningfully affect the emission calculations. State requirements must 

be at least as stringent as Federal requirements, and 1n some cases are more stringent. For 

completeness, even when the state requirements are not more stringent than the federal 

requirements. the requirements are summarized below. Section 6 of this report iden tifies \.Vhere 

the regulations discussed for each stc:lte can be obt::Jined. 

Montana 

Montana requires sites where uncontrolled emissions from oil or condensate tan ks or loading 

operations have the potential to emit VOCs greater than 15 tons per yea r to be controlled. The 

Federal 40 CFR 60 Subpart 0000 requires controls at 6 tons per year. For purposes of this 

emissions inventory, all of the oil or condensate tanks in all of the basins except for the San 

~luan Basin were assumed to l1ave uncontrolled emissions greater than 6 tons per year, and 

thus emission controls were included in the emissions inventory for the 1/Vi:!iston Basin wel l type. 

Montana regulations require submerged filling during loading operations, but this type of 

emission control has been included in all of the emission inventories because it is standard 

practice. 

Montana requires stationary internal combustion engines over 85 horsepower to install oxidation 

catalytic reduction (or similar controls) to reduce emissions of NOx and CO (Montana 

Regu!ation ARM Title 17, Chapter 8, Subchapter 16. Section 1603(e) and (f)). However. the 

stationary engines at the well sites, i.e .. the pump jack engines, are smaller than 85 

llorsepower. so no additional controls were included in the emission inventory. 

North Dakota 

North Dakota requires all sites with the potential to emil 20 tons per year or greater of VOCs 

from the storage tanks, including produced wate r tanks. to control vapors from the tanks by at 

least 98 percent conirol eifici ency. For those sites where the vapors from storage ianks have 

the potential to emit less than 20 tons per year of VOCs. the tanks at those sites need to be 
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controlled by at least 90 percent control efficiency. However, the Federal 40 CFR 60 Subpart 

0000 requires 95 percent control at 6 1ons per year, and thus 95 percent emission controls for 

vvells in the Williston Basin were included in the emissions inventory. 

Norih Dakota also requires vapors from dehydrator still vents that exceed the following emiss!on 

levels to be routed to a control device: greater than or equal to 5.0 tons per year of any 

combination of HAPs or greater than or equal to 15.0 tons per year of VOCs. The dehydrators 

in this study do not have that level of emissions, thus no controls were included in the emission 

inventories. 

As is the case in Montana, splash loading is not permitted in No1th Dakota. and submerged 

filling was assumed in the emission inventories .. 

South Dakota 

No specific regulations are currently established thai affect the emission inventories for well 

sites in Sout11 Dakota. 

Wyoming 

Due to the extensive oil and gas development in Wyoming over a number of years, there are a 

number of Wyoming state regulations that could affect the emission inventories. The 

requirements vary by location within the oil and gas basins. 

For the Jonah-Pinedale Anticline Development (JPAD) Area, tile following are required: 

• Tank flashing: 98 percent control on all new and modified tanks if uncontrolled 

emissions are greater than 8 tons per year. Because this level of control is only for the 

JPAD, wl1ich is a subset of the Upper Green River Basin, it was assumed that only 95 

percent control would apply to the Upper Green River Basin we 'l type as that yields an 

upper bound emission estimate . 

• Dehydration units: 98 percent c..ontrol on all new and modified dehydrators. This level of 

contro l was included in the emissions inventory for the Upper Green River well type. 

• Pneumatic pumps: 98 percent control requirement or closed loop system on all new 

natural gas operated pumps (hea t trace or other pumps) or existing pumps at n1odified 

facilities. Pneumatic pumps (as opposed to pneumatic controllers) are not always 
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required for wells in the Upper Green River Basin, and more modern wells are using 

solar-powered pumps. However, for purposes of the emissions invento1y, because 

control on pneumatic pumps is for t11e JPAD. which is a subset of the Upper Green River 

Basin, it was assumed th8t pneumatic pumps would be controlled. The San Juan and 

Uinta/Piceance gas we!l types also have pneumatic pumps, but no controls are requ ired 

nor included in the emissions inventory. 

• Pneumatic controllers: All new (post 2010) natural gas operated pneumatic controllers 

must be low or no bleed. Low bleed pneumatic controllers were assumed for tl1e 

emissions inventory for the Upper Green River well type as well as the other two gas

well basins. Note that !here are other pnellmalic devices (e.g., dump valves) which are 

not required to be low bleed. 

• Completions: Green completion permits requ ired for all comple tions 'l'lith goal of 

achieving 98 percent control of venting emissions or use of Best Management Practices 

(BMPs) where feasible. It was assumed for the emission inventory that there would be 

no BMP feasible for single well sites in a small project (i.e., less than 5 wells, which is 

the focus of this study), and, therefore, no controls were included. 

• Well blowdowns: Well blowdowns are associated with non-routine maintenance activities 

(e.g., depressuiization of a well to affect repair) and are not included in the emissions 

inveniory. However, Wyoming regulations require the use of BMPs (e.g .. limiting the 

duration of venting) to minimize emissions to the extent practical. 

• 	 Produced water tanks: 98 percent control requirement on all new and modified tanks in 

the JPAD area (a Wyoming specific requirement only for the JPAD area) if the VOC 

emissions are over 8 tons per year. However, when the potential emissions from the 

produced water tanks are calculated, none of the single well sites have this level of 

emissions and no control is included in the emissions inventory. 

For the Concentrated Oavelopment Area {Carbon, Fremont, Lincoln, Natrona, Sublette (non

JPAD), Sweetwater. and Uin ta Counties) the requirements are essentially the same as the 

JPAD area except that the controls rnust be in p!ace for one year and then can be removed if 

emissions are less than 8 tons per year. However, the Subpart 0000 NSPS requires control 

at 6 tons per year. Therefore. for purposes of the emission inventory, none of the controls were 

removed. 
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The Wyoming statewide requirements, i.e., counties not in the JPAD or Concentrated 

Development Area. are simi!ar to the JPAD requirements . although the thresholds are less 

stringent and there are no requirements on 'Nell completions or produced water tanks. The 

,IPAD requirements on completions and produced water tanks did not affect the emissions 

inventories; therefore, there Is no differe nce between statewide requirements and ,IPAD 

requirements with regard to the emission inve ntories in this study. 

Colorado 

The Colorado Department of Public Health , Air Pollution Control D ivision, also h<ls extens ive 

regulatory requirerYtents for oil and gas wells, depending on the area within which the wei! is 

located. 

In the Front Range, Denver-Julesburg Basin (i.e., the North Front Range 8-hour ozone non

attainment area}, the following are required: 

• 	 Tanks at tile well site must achieve a minimum of /'0 percent control during the non

ozone season and 90 percent control during the ozone season. Howeve r, for purposes 

of the emission inventory, uncontrolled VOC emissions were assumed greater than 6 

tons per year. Thus 40 CFR 60 Subpart 0000 requ ires 95 percent control. and that 

level of control was applied. 

• 	 Pneumatic controllers installed after Feb. 1 2009 are required to meet the definition of a 

low-bleed contro!ler. Subpart 0000 also requires low bleed controllers. However, for 

purposes of this study, it was assumed that there were no pneumatic controllers (low 

bleed or othervvise) present at the Denver Basin wells. as such devices are no! normally 

present for oil wells. (No pneumatic devices were included for the Williston o il well type 

either). 

The following a re statewide requirements in Colorado: 

• 	 New and existing condensate tanks emitting 20 tons VOC per year or more are required 

to control emissions by 95 percent. Altl1ough none of the well sites in this study exceed 

that threshold, the federal threshold is 6 tons per year and 95 percent conlrol was 

assumed. 
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• New and existing glycol dehydrators emitting more than 15 tons VOC per year or more 

are required lo control. but none of the well sites in this study exceed that threshold. 

In addilio n to the Air Pollution Control Division, the Colorado Oil and Gas Conservation 

Commissio n (COGC C ) also has reg ulations tha t require emission con trols on tanks and 

dehydrators wilh uncontrolled emissions over 5 tons per year, no or low-bleed pneumatics 

where feasible, and BMPs or green completions. .A.s noted. tank controls and low-bleed 

pneumatic controllers are included i n the emission inventories, but no BfvlPs that affect 

emissions were included, and it was assumed tha t associated gas entered the sales line. 

There are no specific requiremen1s tor single well-site sources tha t would affect the emission 

inventories. 

New Mexico 

There are no specific requ irements for single wel l-site sources that wou ld affect the emission 

i nven!ories. 

A rizona 

There are no specific requirements for single well -site sources tha t would affect the emission 

inventories , other than dust control req uiremen ts. Dust control has been included in the 

emissions inventories of this study. 

Nevada 

There are no specific requirements for si ngle well-site sources ihat would affect the ernission 

inventories. 

There are no specific requirements for sing le well-site sources that wou .d affect the em ission 

inventories. 
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\.Vashington 

There are no specific requirements for sing le well-site sources that wouid affect the emission 

inventories. 

Oregon 

There are no specific requirements for single well-site sources that would affect the em ission 

inventories. 
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3 EMISSION INVENTORY ESTIMATE RESU LTS 

The emission inventories for the five representative basins are presented in Appendices A 

through F. The following sub-sections of this report discusl;; the activities included <'llld excluded 

from the emission inventories and the results of the inventories by activity and pollutant. 

3.1. EM ISSION ACTIVITIES 

The emission inventories include the following general activities. The specific detailed activities 

and equations for calculating emissions are shown in the Appendices. The genera! activities 

are as follows: 

Construction (access road. pipeline. well pad) 

• 	 Fugitive dust from access road and well pad construction, interim and final reclamation, 

and construction heavy equipment 

• 	 Fugitive dust from pipeline construction 

• 	 Tailpipe and fugitive dust emissions from !ight duty vehicles (e .g., pickup trucks for 

construction workers), construction heavy equipment, and heavy duty trucks such as 

tanker trucks 

• 	 Wirtd erosion from disturbed surfaces 

Development ( drilling/completion/workovers) 

• 	 Tailpipe emission from engines used on the drill rig platform to install the conductoi pipe 

• 	 Tailpipe emissions trom engines associated witt1 drilling the well, including drill rig, air 

compressors, electrical generators, and dozer and other heavy equipment engines 

• 	 Tailpipe emissions frorn 1·1ydraulic fractu ring pump and associated engines (i.e., well 

completions) 

• 	 Well cementing emissions 

• 	 Well wor'!<over emissions 

• 	 Hydraulic fracturing fiowback emissions 

• 	 Tailpipe and fugitive dust emissions frorn worker and delivery/transpo1i vehicles 
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Operation {production of natural gas and oil) 

• 	 Well production emissions from heaters, pneumatic controllers, pumpjack engines. p!us 

fugitive emissions (i.e .. leaks frorn valves, flanges, open ended lines. etc.) at the well site 

• 	 Slur i:::IYI::i ldi l k i:IIIU luoUIIIy t::IJ Ji:;::;lun~. l rr<.,;luuh ry ldllf.JI!Jt:: i:!Jld ruylllv~ du::;L t::IJ rl::;::;lun::. rr VI I I 

tanker trucks and other vehicles servicing the well 

• 	 Well-site dehydrators 

• 	 Tailpipe and fugitive dus t emissions from worker and delivery/transport vehicles 

Reclamation (included as part of Construction) 

• 	 Interim ieclamation fugitive dust and tai lpipe emissions . which are included as part of the 

well pad construction by add ing vehicles and the durat1on of activities 

• 	 Final reclamation fugitive dust and tai lpipe emissions, which are included as part of the 

well pad construction by adding vehicles and the duration of activities 

No emission estimates were included f or pipeline natural gas compressors and dehydrators not 

located at the vvell site, althoug h pipeli ne compression and possibly pipeline dehydration will be 

required somewhere along a pipeline leading to a central gathering station and for moving the 

gas to market. But these emissions are not at a single well site. 

Combustion emissions from flares that may be used to control potential emissions from storage 

tanks or dehydrators were included in the emissions inventory (as well as un-combusted VOCs 

and GHGs were included}. If there is H2S present in the flared gas , flare combustion can create 

801. For purposes of this study it was assumed that the wells did not contain meaningful 

amounts of H2 S, so no S02 emissions from flares were included. However, if the user of the 

inventory has information that there is meaningful amounts of H2S present at a project, the user 

can enter the H2S content of the gas and the Excel Workbook will calculate botl1 the H~S and 

SO:t emissions resulting from combustion of gas containing H2S. On the othe r hand , oil wells in 

the Williston Basin produce a large amoLmt of associated gas , and that gas is flared in flare pits 

or other flare devices. The amount of associaled gas can be considerable in the Williston 

Ba sin, thus the emissions inventory for the Williston Basin well type includes combustion 

emissions from flared associated gas. 

Road maintenance emissions were not included in the emissions inventory, because this study 

focuses on projects that conta in a small number of well s, typically wildcat or delineation we lls. 
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In ihat that case. there may or may not be road maintenance activities and such activities are 

not ai individual wells. 

Some of the well sites in the San Juan Basin will have compressors located at the well head. 

but these compressors typica lly serve a group of gas wells even when located at a we ll site. 

Howe ver, for the wells wh id1 are the focus of ttl is study (i.e., 8pproximately five or fewer iso lated 

wells), it is not likely ihat there would be well site compressor engines utilized . Therefore, no 

such engines were included in the emissions inventoty, although field compression for a large 

group of wells somewhere in a large weii field wil l be required in order to move the gas to 

market. 

Two potential sources of VOC emissions are associa ted with liquids unloading (blowdowns) ond 

working/breathing losses from storage tanks or mobile tanks. Working/breathing losses are 

muctl smaller than flashing emissions. The emissions inventory of this study was developed as 

a stand-a lone document (and Excel Workbook) that could be used without additional emission 

estimating techniques. In orde r to calculate working and breathing losses. the USEPA TANKS 

emissions mode l would need to be used on a case by case bas is. Working and breathi ng 

emissions are much smaller than flashing emissions and working and breathing losses could 

not be included without the user having to separately run the T Al\iKS model (USEPA, 2012) on 

a case by case basis; therefore they have not been included in the inventory. Liquid unloading 

blowdovms are associated with a cen tral facility. For the isolated few well scenario of this study. 

liquid unload ing blowdO\A/ns would not likely be present and have thus not been included. 

Although unloading and working/breathing emissions can be meaningful when emissions from a 

large well field with thousands of wells are considered. in the case of the isolated wel ls which 

are the subject of this study, they are de minimis. 

There may also be VOC emissions from drilling mud pi ts caused by hydrocarbons that may 

come up from t he weil during drilling . No emission factors were found in the references 

evaluated for this study. including no USEPA emission factors for this source . Accordingly, 

potential emissions from mud pits have not been included in the emission inventory. 

T he main activities producing meaningful amounts of HAPs typically associated with oil and gas 

drilling and production have been included in the emissions inventory. These HAPs are 

benzene . 1oluene. ethylbenzene. xylene (BT EX) and n-llexane. Tailpipe emissions of 

hazardous air pollutanis from drill rig, hydraulic pump and similar engines and tailpi pe emiss ions 
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of HAPs from on-road and off- road equipment have not been included as tl1ose emissions tend 

to be much smaller than HAPs associated with the oi l and gas products . Some of the HAPs 

associated with tailpipe emissions are acetaldehyde, acrolein, benzene, 1 ,3-butadiene, and 

formaldehyde. These tailpipe emissions combined would constitute less than 0.3% of CO 

emissions, or on the order of 0.0008 tons per year in this emissions inventory. The percentage 

of tailpipe HAPs was derived from tl;e 1-15 Corridor Utal"' County to Salt Lake County FEIS, 

Table 3.8-8 (USDOT FHWA. 2008). Note that ethylbenzene emissions from oil and gas 

activities included in I he emissions inventory are also relatively small, but ethylbenzene is one of 

the BTEX compounds a$SOciated with oil and gas production and it has been included in the 

emission inventory. Furthermore, some gas can contain larger amounts of benzene than the 

gas profiles used for the inventories in this study. if it is known thai larger amounts of benzene 

are present, tt1e project-specific gas composition can be entered into the Excel \1\lorkbook of 

Appendix A and the em iss ions will be automatically calculated. 

In the Appendices, where a value of 0.00 appears, that indicates that there \A./ere no or de 

minimis emissions of that specific pollutant for that well type. If there are non-zero emissions , 

then at least one significant figure was reported. The number of significant figures shown in the 

Appendices varies as the quantity of individual pollutants is highly variable. For example, 802 

emissions are reported to only one significant figure because the emissions are on the order of 

one ten thousandth of a ton per yea r. In the sp readsheets, the emission summaries are 

reported to r.vo decimal places because in order to show a 0.00 value, t'No decimal places must 

appear in the Excel Workbook . 

3.2. SELECTION OF PARAiV1ETERS r-OR EMISSION CALCULATIONS 

The equations used to calculate the emissions for each of the above activities are sho~vn on the 

spreadsheets in the Appendices. The equations use a combination of physical cons tants (e.g. , 

conve rsion from meters to feet), variables required by the emission equations (e.g., moisture 

content of soil being moved), and well-specific parameters. The well-specific parameters are 

those para meters that were chosen to represent the five different well types that are the focus cf 

this study. The basis for the physical constants, variables, and well-specific parameters are 

contained in the spreadsheets. The basis for most of the parameters are typical va lues based 

on professional judgment (e.g., 4 days to construct a wel l pad) and are generally used in all of 

the references discussed in Section 2 2 of this report. However. some of the well-specific 

parameters are more critical to the emissions estimates and requ ired additional investigation 
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and j udgment for selection. The critical well-specific parameters and the basis for selection are 

as follows. The terminology used for the references (e.g ., "NDDEQ") is that presented in 

Section 2 2. 

3.2. '1. Vehicle Tailpipe and Fugitive Dust Emissions 

Emissions associated with vehicle travel are a function of the emission factois (e.g., pounds per 

vehic[e mile traveled, lb!VMT) and \he number of mlies traveled. The VMT is a function of tile 

location and spacing of the wells, nurnbe r and type of equipment and supply deliveries, number 

of workers, duration and magnitude of hydraulic fracturing, size of trucks bringing supplies 

(especiaily wa ter) to the well, oil and condensate production rate of the well, size ot the tanker 

trucks pumping the stock tanks, and numerous other variables. For purposes of the emission 

inventory, typica l vehicle traffic coun1s and distances we re used for wells driiled •v!iere there is 

relatively little hydraulic fracturing fluid needed . If project specific information is avai lable for 

calculating project specific VMT (e.g.. ii is know that very large amounts of water wiil be needed 

for hydraulic fracturing ), that information can be entered into !he Workbook. 

3.2.2. Drill Rig Engine Size 

Driil rig and hydraulic fracturing pump engine horsepower vary wideiy among various inventoiies 

and studies. depending on the specific engines used by the drilting and production company 

and how quickly the drilling company intends to complete a well. GNB uses a drill rig engine of 

1,476 horsepovver (hp) and a completion rig of 475 hp. Jonah used 2,100 hp total for three 

engines when vertical driiling and 2,600 hp when horizontal drilling. Pinedale drill rig engines 

range from 3,640 to 4,040 hp. CRV used 2,952 hp for driil rig engines. For purposes of this 

emission inventory, the following drill rig engine sizes were assumed: 

• Uinta/Piceance DriH Rig Engine 2,950 hp (i.e., the CRV value) 

• Upper Green River Drill Rig Engine 2,100 hp (i.e .. th e Jonah va !ue) 

• San Juan Drill Rig Engine 2.100 hp (i.e .. the Jonah value) 

• Williston Drill Rig Engine 2,100 hp (i.e .. the Jonah va lue) 

• Denver Driil Rig Engine 2,950 hp (i.e., the CRV value) 

The horsepower for other engines involved in drilling. hydraulic fracturing. and workovers (e.g. , 

electrical generators, pump eng ines) are detailed in the Appendices. As shown in the 
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Appendices. hydraulic fracturing pump eng ines can also be relative ly large, on the order of 

1,500 horsepowe r. 

The va rious reference documents eithe r assume no load factor or variable load facto rs. For 

example, GNB used 65 percent load and 65 percent ut ilization for an overall load factor of 42 

percent. For purposes of the emission inventory, two different load factors were used, 

depending o n the operatio n and the engine. The 42 percent overall load factor was used for ail 

engines except horizonta l dri lling and hydraulic fracturi ng pump engines. For those eng ines, a 

load factor of 59 percent was used. (90 percent load and 65 percent utilization), based on 

professional j udgment, to reflect the fact that horizontal drilling and hydrau lic fracturing are mo re 

power-intensive activities. 

3.2.3. Drill Rig Engine Emission Lirnits 

As discussed in Section 2.4.1. there are federal requirements for engine manufacturers to meet 

certain emiss ion limits based on the ·Tier" of the engine and da te of manufacture. Various 

agency and EIS Records of Decision req uire more modern engines than federal ly requ ired. For 

example. GNB required a minimum of Tier 2 engines. one of the alt ernatives evaluated in White 

River requi red Tier 4 engines, an d Jonah required Tier 4 engi nes to be phased in between 2008 

and 20 15. Engines greater tha n 750 horsepower manufactured between 2011 and 2014- are 

requi;ed to mee t interim Tier 4 emission limits \.Vhile eng ines manufactured from 2015 and later 

a re required to meet f ina l Tier 4 emission l imi:s . Turnover of the dril l rig engine fleet to Tier 4 

engines is dependent on individual rig ope rators; however, for purposes of the em issions 

inventory, Tier 2 engines were assumed. This provides a reasonable uppe r bou nd for the 

emissions from drill rig engines. 

3.2.4. Hydraulic Fracturing Flowback Emissions 

Du ring hydraulic fracturing of the formatio n, the fracturing fluid is returned lo the surface. This is 

termed ''frac flowback.·· The flowback can contain a meaning ful amount of associated natural 

gas from the formation. In some cases, al l of the associated gas is captured and either f lared or 

sent to a sales line. W hen the flowback gas is comp letely captured and sent to a sa les line, it is 

called a ··green completion" . In other cases the associated gas is either flared or simply 

released to the atmosphere. 
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GNB assumed that all wells would be green completions with no flowback emissions. Jonah 

assumed that the flowback gas would be vented uncontrolled for 4 hours and flared for 80 hours 

with a total gas flowback amount of 35 thousand standard cubic feet (set). CRV assumed that 

one-half the flowback gas wou ld be vented uncontrolled and one -half flared, with a total flow of 

1 million scf per well. Based on these references, for purposes of the emission inventory the 

CRV value of 1 million scf was used. The amount of flowback gas is highly variable and a 

function of the individual well, although for this study a constant value of 1 million scf was used. 

But as is the case with all variables. a different vaiuc can be inptJt into the Exce! Workbook if 

project-specific information is known. Consistent with 40 CFR Subpart 0000 and 01her 

regulations, it was assumed that all of the flowback gas was flared 'Nith 95 percent control. 

