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Chapter 1 — Purpose and Need 

The purpose of this Environmental Assessment (EA) is to examine particular 
environmental effects of the oil and gas lease issuance decisions made be­

tween February 2000 and August 2004 and to reconsider all relevant factors and 
issues that were known during the time period of issuance to decide anew 
whether, after considering such information, these leases should have been issued 
at all, and if so, what stipulations should have been imposed to protect other re­
source programs. This EA responds to rulings of the Interior Board of Land Ap­
peals (IBLA) and the Tenth Circuit Court of Appeals (the Court), which held that 
certain effects of the development of coal bed natural gas (CBNG) were not ana­
lyzed or contemplated in the 1985 BLM Buffalo Resource Management Plan 
(RMP) Final Environmental Impact Statement (EIS). See Pennaco Energy v. 
DOI, 377 F.3d 1147 (10th Cir., filed August 10, 2004). The Court reversed a Fed­
eral District court and affirmed the decision of the IBLA that concluded that 
BLM had insufficient NEPA analysis to make a decision in February 2000 to 
issue three leases for oil and gas in an area where CBNG was likely to be pro­
duced. The Court reinstated IBLA’s remand of the issuance of these three leases 
to BLM for “additional appropriate action.” 

In the course of its opinion, the Court stated that the NEPA analysis upon which 
the BLM relied in issuing three leases “did not consider pre-leasing options, such 
as not issuing leases at all.” The BLM will evaluate with this EA whether to af­
firm, modify, or cancel the leases, which include the right to develop CBNG. 
Along with the three leases that were the subject of the Court and IBLA’s deci­
sions, BLM also is including in the scope of this EA 418 additional oil and gas 
leases that have been issued since February 2000 within the Buffalo Field Office 
(BFO). Recognizing that the leases have been issued, the alternatives considered 
in this EA analyze whether to modify or revoke the right to develop CBNG in­
cluded in the leasing decisions after consideration of the appropriate environ­
mental issues foreseeable at the time the leases were offered for sale. In addition, 
the focus of the analysis and EA is solely on the effects of CBNG development 
on these leases. 

Since 1992, BLM has conducted several specific analyses on development of 
CBNG on federal lands. They include the American Oil and Gas Marquiss Field 
Coal Bed Methane Project EA (U.S. Bureau of Land Management 1992a), Exxon 
Pistol Point Coal Bed Methane Project EA (U.S. Bureau of Land Management 
1992b), Gillette South Coalbed Methane Project Draft Environmental Impact 
Statement (DEIS) (U.S. Bureau of Land Management 1995a) and FEIS (U.S. 
Bureau of Land Management 1997), Lighthouse Coal Bed Methane Project Envi­
ronmental Assessment (U.S. Bureau of Land Management 1995b), Gillette North 
Coal Bed Methane Project Environmental Assessment (U.S. Bureau of Land 
Management 1996), Wyodak CBM DEIS and FEIS (U.S. Bureau of Land Man­
agement 1999b and 1999c), and Wyodak Drainage CBM EA (U.S. Bureau of 
Land Management 2000b). These reports and their associated decision docu­

1–1 Oil and Gas Leasing EA 70–05–064 



Chapter 1 — Purpose and Need 

ments specifically address the development of