3.2.5. Gas Production Rate, Decline Factor. and Dehydrator Emissions for Gas Wells 

The gas production rate (standard cubic per day or scfd) of natural gas from an individual gas 

well is used to calculate potential dehydrator em issions. The anticipated production rate may be 

known, but the actual rate often varies great!~/ from the expected rate. For purposes of the 

emission s inventory, only the Upper Green River Basin well type has a dGhydrator present. 

Farmington RMP used an initial gas production rate of 55,584 Mscfd (55.6 MMscfd) per well but 

then applies a decline factor of 50 percent for the ave rage life of the well {i.e., average 

produc1ion of 27.8 MMscfd). Pinedale used a gas production rate of 4,000 Msctd (4.0 MMscfd) 

per well. 

Both gas and oil wells initially produce much more on a daily basis than later in the life of the 

wei!. This is the decline factor or decline curve. Many of the reference documents do not 

specify a decline curve. either assuming that the initial production rate would remain constant or 

specifying an average production rate for the "life of the well", basica!iy an average production 

rate over a period of 10 to 20 y'ears. For purposes of tf1e emission inventory in this study, no 

decline factor was built in to the emission estimates because the project-specific production rate 

is not known , and thus a decline factor is meaning less. Thus, the emission inventories provide 

an upper bourfl estimate of emissions based on the production rate specified. 

Accord ingly, a 4.0 MMscfd ~1as production rate was used for the Upper Green River Basin well 

type dehydrator emission calculatio n. 
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Depending upon the size of the dehydrator and the potential uncontrolled emission rate, 

emi ssion controls on the clehydrator potential VOC emissions may be requ ired. Pinedale 

assumed tha t all well site dehydrators were controlled at 95 percent. White River assumed 

dehydrator control for one of the alternatives. Fo r purposes of this study, only wells in the 

Upper Green River Basi n will have well-siie dehydrators. Pinedale assumed 95 percent control; 

therefore the emission inventory also assumes 95 percent control on well-site dehydrators. 

3.2.6. Oil and Condensate Production Rate and Decline Factor at Gas and Oil Wells 

One of the key variables in determining emissions from storage tanks is the oil production rate 

for oil wells, the condensate production rate for gas wells, and the decline factor. Natural gas 

we!ls often have hydrocarbon liquids associated with the produced gas, and these liquids are 

fefrnAd r~nnrlRns::~1P. l ikt?wi~F> , n il WPIIs r:;:~n h>IVA ;:u;r.:.nr'.i8lPri n8tur81a~s prnrlUCFHi with thp nil 

For this study, the term "produced gas" is used for the natural gas produced from gas wells, the 

term "associated gas" is used fo r the natura l gas associated (or produced) w ith oii wells, ancl the 

term ''flash gas" is used for the vapor that is released from o il or co ndensate in storage tanks. 

NDDEO assu mes a n oil production rale of 250 barrels per day (bbl/d) for the first 30 d ays of 

production at oil wells. GNB assumed 10 bbl!d of condensate production for the first year, 3 

bbl/d con(Jensate production for the second and following years for gas wells. Jonah used a 

constan t 25.3 bbl/d conde nsate production rate f or gas wells. Pinedale used 30 bbl/d 

condensate for gas w ells. San Juan Basin gas weils have re latively little to no condensate. 

Therefore. for purposes of this emission s inventory, the following oi l and condensate production 

rates· were ass umed: 

• Uinta/Piceance Gas Well ... 10 bbl co ndensate per day 

• Upper Green River Gas We ll . .. 30 bbl condensate per day 

• San Juan Gas Well . ,. 5 bbl condensate per day 

• Williston Oil . .. 150 bbl oil per day 

• Denve r Oil . .. 125 bbl oil per day 

NDDEQ uses an assumed decline factor of 0.6 (i.e., the average annual production rate in 

terms of bbl/d after the fir st 30 days will be 60 percent of the daily production during the first 30 

days) . GNB used a decline factor of 0 . 7 after the firs t year. Farmington RMP uses a 0.5 decline 

factor, Jonah used a factor of 0.7, and Pinedale used a factor of 0.335. For purposes of the 
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emission inventory, no decline factor was built in to the emission estimates because the project-

specific production rate is not known, and thus a decline factor is meaningless. Thus, the 

emission inventories provide an upper bound estimate of emissions based on the production 

rate specified. If a project-specific production rate and/or deciine factor is known , that data can 

be entered in to the spreadsheets to change the emission estimates. 

3.2.7. Flash Gas to Oil Ratio for Gas and Oil Wells 

The amount of vapor re!eased in oil or condensate storage tanks is a function of the flasl1 gas to 

oil ratio (Flash GOR). Flash GOR is also highly variable , even among different wells in the 

same basin. For purposes of the emissions inventory, the following Flash GORs were used for 

the gas and oil wells based on professional judgment: 

• 	 Uinta/Piceance Gas Well Flash GOR . .. 1 00 standard cubic foot of gas per barrel of 

condensate (scf/bbl) 

• 	 Up per Green River Gas Well Flash GOR ...98 scf/bbl of condensate 

• 	 San Juan Gas Well Flash GOR ... 75 scf/bbl of condensate 

• 	 Williston Oil Well Flash GOR ... 98 scf/bbl of oil 

• 	 Denver Oil Well Flash GOR ... 45 scf/bbl of oil 

3.2.8. Well Gas-to-Oil Ratio for Oil Wells 

Even though oil wells are developed to produce oil, they also have natural gas associated with 

them that comes from the geologic formation. This gas is termed "casing gas;' "associated 

gas: or ''produced gas.'' The amount of associated gas is determined by fhe Well Gas-to-Oil 

Ratio (Well GOR). 

In the Denver Basin, there is sufficient pipeline infrastructure that associated gas produced with 

Denver oil wells is normally either used on-site or piped to a sales line essenti~11!y as soon as 

the well is completed. Therefore , in the Denver Basin, it was assumed that theie are no 

emissions from the associated gas. 

On the other hand, in the Williston Basin, th ere is insufficient natural gas infrastructure nvailable, 

and the associated gas can be vented. flared. used at the we !I site, sen t to a sales line. or a 

combination. For purposes of this study, it was assumed that all of the associated gas from 
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W illiston Basin oil wells was flared for a period of 3 months, after w'hich it was assumed th at the 

associated gas would be sent to a sales line. Accordi ngly, there are emissions from associated 

gas for a period of 3 mont hs. The emissions result from comb ustion of the associated gas plus 

un-combusted associated gas (95 percent of the gas was assumed to be comb usted with 5 

percent passing through the flare un-combusted). The amoun t of associa ted gas flared was 

calculated from the Jssumed oil production rate of 150 bbl/day and a Well GOR of 1,100 scf/bbl 

of oil produced, or 165 Mscf of associated gas per day. Th e Well GOR value assumed for this 

study is based on professional judgment, and the Excel Workbook allows the user to enter a 

d ifferent value if known. 

3.2.9. Produced Gas. Associated Gas, and F!ash Gas Composition 

As discussed previously. it was assumed that all five well types have oil/condensate storage 

tanks on site. The largest source of emissions from the storage tanks IS tt1e flash gas. The 

flash gas co m position determines potentia l VOC. GHG an d HAPs emissions. For this study, the 

flash gas composition was varied for each basin. The source of the flash gas compositions 

used in the s tudy is as follows: 

• 	 Uinta/Piceance gas well ... liquids ana lysis of the condensate used in filed and approved 

Utah permit applications and the E&P Tanks emissions model 

• 	 Upper Green River gas well ... liquids analysis o f the condensate used in the Wyoming 

Pinedale Tri-Annual Emissions Reporting default values and the E&P Tanks emissions 

model. 

• 	 San Juan gas well ... liquids analysis of the condensate used in filed and approved 

permit applications f or Colorado and the E&P Tanks emissions model (same as the 

Denve r Basi n oil \-veil) 

• 	 Williston oil well . .. liquids analysis of oil used in filed and approved emission reporting 

efforts in North Dakota 

• 	 Denver oil well ... liquids ana lysis of the condensate used in Filed and approved permit 

appl ications for Colorado and the E&P Tanks emissions model 

For produced and associated gas composition. the CRV provided a detailed gas composition 

table, and that composition was used for all five basins. If project specific gas compos itton data 

are available. !hey can be en tered into the Excel Workbook and !he composition w ill flow 

through the calculations. The associated/produced gas composition data are used m the 
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emission calculations for fugitive emissions, pneumatic device emissions, venting, workover . 

and frac flowback emissions, plus emissions from flaring of associated gas in the Williston 

Basin. 

3.2.1 0. Emissions from Produced Water 

Some oil and gas v>eils have a meaningful amount of water associated with them . T he 

produced wa1er, which is stored in tanl<s, can conta in VOCs !hat are emitted to fhe atmosphere . 

In order to calcu late emissions from produced water, a produced wate r production rate needs to 

be known and then a known emission factor, or the USEPA TANI<S emissions model could be 

used. For purposes of the emission inventories !he TANKS model was not run because of tile 

goal to have a stancl-alone spreadsheet as discussed earlier with respect to working/breathing 

losses. Rather than running the TANKS model on a case by case basis, CDPHE published an 

emission factor (lb VOC per bbl of produced water) for produced water. which is 0.262 lb VOC 

per bbl for the Denvei Basin and 0.178 lb VOC per bbi for some of the Colorado counties in the 

Piceance Basin. Due to the lac!< of other emission rates for produced water tanks. and to 

provide a reasonable upper bound estimate of emissions, each of the p1·oduced water tank 

emissions from each basin were calculated using the single CDPHE emission factor of 0.262 lb 

VOC per bbl. 

To determine the amount of produced water, the PI/Owights oi! and gas production database 

was accessed through IHS Enerdeq {IHS, 2013) and an average produced water rate per V.iell 

per year (rounded to the nearest thousand barrels) was calculated for all wells in the basin. The 

resulting produced water rates are as foHows: 

• Uinta/Piceance ... 4 ,000 bbl water per well per year {bbl/well/ yr) 

• Upper Green River ... 3,000 bbl/well/yr 

• San Juan ... 800 bbl/well/yr 

• Williston ... 36,000 bbl/well/yr 

• Denver ... 11,000 bb!/wefl/yr 

The amount of produced water is highly variable with in a basin and depends on the specific 

we ll. For example, the range of produced water values for gas wells in the San Juan Basin is 

from zero to over 160,000 bbl/well/yr according to the PI/Owights database. 
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3.2.1 1. Pneumatic Controllers 

Pneumatic controllers are used at lhe well sites to open and dose valves, operate pumps, and 

other purposes. Pneumatic controlle rs can emit natural gas containing VOCs as part of the 

operation. Pneumatic controllers are classified as hig h bleed, intermittent bleed, low bleed, and 

no bleed. H ig h and low bleed conirollers emit a small stream of gas continuously. lnterrnittent 

bleed controllers emit on an occas iona l basis , however the frequency of bleeding is generally 

not known. Accordingly, emission inventories usually assume either high, low, or no bleed 

controllers. 

The number and type of pneumatiC controllers varies depending on the needs of the well field 

and the operating company's standard practices. For purposes of the emission inventories it 

was assumed that all gas wells have pneumatic controllers (in addition to pneumatic pumps and 

ot11er pneumatic devices) and the pneumatic controllers are all low bleed. This is consistent 

with the 40 CFR Subpart 0000 regulato ry requirements discussed previously. No pneumatic 

cont rollers, pu mps. or other pneumatic devices were ass umed present for the oil wells in the 

Williston or Denver Bas ins. 

3.2. 12. Pumpjack Engines 

Pumpjack engines a re generally natural gas fueled and ai8 relatively small, on the order of 65 to 

95 horsepower. The Farmington RMP assumed a 95 hp engine; other EISs assume smaller 

engines and/or a 95 hp engine but use a load factor that results in an effective continuous 

horsepower that is much lower than the engine rating. For purposes of the emission inventory, 

it was assumed that all of the pumpjack engines would be 65 hp, w ith a load factor of 0.54. or 

a n effective continuous hp of 35. These values •vere chosen based on professional judgment. 

3.2.13. Fugitive Emissions (Equipment Leaks) 

Well site equipmeni processes and transfers gases and light oils with meaningful amounts of 

VOCs. Therefore, fugitive emissions tram equipment leaks must be accounted for and were 

inouded in the emission inventories. USEPA emission factors for leaks from valves, connectors 

{flanges), ope n ended lines, and pressure relief valves as published in 40 CFR 98 Subpart W 

were used. Although 40 CFR 98 Subpart W is for greenhouse gas (GHG) emissions. it includes 

emission factors for the amount of fugitive gas emissions at oil and gas well sites; and these 
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emission factors can be used to estimate not only GHG emissions but also HAPs and VOC 

emissions based on the gas composition. Thus the Subpart W em ission factors were used. 

Typical counts for each type of leaking device at the well sites were input based on professional 

j udgment. If other project specific information is available. equipment counts can be over-ridden 

in the spreadsheets. The emission factors assume no leak detection and repair (LDAR) 

program is implemented. If some sort of LDA R or inspection program is imple mented, the 

emission factors should be adjusted accordingly. (LDAR may be required by 40 CFR 60 

Subpart 0000 at some well sites on some of ~he equipment). 

3.3. EMISSION INVENTORY RESULTS 

Tables 3-1 through 3-5 show the emissions totals for each well type by activity. Except for 

sulfur dioxide, etiJYibenzene, and nitrous oxide, the values in the Tables are iOunded to one 

decimal place. Global warming potential (GWP) is rounded to a whole number. 

Note that the tables report "total HAPs''; however, tt1e tota l is based on only the five HAPs listed. 

There are trace amounts of other HAPs associated with oil and gas well development and 

production, but the amounts of those other HAPs are much, much smalle r than the five key 

HAPs listed (the trace HAPs add less than a tenth of a percent to the tota l HAPs). There are 

three other HAPs emitted in meaningful quantities that are often associated with oil and gas 

production: formaldehyde. acetaldehyde , and acro lei n. However, the main source of these 

HAPs are large natural gas compression engines at cent ral gathering stations or field 

compression stations , wh ich are not included in this study. 

The Global Warming Potentia l (GWP} shown in the tables is calculated using a GWP of 1.0 for 

carbon dioxide. 21 for methane, and 310 for nitrous oxide. The individual greenhouse gas 

emissions are in terms of short tons for the individual greenhouse gas. The GWP is in terms of 

short tons of carbon dioxide equ ivalent (C02e). 

As noted in Section 3.1. Construction emissions inciude emissions from interim and final 

reclamation of the well pad. Tables 3-1 through 3-5 are on the following pages. 
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Table 3-1 
Emiss io n Es t imates by Activ ity f o r a Natural Gas Well in t he Uinta/Piceance Ba s i n 

I .. Pollutant Construction j Develo~~ent · Opera~io-n , Total1I .·• ·· 1!£>d_ {tpvl .(fPYJ - _('_.._.tPL...LYI....__}---i
i NOx 0 .5 ! 14.8 04 15.6 

___B....;e_n_zene 0 00 1 4 : 0 04 1 4 
;-· Toluene I 0.00 I 1.0 : 0.02 1.0 

L-·-- ~thylbe~zene i 0.00 0.00 ' 0.00003 0.000 03 
I Xylene I 0.00 0.6 : 0.01 0.6 -~ 

I __~-:-·--r~k---t-·· ~:~~ --·l·--·1?ti ~:~; 1ft--j 
fi.1Cii8: Sums rnay not predse!y total due to roLmd on dif1ere n ces. A value of 0.00 in dica tes tliCJl pol lutant is not 

emitted or ?omitted in de minimis amounts. If Ull~re is a non-z<.~ro value, at least one !>ignificant figure is reported. 

Table 3-2
E . 

13.2 0 .9 

Ac t r.vH' t y for a N t I G W II . th Um rssron Es rmate s f b>y a ura a s e In e 1pper Gree n rv er B asm 
r I Construction Development 1Operation TotalPollutant . ,.. •, . I (tpy} (tpy) . jtp_y)_ . Jtm'-~ 
I 
I 0.5NO . 14.6 
I,__ co 0 .3 ! 2.9 0.8 3.9 .._. 
I 
I voc I 0.04 0.7 4.4 5.2 

~- -----~ ~~.', ________ ____o~~~--±=- __o~o~2 ____toQog~~- ,__ o6o~4 
I ______._ 0.8 

--·
I'---·-----· PM:!.,. ---c.______________0.06 0.4 .. 0.3 ________, 
r ·---· - .. ·--c:a~·- -·---=r--33~a.. ·-----'F---1.9oo.-3-·-:--94a.o -r- ·2.as2T-l 

~----- -- -~ ~?; ~== --r ~-g~~o\--T-- 1~;; ~- H~~o~ =~3~~}4 
! 
! Benzene I 0.00 1.4 j___Q.1 1.51--- ~ 
I Tolue ne I 

I 0 .00 1.0 I 0.2 1.2 
I,......... 
 =~~~~~~:~~~C:~!_~---- +·---~:~~- ·---· ----%~~----j~o¥-.. _ ---~--I 0.7 

7.5I n-Hexane 7.3 0.2[ ___ .--+--- O.OQ.__ -I 
~ 

f ITotal HAPs 0.00 10.2 0.7 1 10.9 
'-N""''o_,t-e:--=s,_.u-m'-s'-'m-.a'-y-'n'--o'-:-t-p- i s.....,el,.... o -ro_u_n_,d-o'7,ff..-o""''il:+- 1\ value of 0.00 i n1jicate s that pollutant is notre-:::~ y..,..to_,.!-;al-o.,..·u-e....,.l- ference s. 

emillecl nr am1tted in de minimis ;,mounts. If there 1S a non-zero value. at least one significant f1 gu-e is reported. 
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Table 3-3 
Emission Estimates by Activity for a Natural Gas Well in the San Juan Basin 

!;, - · Construction Development Operation · Total 
1 

- - Pollutant .. 1- (toy) . (tpy) (tpy) -. (tpy} 
NO. 1 0.5 4.0 ! 1.1 5.6 
co I 0.3 1.1 i 1.8 3.1 

,~----....,v_,o._c I o.o4 o.3 ! s.o ---5_-3---1 
L ---- -··---·-··-··----·--r--····-----···-----····--f--·- -·····----- ----L--·---··-··- .. --·----·-···-···-· 
~-----?Qz_ i- 0.0001 0.0002 --t 0.0008 0.001 --
1 PM1o I 2.1 1 4.7 ; 0.08 6.81-------·--·-·--··-·-----·---T·-··--···----- --, ____T ____·- --~--------·---------·-·-··---------------

1 P M;u; 0.06 0. , 0.3 0.5 

I 
I 

C02 I 33.8 56 1.6 56.4 651.9 
i CH4 i 0.001 1.1 5.0 6.1 
~----N,--o I o.ooo3 o.o4-'-· o.ooo4--------=o-'-=.o:-'-:-4---! 

......-.9~!3_ __ .....____ ___.J ........ ___ ~4 . ___ .......... .... L.....-...~~? .. ______ _:_____ !9.1...... __..______ }_9_1__ ._.. __ ... 

.------~~~~~ --- -+-· --&~t --- -- .. -- ---}6:-- ---i------§~~~-- ----·td- --- 
L-- Et~y_l~en~en~--------~----o:_Q_Q ______"_ ~QQ________~___o.oqg_~-- ___Q:Q9_08 --.. 
1 Xylene i --~9 I 0.6 : 0.01 0.6 

[==:__r~~~~;i~s--~=±=-~-----§:·~~-----------± -·--lo%-----==L=~~ ~~~=---~---..Tat·· ~·-j

Note. Sums may not precisely tot<1l due to round cfr d:fferences. A • alue: of 0.00 ind1catcs t11at pollutant 1S not 
emi tted or em1Hed in de minimis amounts. If there is a non-zero value, at least one significant rigum 1s reported. 

Table 3-4 

Ernisston Estimates by Activity for an Oil Well in t 1e Willis ton Basin 


~- ·- Pollu tant 1 Constr uction Development Operation t otal _':~~ l __ ___ L Jtpy) _ ~ ttpy) (tpy) ..: __ (tpy) '"~ 
: NOK I 0.5 I 13.2 1.8 15.6 

f·------fo~·--=i-------~-&------t---·--#-·-----TI&-·- ----1~~6----
! __ S02 -i-- O.OQQl__ ___~_ _Q.OOO?____ r-_O.Q_Q.Q§___ ____0.001 ____ 
~ P~_;D ' 2.0 i 4.8 0.1 6.9 
I PM?5 I 0.06 I 0.4 0.3 0.8 

I CQ;, -r 33.8 I 1,900.3 1,222.3 I 3,156.4 

~-------~-;bL------+---~o~o~--i---o~~--------.....Jt,;----r----·tf------
--· 1_:- GWP L______;3.±___ I 1,92?__ _____'!_J_QQ_ 3.6?_? ________ 

: Benzene i 0.00 I 1.4 0.2 1.5 
! Toluene I 0.00 J 1.0 0.02 1.0 

-Note. Sums may not prec1sely total due to 10und off d,f1erences. A value of 0.00 ind1cates that poiiutant 1s not 
emittecl or em1t!ed in de minimis amounts. If there is a non-zero value. :lt least one significant f1gure is reported. 
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Table 3-5 

Pollutant 
.Construction Development Operation  Total. ·· 

(tpy) t ~ t . . t .. 

NOx 0.5 4.5 1.3 6.3 

i co - j_-..Qd_______1..:.~ ql__2_0- ~-:..~d' 
J VOC I 0.04 0.3 6.4 6.7i - - -- ..... so;--·-----j- -----·0.00-01........ .. -- : ---··a:ooo·2·----- .....---(f6o8_______ --------·-o.-oo-1·-------
----------· --+---·------1- . ---·-- ______..____ 

1 · · ----·---------~~(~---·- -}-------- o~t6------~-----6~..- ····-··- ~:} --- ------{~ ····--------r------------ _______________t_.___________ -- 
~--: co;> T.. 33'J3___ 1 623.7 , 391.5 ·r·--·1.oso.o 

0 ~ o~o~ 13 I 6:oT-i--o¥o,-- ···--Jt~-------1---~~----- o 
:_.............. ___.G.Y.Yf:_______________ L_ __ 34 --------~-~?________ J.....- ..~.9-~............... _... ..... !..'Q$~----·-· ..... 


i Benzene I 0.00 1.4 1 0.06 1.4I --·-----·---- ____........ --------r- ......_____..____.. ·-----· -- _.. __________ ---- ·--~--.. --------- ....- . .... ....... ....... ..... ......... . - - --j 


: Toluene 0.00 1 1.0 ! 0.01 1.0

f--- _l'!f!~te1%i,~en~ -~ ----%~~ _-+__o0oJ!-__:__j__o0~g0o£- _____9.:~9~6----·-·· 
r··---- n-Jexane-- ----o.oo ·---r--7.3----1---o2- ----Tg··----, 
:· ---··------_:_ro~LBAP-s·=·-J=~=----{1 :_go- ---~-=-~]---- =-~-;i o ._f==..r_.~-~.1:::::~:=~- ~==·1§:~=--=--·i 

Note: Sums may not precisely total due to round orf differences. A valuE: or 0.00 ;ndicates ll1at poliuLant is not 
emitted or em1t!ed in de minimis amounts. If there· is a non-zero value, a! least one significant figure is reported. 
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4 CONCLUSION 

Five differen t emission est imate inventories were developed to represent typical oil and gas well 

emissions in the western US. Cali fornia, Texas, Oklahoma, Kansas, and /~Iaska were not 

included in the study due to relatively lit11e BLM lan d with oil and gas development in 1hose 

states, those states have their own program for estimating emissions, and/or the unique 

environment of Alaska. The five well types chosen for analysis were natural gas wells from the 

Uinta/Piceance, Upper Green River. and San Juan Basins and oil wells from the Will iston and 

Denver Basins. These Basins are respons ible for a iarge portion of the oil and gas produced in 

the western United States. Characteristics of these basins as they affect em ission es1imates 

were described so that a user of the emiss ion inventory can select a representative well type for 

development in other basins or sub-basins in the western US. The emission inventories focus 

on projects where there are a small number of wells. generally termed wildcat or delineation 

wells. 

The emission estimates are suitable for use to estimate emissions from a small number of wells, 

and should not normally be ex tra polated to large well fields with muitiple wells. The inventories 

are based on generally accepted emission estimating techniques pub lished by tile USEPA. 

Howe ver, these techniques require a large number of case-specific parameters in order to 

estimate emissions. Typical parameters for each of the Basins studied were used to calcula te 

the emissions. but there is a wide range of possible values, and project-specific information 

should be used whenever available. 

Electronic and hard copy emission inventories were created. The electronic version of the 

emission spreadsheets can be modified by the user by overriding key parameters wi th project

specific data if available. Emissions were calcu lated for the criteria pollutants associated with oii 

and gas development, greenhouse gases (including calculation of global warming potential), 

and the five hazardous air pollutants that are emitted in meaningful amounts and traditionally 

associated with emissions from a single oil or gas well: hexane. benzene, toluene. 

ethylbenzene, and xylene. 

The emission inventories can be easily modified to account for project-specific information that 

may be <Jvailable. If no project-specific information is available, the emission inven torie s provide 

typical values for the selected basins and the inventories can be extrapolated to other basins in 
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the western US as needed. If project-specific variobles are ente red into the Excel Workbook, 

the variables should be entered i n the ''Constants and References" tab and the entered 

variables will be automatically populated into the emission es timating equations in the 

Workbook. If a range of emi ssion estimates are needed instead of a single value. a range of 

emission estimates can be crea ted by entering a range of parameters in the Excel W orkbook. 
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5 LIM IT AT ION S 

H1is \·vork was performed in a manner consistent with that level of care and skill ordinarily 

exercised by other members of Kleinfelder's profession practicing in the same locality, under 

similar conditions and at the date the services are provided. Our conclusions. opinions, and 

recommendations are based on a limited number of observations and data. It is possible that 

conditions could vary between or beyond the data evaluated. Kleinfelder makes no other 

representation, guarantee, or warranty, express or implied. regarding the services, 

communication (oral or written), report, opinion. or instrument of service provided. This report 

may be used only by the client and only for the purposes stated for this specific engagement 

within a reasonable time from its issuance. 

The work performed was based on the scope of work requested by the client. Kleinfelder offers 

various levels of investigative and engineering services to suit the varying needs of different 

clients. It should be recognized that definition and evaluation of environmental conditions are a 

difficult and inexact science. Judgments leading to conclusions and recommendations are 

generally made with incomplete knowledge of the facility and conditions present due to the 

limitations of data. Although risk can never be eliminated, more detailed and extensive studies 

yield more information. which may help understand and manage the level of risk . Since deta iled 

study and analysis involves greater expense, our clients participate in determining levels of 

service !hat provide adequate information for their purposes at acceptable levels of risk. More 

extensive studies should be performed to reduce uncertainties. Accepiance of this report will 

indicate that the client has reviewed the document and determined that it does not need or want 

a greater level of service than provided. 
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3.4 Air Rewurces 
Air resources incl ude air yuality. air quality r~ lated val ues (AQ RVs). and cl imate change. As 
part or tbe plann illg and decision making procc~s. the nLM considers and ana lyLes the po tcnLi<!l 
effects of BL\1 and BLM-aulhorized adivitics on p ollutant cmi&sions nnd on air re::-o urcc~ . 

T he Environmem<.~J Protection Agency (EPA) has the primary rc~ponsibility ror regulating air 
qua lity, inc ludi ng seven crite ria <lir pollurants su bject to Nalional Ambien t . ..\ir Quality Sta nda rds 
(N/\AQS). Pollutants regulated under NAJ\QS include carbon monoxide (CO), lead, nitrog~n 

dioxiJc CN02). ozone. particulate matte r with a dinmctcr Jess than or equa l to 10 microns 
(PM 1 0), particul<~k matter with :1 diameter Jc:.,s than or equal to 2.5 lllicron~ (PM2.:'i), and su lfur 
di oxide (S02). Two 3Jditional pollutants. nitrogen oxiJ cs (NOx) and Y('latilc organic 
c0mpounds (YOCs) are regulated hccause they form ozone in rbe atmosphere. i\ir qu:1Jity 
regu lation is e~bo Jclcgatcd tu the fD EQ. Ai r quality is cktcrminct.l by pollutaut cm is::.ions and 
emission characteri~ tics. atl:Jospheric chemistry, dispersion meteorology, and terrain. The 
AQRV:> include effects on soil and water such as sulfur and nitrogen depo~irion and Jake 
acidiiication. nnd acstb~ric effects such a~> visibility. 

Clima tc is llu.: composite or gcm:rall y prcvai ling \Vcalhcr condi tiun s of a par lieu Jar region 
ihr,1ughou r the yea r, avl.!ragcd o\·cr a scric~ of ycurs. Climutc change includes both hi::-totic and 
predicrect climate shifts that are beyond no nnfll weather v:Jriari c111s. 

3.4.1 Affected EnYir-onmcnt - Ail· Re\ource~ 
A ir Ou aiity 
Based on data from monitors located in l3akcr County Oregon (west and generally 11pwind of rhc 
lease area) and Ada and Canyon counties (so utheast and gt:nerally downwind or the lease area). 
air quality in Payette County is believed to he muc:b bt:tter than required by the NAAQS. The 
EPA air qualir.y index (AQI) is <li1 index u~cd for reporting daily ai r quality 
(http ://www.epa.lwv/aird.a tal) to the public. The index telb how cltim or polhm.:cl a n area's air is 
and ~vvhcthcr associated health c rtl:!er.:> might be a eonccrn . The EPA calculates the AQ! l~w five 
(:riteria air pollutant~ n.:gulated by the Clean Air Act (CAA ): ground-level ozune, patticu) alc 
matter, carbon monoxide, sul fur dioxide, a nd nitrogen dioxide. For each of these pc,lfutants, 
E'PJ\ h<1s establis hed NJ\AQS lO protct t publi<.: heaJ rh ..An AQl \'<l1Uc of 100 generally 
corresponds to the primary NAA()S for the pollutant The 1ollowing terms help interpret the 
AQI illfonnation: 

• 	 Good ·- T he AQl value is betwee tl 0 an d 50. Air quality is considered satisl~1tt ory and air 
pol lut ion poses little or 110 risk . 

• 	 :\1oder·ate- The AQI is between 51 and "!00. Air quality is accep table; however. for some 
pollutants there may be a moderate hc::lth concem for a very smalluumb~r ofpeople. For 
ex<.~mpk. people who are unusually ~cnsirive to ozone may experience rcspimtory 
symptoms . 
Unhl•a lth)' for S c nsith·c Groups When AQI va lues a rc between I 0 l an d 150. members 
of'·scnsitivc groups" may cxpericlll:C health crrccts . Thcs~.: groups arc likely to be affcdcd 
at lower Jeveb than t he genera l public. For ex<~mple, people w ith lung disease are a t 
f,rrcat~_T risk from cxpo=>tlrc to 0zone. while people with either lung disease or hc<ut disease 

Lill ie Willow Cre-ek Protective Oil :md 0Js Lease 
f ina l EnYironme n tal A~scs~menl 
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arc at gr~ater risk lrom expu~ure to particle poll ution . The gent:ral publici::; nor likdy to be 
affected \Vhcu the AQ£is in this rang~. 

• 	 Unhealth y- TI1e AQI is between 151 and 200. Eyeryone may begin to experience some 
ad\'crse health ctfec!s, and members of the scnsirivc groups may experience more serious 
dlects. 

• 	 \'cry Unllea!th:~· --The AQI is between 201 ~nd 300. This index levd would trigger a 

hc'-lllh <Jlcrt signifying that everyone may expcrkncc more serious hcu lth cffecls. 


AOl data show that there is liulc risk to the general public rrom air quajjty in the analysis area 
(Table 5) . 13asctl on ~vailahlc aggr~gatc data for 13akc r. Ada, and Canyon counti~..":s (the ncarrst 
COlmties \Vith monitoring data) for years :2011··-20 13, more than R4r% of the days were rared 
"good' ' and the t!Jree;:-year mediau daily AQI was 19 ro 32. !vloderate or lower air quality Jays 
were t~vica!ly assoc iated with winter inversions or summer wild tire activity. 

Table :i. Air Quality Index R~::pon- Analy~i& Ar~a Sl!lnmary (2011-~013). Baker County Oregon antl 
Ada CaH)'O'l Countici. Idaho 

CountyI 
# Days 

Ill 

Period 

Mc:dian 
AQl 

:; D<:~y< 

rated 
Gond 

Jeltentof 
DaYs 

R:.ued.o: 

Good 

li Days 
R:llc-d 

\tndcrMc 

if Days 
Rmed 

Unhealthy 
f()l' Scnsitin:: 

Groups 

H[l)yS 

R:1lcd 
Lnhc~hhy 

;.lDnys 
R.:lled 
\:\:ry 

\.. nhcalthy 

llnkcr 1 ,0~4 ?}) 91:
.... 

~-} 167 2 0 () 

Adn 1.088 "' ,,.;. 917 &..t 1)7 II 2 I 

c~nyon 1.019 i9 925 t· 9 1 R7 ,,... 3 0 
.. 

Emi~sion~ in PClyeue County are low. due to a ::. mall pupnlations and little indw.trial activity. 
Dascd (l ll 2011 L'mission inventory data avai labk from the nPA Naiional Emi~~ion Inventory, 
ox ides of nitrogen, carbon monoxide. S l0 micron particulate maner (P!\1 10), volatile organic 
compounds. nnd carbon dioxide were the most .:ommon non-biogeni c cmir:,~ion., in Payettt:: 
County (EPA 2014a). As described above, these emissions occur in an area with good :~i r 
quality. 

Tnh le (, Annn:~ l emis~ions (tons/year) ofrypicnl pollut:mrs, typical annual emis;;ion-; for n well (Upper 
Gret>n Ri,·e r. Wyoming), and erni:,sions for the rr:.asonably fore~eeabl e <.kvelopment scenario wdb 
(Paye tte County) :mJ cumulal ive impacb <mal ysi~ area (Baker, Ada. Canyon, ;mJ Paytll~ coumie,. t, Td aho 
and Orenou.,.., 

Cu mul ati1·c Alternative (%,im:rca~c over Payt'ttcI llamilton
Impacts Pl.'t' Count> valut·s) 

ant! '\Yil1011Pt•llntnut ~ Pay<'!!< \\\'dl1Co unty Analysis 2Ficldsr ' 
·\n·a~ -·--r--· 

A I I! ~ 321.2 3(;;\~!>.(Ox i des t'f 24,R5 !A 14.6 29.2 (2%) 774 n I%)1 . ,44:' .J (22.2%,) (25.3Cl-(>)1Nirro~) .. 
'• -:gl ~-~·- b Il 	 {CJr on /5 •..· I . I )3.9 207 fO.l % )6,J08.3 l-19.89-U 7.8 (0.!''-;.) 1:0..1,lll0X idc:') (I.-I'%)! (t 6%)

' 0.000'\ OJlO~R I 0.01 0.0?
2,R00.:2 0.000-1':> (12 ~Sdfur Dioxide).l :19.1 

(·~O.fl 11!<~;) (0.02%) I (tl031 '·~) (0 001%)I 
til.! 01.9P!vl 11,(PortH:ubtc~ I 6.11):'-.o 6.7 L\.4 147.-1 I lo7.s >55. [ 

Little V·:dlow Creek Prctcct.ivc Oil <md GJs Lease 
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Cumu!Mivc I I Alt<'rnalh'<' ('!/oiucrca;c over Pnydtc 
llamilton 

Pnllut:mr Payette Impacts Per 
1 

1------:;.C..:.o.:.:.u.c:.nt...,,_·,_,a'-'-11'--Je:;:sf-)-----l ltnd Willow 

r-~-··-. - ··- _ -~-~un~·- __:\~~-~;i~ __ -~\~:____11 ___~\~l.____B_____ __j__ ~- _ -~i~l~~~~ 
wnhth:nn:::t<.:rs~IO _ 

1 
(0.2%) (2 .4%) I t2.7'!'o'i \0.7%) 

microns or .... ,0 X I o· 
~meter:-) - I 
PM25 {Pani..ulat~'l> I 
wit h diarnc\<:r s ." :2.5 c.. 1_". , 17.6 

1 

. ·' ""~ I:?,Riq 0.8 l.h(0.2%) (~ 0 )
rntcmn~ or <'2.:i x L. I 1o 

I o·~> mctcrsl 

20.0 
42.4 (0.3%) 

() ' J]/"'1 ')U-"'91 C:'"l 10.4 11  1.4 .} 275.0vue.. (Vol<!lilc I ., I 1.'0.(1 
r!!HlTIC ', -·' -"·).> ·' -' (0 9~ ) ( 10 ?''·) 'l I 6'' t ) 0' 

~~~~~·;:·;:';?.do"' 1 r---1'___·_:_i~------+-~-- -_._)_,o-t----11. ~u) 
Air P•jJltnnms) I 
Bcnzcnc:;;..;::.-'------+,1---,·-8. 0.12 0.2(!J0 '••lj' 1 ,··,~.;~-~ 16 ,~,0) 6.4il.2~·..)

( ..... ", I < ... ,o 

Toulenc 

9.7 I90.31 (.1.00003 I' 0.00006 0.0007 1 0.0008 0.002 
(<0.(l!f• ;,) ('O.(ll%) 1 (0.01'1.,) (OJiOI"~•) 

Xyh:nc 

n-He:-anc 

Cl l 1 {.\1cthauc) 

l\xO C\' i tT<JIIS 

0\id..:s) 
CO~ eq (Ci lobal 

Wannillf! Potcnli:.ll )) 

39 

23 6 i 5.1 

I I .U 
o.t7 o.} r,o.9%) 3.7 t9.S'~·;,) '! )

\ l(ll "{,) 

15.8 II JIUI ' ') ( .JL (1. )~ 'o)
(10.2%>) i (11.4%) 

l.ll 1.3 2.7(1/)",;,)
( u .1 ''·nJ , n .t. 9%J 

1)3,601 .41 72.342.5 
(26.2%') (2!) .7%) 

153.366.1 
(U%) 

1 Source. Klellllclde; (20 14) 

2 % increase over CJAA 

:; GW P (Giobal Wam!ing Poten tia l· Carbon Dioxide Equivalent [C01cq]l ror (.'01 =J. CH~ = 2 J, and 1<~0 

= )10. 


Air re~ourl·es also inc.:Jude visibility. which um be ckg r:tded by regional baze caused in part by 
sulfur. nitrogen, and panicnlare emissions. Based on uends identified during 2000-2009, 
visibility has improved slightly ncar the analysil> area on the haziest and t:learcst. days. Blue
shadt:d cin:ks in Figure 3 indit:alc negat ive det:i view (dv) t:hange::; , wbit:h meant hat people can 
~ee more clearly at greatt: r Jbtances. 

Linlc Willow Creek J'ro(cct ivc Oil :md GJ5 Lcusc 
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I 
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Figure 5. Regional c:imare snmm:lly of ,pring rc:mpcrarcre~ (\.farch-May) for ld:.Jho Souriw;esrern 
Va.lkys. f'roml99~-2014. (Source: 1.\0AA website. 
Jl ttp::'IIV'\VW .ncdc.noa~Lg(•v/oa/cl imnte/rese:1rch 1c:tg.l'wn.html) 

3.4.1 Environmental Consequences-· Air Resou rces 

impacts to air resource::; arc based on tbc RFDS created t~)r tb.is document (Tubk 2. Appendix J). 


3.4.2.l General Discussion of lmp2cts 

~'\ir_Qualitv 

Po!ential impacts ofJevelopmcnl t:ould include increa~cJ <Jirborne soil parlit:les blown ll:om new 

wel l pads or mad~; exbau~t Clllissions irom drillillg equipmcnl. comprcs-,ors, vehicks. and 

debydrati(_)n and ;-;eparalion fa~:ilitics; as \Vel! a~ potential release:; o f GHGs ~md VOCs during 

drilling or production nctjvities. The nmtmnt of increased emissions cannor be precisely 

quantified ut this tim~ since it is not knovm for certain how many \Veils might he ,hilled, tlle 

type:- of equipment nccdcJ if a well were to be comp!dcd succcssfnlly (c:g.. comprcsst)r, 

~eparator. dehydrator), or \Vhnt techno!ogies may be employed by :1 given ...-:ompany for drilling 

any new \.Vclls. The degree or impact would also vary ;.~c:~.:ordi.ng to the t:barackristics ofrhe 

geologic fnnnations l'rom whidl production OCClH~. as \.VC!l it'\ the SCOpe or specific activities 

propos..:d in an APD. Oxides of nitrogen. carbon monoxide, volatile organic cumpound.), carbon 

oioxid:.!, and mel han...: are the:: most common emissions from a typical \.VC\l lGrec:n [b\'cr, 

Wyoming; Table 6). The Kleinfeldcr report provides e~timated pollutants !'or wtlls in three 

locations (San .l uan, Linta/Piceance, <md L;ppcr Green Ri\'er basins). Thi.; analysis u::;es I he 

Cppd G;ccn River va!ur<; which represent the upper end ofpollution production in the 

examples. The majority of polluri011 occurs Juring the production phase_ where tugiti,·c 

e:ni:,.sions (e.g.. leaking pipes and Yalv~s) and dump Yalv~s (ll':;cd 10 control !he amuunt or !1uid 

in the product) arc the pri1n:uy sources . 


Lillie \\'i!Jo;•.' Creek Pro!cctiv<: Oil :Jnd Gus I :·;1;c 
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Chmal"e Chan;le.{i reenhouse (ia::.es 
SotJrcc£ of GHGs: <~££OCi:ilcd with development of Jc;l~c p~~rcch: include conuruction activitic.:. 
operations, and. facil.ity maintenance in the course or oil and gas exploration, development. and 
production. Esrimatcd GI LG emissions arc discussed for thct,c spcc:i1ic aspects of oil anJ gas 
activity because Ihi:' BLM has direct involvrmenl in the~e ':'leps .. Anticipated GHG emissions are 
ba~ed on emis~ion!> calculators devdoped by air quality spetialist!-> <:~r the BLM National 
Operations Center in Denver, Colorado, b:.~scd nn a typka l \veil in Green River Wyoming (Tabk 
6). 

3.4.2.:?. Alternative A 
Air Oualitv 
Two new State lease wells and as sociated illfrastructure \\'ould ha\'e minor adver!>e impads on 
air quaiity over the long tenn. Small intreasl!s in nit rogen oxides (2~/r>). carbon mm10xide 
(0. I%), sulfur dioxid~ (<0.. 01 %), and particulate mutter (0..-t%) v,rould occur ;:~nnually (Table 6). 
Good AQI values would likely predominate; however, wel l emissions cou ld slighrly increase the 
number or moLkrJte AQI day:-. espedally during inver:-. ions_ There would he negligible 
decn:ases in visibility. primarily within 1-2 miles of the \veils. 

Cli111ate Cllan\!.:/C1rct'nhollse Gases 
E111issions from m ·o ne\v wells on State leases would inc rease Payerte County's annunl carhnn 
dioxide equ ivalent production by 2.4?-o (Tablt.: 6). 

3.4.2.3 A lt erna tiYe B 

Air Oualilv 
Twcn ty-l\\"0 n~w nuvr lease wdls and assodutcd infrastructure would baY~ moderate :Jd\'crsc 
impacts on air 4uali1y over the long knn. Im:reases in nitrogen oxides (22%). carbon monoxick 
(1.4%), sull'ur dioxide (0.02%), and particula te matrc r (4 .. 5%) would occur annually (T<lhle 6). 
Th!..! pen:cnl of days rate d good J\Ql ;;ould dctrcase, espcc.:ia11y during inversions. There would 
be minor decreases in \·isibility, primarily wilhin 1-2 mib of the wells. 

Climate Clnnee!Grccnhousc Gases 
'1\venty-rwo ne\v wells on 8Lrvl leases \VOuld increase Payette Connty"s <mnual carbon dioxide 
l.'qUi\•akur prodtH..:tiun by 2fi .. 2% (Table 6). 

3.4.2.4 Altcrnat iYc C 

.Air 011alitv 
Twenty- live nc'v f3LM lca~c wdb and asso~.;iat cd infrastrutlun:: wl'ultl have moderate advcr!:>•: 
impacls on tJir quality oYer the long term Controlled <;urface use stipulations could reduce some 
pollutants v,:hen or whr:n: I hey arc in ertect (~_g., the winter use rr:::-.trittit)ll CSU-4 would reduct: 
or eliminate some pollutants [e.g .. P:M10] between December 1 and ~'larch 31; minimizing 
di&t:urbance of fragile soils coul d reduce Just over the long term). lncree~ses in nitrogen oxides 
(25%), carbon monoxide ( 1.6'~'0 ), :.ulfur dioxide (0.03%), and pnrticulatc nwttc~· (5 .l 111)) would 
occur annually (Table 6)_ The percen t of days rated good AQI could Jcncasc, cspcc1ally Juring 
inversions. There 'vould be minor decreases in visibility, pr imarily \Vi thin 1-2 miles of the wells. 

Liu lc \\:iilow Cr.:-ck Prot.:-.:Livc Oil :md Gas L C<ISC 

Final E11\ironmenutl A~SC$Sii1Clll 
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Climate Changc/Gn::enhousc Gases 
Twenty-Ji\'e new wdls on BL!vt leases wou ld increa~e Payeite Countis annual carbon dioxide 
equivalent production by 29.7 %, (Table 6 ). 

3.4.3 .'11itigation 
The BUvl encourages industry to incorpormc and implement UTvl Ps to reduce impa<.:ts to a ir 
quality and climate change by reducing emissions_ surface dismrb:1nces, and dust from field 
produciion and operations. Measures may also be required as CO As on permits hy either the 
BLM or rDEQ. The BLM also manages venting and flaring of ga:; from federal vvclls as 
described in the provis ions ofNorice to Lessees (NTL) 4A. Royahy or Compensation for Oil :md 
Gas Lost. 

Some of the follo\ving measun:s could be imposed <Jt t he development stage: 
• 	 Jlan; Of incin~ratc hydrocarbon gases at high temperatures to redlJCe emis::,ionS of 


iucompktc combustion; 


• 	 install emission control e quipment of <1 minimum 95% elTicierH.:y on all condensate storage 
bailcries; 

• 	 install emission coBtrol equipment ora minimmr1 95~·o eJ'ficiency on dehydration units, 
pneumatic pumps, produced water tanks; 


• operate vapor recovery systems where petroleum liquids arc stored ; 

• u~e Tier II or greater. natural ga& or ele~.:tric dril l rig engines ; 

• operate sl:c.:ondary contro ls on drill rig engines: 

• 	 usc no· bleed pneumatic eontrolkrs (most effective and cost: effective techno logies 

available for reducing volatile organic compounds (VOCs)); 
* operate gas or electric turbines rather th<ill inlcrnnl combustions engines for compressors: 
• 	 use nit[l)gcn oxides (NOx) emission wntrols for all new and replaced intemal ~.:ombustion 

oil and gas field engines; 
• 	 water dirt and gravel roC~ds Juring periods of high usc c:nd control speed lim ib to red uce 

rur:,ritivc dust emissions; 
• 	 pcrfonn interim reclamation ro rc-vcgetatc areas of the pad not required for producrion 


fa"·ilities and to n:duct: the amou nt ordust rrom the pads. 

• 	 co-locate \Veils and production facilities to reduce new surface disturbance; 
• 	 usc directional drilling and horizontal completion technologies \vhcrcby onl: well provides 

access to pelroleurn resources rhat would normally require the drilling of seYeral ·vertical 
weIIbores; 

• 	 opcratt:: gas-iir.:d or e lectrified pump jack engin~s : 

• 	 install velocity tubing striugs: 
• 	 usc dean:::r technologies on completion activities (i.e. grccu wmpktions). aud oihcr 


ancillary sources; 

• 	 usc ccntraliLcd tauk batlc ri;.·s and mul ti -phase gathcriug sys tems to rcoucc truck Lra!Tic: 
• 	 forward looking infl·arcd (FUR) technology to detect fugiti ve cmissiom: and 
• 	 perfonn air monitoring !or NOx and ozone (0:~.) . 

Little Will ow Creek ProtccLivc O il and Gas Lease 
Fina l F.ll\·ironmenta l A ~~e~.smcill 
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Spc<.:ifically with regard to reducing Gl fG emis::.ions. Section 6.0 of the Climate Change SIR 
identifies and describes in detail commonly used technologies to rcdu.;c methane emissions from 
natural gas production operations. Technologies discussed iu the Climate Change sm. <Ulcl a~ 
s11mmarizcd in Table 7 (reproduced from Table (J-2 in Climate Change SIR). display conunon 
methane emis-::ic•n lt>chnologies reported under the EPJ\ Naiural Gas STAR Program and 
associated cmis~ion reduction, cost, m::Jjmenance, and payback data . 

Tabk 7. Sd~ctcd methane emissiou reducrions rel)orled under the EPA l\atmal Ga~ STAR ProQram 

-----------------------r-;.~~~~~~~~L--r·~-~pit::~:.:-·J-~~c::~::~~and ·- ----- ---r-~aybacl{-l 
Source- T~· pc I Technology Erni~siou including Maintenance Payback ICa<: Pric(' 

Reduction 1 Iumtllatii)D Cost (Yclii'S or Bnsi~ 
t----------------'--(l\1c!'{;·r) 1 (SI.Ow_ 1 ($1.000~ ~ioulh~J I (S/ i\lcf) 

\Yells 
-Rcdnccd cnli~.J(;;-;-(-grccn,· 1 I-$-. 

1
---:-l\-.)---,---- I ! 

l . 7.000 
2 

.., >Sl l ~~ yr _l._______~_:-:3---l 
como ttlc1ll -----· --::-:c-:---::c-:--+-----~,---- . , - _ .., 
Plun!!c r lift sv,tcms I 630 I 52.6- SlO >m. I 1 -· 14 mo S7 

ro~'G7;.::~n auLi:>m;t·i~~ 1.000 -+,-..::..::c..:.:S'-l-.?~'----~--S-0-..:....lc:..-.:....s_·~---i--=-l·-----'_=-3...::cc::r...-t----SJ____ 

SVS[cr.n , I ± 
o;$-::Wi!foJnlmg ----~ 2Y~U >$10 - :=:-:;s.:.O-.:.:.-l'-~---...,.S=-·-1:·~~-~:~.:c.:,-·~~l;;o:)'-"'-r~~:~-~;~_:R--l 

ranks 

S7- 517 3- 19 lllO S7Vapor rrcovcry units on cmde ~---4,9orT- I SJS _ S
104 oi! tanks ! 9·<i,(l00

--fonsolidrllc-crudc nil_ ___ -----·-------~, ------------·- ----··--+---------· ----

product inn ~ncl wrner '.loragc 4,200 >~JO <SO. i I --:1 )T ;\'R 
wn~ ] 

1 
1 

--------- ~---------~~--------~-----~ 
Glycol Dl'll\·drulor~ 

I'Ja~h tank scnaralors 237 10,641 S'i S9 S ~crdigibk 4 51mo 
Reducing: glycol c irculation 

s~ 
~I"-Jcgli_aible jl :"\cgligiblc !mmcdiaw il

ra1c - -

_~~-~~~rnis~_0~cl.:~ll~!:_~~ors ______ ,_ _]~iQQ ..... J______:_2_1Q___ . __ j_ _______:~~l_____j_~~-::_~yr.___l___ 
Pneumatic Dc"iccs and 
Controls 
R('placc high-b leed d.::o,. ices 
with low-bl c~:d devi ce~ 

End-of-li fe rcplr!CCiT!Cill 
Early 1cplacc mclll 

Retrofit 
1\·1;1 intenance 

Convert to imtnuncnt ~ir 

C'onvcn to mc.:::h::mical contro l 
syskm~ 

Valn·s 
Test and repa ir prc'~lln: ~afcly 
valv.:o;; 
Inspect and repair c-ompressor 
sTmi0!1 blowdo\Vll Yalvcs 

50 200 
I 260 

2.)0 

45 - 2fl0 
20,000 (rcr 

facility) 

soo 

170 

2.000 

S0.2 ~0.3 

Si.9 
S0.7 

I Nc!!l. Lo 50.5 

SfJO 

<Sl 
I 

I \'R 

<~$1 

! 'Jc~li):!ibk 3 ~~ lllO S7 
:"\cgligiblc 1.1 mo S7 
'>:cgligihk I 

I orno S7 I 
' :'-<egjiciblc ()- 4 mn S7 

;\'cgligiblc 6mo ':-.7 

I <SO.l 0 ··· l yr \JR 

-1I SO. I - Sl 3 10 yr "-JR 
I 

I 
-----j 

~0 I-- Sl 0 ··- I yr \II{ j 
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Anuual ,------~--:"-nnual -·--·r----·1 
:\1etnane 1 Capital Co~t Operating and Prr\·b;lCk 

So urce l) pc I TC'chnology Emission 1 Including MaintC>nanct' Paybad< Cas Pn~c 
Red uction I I ln~tallarion co~t (\'tal'S or Basis 

1~------------------~k-~(~~~Il~·tJ~y)~~--J~S~ ll~s)~L-(~S~/~~1~c~fj~\~ 1~.0~0~0)~~--~($~1~,0~0~0~)--~~~~l~or~t!~

Com•Jrr~sors 

""imt~r, ..~ I~Clri~·c-,;;; ,-,·;~~;;;.~ ---·--T--4~·:· i6.(lt)o. ·r --·>$ l{,------r---:;·sT·--·---r -=:;j iJ vr---f- ~~~--- 
Rcpi<1CC ccmrifugnl ·r--· 1 i ~- -- 
compressor wet. scnl& wil h d1y I 4\120 S324 i :'\c~ l igiblc ! i () mo I S7 

seals , I
t-
r~i;~~:;o;;;n-·----,-iooo-r= >fiG-- >s l i ~~~;Jc-- -··"5ill.··- 
somce: M\ll tirl<:: EPA t\atural Ga~ STAR Program uocnments. Ind ividual docume11ts urt~ n::fe.reuced i:1 

Clima!t' Change SIR (20 10). 

1 t :n]ess otherwise nored, emission reductions nre given on a per-device basis (e.g., per \\:el l. per 

J.ehydrator. per valve. ...:tc). 

1 Erni;;~ion reduction (fVlcf"' thousand cubic teet of methane) is per completion. rather than per year. 

"1\R =not reporred 


3.4.4 Cumulative Irnpads- Air Resources 
Cumulative impacrs io air rcsourn:~;; arc based on rhc RFDS created f'or rl1 is document (A ppendix 
l), RFDS lt•r Tiam iit-on and Willow fields. and the actions discussed below. 

3.4.4.[ Scope of Analysis 

The CIA;\ includes rhc airshed associarctl \.V ith Ada. Uaker. Cauyon. and Payette countic~. 
Because of prevailing wind patterns, changes in Baker County air quali ty would aftect Payette 
County and impacts fro m Payette.: County air qtwlity would dissipate at the eastern side of Ada 
County. The analysis period covers the I0-yco.r kasc period; hmvcvcr, po llutants arc reported by 
their annual production leveb. 

3.4.4.2 Current Conditions and Effects of Past and Present Actions 

I3ecausc of a large popu1ation base (615,335 people in 2013). Ada and Canyon counties 
contribute sub~tautial amounts ofnitrogcn oxides (791/'iJ), PM 10 (83%J), volatile organic 
compound~ (7Y'/o). hazardous air pollutants (87'~1o), and GHG (80'%) to the rom-county rota] 
pol lution (Table 6). Baker County, with a rei <Jtivcly ~mal l population (16,0 1?\people in 2013) 
<lnd large area (].068 mi 2 compared with 2,047 mi2 for the other three counties combined'). 
accounts for 71% of methane production, ·while other pollutant conrtibutions vary from 7-24% of 
totals. The majority or growth duri ng the 10-year period is cxpectt:cl to occur in Adil and Canyon 
counties; thcrcfon:. po llutant contributions from growth-related activities (e.g., construction, 
vehick emissions, dust, and manufacturing) in these counties \\'uuld he expected renwin similar 
or increase proportionately more than Baker and Payette counties. 

3.4.4.3 Heasonably Foreseeable Futm·c Actions 

An estimated 53 wells could come inlo production in the I lamilton (33,400 acr es) and \Villow 
(7.000 acres outside the proposed lease :trea) fi eld s (Map l). These wells would contri bute 
from<O.Ol-3.4% of most pollutants; however. they would caw;c a 51 1~-'0 increase in methane 
production annwtlly. AM Idaho (Alta Mesa's Idaho &ubsidiary) is constrm:ting a hydrocarb<m 
li4_u.id treatment (<.k:hydratur) faci liiy (4 mik~ south oJ'Ncw Plyrnuurh. fdahu). an ancillary 

Litt le Willow (r~ck Pro(cctivc Oi l and GJs Lc:1sc 
fin:d Environmental Assessment 
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minimal. The amount or inco nvenience wou Jct depend on the activity aflt.:cted . rrafFic patterns 
within the area, noise levels. knglh of time. and season these activities occurred, etc. Creation of 
new a~.:cess ro ads into <.ill area could al low increas~d public access and exposure or pr iYate 
property io v;md.alism. For s pli t estate leases, surface owner agTccmcnts, standard lease 
s 1ipulati ons. and Blv1P:; co uld address many of the com:erns ofprivate sur lace owners. 
Productinu and development acrivitic::. could disproponionmel y affect disadvantaged groups 
\\here the activitie s arc specifically targcLcd to their comm unitit::s (ir prope rtie s to the benefit or 
<Wuidancc of non-disadvantaged groups . They <.:ould ulso provide job opponunitics for those 
g roups. 

Economics 
Locl.ll and/o r our-of-state workers could be hired or contro.H.: ted to meet the dir~ct anJ indirect 
needs of developm ent and produc tion. Indiv idua l income for workers typ ica lly associated w·ith 
development and production activities would vary fror.1 $8.300 to S94.500 anmwlly (THble 12). 
Mining-related jobs wo uld likdy pay above.; the median income (S32.40fJ;ycar). Totaln~w jobs 
creatl!d could be rel:-!tivcly knv becau:,e somt.: work would be short-ter m in nature. For each 
million dollars in gas produ ction, 2.4 j obs could be crcutcd in the ccnmty ofproducrion (Weber 
20 12). Employees may :shill lo higher paying energy-related jobs cre<lling a labo r !:-hortage for 
locCJI employers. Sudden intluxes of workcr s could reduce affordahle hou~-.i ng availab ilit y. An 
in llu:-; or \Vorl<er:-. and equipment \Vithout commensurare fina nci al support could adversely a ffect 
public and private secwr infras tnJCt1trc (schools, hospitals. law enforcement. fire protection, and 
other community needs). especialiy in run1l communities. Tax, roya lty, spending. and income 
revenues assoc iated with leasing, development, and production \Vould bcnctit locaL count y, 
State. and nation.1l economics. S1ipuiation s that a (Teet acccJ-.s to mineral re sources cnuld reduce 
economic relum lor lesso rs and lessees . Activi ties that incn;a:.-c access to miner:..~! re::.ourccs 
could benefit other mineral ri gh t:. ho lders. Activities that adYerscl y a fleer health, sa fcty. or the 
environment Gould cause short- or lo ng-term de(.;re<L'>es in personal .income and properry val ues. 
Wildlife depredation on agricultural fields could adversely aflect productivity of some crops 
(e.g.. winter w he<1L alfilW1). 

D iscJos urt! of the direct, indire(.;t, and cumulative effects or GHG em iss ions provide:; inf"llnnati on 
on the po tcn tial•.: conomic cfkc.:ts ofclimate chang<.: includ ing dT<.:cb that <.:ou ld be \(.;OU!.:d the 
"so(.;ial co~l of carbon,. (SCC) . The EPA a nd other ft:deral a§!encics developed a method l(lr 
csrima ring tb c SCC and a range of esrimatcd values (EPA 2014 ). The SCC csrimatcs damages 
associated wi th climate change impacts to net agricultura l produ ctivity, human health. property 
damage, 11 nd ecosystems. Csing a 3% average discow1 t mtc and year :2020 values, the 
incr~mental SCC is estimatt:d to be S51 per tun or annual C0 2eq increase. 

3.14.2.2 Aitcrnath·e A 

Socia l and E nYi ronrnental Justice 
Not leasing the federal mineral estate in the project area would limit the d.::velopmcnt. potential of 
the projecr a rea 10 only two wells, both locarecl on private lands. f)eyt:Joping two we lls and 
assoc iated iniia~tructurc \Vould have mino r short-term impacts il:om inc reased traffic and noise 
and long-l c r m vi~ua l. public acce~~. and vandalism impads. Lim i ted increases in acce~s and 

Liu lc Willow Crc~·k ProtccLiv:: Oi l :mel 0Js Lc11sc 
Fina l Et1Yironmen tal A~ses:~ncnt 
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\VOrker inl1ux would occur. Th~re are di sadvantaged groups in Payette County, but they do not 
appear to be disp roponionaicly associated with the two wells or the proposed lease area. 

Economics 
By no( leasing. Cedent!, Slll!e, or Joca] revenues would nol be generated from leasing. rents, or 
roy alties from federal mineral estate. If BLM does not lease the federal minerals, it is likely rhat 
the JOGCC would allov,: the federal mineral c~tale to be omirtcd from the drilling unit. Moderate 
(if 493 at.:rcs associated \Vith existing wells arc omitted) to major (if up to 6.349 acres throughout 
the lease area are omitted) resource and revenue losses wou.ld occur i f the lOCiCC omitted 1he 
federal minera l estate and pro ductive \Vei ls arc drilled on private lands in the same uni t. 
Development aud production of two wells would cause minor employment· anJ income 
increases. Negligible to minor impacts to labor and hou:-ing availability and infi:asnucrure \Vould 
occur over the short term. Adjacent mineral rights holders \vould experience minor bcnct1eial 
(omission allow~d) or moderate adverse {omission not granted) fmaucial impacts. Adverse 
water quality and avaih1bility (Section 3.5.2.2). safety. Llnd environmental impacts would 
primarily a tTect individual landowner;; in the immediate vicinity or the wells. Negligible wildlife 
depredation losses coul d occur. 

Based on the G J IG emission estimate ('Iable 6), the annual SCC associated with t\vo wells \.\'Ould 

be $295,137 (in 2011 dollars). Esti mated SCC is nor Jirectly comparable to economic 
comributious reported above. which recognize certain economic contdbutions to the local area 
<lrld governmental agerH.:ie~, but do not include all contributions 1o pr1vale entities at the regional 
and national sco.lc. Direct comparison of SCC: to the econom ic contributions repo rted above is 
also J!Ot ::lppropiiatc because costs associated with climate c hange arc bomc by many different 
entitie:-,. 

3.14.2.3 Alternative ll 

Social and Environmental Justice 
Developing 22 wells and associal'cd in lrastructurc would have moderate to major ~hort-tcnn 

incn:ascd lrafflt: and uoisc impacts and Jong-tcrrn visua l impacts. Minor (a(Tcss Ct'tntrolkd hy 
private landmvners) to major (access not controlled by private landowners) access and yanda !ism 
impacts could occur over the long term. A modi.Ort=ltc worker influx could adn!rscly affect 
1Tadirionnllifcstyks. Disadv:1ntagcd r,roup;; in Payc11c Coun1y \vnuld not be directly affcch~d hy 
the wells, but access to affordable housing und soci<Jl services in nearby communities cou1d be 
rcduc<:d during the short term. 

Economics 
FcdcwL state, m local revenues would be generated ffom leasing and rents (S9528 to 512,704 
annually) during the 1 0-year lease period. The NSO and NSSO stipulations could reduce the 
leas~ value and bonus hid amounts. Developing and maintaining 22 \Veils wouJll have minor to 
mod.::ratc sho rt-tcnn and negligible long-tcnu job increases. Royalty income would depend on 
ho\v prod tlctive the wells are alld cannor be estimated a! rbis time. Minor to moderate impacts to 
labor and housing availability and infi·astrucrurc would occur over the short tcnn. Adjacent 
mineral rights holders wou ld experience moderate linancial benefits \Vhere access to their 
rninemls improved. Adver~e wate r quality and availability (Section 3.5 .2.3). safety, and 

Little Willow Creek Prolcctivc Oil and GJs Lease 
Fiml EnYironmema l A ~<;cssmcnl 
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environmental impacts could have nt:gligible (wdls n:main intact aJJd don·t a /Teet ground wntt:r) 
to major (surf21cc aJJd ground water adversely affected by mulriplc \.Veils) lo the adjaccllt 
iandtwmers <md downstream c.:ommunities. \ :finor to moderate wildlile depredation Ios~es could 
occur. B::~scd on the GHG emission estimate (Table 6), the <Jilnual SCC associated v:ith 22 wells 
would be $3.246.7 1 i (in 2011 do ll ars). 

3.14.2.4 Altcnut1i ve C 

Social and Enviro nmen ta l Justice 
The impacts of developing 25 \VCl ls and associntcd infrawucturc ;vou ld be as described in 
Altt:rn:ttin: B (St:ction 3.14.2.3). 

Economics 
Leasing oJ49 acres and a:_..:_..ot:iatcd tk:velopm~llt atlll production "\Vottld have simibr f(;VCI1l!C, 

job, )llhc~r and hou'iing availabilily, inlra:_..tructurc, and adjacen t miner::~] rights holder impacts a::; 
described in Altern<ltive B (St:Gtiou 3 .14.2 .3). The impact of CSU stipulations on lease value 
would be ]e;-,s than Altemarive 8 and roy:.Jlty income could he greakr. AdYerse wa ter quality 
and availability (Section 3.5.2.4), saf'i;ry, and cnviromnental impacts WlHtld bt! s imilar to 
Alrernative B; howen:r, tfH~ rre::.hwater :JllUatic babitm est; stipu lation could providt minor (0 

moderat..: ~urfa<.:e water prole~:tion. Minor wildl ife (kpretla tion lossl!s could occ ur. Ba:_...:d on lht! 
G IIG emis~ion estimate (Tilble 6), the annual sec (!SSOciatcd "\Vith 25 \Veils would be $3,689,442 
(in 2011 dol l m"~:;). 

3.14.3 :\1Higation 
Measures that limit or control Just, noise, odor s and proicct dsual impacts anJ W:Jtcr quality 
resources would bt!lp reduce soc ial and economic impacts (Dahl er. al. 20 10) . 

3.14.4 Cumulative fmpncts - Social and Economic 
Cumu lativ~ impacts to the so<.;iaJ and ec.:onomi0 ~;nvironment me b ased on the RFDS created for 
thi s document (_Table 2, Appendi x l ), RFDS for rhc Willow ~md Hamilton lldds, and the 
adivi tic:- idcnlilicJ below. 

3.14.4. 1 Scope of Analysi'i 

Payette County will st.wc as tht.: CTAA Although ~ocial and ccnnomit.: co~ls and benefits could 
occur a t regional, state, natio nal. and international kvcb, the majority \vould m:cur ar the count y 
level. The lease period of 10 years w ill be used for rhe temporal analysis limit be~:ause the 
feder al mineral es tate \vould be available lor production during that time period, but not 
necessarily beyond. 

3.l4.4.2 Cur rent Conditions and Effects of Past and Prcst>nt Actions 

Currcut Payette County social and economic conditions ar~ described in Scc rion 3.1.:.1-. l. All 
St<:Jie-owned m inerals {Section 3.1 :1. i) and an unknown acreage ofpriva tely-owned minerals 
have bee n leased in recent years. The State leases will expire between 2016 (14,18 1 acres) and 
2024. The cx i.o-aing 17 oi l an d gas well:-: have b CL'tl developed over several year::;, aithough the 

Little \\.'illow Creek ProtccLivc Oil and 0Js l CJtsc 
Fin:1l Em·ironm~nwl A~sessmclll 
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Attachment F 
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BLMRCFO- Draft Oil and Gas Emissions in Penton: Report for Seven Lease Parcels 

PROJECT L~TRODUCTIO:\ AND STUDY AREA 

This oil and gas (O&G ) emissions inventory report identifies the dat;;~ and methodologies used in 
developing air emissions inventories for potential oil and gas development and production 
a<.:tivitics on seven (7) specific lcru;c parcels in the .Bureau of Land l\1anagcmcnt (I3Uv1) Royal 
Gorge Field Office (RGFO). These seven parcel s are part of the twelve (12) lease parcels in 
ea~tcm Colorado referred to in the Stipulation and Order entered into by Wi ldEarth Guardian~ 

and the BLM (WildEarrh 2012) and for this report wil l further be knmvn as ·'Study" or ..Project". 
The emissions invt!utories include quantified potential emissions based on the 2012 BLM RGFO 
Reasonable Foreseeable Development (RFD) document (BLM 2012). 

For emissions inventory domain purposes, the Study Area focuses on the seven lease parcels in 
the l3LlV1 RGFO in Colorado. The RGFO administers over 680,000 surface acres of public land 
along the Colurado Front Range and 6.8 million ~ub-~urface acres . This Fit!ld Oriice covers 
approximately lhc castcm hall of Colorado and includes a variety of ten·ain. Tht.: Project 
emissions inventory development will focus on potential oi l and gas activities on the seven lease 
parcels in the RGFO. A map showing the locations of the seven BL\.'1 lease parcels is presented 
below (Map 1-1). 
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The number o f active wells for each Town ship that contains one of the seYen l ease parcel s is 
shown beiO\v in Table l - l (data taken from Figure 5b of the RFD [BL:Vf 2012]). Also shown in 
this table are the number of active wells in the cou nt y in 2011, as well as the 2011 oil, ga.<:; , and 
water production for each of the t\vo counries contain ing the seven lease parcels (COGCC 2013). 
In order to provide a background of the emissions level s in the area of the lease parcels, Table 1
2 provides county level emi ssions invt! ntories in tons per yea r (tpy) for Weld and Morgan 
counties taken from the 2008 National Emissions Jnvcnlory (CSEPA 2013). 

Table 0-1. Active Wells and Production Values 

Parcel 
Serial # 

Town\b ip 

ISumlJer of 
Acti,·c Wells 
in Towmhip 

in WII 

County 

Numbt'r of 
Acti,·c Wells 
in C'ou rlly in 

2011 

2011 
A'cragc 

Monthly Oil 
Production 

tbbls) 

2011 
Awra~e 

Month I)· 
Gn~ 

Product i<tn 
(1\ hef) 

2011 
Anragt 
l\1onthl~ 

" 'lltc r 
Production 

(bbl s ) 

COC7:l.:!23 
T ()\\ n~hip 6 
>lorth R:.nge 

60 \\"est 
() 

Morgan 252 9, 159 10,946 265,862COC73~0 
TO\\Il>ll ip 6 

>lorth R.111gc 
59 w..:~r 

-i 

COC7:1+11 
Town.<.h ip .f 

:\'orth Range 
60 \\\·~ t 

0 

cocnm 
TO\'Ihhip 7 

:\'orrh Range 
60\Vt:~l 

8 

Wdd 22.323 2.220. ?68 19,96-1,793 954,887 

COC7~442 

Tow nship 6 
:\'ortll Range 

62 We~t 

).f 

COC73443 
Towusb ip 7 

:\'o rth R~ngc 
63 \Ves t 

50 

COC7.l.:t.:!-l 
Tc-wn,hip i 
:-..'orth Ronge 

6? Wc~t 
21 

bbl!> = ban..:b. 

Mscf = t hou'>nnrb nf >tancbrd cubic feet 

Source COGCC 2011 Cl'untyPwduction Report 

Table 0-2. 2008 County LcHI Emissions Inventories (tpy) 

Count\' Pl\1 11, Pl\l u co NOv so, voc co, 01, N,O N i l, IIAPs 
~'l orean 6,!'\~0 1,~29 lfiA 7 1 9. ~1i I 1\466 IO. n -1 ~Oc',2S7 22 10 ~.71i5 2.:m 

We ld J8.8.~ 1 5,962 Ml,876 20,01\R :152 52.991 l ,l>!l3.03S D7 60 17,042 7.3~9 

'VOl'= \'o lau lc o rg3mc coBlpoun<b
PM - Pnrticu l~tc matrcr 

CO1 = Carbou dioxidePl:v! 1,, = Pat1kut..rc mattcr lc:.s than or equal tt> 10 111icrt>n> in ~ i z<: 
Cll, = i'vlethnn c 

P:Vt2., = Particulate lll<•tter l.!,,s than or equa l t.> ~ .5 r ninnn~ in >ize 
:\':0 = Xitrous c-xid.:!

CO= C\ubon monox ide '-:H, =Ammonia 
NO,= Oxttl.::. of nmog.:n HAP:;= Haz.1nlou.; air pollut~nls
~01 - Sulti•r diOll.tde 

S(\urcc: USCPA :wo~ \1[1 
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E~'JISSIONS f~VENTORV ~fETIIODOLOGV 

This section de!>clibcs the data sources and methous that were used to develop the seven lease 
parcel -specific emission inventories. 

POTEXflAL WELL DEVEL0P)-1E:\'T 

Potential well development was estimated using data from the 2012 BLM RGFO RFD und is 
shown in Table 2-1. :tvfap 2-1 s how s oi l and gas deYelopment potential and projec ted drillin g 
densities for the years 20 I I through 2030 for each To\\mhip in thc RGFO (Fi gu re 17. 20 12 
BLM). The minimum and maximum number of potential ,,·ells per Township was determined 
lor each lease parcel based on this figure. The average acres d isturbed per vvcll was calculated 
us ing Table 14a of the RFD document along with the expec ted percentages of multi-well and 
!'.ingle-\vell pads Jow1d on page 31. Parcels must have ar least one well in order ro retain a lease; 
therefore, the potential minimum wells developed tor each of the lease parcels is one. To 
determine the potential m ax imum well:> developed for eac h lease parcel, the area of each parcel 
in acres \VUS divided by the average acres dismrbed for each \vell. If the result \Vas greater than 
the maximum \veil s per Township. the porenrial maximum was set to the maximum wells per 
Township; otherwise, the re !:. ult was used. 

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

Parcel 
s~rial # 

In Nou
attainment 

Area? 1 

De' elopm~ut 
Catcgor~· 

l\1ioimum 
Well~ per 
TO\IU~bip 

M:aimum 
Wells per 
Toww.l!ip 

An·n of 
Pared 
(aens) 

A\"(' r:lgc 
Ac-res 

Di~tt,.·brcl 

per WdJ 2 

Potential 
!'!linimu m 

Well:. 
o~\·elopt"ll 

in Parcel 3 

Potential 
1\"la~imum 

Wells 
Dc,·el oped 
in Pnrccl • 

(0('73444 y Mod.:n1tc ~ 9 160 7.6 I () 

COC73.J.-B y Hi12h 21 50 123 76 I 16 
COC73-t42 y Vcr\' Hic.h 5 1 150 so ., ' 

1 .0 I 10 

(l)( 73 424 y J'v1od..:rMcly 
ll ich 

10 20 320 7.6 I 20 

COC73423 :-1 Low I 4 :no 2.1 I 4 
("(.1("73441 >J Low l 4 l20 2 .1 l 4 
( CJC73440 >J Low l 4 879 2.1 I 4 

(I) Pored:; arc .:nhcr \\1th m th.; (neater\\ attcnb.:r_g Non -t\ttn111mcnt t\r..::n tNAA) or to the cas r e> f the Nt\i\. 
(!) t\ver.lge 3cres di~turbed is d<!tennincd from valu¢.S in the Rf.D. 
(1) Pared;; mw•t hav.: at least one well to rcta i nlca~c. 


(~) P<•Nnt iol mo~illlllll\ "'"II;; dovolup;)d it "ithct· tlw nunlb"r o f wall~ thut will fit Ill th~ purNL o r th " rnuximum por Town~hi p. 1f 


th e former i:;. gr-:ata. 
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Legend 

0 I,M•SP. P~ree1~ Conv 0.:~\'\"lop.mtnt Poto"tbl 

0 Cou "'IV H,u.,oar; - V~ ry Hig~. {W31t&'r' bt?!';';}- :- 15:0 ~...t: lsll_.~·ft,~·P 
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- ~- > ~(1 10 ~Wf'l·'\ii.t'W\~'l·p 
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[~ M~~l"a: er ·- ~ t" "· 10 wa;lsrtu :vn~hi;l 

1B; .'· . 27 

'1ap 0-2. Conventional O&G Oe,·elopment Potential 

POTE~TlAL OIL AND GA S ACTIVITIES 

Potential oil and gas activilics on the lease parcels range from land di sturbanc e !rom construction 
and drilling, to well completion ac tivities from venting an d llaring, and producti on activities. 
Particul a te emissio ns could be generated from the con struction of new \vcll pads, ro:1ds and 
pipelines. Co nstru ction emissions will also include c rit er ia pollutants from exhaust emissions 
from constr uction traffic and drilling engines . Ar times, during comp leti on, well workovcrs, o r 
blow Jowns, gas may be wntetl or flared. 

Poten tial oil <U1d gas activity levels for the seven lease parce ls were estimated rrom a variety of 
sources. Potential oil, gas , condt:nsate. and water produced from wells that could be developed 
on the lease parcel s were estimated by the 8L).1 Colorado State Onice (BL\1-CSO) from 
Applications for Permit to Drill (APD) submissions from othe r sitl:s in the area or the sen:n kac.. c 
parcels. 

Data requests were sen t out to oi I and gas operators that \vork in the a rea of the seve n lease 
parcels. Only one operator sent back a response. This data was used to supp lement the data 
from the APDs . 
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Another sourc e or data was the Pike and San Isabel National Fores ts and Cimarron and 
Comanche National Gras slands (PSICC) Air Quali ty S tudy. The data from this study was used 
to Jill in any data gaps left alter t he A PD and operator data had been entered. 

PER-WELL E~1ISSIO~S I NVE NTORY 

The per-well emissions \\'Cre calc ulated using the activity data listed in the abo\'e section along 
with emission fac tors taken from AP-42 (CSEPA 1998 , 2000, 2006 ), t he American Petro leu m 
Institute's Compendium (A PI 2009), the USEPA 's Pro t owl j(w Equ ipment Leak Emissions 
E.st i mareJ, as well as, emissions fac tors devel oped for rhc Piceance Basin in western C olor ado. 

E missions calcn larions took into acco unt all current EPA and Colorado regulations on the oil and 
gas industry. The la tes t EP;\ regul ations tha t a iTectthis proj ec t inc lude the !(1llowing (CSEP.t\ 
2012): 

• 	 Ili gh-blccd pneum atic conrrollcrs mmr ha ve a gas bleed limit of 6 cubic fccr o f gas per 
hour, and 

• 	 Stora ge ta nks with VOC emissions o f 6 tons per year or more arc requ ired to reduce 
emiss ions by a t least 95%. 

The estimated per-well emi ssions f'or the seven lease parcels arc li sted in Table 2-2 below . 

Table 0-4. Per-Well Emissioos Estimates 

Rcsourcr/Phn~t> 
PI\! n PJ\1,, NO so, co \'OC HAPs c o, Cll, N,O 
tpv If!.\' tp\' fpy' fJl\' tpv !Jl\' tr)\· tpv tp~· 

Oil 

Con-;t mction 2R.51 HI 11.1 6 0.0~ 2.63 0.?5 0.08 1.5 18.74 0.03 0.01 
Op~mtion 15.62 1.64 10.58 0,01 6.:26 20 96 2.0 1 1.149.23 20.86 0,02 

~!TaiJ\tcnm~~c 0.08 (J.() J O.IHI 0.00 0 00 0 .00 0.00 O.li2 0 .00 0.00 
Rl'cl ~mat iou 0.06 O.QI 0.02 0 .00 0.0 1 0.00 0.00 1.73 0.00 0 .00 

Total -1427 5.27 21.75 0 .03 8 90 21.72 209 2.670 32 20.89 n.o;; 
!.\at u r al Gas 

Corhtruction 28.62 3.63 11.1 ~ O.o:l 2.77 0. 76 0.01( 1.563 :" I 0.03 0.01 

Opcratrl'rr 14.68 1.65 .t.;;J O.Ot 8.06 33.30 3.65 1.2 11.83 31.69 0.01 

Mninr~nance O.OR 0.01 0.00 0.00 0.00 0.00 0.00 0.6.2 0.00 0.00 

Rcclnmotio11 0.06 0.01 0.02 0.00 0.0 1 0.00 0.00 1.73 0.00 0.00 

Total 43 .:1 5 5.:'-0 Js.n om 10 84 34 06 
., .,,.. ..... 2.777 69 3 172 0 0:\ 
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SU M_,lA RY 

Per-well emissions estimate s have b ee n calculated fo r sewn parcels in Wel d and l\:forgan 
Counties in Colorado. Th ese estima tes were calcu lated using the most c urr ent data available and 
included the most current rules and regula tions. Co lorado has published recommended mode ling 
thresho lds for ne\Y sources of emi ssions (CDPIIE 201 1 ). These thres holds are exceeded by rhe 
per-well emi ssio ns estimates fo r s h ort-tcnn and long- tcm1 P:v£ 10 a nd PM2.5, and sh ort-tc n n NOx. 
Approximately half of the estimated emissions of PM10, P:tvh.s. NOx and C02 come from 
construc ti on relate d activi ties. These ac tivi ti es arc expected to last a few weeks per well. The 
BUvf may also require additional controls as conditions of approva ls at the pem11tting stage, 
w hich could furt her reduce em iss ions. These addi tiona l contro ls may include, but are not limited 
to, T ier 4 engines and fugitive d ust control f()r constr uction and traffic. 
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Executive Summary 

The signs of climate change are all around us. The average temperature in t he United St ates 
during the past decade was 0.8° Celsius (1.5° Fahrenheit) warmer than the 1901-1960 average, 
and the last decade was the warmest on record both in the United St ates and globally. Global sea 
leve!s are currently rising at approximately 1.25 inches per decade, and the rate of increase 
appears t o be accelerating. Climate change is having different impacts across regions within the 
United States. In the West, heat waves have become more frequent and more intense, while 

heavy downpours are increasi ng throughout the lower 48 States and Al2ska, especially in the 
Midwest and Northeast1 The scientific consensus is that these changes, and many others, are 
largely consequences of anthropogenic emissions of greenhouse gases. 2 

The emission of greenhouse gases such as carbon dioxide {CO?) harms others in a way that is not 
reflected in the price of carbon-based energy, that is, C02 emiss ions create a negative externality. 
Because the price of carbon-based energy does not reflect the full costs, or econom ic damages, 
of CO?. emissions, market forces result in a level of COz emissions that is too high. Because of this 

market failure, public policies are needed to reduce C01. emissions and thereby to limit the 
damage to economies and the natural world from further climate change. 

There is a vigorous public debate over whether to act now to stem climate change or instead to 
delay implementing mitigation policies until a future date. This report examines the economic 
consequences of delaying implementing such policies and reaches two main conclusions, both of 
which point to the benefits of implementing mitigation policies now and to the net costs of 
delaying taking such actions. 

First, although delaying action can r edu ce costs i n the short run, on net, delaying action to limit 
the effects of climate change is costly. Because C02 accumulates in the atmosphere, delaying 
action increases C02 concentrations. Thus, if a policy delay leads to higher ultimate C02 

concentrations, that d elay produces pers ist ent economic damages that arise from higher 
temperatures and higher C0 2 concentrations. 1\lternatively, if a delayed policy still aims to hit a 
given climate target, such as limiting C02 concentration to given level, then that delay means that 
the policy, when implemented, must be more stringent and thus more costly in subsequent years. 
In either case, delay is costly. 

These costs will take the form of either greater damages from climate change or higher costs 

associated with implementing more rapid reductions in greenhouse~ gas emissions. In practice, 
delay cou ld result in both types of costs. The se costs can b e I<Jrge: 

1 For OJ fuller tre<1tment of thecurrent and projected consequences of cl imate c.hvnge for lJ.S. regions and $f'Ctor~, 
see the Th;rd Naltonal Ci!m;;tfl Asse~srnent (Unit f,d State:s Global Change Resear\h Program (USGCRP) 20] 4). 
2 See for example the Summary for Poii cymaker~ in Working Group I contrl!:lu tion to the Intergovernmental Panel 

on Climate Change Ftfth Assessment Report (IPCC WG I ARS 2013). 

1 
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o 	 Based on a leading aggregate damage estimate in the climate economics literature, a 
delay that resu lts in warming of 3• Celsius above preindustrial levels, instead of 2°, cou ld 
increase economic damages by approximately 0.9 percent of global output. To put this 

percentage in perspective, 0.9 percent of estimated 2014 U.S. Gross Domestic Product 
(GOP) is approximately 5150 billion. The incremental cost of an additional degree of 
\varming beyond 3• Celsius would be even greater. Moreover, these costs are not one
time, but are rather incurred year after year because of the permanent damage caused 
by increased climate change resulting from the delay. 

• 	 An analysis of research on the cost of delay for hitting a specified climate target (t ypically, 

a given concentration of greenhouse gases) suggests that net mit igation costs increase, 
on average, by approximately 40 percent for each decade of delay. These costs are higher 
for more aggressive climate goals : each year of dP.Iay means more C02 emissions, so it 
becomes increasingly difficult, or even infeasible, to hit a cl imate target that is !ike ly to 
yield only moderate temperature increases. 

Second, climate policy can be thought of as "climate insurance" taken out against the most severe 
and irreversible poten t ial consequences of climate change. Events such as the rapid melting of 
ice sheets and the consequent increase of global sea levels, or temperature increases on the 
higher end of the range of scientific uncertainty, could pose such severe economic consequences 
as rea sonably to be thought of as climate catastrophes. Confronting the possibility of climate 
cat astrophes means taking prudent steps now to reduce the future chances of the most severe 
consequences of climate change. The longer that action is postponed, the greater will be the 
concentration of C01 in the atmosphere and the greater is the risk. Just as businesses and 
individuals guard against severe financia l risks by purchasing various forms of insurance, 
policymakers can t ake actions now that reduce the chances of triggering the most severe climat e 
events. And, unlike conventional insu rance policies, climate policy that serves as climate 
insurance is an investment that also leads w cleaner air, energy security, and benefit'> that are 
difficult to monetize like biologica l diversity. 
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I. int.roduct~on 

The changing climate and increasing atmospheric greenhouse gas {GHG) concentrations are 

projected to accelerate mu!tiple threats, including more severe storms, droughts, and heat 

waves, further sea level rise, more frequent and severe storm surge damage, and acidification of 

the oceans (USGCRP 2014) . Beyond the sorts of gradual changes VJe have already experienced, 

global warming raises additiona l threats of large-scale changes, eit her changes to the global 

climate system, such as the d i sappear<~nce of !ate-summer Arctic sea ice and the melting of large 

glacial ice sheets, or ecosystem impacts of climate change, such as critical endangerment or 
extinction of a large number of species. 

Emissions of GHGs such as carbon dioxide (C02) generate a cost that is borne by present and 

future generations, that is, by people other than those generating the emissions. These costs, or 

economic damages, include costs to health, costs from sea level ri se, und damage from 

increasingly severe storms, drougl1ts, and wildfires. These costs are not reflected in the price of 
those emissions. In economists' jargon, emitting C02 generates a negative externality and thus a 

market fa ilu re . Because the price of C02 emissions does not reflect its true costs, market forces 
alone are not able to solve the problem of climate change. As a result, without policy action, 

there will be more emissions and less investment in emissions-reducing technology than there 
would be if the price of emissions reflected their true costs. 

This report examines the cost of delaying policy actions to stem climate change, and reaches two 

main conclusions. First, delaying action is costly. If a policy delay leads to higher ultimate C02 

concentrations, then that delay produces persistent additional economic damages caused by 
higher temperatures. more acidic oceans, and other consequences of higher C02 concentrations. 

Moreover, if delay means that the policy, •~v·hen implemented, must be more stringent to meet a 

given target, then it will be more costly. 

Second, uncertainty about the most severe, irreversible consequences of climate change adds 
urgency to implementing climate policies now that reduce GHG emissions. in fact, climate policy 

can be seen as climate insurance taken out against the most damaging potential consequences 

of climate change-consequences so severe that these events are sometimes referred to as 

climate catastrophes. The possibility of climate catastrophes leads to taking prudent steps now 

to sharp ly reduce the chances that they occur. 

The costs of inaction underscore the importance of taking meaningful st eps today towards 

reducing carbon emissions. An example of such a step is the Environmentol Protection Agency's 

(EPA) proposed rule (2014) to regulate carbon pollution from existing power plants. By adopting 

economically efficie nt mechanisms to reduce emissions over the coming years, this proposed 

rule would generate large posirive net benefits, which EPA estimates to be in the range of $27

SO billion annually in 2020 and $49- 84 billion in 2030. These benefits include benefits to health 

frorn reducing particulate emissions as we ll as benefits from reducing C02 emissions. 
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Deh•ying CHn:c~te PoHdcs ~n:::rease'i CnsLc;
Delaying climate policies avoids or reduces expenditures on new pollution control technologies 
in the near term. But this short-term advantage must be set against the disadvantages, which are 
the costs of delay. The costs of delay are driven by fundamental elements of climate science and 
economics. Because the lifetime of COJ. in the atmosphere is very long, if a mitigation policy is 

delayed, it must take as its starting point a higher atmospheric concentration of C02. As a result, 
delayed mitigation can result in two types of cost, which we would experience in different 

proportions depending on subsequent policy choices. 

First, if de lay means an increase in the ultimate end-point concentration of C02, then delay will 
result in additional warming and additional economic damages resu lting from climate change. As 
is discussed in Section II, economists who have studied th e costs of climate change f in d that 

temperature increases of 2• Celsius above preindustrial leveis or less are likely to result in 
aggregate economic damages that are a sma ll fraction of GOP. This small net effect masks 
important differences in which some regions cou ld benefit somewhat from this warming while 
other regions could experience net costs. But global temperatures have already risen nearly 1 • 
above preindustrial levels, and it will require concerted effort to hold temperature increases to 
within the narrow range consistent with smal l costs.3 For temperature increases of 3° Celsius or 
more above preindustrial leve ls, the aggregate economic damages from climate change are 
expected to increase sharply. 

Delay that causes a climate target to be missed creates large estimated economic damages. For 
example, a calculation in Section II of th is report, based on a leading climate model (the DICE 
model as reported in Nordhaus 2013), shows that if a delay causes the mean global temperature 
increase to stabilize at 3o Celsius above preindustrial levels, instead of 2•, that delay will induce 
annua l additional damages of approximately 0.9 percent of global output, as shown in Figure l.q 

To put this percentage in perspect ive, 0.9 percent of estimated 2014 U.S. GDP is approximately 
$150 billion.5 The next degree increase, from 3° to 4°, would incur greater additional annual costs 
of approximately 1.2 percent of global output. These costs are not one-time: they are incurred 
year after year because ofthe permanent damage caused by additiona l climate change resuiting 

from the delay. 

------·-----· 
3 The Working Group Ill contribution to the lntergovemmental Panel on Climate Change (IPCC) Fifth Assessment 

Report (IPCC WG Ill ARS 2014) does not analyze scenanos producing temperatures in 2100 !ess than 1.5 Celsius 
above preindustrial, because this '~considered !.O difficult to achieve. 

4 Nordhaus (201 'l)strf!sses that these estimate~ "arc~ Sllbje~ct to lt~rge uncert<1in ! es...beccsuse of the d1fficu!ty of 


o?stimating impacts in areas such as the value of lost species and damage to ecosystems." {pp. 139-140). 

5 These percentages apply to gross world output and the applicat ion of them to U.S. GDP is dlustrat1ve. 
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Figur·e 1: Economi c Damage from Temper at ure Increase 
Beyond 2" Celsius 
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Source: Nordhaus (2013).md CEA rafculaticns 

The second type of cost of delay !s the increased cost of reducing emissions more sharply if, 
instead, the deiayed policy is to achieve the same cl imate target as the non-delayed policy. Taking 
meaningful steps now sends a signa l to the market t hat reduces long-run cost s of meeting the 
target. Part of this signa l is that new carbon-intens ive polluting facilities will be seen as bad 
investments; this reduces the amount of locked-in hig h-carbon infra structure t hat is expe nsive 

to rep l ace. Second, taking steps now to reduce COJ emissi ons signal:> t he value of deve loping new 
low- and zero-emissions technologies, so additiona l steps towards a zero-carbon fururf' CHn he 
taken as policy act ion incentivizes the deve lopment of new tec hn ologies. For both reasons, the 
l east-cost mitigation path to achieve a given concentratio n target tvpically sta rts with a rel at ively 
low pr ice of carbon to send these signals to the rno rket, and subsequentlv increases as new low
carbon technology becomes available.& 

The rese;:~rch discussed in Section II o f thi s report shows that any short run gains from delay tend 
to be outweighed by the add itional costs arising from the need to adopt a more abrupt and 
st ringent policy later.7 An analysis of the collective results from that research, described in more 
detail in Section il, suggests that the cost of hitting a specif;c climate t arge t mcreases, on average, 
by approximately 40 pe1cent for each decade of delay. These costs are higherfor rnore aggressive 
clirni3te goals: the longer the delay, the more difficult it becomes to hit a cl imate target. 
Furthermore, the research also finds that de lay substantially decreases t he chances that even 
concerted elfoits in the future will hit the rnost aggressive climate ta rgets. 

5 The 2010 Naronai P.esee~rch Council, Ltmitinq the MnqmttJde of Future Climate Chanqe , cbo ~tre5St=d the 
•mport;l:'ICl' of ;Jr:tmg now ic !mp!ement mit!ga!lon poi1cic>'> :i~ a 1.··:-ay to reducP. costs. The NRC cmph.:~\ited thE! 
,mportunce of techr.oiogy development 11 holdi11g d<iwn costs, lncluding by provid ng clear ~ignJis to t he pnv;;tc 
sr>ctor through pr~>d!ctahle po: c.iEs thai support develorrne>nt of ;;;-;d in"estment n 1ow-ca1 bon tt>chnolr>gJe~ 
7The IPCC WG Ill ARS (2014) includes an ext(·ns1ve discussion of m t'g;ltion, in<:ludlng sectoral detail, potential for 
t~nlv"'no'ofJio~ l proRr<nt-r.. 1 ~nd t.ho \ "..,...,· ""8 of.,",~ a:::.t•n •"' ~oloc::. l!.r.. 
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Although global action is essentia l to meet climate targets, unilate ra I steps both encourage 
broader action and benefit the United States. Climate change is a global pro blem, and it will 
requ ire strong international lead ership to secure cooperation among both developed and 
developing countries to solve it. America must help forge a truly globa l solut ion to this global 
challenge by galvan izing international action to significantly reduce emissions. By ta king credible 
steps toward mitigation, t he United States wtll also reap the benefits of early act ion, such as 
investing in low-carbon infrastructure now that w ill reduce the costs of reaching climate targets 
in the future. 

CHrnate Poiiq· as CHmate lwmr~mce 
Ind iv idua ls and bu sinesses routinely purchase ins urance to guard against various forms of risk 
such as f ire, theft, or ot her loss. Th is logic of self-protection also app lies to dimate chang e. Much 
is known about the basic science of clima te change: there is a scientific consensus that, because 
of anthropogenic emissions of CO~ and othe r GHGs, global temp eratu res are in creas ing, sea 
level s are risi ng, and the world's oceans are becomi ng more acid ic. These and other climate 
changes are expected to be harm f ul, on ba lance, t o t he world's na tu ra l and economic systems. 

Neve rth eless, unce1ta inty rema ins about the magnitude and timing of these and other aspects 
of cl im ate change, even if we assume that future climate pol icies are kn own in advance. For 
example, the Working Group I contribution to the IPCC's Fifth Assessmen t Report {IPCC WG I ARS 
2013} provides a iikely range of 1S to 4.5" Celsius for the equilibri um climate sensitivity, which 
is t he long-run increase in global mean surface temperature that is caused by a sustained 
doubling of atmospheric C02 concentrations . The upper end of that range wouid imply severe 
climate im pacts under current em ission s traject ories, and current scienti fic knowledge indicates 
tha t values in excess of this range are also poss ib!e.8 

An add itional, rela t ed source of c limate uncertainty is t he possibility of irreve rsib le, large-sca le 
changes that have wide-ranging and severe consequ ences. Th ese are sometim es ca lle d abrupt 
changes because t hey could occur extremely r ap idly as meas ured in geolog ic time, and are also 
sometimes called climate cat astrophes. We are already w itnessing one of these events-the 
r apid trend towards disappe<~rance of l ate -summer Arctic sea ice. A recent study from the 
Nationa l Research Council (NRC 2013) found that this strong trend t oward decreasing sea -ice 
cover cou ld have iarge effects on a variety of components of the Arctic ecosystem and could 
potentially alter large-scale atmospheric circulation and its variab ility. The NRC also found that 
anoth er 1Jrge-$cale change has been occurring, which is the crit ica l endan germent or loss of a 
signi1'icant percent age of marine and terrestrial species. Other events judged by the NRC to be 
likely in the more distant future (after 2100} include, for examp le, t he possible rapid melting of 
the Western Antarctic ice and Greenland ice sheets and the potential th awi ng of Arctic 
permafrost and the consequent release of the potent GHG methane, which would accelerate 
g!oba ! warming. These an d other potentia! large-scale changes are irreversible on relevan t t ime 

--------·----..·---

e It is important to note tha t, as a globa l average, the equilibrium climate ~ensilivity mask~ t he expectation that 
temperature change will !:le higher over l;md \ha01 thP. ore;~ns, and that ther e will be substanti<.~l regional vanat!ons 
ir. tempera ture increases. The equilibnum climate sensitiVIty desuibes a tong-term effect and is only o ne 
component of determ1ning ncar term warmmg due to the buildup of GHGs n t~e atmo~phere . 
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scales-if an ice shee t melts, it cannot be reconstituted-and they could potentially have massive 
global consequences and costs. For many of these eve nts, the re is though t to be a "tipping point /' 
for example a temperatu re thres hold, beyond which the tran sition to th e new state becomes 
inevitable, but the values or locations of these tipping points are typical ly unknown. 

Section Il l of this report exa mine s the im plicJti ons of these possible climat e -r el ated cJtastrophes 
for climate po licy . Research on the economic and policy implications of such th reats is relat ively 
recent. As detailed in Section Il l, a conclusi on that clearly emerges from this young but active 
literat ure is that the threat of a climate catastrophe, potentially triggere d by cros sing an unknown 
tipping point, impl ies err ing o n the side of prudence today. Accordingly, in a phrase used by 
Weit zman (2009, 2012}, Pindyck {2011), and others, climate pol icy can be th ought of as ''climate 
insurance.'' The logic here is that of r isk management, in which one acts now t o reduce the 
chances of worst-case out comes in the future. Here, too, there is a cost to delay: the longer 
emission reductions are postponed, the greater are atmospheric concen trations of GHGs, and 
the greater is the risk arising from delay. 

Ot.J~E~~- Costs of De!:"'Y <n:d St~nefH.s of Act:n:; Nnw 
An additional benefit of ado pt ing meanin gful mitigation policies now is that doing so sends a 
stron g signal to the market to spur the in vestments that will reduce m itigation cost s in the future . 
An argument somet imes mad e is that mitigat ion po licies shou ld be postponed until new l ow
carbon t echnologies become available. Indeed, ongo ing technologica l progress has dramatically 
im proved productivity and welfare in the United States because of vast invent ions and process 
im provements in the private sect or (s ee for example CEA 2014, Chapter 6 ). The pr ivate sector 
inves t s in research and deve lopm ent, an d especial ly in proces:. improvements, because those 
technologica l adva nces reap pr;vate rewa rds. But low-car bon technologies, and envi ronmental 
technologies more generally, f ace a un ique barrier: t heir benefit s - the reduction in global 
im pacts of climate change - accrue to everyone and not j ust to t he developer or adopter of such 
technolog ies.9 Thus private sector inve!>tment in low-carbon technologies requ ires confidence 
that those investments, if successful, wi ll pay off, t h at is, the pri vate sector needs to have 
confidence that t here will be a market fo r low-carbon t echnologies now and in the future. Pubiic 
policies that set out a clear and ongoi ng mitigation path provide that confidence. Simp ly waiting 
for a t echnologica l sol ution, but not providi ng any r easo n for the priva t e secto r to create that 
solutio n, is not an effective policy. Although public financi ng of basic research is warranted 
because many of the benefit s of basic research cannot be privately approp ri ated , many of the 
product ivity improvements and co st reduct ions seen in new technolog ies come from in cr emental 
advances and pro cess improvements that only arise t hrough private-sector experience producing 
the product and learning-by-doing. These advances are protected t hrough the patent system and 
as trade secrets, but those advances will on ly transpire if it is clear that they w il l have current and 

'Pop::J, Newe ll, an d Joffe (2010) prov de a thorough revrew of t lte literature regard ing tet: hrtolo6ital chclnge d'ld 

the environment. 
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future value. In other words, pol icy action induces technological change. 10 Although a fu ll 
treatment of the literature on t echno logical change is beyond the scope of this report, providing 
the priva t e sector with the certainty needed to invest in low-carbon technologies and produce 
such technological change is a benefit of adopting meaningful mitigation policies now. 

Finally, because this report examines t he econom ic costs of delay, it focuses on actions or 
consequences that have a market price. But the total costs of climat e change includ£? much that 
does not trade in the market and to which it is difficu lt to assign a monetary value, such as the 
foss of habitat preservation, decreased value of ecosystem goods and services, and mass 
extinctions. Although some studies have attempted to quantify these costs, including all relevant 
climate impacts is infeasible. Accordingly, the monetized economic costs of delay analyzed in this 
report understate t he true total cost of delaying action to mitigate climate change. 

1 °For example, Popp (2003) provides empirical evidence that Title IV of the 1990 Clean Air 1\ct Amendments 
(CMA) led to mnovat1ons that reoucerl the cost of the environnwnlal technologies tha\ reduced so, ernissions 

from coal-f1red power plants. Other l1terature shows evidence linking env:ronmental ree~uiation more broadly to 
innovalion (e.g., Popp 2005, Jaffe and Palmer 1997, l anj ouw and Mody 1996). 
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H. Cost.s from Deiaying Policy Action 

Delaying action on c!imate change can increase economic costs in tvJO ways. First, if the delayed 

policy is no more stringent, it will miss the climate target of the original, non-delayed policy, 

resulting in atmospheric GHG concentraiions that are permanently higher, thereby increasing 

the economic damages from climate change. Second, suppose a de layed policy alternatively 

strove to achieve the origina l cl imate target; if so, it would require a more stringen t path to 

achieve that ta rget. But t his delayed, more stringent pol icy typicallv will result in add it iona l 

mitigation costs by requ iring more rapid adju stment later. In reality, delay might result in a mix 
of these two types of costs. The estimates of the costs of delay in this section draw on large 

bodies of research on these two types of costs. We first examine the economic damages from 

higher temperatures, then turn to the increased mitigation costs arising from delay. 

Our focus here is on t argets that limit GHG concentrations, both because this is what most of the 
"delay" l iterature cons iders and because concentration limits have been the f ocus of other 
assessments. These concentration targets are typically expressed as concentrations of COr 

equivalent (C02e) GHGs, so they incorporate not just C02 concentrations but also methane and 
other GHGs. The C0 7.e targets translate roughly into ranges of temperature changes as estimated 

by climate models and into the cumulative GHG emi ssion~ budgets discussed in some other 
clirnate literature. More stringent concentration targets decrease the odds that globa l average 

temperature exceeds 2."C above preindustrial levels by 2100. According to the IPCC WG Ill AR5 
{2014), m eeting a concentration target of 450 parts per million (ppm) CO;_e makes it "likely'' 
{probability between 66 and 100 percent) that the temperature increase wil! be at most 2"C, 

re la tive to preindustrial ieve ls, whereas stab il izing at a concentration level of 550 ppm C02e 
makes it "more un likely than likely" (less than a 50 percent probability) that the temperature 

increa se by 2100 will be limited to 2°C (IPCC WG Ill ARS 2014)_11 

fn<.:rc··~f."h)•'· Drr·1cros ifDef·pr \h''' 'iSM ;~~tnu n;-...., ~·e .,...~tt'H<'t'"·,.'( ,:). Jto; , l' .. l-4"- ·""-"""· c -~ r <.~r. 1 _. .. , r-- . h ... .;~(. i~ .. t~J-.., ~'!I 

If delay means that a climate t arget slips, then the ultimate GHG concentrations, temperatures, 

and other changes in g!obal climate would be greater than without the dela·y. 12 

A growing body of work examines the costs that climate change imposes on specific aspects of 

economic activity. The IPCC WG II ARS (2014) surveys this growing literature and summarizes the 
impacts of projected climate change by sector. Impacts include decreased agricultural 

production; coastal flooding, erosion, and submergence; increases in heat-related illness and 

other stresses due to extreme weather event s; reduction in water avai lability and quality; 

Jl IPCC WG Ill i\RS (2014, ch. 6) provides a fUll her refinement o f these probabilit.es, assoc;ating a concentriltJOn 


target o f 450 ppm of C01e wit.h an approx1mate 70-85 percent probilbility of maintain •ng temperatu re change 

below 2"C, and a concentration level of 550 C01e with an approximate 30-45 percent probabil ty of mamtain ng 

temperature change below 2•c. 

12 f or information on the impacts o f l!"rnat4! change at varous levels of wa rming see Climate Stabilitatiorr Tat gets: 

Emissions, Con r entroUons, or.d !mpncts over Decadr>s to Mtllmnm (NRC 2011). 
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displacement of people and increased risk of violent conflict; and species extinction and 

biodiversity loss. Although these impacts vary by region, and some impacts are not well 

understood, evidence of these impacts has grown in recent years.13 

A new class of empirical studies draw similar conclusions. Dell, Jones, and Olken (2013) review 
academic research that draws on historica l variation in weather patterns to infer the effects of 

climate change on productivit y, health, crime, politica l instability, and other social and economic 
outcomes. This approach comp lements physical science research by estimating the economic 

impacts of historical weather events that can be used to extrapolate to those expected in the 

future climate. The research finds evidence of economically meaningful impacts of climate 
change on a variety of outcomes. For example, when the temperature is greater than 100• 

Fahrenheit in the Un ited States, labor supply in outdoor industries declines up to one hour per 

day relat ive to temperatures in the 76"-80° Fahrenheit range {Graff Zivin and Neidell 2014). Also 
in the United States, each addit ional day of extreme heat (exceeding go• Fahrenheit) relative to 
a moderate day (50" to 59• Fahrenheit) increases the annual age-adjusted mortality rate by 
rough ly 0.11 percent (Deschenes and Greenstone 2011}. 

These studies provide insights int o the response of specific sectors or aspects of the economy to 

cl imate change. But because they focus on specific aspects of climate change, use different data 

sources, and use a variety of outcome me<~sures, they do not provide direct estimates of the 

aggregate, or total, cost of climate change. Because estimating the total cost of climate change 
requires specifying ·future baseline economic and population trajectories, efforts to estimate the 
total cost of climat e change typ ical ly rely on integrated assessment models (lAMs}. lAMs are a 
class of economic and climate models that incorporate both climate and economic dynamics so 

t hat the climate responds to anthropogenic emissions and economic activity responds to the 

climate. In addition to projecting future climate variables and othereconon·lic variables, the lAMs 

estimate the tota l economic damages (and, in some cases, benefits) of climate change which 
includes impacts on agriculture, health, ecosystems services, productivity, heating and cooling 

demand, sea level rise, and adaptation. 

Overall costs of climate change are substantial, according to iAMs. Nordhaus (2013) estimates 

global costs that increase with the rise in global average temperature, and Tol (2009, 2014) 

surveys various estimates. Two t hemes are common among these dnmage estimates . First, 

damage estimates remain uncertain, especially for large temperature increases. Second, the 
costs of climate change increase non linearly with the ternperature change. Based on Nordhaus's 

{2013, Figure 22} net damage estimates, a 3• Celsius temperature increase above preindustrial 
levels, instead of 2•, results in additional damages of 0 .9 percent of global output.14 To put th is 

n The EPA's Climate Change Impacts and Risk t,nalysis project collects new research that estimates the potential 


d<~rnages of invction and the benefits of GHG mitigation at national and regional scil les for many important sectors, 

including human health, infrastructure, water resources, electricity demand and supply, ecosystems, agriculture, 


and forestry (Waldhoff et al. 2014). 

11 Some >tud·es estimate that >mall tempe rature increa:.es have a net economic benefit, for instance due to 

incre<:sed agncultural production in regions will• colder climates. However, projected temperature increa~es even 
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percentage in perspective, 0.9 percent of estimated 2.014 U.S. GOP is approximat ely $150 billion. 

The next degree increase, from 3" to 4°, would incur additional costs of 1.2. percent of global 

output. Moreover, these costs are not one-time, rather they recur year afte r year because of the 

permanent damage caused by increased climate change resulting from the delay. It should be 

stressed t hat these illustrative estimates are based on a single (albeit leading) model, and there 

is uncertainty associated with the aggregate monetized damage estimates from climate change; 
see for example the discussion in IPCC WG II ARS (2014}. 

h:cre;~~•~~d rvHti.gaHon Cn:~ts from [h::lay 
The second type of cost of delay arises if policy is delayed but still hits the climate target, for 

example stabilizing C02e concentrations at 550 ppm. Because a delay results in additional near

term accumulation of GHGs in the atmosphere, delay means that the pol icy, when implemented, 

must be more stringent t o achieve the given long-term ciirnate target. This additional stringency 

increases mitigation costs, re lative to those that would be incurred under the least-cost path 
starting today. 

This section reviews the recent literature on the additiona l mitigation costs of delay, under the 

assumption that both the original and delayed policy achieve a given climate target. We review 

16 studies that compare 106 pairs of policy simula tions based on integrated climate mitigation 

models {the studies are listed and briefly described in the Appendix). The simulations cornprising 

each pair implement similar policies that lead to the same cl imate target {typically a 

concentration target but in some cases a temperature target) but differ in the timing ofthe policy 
implementation, nuanced in some cases by variation in when different countries adopt the 

policy. Because the climate target is the same for each scenario in the pair, the environmental 
<!tid oconornic d:Jm:<g9s from clim;;;tQ ch~ngQ .-.rQ ~pproxim:1toiy thQ s;;.mQ fot· Q;;~ch ~ con;;1r i o. Thw 

additional cost of delaying implementation thus equals the difference in the mitigation costs in 
the two scenarios in each paired comparison. The studies reflect a broad array of climate t argets, 

delayed timing scenarios, and modeling assumptions as discussed below. We focus on studies 

published in 2007 or later, including recent unpublished manuscripts. 

In each case, a model computes the path of cost-effective mitigation pol icies, mitigation costs, 
and climate outcomes over time, constraining thee missions path so that the climate target is hit. 

Each path weighs technological progress in mitigation technology and other factors that 

encourage starting out slowly against the costs that arise it mit igation, delayed too long, must be 

undertaken rapidly. Becau se the models typically compute the policy in terms of a carbon price, 

the carbon price path computed by the model starts out relatively low and increases over the 

course of the policy. Thus a policy started today typically has a steadily increasing carbon price, 

whereas a delayed policy typ ica lly has a carbon price of zero until the st art d<Jte, at wh icl1 point 

it jumps to a higher initial level then increases more rapidly than the optimal immediate po licy. 

under imnwdiate act ion fall in a range with a str ong consensu s that the co~ts of climate change exceed such 
benefits. The cost estima tes presented here are net of any benefits expected to accrue. 
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The higher carbo n prices after a delay typ ically lead to higher total costs tha n a policy that wou 1d 
impose t he ca rbon price t oday.15 

The IPCC WG Ill ARS (2014) includes an overview of the lit erature on the cost of delayed action 
on climate change. They cite simu lat ion studies showing that delay is costly, both when all 
countries delay act ion and when there is partial delay, with some countries delaying acting a!one 

until there is a more coordinated international effort. The present report expands on that 
overview bv further ana lyzing the findings of the stud ies considered by t he IPCC report as well as 

add itional studies. Like the lPCC report, we find broad agreement across the scenario pairs 
examined that delayed policy action is more costly compare d to immediate action conditional on 
a pa11icular climate target . This f inding is consisten t across a range of climate targets, policy 
participants, and modeling assumptions. The vast ma jority of studies estimate that delayed 
action incurs greater mitigation costs compared to immediate action. Furthermore, some models 
used in the research predict that the most stringent climate targets are feasib le only if immediate 
action is tuken under full participution. One imp lication is that considering only comparisons with 
numerical cost estimates may understate the true cost s of delay, as failing to reach a climate 
target means incurring the costs from the associat ed climate change. 

The cost s of delay in these studies depend on a number of factors, including the length of delay, 
the climat e target, modeling assumptions, future baseline emissions, future mitigation 
technology, delay scenarios, the participants implementing the policy, and geographic location . 
More aggress ive targets are more costly to achieve, and meeting them is predicted to be 
particu larly cos t ly, if not inf easible, if action is delayed. Similarly, internationa l coordination in 

policy action reduces mit igation costs, and the cost of dela y depends on which count r ies 
participat e in the policy, as well as the length of delay. 

1~ Some model~ explicitly identify the carbon price path that minimizes total soc: a I costs . These optimization 
model!> alway~ find equa l or greater cost~ for scenarios with adelay constraint. Other mod~Is forecast carbon 
prices that result in the clim.;tt> target b11t do not d?mand that lhe p'lth results in min1mil l cost. Thf!Se latl<>r 
models can predict that delay reduces costs, and a small number of compar!so:-~s we review report negative delay 
costs. 
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of emission lo capture the bulk of carbon emissions and store them w1th minirna! IE:akage into 
the atmosphere over 3 long period. Snme compa r isons also assume that CCS vvil l combine with 

large-sca le bio-ene rgy ("bio-CCS"). effGctive!y ge:nerat.ing ''negative emi<.sions" since biological 

fu els extract atmospheric carbon during growth. S11ch te.ch;1ology could facili tate reaching a long-
term atmospheric concentratbn target despite relativelv modest ne3r·term mitigation effort!;. 
However, the IPCC warns that "There is on ly limited evidence on the potenti al for large-$cale 
deployment of [bio-CCSJ, large-scale afforestation, and other [C0 2 removal] technologies and 

me;:hod~;" OPCC WG !II AR5 2.014j. In addition, models must also specify the cost and timing of 

a\'a!lability of such technology, potentially creating further variation in mitigation cost estimates. 

The po le nli<JI importance of tech nology, e!>pecialiy bio-CCS, is manif~sled in differences across 
mcdeis. Ciarke eta!. (2009) present delay cost estimates for 10 models simulating a 550 ppm CO; 
equivalent target by 2100 allowing for overshoot. The three models that assume bio-CCS 

availability estimate global presenlvalues of th e cost of delay ranging from $1.4 trillion to $4.7 
trillio:1. Among Ihe seven models without bio CCS, four predict higher d~la y cost::;, one predicts 

that the concentration target was infea5iblc under a deiay, and two predict !ower delrl)' costs. 
The importance of bio-CCS is even clenrer with a m o re stringent target. Fer example, two of the 
three models with bio-CCS find that a 450 ppm CO; equivalent target is feasir)le under a dela y 
scenario, whi!e none of t he seven models without bio-CCS find lhe stlingent tarp,Pt to be feas!b!e . 

The Department of Energy sponsors ongoing research on CCS for coal-fired power pLants. As part 

of it.s nearly $6 billion comrnilmenl to clean coaltechno!ogy, the Adminislraticn, partnered wit h 
industry, has already invested in fou r cornmerciai-scale and 24 industrial-scale CCS p rojects that 

An important determinant of costs is the ro le of technologica l progress and the avai lability of 

mitigation tecl1nologies (see the box). The mode ls typical!y assume techn ologica l progress in 

mitigation t ech nology, which mean s that the cost of reducing emissions declines over time as 
energy tt: chnologies improve. As a result, it is cost-effective to start with a relatively less stringent 

policy, then increase stringency over t ime, and the models typicJIIy build in this cost-effectivr~ 

tradeoi f. However, most mode ls st ill find that immediate initiation of a less stringent po licy 

followed by increasing stringency in curs lower cost s th an d e laying policy entirely and then 

increasing str ingency more rapid!y. 

W e begin by ch aracter izing the primary findings in the literature b roadly, d iscussing the estimat es 

o f delay costs and how the costs vary based on key parameters of the policy scenarios; additional 
details can be found in the Appendix. We the n turn to a st atistical analysis of a ll the available 
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delay cost estimates that we cou ld gather in a standardized form, that is, we conduct a meta
analysis of the literature o n delay cost estimat es. 

Climate Targets 

Researchers estimate a range of cl imate and economic i mpacts f rom a given concentration of 
GHG.s and f ind that delaying action is much costlier fer more stringent target s. Two recent major 
modeling simulation projects conducted by the Energy Modeling Forum (Clarke et al. 2009) and 
by AMPERE (Riahi et al. 2014) conside r the economic costs of delaying policies to reach a range 
of C02e concentration targets from 450 to 650 ppm in 2100. In the Energy Modeling Forum 
simulations in Clarke et al. (2009), the median additional cost (global present value) for a 20-year 
delay is estimated to be $0.7 trillion for 650 ppm C0 2e but a substantially greater $4.7 trill ion for 
550 ppm C02e. Many of the models in these st ud ies suggest that delay causes a target of 450 
pp m C0 2e to be much more costly to ac hieve, or possibly even infeasible. 

tzngth of Defay 

The longer the de!ay. the greater the cumulative emissions before action begins and the shorter 
the avai!ab!e t ime to meet a given target. Several recent stud ies examine the cost implications of 
delayed climate action and find that even a short delay can add substantial costs to meeting a 
stringent concentration t arget, or even make the t arget impossibl e to meet. For example, luderer 
et al. (2012) find that d elay from 2010 to 2020 t o stabilize C02 concentration levels at 450 ppm 
by 2100 raises mitigation cost by 50 to 700 percent. 16 Furthermore, Luderer et al. find that delay 
until 2030 renders the 450 ppm target infeasible. Edmonds et al. (2008 ) find that additional 
mitigation costs of delay by newly developed and developing countries are substantiaL In fact, 
t hey find t hat stabi lizing CO~ concentrations at 450 ppm even for a relatively short delay from 
2012 to 2020 increases costs by 28 percent over the idealized case, and a delny to 2035 increased 

costs by more than 250 percent. 

lnternationul Coordination 
Meeting stringent climat e t argets w ith act ion from only one country or a small group of countr ies 
is difficult or impossib le, making international coord ination of policies essentia l. Recent research 
shows, however, that even if a delay in international mitigation efforts occurs, unilaternl or 
fragm ented action reduces th e cost s of de lay: although immediate coordi nat ed internat ional 
action is the least costly approach, un ilateral action is less costly than doing nothingY More 
speci fically, Jakob et al. (2012) consider a 10-year delay of mitigation efforts to reach a 450 ppm 

C02 target by 2100 and find that global mitigation costs increase by 43 to 700 percent if a!l 
countries begin mitigation efforts in 2020 rather than 2010. HovJever, early action in 2010 by 

more deve loped countries reduces this increase to 29 to 300 percent. In a simi lar scenario, 

16 We pres~nt a range of C')5t est imates which comes from the three lAMs -· ReMIND-R, W ITCH and IMACLIM-R 


used by Luderer et. al. (2012}. These scenarios also allow temporary over~hoot of the target. 

17 W aldhoff and Fawcett (2011) find thai early m itigation action by mduslr:afized econom e:; significantly reduces 


the fikelthood of large tE-mperature changes in 2100 while also increasing the I kelihood of lower tempera ture 


changes, relat1ve to a no policy scenano. 
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Luderer et al. (2012) find that costs increase by 50 to 700 percent with global delay from 2010 to 
2020, however if the industrialized countries begin mitigat ion efforts un ilaterally in 2010 (and 
are joined by all countries in 2020}, the estimated cost increases range from zero to about 200 
percent. Luderer et al. i2013 ) and Riahi et al. (2014) find that costs of delay are smal!er when 
fewer countries delay mitigation efforts, or when short-term act ions during the delay are more 
aggressive. 

Jakob ct al. (2012) find it is in the best interest of t he European Union to begi n climate action in 

2010 rather than delaying action with all other countries until 2020. They also est imate t hat the 
cost increase to the United States from delaying climnte action with all other coun tries until 2020 
is f rom 28 to 225 percent , relative to acting early along with other ind ustrialized economiesY~ 
McKibbin, Morris, and Wilcoxen (2014) consider t he impact that a delay in imposing a unila tervl 
price of carbon would have on economic outcomes in the United States including GDP, 
investment, consumption and employment. They find that although unilateral mitigation effort s 
do incur co~ts, delay is costli er. 

We now turn to a quantitative summary and assessment, or meta-analysis, of the stud ies 
discussed above. n The data set fo r this analysis consists of the resu lts on all available numerical 
estimates o f the average o r total cost of delayed action from our literature search. Each estimate 
is a paired comp<Jrison of a delay scenario and its compan ion scen ario without delay. To make 
resu lts comparable across studies, we convert the delay cost estimates (presented in the or iginal 
studies variously as present valt1es of dollars, percent of consumption, or percent of GOP) to 
percent change in costs as a result of delay.20 We capture variation across study and experimental 
designs using varia bles that encode the length of t he de lay in years; the t arget CO;e 
concentration; whether only t he relative ly more-deve loped countries act immedia tely (partial 
delay); the d iscount rate used to calculate costs; and the model used for the simulation . 21 All 
comparisons consider policies and outcomes measured approximately through the end of the 
century. To reduce the effect of outliers, the primary regression analysis only uses resu lts with 
less than a 400 percent increase in costs (alternat:ve methods of handli ng the outl ie rs are 

!s Note thilt thP IM/\CLIM model Fnds that U.S. mitigat:on declint>s to the point in which tht-·y are slightly negative 
(1.e. net gam s comp<~red to bus: ness-as-usual). 
19 A study of the results of other st ud1es is referred to as a meta·ana lysis, and there is a rich body of statistical 

tools for rneta-analy~is, see for exampi~ Borenstein et al. (2009) . 
2°For example, if in some pa1red comparison delay increased miueation costs from 0.20 percent of GDP to 0.30 

percen t of GOP, the cost ;r.crease would be 50 percent. Comparisons for which the studies provided insufficient 
informat'on to calculate the percentage increase in costs (incluuing all cornpMi~ons from Riahi el al. 2014) arc 
excluded. /\I so excluded are compansons th?.t report only the market pnce of carbon cm;~s1ons at the end of the 
simulation, which IS not necessarily proportional to total mit gation costs. 
21 'vVhen me.Jsuring delay length for policies w·th multiple stages of irnplementauon, we count the delay as ending 

at t he start of any new participat on in mit;g;,tion by any pilrty <Jfter the st<~rt of the simulation. We also exclude 
scenar:os w1tl1 de lays exceedin~ 30 years. When othe r cl1mate targets we re prov•ded (e.g., C02 concentration or 
global average temperature increa;e), the corresponding C02e concentration levels ar~ estimated using 
convers•ons from lf'CC WG Ill MIS {2014). 

15 


RECEIVE: N0.2579 01 /1 9/2016/TUE 03 : 52PM BLM Wyoming M & L 

http:delay.20


-------------

T o "Mary Jo Rugwell Page 84 of 105 1/19/2016 3 50.51 PM MST 1505213 1895 From W1ld Earth Guardians 

discussed below as. sensitivity checks), and only includes paired comparisons fer v;hich both the 

primary and delayed policies are feasibie {i.e. the model was able to solve for both c<Jses).n The 

dataset contains a total of 106 observat ions (paired comp<.lrisons}, with 58 included in the 

primary analysis. All observations in the data set are weighted equally. 

Analysis of these data sugges ts t wo main conclusion<>, both consistent with findings from specific 

papers in the underlying literaturE'!. The f irst is that, looking across studies, costs increase with 

the length of the deiay. Figu re 2 shows t he de!ay costs as a function of the delay t ime. Although 

the1e is considerable variability in costs for a given delay length because of variations across 

models and experiments, t here is an overall pattern of costs increasing with delay. 

Figure 2: Additional Mitigation Costs of Delay by length 
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Notes· Data points afe percentage lncrea5e in mitigation costs from delay and the 
associated len;;th of d-elay for a si~·en paired slrnulation.1hescatterp!ot p resents a 
tota! o f 58 paired dtlo•{ sitl'Ulation~. The ;olid Hne is t h e regre"i'm f;t to thesed;,ta, 
restrict~{) to pass through the orlgl.,. 
Sour(e : C£A calcu!atlons 

For exarnple, of the 14 paired simulations with 10 years of delay (these are represented by the 

points in Figure 2 wirh 10 vears of delay), the average de lay cost is 39 percent. The regression 

line shown in Figure 2 estimates an average cost of de lay per year using all 58 paired experiments 

under the assumption of a constant increasing delay cost per year {and, by definition, no cost if 
there is no de!ay}, and this estimate is 37 percent per decade. Thi~ analysis ignores possible 

confounding factors, such as longer delays being associated with less stringent targets, and the 

mui t ip!e regression analysis presented below controls for such confounding factors. 

The second conclusion is that the more ambitious the climate tai·get, the greater are the costs of 

delay. This can be seen in Figure 3, in which the lowest {most stringent) concentration targets 

tend to have t he highest cost est imates. In fact, dose inspection of Figure 2 rEveais a related 

pattern: the relationsh ip between delay length and additional costs is steeper fo:- the points 

representing CO:>e targets of 500 ppm or less than for those in the other two ranges . Tha t is, costs 

21 In the event that a model E>Stimates a cost for a first-best .scenar'o but determines the com~sponding delay 
!.cenar1o to be infea.~·ble, the compari~on rs coded as havmg cost:, exceeding 400 perc!'nt. In addit1on, one 

comp;;r.son !rom Clarke et al. {2009) i.s excltJded because a neg<H!V!? ba~eiine cust p:P.cludes the calculation of a 

percent incrr.ase. 
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of delay are particularly high for scenarios with th e rnost stringen t target and the longest delay 

lengths. 

r:igure 3: Additional Mit igation Costs by (02 Concentration 
Percem !>crease 
400 

350 

300 

250 

200 .. .. 
150 

100 

50 

0 

-SO 

400 -150 500 550 500 650 700 
Ccmentr ation T"rget (ppm CO,e) 

Notes: Data ooi;-,ts an~ perc.entage inc~ease in mi~1gation costsfrom defa:y and t he 
as~ocla ted col ccncctration tareet for a given paired simulatio!"'. lhe scatt~rp~ot 
presents a tct.;i of 58 paired delay simu!ation~. T".e soiid line Is tl'e regressiC'"'!ine 
ft to these dar~. 

Table 1 presents the results of multiple regression ana lysis that summarizes how various factors 

affect predictions frorn th e includ ed studies, holding const ant the other variables included in 

the regress:on. The dependent variable is the cost of delay, measu red as the perct~nt age 

increclse relative to t he corn parable no-de lay scenario, and the length of delay is measured in 
decades. Specificat ions (1) and (2) correspond to Figures 2 and 3, respectively. Eac.h subsequent 

specification includes the length of the delay in years, an indicator variable for a partial delay 

scenario, and the t arget C02e concentration. In addition t o the coef fic ients shown, specification 

{4) includes model fixed effects, which cont rol for systematic differences across models, and 

each specification other than column (1} includes an intercept. 

The resu lt s in Table 1 quantify the two main findings mentioned above. The coefficients in 
column (3} indicate that, looking across these studi es, a one decade :r.crease in delay length is 
on average as.sociated with a 41 percent increase in m itigation cost relative to the no-delay 

scenario. Th is regre~sion does not contro l for possible differences in baseli ne costs across the 

different models, however, so colu mn (4) report s a variant that inclu des an additiona l 5et of 
binary variab les indicating the model used ("model fixed effects''). I ncluding model fixed eff ects 

increases t he delay cost to 56 percent per decade. When t he cost of a de!ay is estimatE~d 
sepnrately for different concentration target bins (co!umn (Si), delay is more cos tly thP. rno re 

ambitious is the concentration target. But even for the least ambitious target- a C02e 

concentration exceeding 600 ppm - delay is estimated to increase costs by npproximate!y 24 

percent per decade. Because of the relat:vcly smali number of cases (58 paired comparisons), 
which are fu rther reduced when de!ay is estimated within target bins, the st;:mdard errors are 

large, especia!;y for the least ambitious scenarios, so for an overall estimate of the delay cost 
we do not differentiate between the different ta rgets. While the regression in column (li) 

desirab!y controls for differences across models, other (unreported) spec1fications that handle 
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the outliers in different ways and include other control variables give per-decade delay 
estimates both larger and smaller than the regression in column {3) .L3 We 1herefore adopt the 
estimate in regression (3) of 41 percent per decade as the overall annual estimate of delay 
costs. 

One caveat concerning this analysis is that it only considers cases in which model solutions 

exist. The omitted, infeasible cases tend to be ones with ambitious targets that cannot be met 
when there is long delay, given the model's technology assumptions. For this reason, ornitting 

these cases arguably understates the costs of delay reported in Table 1.74 Additionally, we note 
that estimates of the effect of a partial delay {when some developed nations act now and other 
nations delay action) are imprecisely estimated, perhaps reflecting the heterogeneity of partial 
delay scenarios examin ed in the .studies. 

n The results in TabiP. 1 are generally robust to using a variety of other spec;ftcaLions and regression me,thods, 

including: using the percent decrease from the delay c.ase, instead of the percent increase from the no-deiay case, 

as the dependent variable as ;;n altern<'ltive way to handle outliers; using median regrRssion, also as an alternative 
way to handle outl iers; and including the discount factor as additional explanation of variation in the cost of delay, 

but this coefficient is never statistically significant. These regression~; usc linear compounding, notC!J(poncnt iai, 

bec,lUse lhc focus IS on the per-decade delay cost not the annual delay cost./\;1 alternative approach is to specify 
the dependent vanable n logantl111s (although th1s eliminates the neBat1ve estimates), and doing so y1elds 
generally sirnil~ r results af~er compounding to those in Table 1. 
'~An alternative approach to omitting the infeasible-solution observations is to treat their values as tensored at 
!>ome level. Accordingly. the regressions ;n Tahle t were re-estimawd using tobit regression, for which values 

exceeding 400 percent linduding the non-solution cases} ar e ~reuled JS censored. As expected, the est irnuted 

costs of delay per year estimated by tobit regression exceed the ordinary least squares estimates. 1\ l111ear 

probdbllity model (nut shown) indiCates that ;cenarios •Nilh ionger deloy a nd more ~lrlngent targets Me mor~ likely 
to have delay cost increases exceeding 400 percent (including non-sclutinn c;;ses). The" <~ssumption of b io-CCS 
technology has no statistically significant r.o:ndation with delay cost increase in a Cf<nsored regres~ion but is 

ussociated w ith a .significanlly lower probability of dc!ay cost increases exceeding 400 percent. 
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Table 1: Increased Mitigation Costs Resulting from a Defay, Given a Specified 


Climate Target: Regression Results 


Delav (decades) 

Delav (decades) x 

P..P.'~. C:S?.?~:?..S..?g ... 
Delav (decades) x 

500<PPt!1.. C.<J2e~60Q .. . .. ... ... 
Delay (decades) x 
ppm C02e>600 

Partial delay 

Target C02 e concentration 

Model fixed effects? 

Observations 

R-squared 

(1) (2) (3) (4} (5) 

37.3"** 41.1** 56.3 *** 
(5.9) (18.2) 

66.7** 

...........-...- .............. ... ......... ......... ......... . ... . ...(2?.:.1}.. 
24.9 

......... . .. (_18.5} 

24.1 

{33.9) 

8.3 -20.0 14.8 

(26.0) (27.8) (25 .7} 
-0.61"'... -0.61 H* -0.30 

(0.16) {0.16} (0.15) (0.49) 

No No No Yes No 
58 58 58 58 58 

0.41 0.15 0.24 0.53 0 .30 
Notes :The table presenb ord inary lea~t squares regre ssion coefficie nts, with each column representing adifferent 
regressio n. f or each, the depende nt variable is 1he p ercent increase in co st from a scenario invo lving no de lay to a 

scenario irwolving a d e lay. Each o bserv'ation is a comparison of a pair of scenarios with the sam e dimate ta rget , for a 

tota! of 58 o bse rvations. The regressors represe nt ~ome of the varia bles that charact e rize each paired comp ari son: the 

simulated de lay, the delay inte racted with the concentration target (binned ), whe the r only some countrie s de l o~•e d 

(parti al de lay), ,.;nd th e target concentration. The appe nd ix iis ts ali studies from w hich the data were draw n. The 

wecif ic<~t i on i> column il) d oes not include a cons t anL 
~ignificant at the: "10% ~"'5% ~ '"'1% significance leveL 

Source: CEA calculations O"~ resul ts from s tudies listed in append ix. 
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liL Gimate Policy as Climate insurance 

As discussed in the 2013 NRC report, Abrupt Impacts of Climate Change: Anticipating Surprises, 

the Earth's climate history suggests the existence of "tipping points,'' that is, thre!>holds bevond 
which major changes occur that may be self-reinforcing and are likely to be irreversible over 
relevant time scales. Some of these changes, such as the rapid decline in late-summer Arctic sea 
ice, are already under way. Others represent potential events for which a tipping point likely 
exists, but cannot at the present be located. For example, there is new evidence that we might 
already have crossed a previously unrecognized tipping point concerning the destabilizat ion of 
the West Antarctic Ice Sheet (Joughin, Smith, and Medley 2014 and Rignot et. al. 2014 }. A tipping 
point that is unknown, but thought unlikely to be reached in this century, is the re lease of 
methane from thawing .l\rctic perma frost, which could re inforce the greenhouse effect and spur 
additional warming and exacerbate climate change. Tipping points can aiso be crossed by slower 
climate changes that exceed a threshold at which there is a large-sca le change in a biological 
system, such as the rap id extinction of species. Such impacts could pose such severe 
consequences for societies and economies that they are sometimes c<.~lled potential climate 
catastrophes. 

Th is section examines the implications of these potentially severe outcomes for climate policy, a 
topic that has been the focus of considerable recent research in the economics literature. The 
main conclusion emerging from this growing body of work is that the potential of these events 
to have large-scale impacts has important implications for cl imate pol icy. Because the probability 
of a climate catastroph e increases as GHG emissions rise, missing cl imate targets because of 
postponed policies increases risks. Uncertainty about the likelihood and consequences of 
potential climate catastrophes adds furthe r urgency to implementing policies now to reduce GHG 
emissions. 

TaH R~sk Untcrtainl.y ami Possible Large-Srale Ch<mge~; 
Were some of these large-scale events to occur, they wou ld have severe consequences and 
would effectively be irreversible. Because these events are thou ght t o be relatively unlikely, at 
least in the near term - that is, they occur in the "tail" of the distribution- but would have severe 
consequences, they are sometimes referred to as "tail risk" events. Because these t ai l risk events 
are outside the range of modern human experience, uncertainty surrounds both the science of 
their dynamics and the economics of their consequences. 

Because many of these events are triggered by warming, thei r likelihood depends in part on the 
equilibrium climate sensitivity. The IPCC WG I ARS (2013) provides a likely range of 1.5~ to 4.5" 
Celsius for the equilibrium climate sensitivity . However, cons iderably larger values cannot be 
ruled out and are more likely than lower values (i.e. the probabi lity distribution is skewed towards 
higher values). Combinations of high climate sensitivity and high GHG emissions can result in 
extremely large end-of-century temperature changes. For examrle, the IPCC WG Ill ARS (2014} 
cites a high-end projected warming of 7.8" Celsi us by 2100, relative to 1900-1950. 
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A second way to express this risk is to focus on specific large-scale changes in Earth or biological 

systems that could be triggered and locked in by GHG concentrations rising beyond a certain 

point. At higher climate sensitivities, the larger temperature response to atmospheric GHG 

concentrations would make it even more likely that we would cross temperature-related tipping 
points in the climate system. The potential for additional releases of methane, a potent GHG, 

from thawing permafrost, thus creating a positive feedback to further increase temperatures, is 

an example of such a tail risk event. Higher carbon dioxide concentrations in the atmosphere, by 
increasing the acidity of the oceans, could also trigger and lock in permanent changes to ocean 

ecosystems, such as diminished coral reef-building, which decreases biodiversity supported on 
reefs and decreases the breakwater effects that protect shorelines. The probability of sig nificant 

negative effects from ocean acid ification can be increased by other stressors such as higher 

temperatures and overfishing. 

The box summarizes some of these potential large-scale events, which are sometimes also 
refe rred to as "abrupt" because they occur in a very brief period of geological time. These events 

are sufficiently large-scale they have the potential for severely disrupting ecosystems and human 

societies, and thus are sometimes referred to as catastrophic outcomes. 
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I 
l The National Research Council's 2013 report, Abrupt Impacts of ClifT'ate Change: Anticipating 

S:;rprises, discusses a number of abrupt clima~e changes with potentia !!y severf> const>quences. 

These events rndude: 

I 
• Late-summe r Arctic sea ice disappi.>arance: Strong trends of acceiNating late-surnmer sea icP 

loss have been observed in the Arctic. The melting of Arctic sea ice compr ises a positive 
feedback loop, as less ice means rowre sunlight will be absorbed into the dark ocean, causing 

I 
I further warming. 


Sea level r ise (Sl.R} from destcbilization of West Antarctic ice sheets (WAIS}: The WAIS 


represents a polential SLR of 3-4 meters as well as coasta l inundation and stronger storm 

surges. Muc:h remains unknown of lhe physical p1ocesses at the i::.e-ocean frontier. However, 


two recent st~idies (Joughin, S1-:1ith, and Medle~· 2014. Rignor et. ai. 20:1.4) rf-)porl ?vidence 

that in·eversible W/\IS destabilization has a!ready started. 


.. 	 S.~a level rise from ather ice sheets melting: Losing i1il other ice r.heets, including Greenland, 

rnay cause SiR of up lo 60 meters as well ?.S coasta l inundation and stronger storm surges. 
Melting of the Greenland ice she>et i'!lone may induce St.R of 7m, but it is not expected to 
destabilize rapidly \·Vilhin this century. 

• 	 Disruption to Atlantic Mt!ridior.al Overturning Circulation {AMOC): Potential disruptions to 

th£' AMOC may disrupt focal marine ecoo.vstems and shift tropical rain b.:;lts southward. 

Ailhoup,h current modeb do not indicate that an abrupt shift in the MVlOC is likely wil.hin the 
century, the deep ocean remain:; understudied with respect to measures necessary for P.MOC 
calculations. 

• 	 Decrease in ocean oxygen: As the solubility of gases decrease wtth rising temperature, a 
warming of the ocean will decrease the oxygen content in the surface ocean and expand 

existing Oxygen Minimum Zones. f h is will pose a threat to aerobic marine life a:; weii as 

release nitrous oxid.:-a potent GHG-as a byproduct of microbial processes. The NRC study 
assesses a moderate likelihood of an abrupt •ncreas:e in oxygen minimum LOnes in this 

century. 

lncrr:asi1,g refe<Jse of carbon stores in soils and permafrost: Northern perrnafros.t contains 

enough CO!rbon to trigger a positive feedback respons~ to warrning 1emperatures. With an 

estimated stock of 1700-1800 Gt, the permafrost carbon stock could amplify considerably 
human-induced climate change. Sm?.ll lrends in soil carbon releases have been already 

ob~erved. 

Increasing release of methane f rom ocean methane hydrat es: Thrs is 8 partiwlarly potent 

long-term ri~,k due to hydrate deposits through changes in ocean water temperature; the 

likely tim{'sc~! e for the physicai processes invo!veci span c. centuries, how<>ver.. and there is low 

risk this century. 
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~~-----..--------------·-----·-------------------·-  ----·-----~-

• Rapid state changes i n ecosystems, species range shifts, and species boundary changes: ~ 

11 
Research shows Lhal clirn?.te change is an import<ml component ot abrupl ecosys t em slate-

changes, •,vith apt ominP.nt exam pie being the Sahel region of Afr•ca Such state-change~ from 

~ 
~ w 

I fo ~est~ to s~veanrn.ad. ;hrl'rJie~:anvaflo1noad :o dglvas~~t,~rnds I p~!)·lc:ste:ah,ev~~~~ccasuts~, ~:t.~~~i~: ht:l~Obdit~rt·ltoss .to, 
antma, spec! .sa . "'·e .,n v,., ~ .u 1• 1.... r "·' . u....\ "''""·~~cs l "" r: ns< 

r{..
W 

rluring this century and high risk aftenvards. ~~-·~::·· 
Increases in extinctions of marine and terrestri al species: Abru pt climate impJcts include ~ 

E"!Xtensive extinctions of marine and terrestrial speciP.s; E'Xarnpi<=:s such ?.S the des! ruction of 

coral reef ecosystems are already underway. Numerous !and mammal, bird, and amph1bian 
sper.:ies are expected to become extinct with a high probability within the next one or two g 
centuries. 

~-
! ~ 
7·:-¢:-$'·~;~•·;~~:n;.J'l....._"S,~~1~'?-'~:S::1~s-~~··~~,:~~~.r.~ll~::;.,:~~;JP.t~~:t-iYJ~~~""':~~~-~"f.~~~~~t;::~r--?-t~..,._'"'.!r;J~-:.....~A~·q,~f~r!17.!f~7~.1J'~ . 

hnp!k<llh~a~ of 'L:~il His!{ 

An implication of the theory of decision-making under uncertainty is that tile risks posed by 

irrevers ible catastrophic event s can be sub stantia! enough to influence or even dominate 


decisions. 


i.\l(')tzman\: Di<tln<~l Theon~m 


Over the past 'few years, economists have exam ined t ile implications of decision·rnaking under 

uncertainty for cl imat e change policy. In a particularly inf:uential treatm ent, Weitzman {2009) 

proposes his so-called ':Dismal Theorem," which provides a set of assumptions under which t he 

t.urt~ill g~ t lt:JoUUil wuu!tl iJ~ willi11g Lu IJ~cJt very l c~rge. (i11 fc:IL l , c.Hbil!dli ly ld1gej LU'>b l u cJvuiu d 


future event \Nith widespread, !arge-scale costs. The intuition behind Weitzm;m's mathematical 

resu lt rests with the basic insigh t that beca use individuals are risk-averse, they prefer to buy 

healt h, home, and auto insurance than tO take their chJnces of a major financial !oss. s;milarly, if 

major cllmate events have the potential to reduce aggregate consumption by a large amount, 

societ y will be better off if it can take out "climate insurance" by paying mitigation costs now that 

will reduce the odds of a large-scale-in Weitzman's {2009) word, catastrophic-drop in 

co nsumption late r. 2s 


7s Th i~ logic has •ts bas:s :n expected utility n·,pory 6<>eau~e ndividu;;:s arP. risk avers~, (•ach add1tlonal dollar of 
consumption provides less value, or utilit'{, to individiJals than the previo;,~s doiL~r. To a\·oid U1is maJor ioss, an 
individual will buy home imucance. That 1nsuran(e is provided by the rnarket becnuse an in~ural"'ce t:ompan•t can 

offer home :n~urance to many homeowners :n d fferent regicns of the country, and throueh di~·er~ificalion ;he 
cornpany wil! on Jver;;ge h.:;ve many homeowner~ paymg premiums and a few eelleering insurance, so 
diversification allows the cocnpany trJ run a relatively low-risk busmes5. But ri5k~ frorn severe dimate change are 
not ;:hver~lfi,;ble because their enormou; costs would •mpac;. the g!obai econonw. Consequently, a~ long a!> there is 
a non-nE!r,iigrbif' probJbdity of a large rirop •n <"On~urnpiron, 3nd thert>fnre a V"!P{ l<~rge drop •n ut l;ty, ar·sing from a 

brge-~ca 'e loss in con~umption, soc:<-ty toda'{ should be will ng l c p;;y a o.ubstant ial arno;mt if doint:: so would a void 
thaLio~s 
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Weitzman's {2009) disma l theorem has spurred a substantial amount of research on the 

economics of what this literature often refers to as climate catastrophes. A number of authors 

(e.g. Newbold and Daigneault 2009, Ackerman et al. 2010, Pindyck 2011, 2013, Nordhaus 2011, 
2012, Litterman 2013, Millner 2013), including Weitzman (2011, 2014), stress that aitllough the 

strong version of Weitzman's (2009i resuit- that society would be willing to pay an arbitrarily 

large amount to avoid future large-scale economic losses-depends on specific mathematical 

assumptions, the general principle of taking act ion to prevent such events does not. The basic 
insight is that, just as the sufficiently high threat of a fire justifies purchasing homeowners 

insurance, the threat of large-scale losses from climate change justifies purchasing "climate 

in surance" in the form of mitigation policies now (Pindyck 2011 ), and that taking actions today 

could help to avoid worst-case outcomes {Hwang, Tal, and Hofkes 2013). According to this line 

of thinking, the d ifficulty of assessing the probabilities of such !arge-sca le losses or the location 

oftipping points does not change the basic conclusion that, because their potential costs are so 
ovenNhel ming, the threat of very large losses due to climate change WJrran ts implementing 

mitigation policies now. 

Several recent studies have started down the road of quantifying the implications of the 

precautionary motive for climate policy. One approach is to build the effects of large-scale 

changes into IAIVls, either by modeling the different risks explicitly or by simulation using heavy

tailed distributions for key parameters such as the equilibrium climate sensitivity or parameters 

of the economic damage function. Research along these lines includes Ackerman, Stanton, and 

Bueno (2013), Pycroft et al. (2011), Dietz (20J.l), Ceronsky et al. (2011), and Link and Tol (2.011) . 

Another approach is to focus on valuation of the extreme risks tl1emselves outside an lAM, for 

example as examined by Pindyck (2012) and van der Ploeg and de Zeeuw (2013). Kopits. Marten, 

and Wolverton (2013) review some of the tail risk literature and lit erature on large-scale Earth 

system changes, and suggest steps forward for incorporating such events in lAMs, identifying 

ways in which the modeling could be improved even within current lAM frameworks and where 

additional work is needed. One of the challenges in assessing these large-scale events is that 

some of the most extreme events could occur in the distant future, and valuing consumption 

losses beyond this century raises additional uncertainty about intervening economic growth rates 

and questions about how to discount the distant future. 26 The literature is robust in showing that 

the potential for such events could have important climate policy implications, however, t he 

scient ific community has vet to derive robust quantitative policy recommendations based on a 

detailed analyses of the link between possible large-scale Earth system changes and their 

economic consequences. 

i.m~riit~ti\:>lls ,)f\inet:rhiHty .tbuui ;·!pping Pr-ints 

Although research that embeds tipping points into climate models is young, one qualitative 

conclusion is that the prospect of a potential t ipping point with unknown location enhances the 

precautionary motive for climate policy (Baranzini, Chesney, and Morisset 2003, Brozovic and 

Schlenker 2011, Cai. Judd, and Lontzek 2013, Lemoine and Traeger 2012, Barra 2013, van der 

26 For various perspectives on Ihe challenges of evaluating long·term climate r"sks, see Dasgupta (2008), Barro 

(2013), Ackerman, Stanton, and Bueno (2013), Roe and Bu uman (2013), and We1t.zrnan (2013). 
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Ploeg 2014) . To develop the intuition, f irst suppose that the tipping point is a known temperature 
increase, say 3• Celsius above preindustrial leve ls, and that the economic consequences of 
crossing the tipping point are severe, and temporarily put aside other reasons for reducing 
carbon em issions. Under these assumpt ion5 climate policy would allow temperature to rise, 
stopping just short of the 3" increase. In contrast, now suppose that the tipping point is unknown 
nnd that its estimated mean is 3u, but that it could be less or more with equ al probability. In this 
case, the policy that stops ju st short of 3• warming runs a large risk of crossing the t rue tipping 
point. Because that mistake would be very costly, the uncertaint y about the t ipping point 
generally leads to a policy that is more stringent today than it would be absen t uncertainty. To 
the extent that delayed implementation means higher long-run C02 concentrations, then the 
risks of hitting a tipping point increase with delay. 

As a simplification, the above description assumes away other costs of climate change that 
increase smoothly with temperature, as well as the reality that important t ipping poims in 
biological systems could be crossed by small gradual changes in temperatures, so as to focus on 
the consequences of uncerta inty nbout large-scale temperature changes. When the two sets of 

costs are combined} the presence of potential large-scale changes increases the benefits of 
mitigation policies, and the presence of uncertainty about tipping points that would produce 

abrupt changes increases those benefits further / 7 Cai, Judd, and Lontzek (2013) use a dynamic 
stochastic general equilibrium version of DICE model that is modified to include multiple t ipping 
points with unknown (random ) locations. To avo id the Weitzman "infinities" problem, they focus 
on tipping events with economic consequences that are large (5 or 10 percent of globa l GOP) but 
fall sl1011: of global economic collapses. They conclude that the poss1b1ilty of future tipping points 
in creases the optimal carbon price todc:~y: in their benchmark case, the optimal pre-tipping 
carbon price more than doubles, relative to having no tipping point dynamics. Similarly, Lemoine 
and Traeger (2012) embed unknown tipping points in the DICE model and estimate that the 
optimal carbon price increases by 45 percent as a result. In complementary work, Sarro (2013) 
considers a simplified model in which the only benefits of reducing carbon emissions come from 
redu cing the probability of potential climate catastrophes, and f inds that this channel alone can 
justify investment in reducing GHG pollution of one percent of GOP or more, beyond what would 
normally occur in the market absent climate policy. 

27 Cat, Judd, and Lontz el:. (2013) provide a stark ex~mplc of this dy11amic. Their Jnalysis, wh '"h 1s undert<J kC>:'I w.;ng 

a mod1f.ed version of Nordhaus's (2008) DICE·2007 modei, nciude~ both the usu<~ l reasons for em;.\ sion'> 

m tigal1on {damages that inc.rea-;e smoothly w it h tempera ture) and the: possibilty of a t ipf)ing point at an 

uncertain future temperature w hich results in a jurnp 1r1 damages. 
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Appendix: Lit<.•raturc on Delay Costs 

Th is appendix lists the studies reviewed Section II and used in the meta-analysis, and briefly 
describes the scenarios they analyzed. 

The EMF22 proj ect engaged ten leading integrated assessment m odels t o ana lyze the cl imate 
and economic co nsequences of delay scenarios. The EMF22 studies consist of Loulou, Labriet, 
and l<anudia (2009), To! (20 09), Gurney, Ahammad, and Ford {2009}, van Vliet , den Elzen, and 
van Vuuren {2009), Blanford, Richels, and Rutherford {2009), i(rey and Riahi {2009), Ca lvin et al. 
{2009a, 2009b), Russ and van !erland {2009). and Bosctti, Carrara, and Tavoni (2009), w ith Clarke 
et al. (2009} provi ding an overview of the project. 28 Among other objectives, each study 

estimates the mitigation costs associated with five climate targets under both an immediate 
action scenario and a harmonized delay scenario. The ta rgets are /1.50, 550, and 650 ppm co,e in 
2100, and the models consider the first two targets alternatively allowing or prohibiting an 
overshoot before 2100. 2" In the delay scenario, only more developed countries {minus Russia) 
begin mitigat ion immediately in 2012 in a coordinated fashion {i.e., with the same carbon 

pricing), \•Vith some count ries delaying action until 2030, and remain i ng countries delay action 
until 2050. These scenarios enable calcu lating the additional mitigation costs associated with 
delay for each concent rat io n target . 

The AM PERE project . engaged nine m ode ling t eams to analyze t he ciimate and economic 
consequences of globa l emissions following the proposed policy stringency of the national 
pledges from the Copen hagen Accord and Cancun Agreements to 2030. (The AMPERE scena rios 
were not included in the meta-analysis in Section II because Riahi et al. ( 2014) did not provide 
sufficient information to ca lcu late t he pe rcent increase in mitigation costs for each delay 
scenario.) One of the questions address ed by this project is the economic costs of del aying 

policies to reach C02e concentration targets of 450 and 550 ppm in 2100 (Riahi et al. 20 14). Eight 
models simulate pairs of policy scenarios reaching each target. Onl~ simul ation in each pair 

assumes t hat CJ il countries act immediately in a coordinated fashion {i.e., w ith the same carbon 
pricing}, whi l e the other simulation assumes that all countries follow the !ess stringent emissions 

commitments made during the Copenhagen Accord and Cancun Agreements until 2030, when 
coordinated international act ion beg ins. 

The meta-ana lysis includes the fol lowing studies not associated with either AMPERE or EMF22: 
Jakob et al. {20 12}; Luderer et al. {2012, 2013); Edmonds et al. (2008); Riche ls et al. (2007), and 

Bosetti et al. (2009). Jakob et al. (20 J2) consider a 10-year delay of mitigation efforts to reach a 
450 ppm C02 target by 2100, includ ing variations where more developed countries implement 
mitigation immediat ely. Luderer et al. (201 2) consider a simiia r 10-year delay and the same 450 

ppm C0 2 target by 2100, with a scenario where Europe and all other industria liz.ed countries 

~f Russ and van lerland (2009) did not pn:~ent e~tirnate5 of total delay costs, so th is paper ·5 not included in the 

metil-an<J!ysis in St>ct ion II. 

~3 We nc lud.:d three additio nal scenarios ·n van Vlie t, dE::n Ellen, and v::n Vuuren (2009) with alternate targets and 

model~ that were not reported 111 Clarke et al. (2009). 
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begin mitigation efforts in 20JO. Luderer et al. (2013) ana ly7..e a scenario w here countries 
imp lement fragmented policies before coordinating efforts in 2015 , 2020, or 2030 to meet a 
target of 2"C above preindustrial levels by 2100, allowing for overshooting. Edmonds et al. (2008) 
consider targets of 450, 550, and 660 ppm C02, with newly deve loped and developing countries 
delaying climate action from a start date of 2012 to 2020, 2035 and 2050. Richels et al. (2007) 
estimate the additional cost of delay by newly developing countries until 2050 for a 450 and 550 
ppm C02 target. Finally, Bosetti et al. (2009) estimate the additional cost when all countries delay 
climate action for 20 years with a goal of reaching a 550 ppm and 650 ppm C02e target by 2100. 
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S~.e ~c\u!jtlrk WhllfS · http:/inyti.ms/21 rt5UC 

Edited by David Leon hardt 

.. .-...... 
CU:MATE CHA:\GE 

There's a For1nula for Decid.i11g When 
to Extract Fossil Fuels 
"Drill, Baby, Ddll" became a popular campaign m antra back in the 2008 

elcetion cycle. Bnt nov..r 1ve're h earing the opposite eall: "Leave lt in the 

Ground.'' 

These calls come from environmentalists -..vho see the end of drilling and 

minjng as the way to avoid disruptive climate change. They direct these calls 

tm-v·ard the federal government because it is estimated that about half of the 

carbon in technologically recoverable fossil fuels in the United Slalcs is on 

pu hlic lands. 

Is there a middle ground that can supply the energy we need without 

causing significant climate damages'? Yes. :\nd it doesn't involve exploiting all 

available resources, nor banning their use. 

\:Vhat if \Ve continued to lease lhe rights Lo access fossil fuels on federal 

land but required the leases and royalty payments to reflect the full climate 

damages from these fuels? Doing so would put the market. to vmrk by 

unlocking fossil fuels that have the highest value in relation to their impact on 

the climate. The bonus: Tt provides money lo pay for some of the damage of 

climate change. 
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We've seen the benefits of using our domestic resources OYer the last 

decade as the amount of our energy corning from domestic oil and gas 

resources increased 54 pereent. Chie11y, we have lower fuel prices. We now pay 

74 percent less for natural gas and 25 percent less for petroleum, compared 

vdth 2005. Further, net imports ·will account for just 23 percent of Amcriean 

liquid fuel supplies this year ..-- dcrwn from 6o percent in 2005 -·-·· with 

important energy security benefits. Our carbon emissions arc also below 2005 

levels; '"'ilh cheap natural gas having taken significant market share from coal, 

which is more carbon intensive. 

At the srunc time, the combustion of fossil f11cls causes climate change 

that is projeet.ed to impose myriad costs around the wodd. But in this regard, 

not all fossil fuels are created equal. The value per unit of energy, measured by 
the market price, is greater for some (like petroleum) than others (like coal). 

Further, some contain more carbon or result in the release of more emissions 

because of other factors like the extraction and transportation process, and 

inflict greater climate damages. Knoi~'ing the monctaTy value of climate 

damages associated vvith a ton of carbon emissions is therefore the key to this 

whole problem. 

Luckily, there is a way to determine this. I1 is called the Social Cost of 

Carbon (S.C.C.J, and the federal government sels jt at $40 per metric ton of 

C02 emissions. The S.C.C. is used to inform a \vide vadety of regulations that 

limit the use of fossil fuels, ineluding emissions standards for vehicles, 

apphances and power plants. Bnt the S.C.C. has not been used to guide 

extraction policies. (I was co-leader of an interagency group lhat set Lbe S.C.C. 

when I worked in the Obama administration from 2009 to 2010.) 

If the S.C.C. \Vere applied as a part of leasing and royalt:f rate.~ on federal 

l<mds, we would unlock resources V\~th the greatest net benefits. To illustrate 

the consequences of such a shift, I did some cakulations based on the spot 

prices for coal, petroleum and natural gas and their respective energy and 

carbon contents. The addition of a charge based on the S.C.C. is unlil<cly to 
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have a substm1tial effect on domPstk production of pctro1c11m: The spot price 

per million British thermalunjts (B.T.U.s) this year has been $8.81, and the 

assodated dimatc damages are $2.98. If the federal governme11t collected a 

charge of .$2.98 for each nrillion B.T. U.s of peiroleum extracted on federal 

lands; the revenue could be refunded directly to taxpayers or used to help the 

nation adapt Lo climate damages. The story is similar for natural gas; its value 

today exceeds the expected dimatc damages. 

The case of coal is different, especially coal from the federal land in the 

Pm·vder River Basin in vVyoming and 'C\Jontana. The climate damages from coal 

mined from this region arc five to six times greater than its market value 

($o.66 at market value versus $3 .89 of climate damages). Thus, a climate 

charge linked to the S.C.C. would probably make at least some of the coal 

mining in this region unprofitable. There is currently an opportunity for policy 

overhaul: The Department of the Interior is considering how to restructure 

lease terms for fossil fuels on federal lands. Further, a federal judge ruled last 

year that the government should take into account chrnal.c impac ts when 

malcing decisions about mining on federal lands. 

The application of an S.C.C.-related fee would meet many goals. 

Environmentalists would naturally like it, and so should fiscal conservatives 

vvho recognize that t.he federal government will be .increasingly on the hook for 

climate dan1ages (recall the more than $so billion of federal tax dollars 

appropriated in response to Hurricane Sandy). At Lhe same time, this fee 

woul.d .not ston th e dcvelrrnment rf ~conon1.il-::i1llv attractive fosfiil fuels,
~uch a change m po 1cy woutd .l1avc ella icngcs. l.hcrc would mcv1tably be 

some shifting of fossil fuel production to private lands in the United States, as 

well as to other countries; but it would also reduce the long-run global supply 

of fossi.l fuels. Further, there \VOuld be a strong case for harmonizing S.C.C. 

charges \Vith existing domestic climate regulations to ensure that the carbon 

policies operate as efficiently as possible. There is also a strong case for 

prO"viding support. to communities that. e:xprricncc meaningful declines in 
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economic activity because of an extraction fcc linked to the S.C.C. 

An efficient dimate policy would pri.cc carbon throughout t he global 

economy so that users of aU fossil fuels recognized their climate cosls. It docs 

not appct:lr likely that the current Paris climate negotiations 1vil1 produce such 

a system. In Lh e absenee of such a policy, lhe solution doesn't need ·1o be to use 

all fossil fuels, or to ban their usage. Common sense suggests that \•Ve u~;c the 

ones that prm·ide more value than harm and that we leave tbe others in the 

ground. 

For a detailed analy:::is oflhe calculutions) the lecfmicol doc11ment is 

available here. 

Miehael Grccn~tone, the 'Milton Friedman professor of economies at the 

University of Chicago, runs the Eneq..,•y Policy Institute there. He was the chief 

economist of President Obama's Council of Economit• i'tdvisers from 2009 to 

2010. 
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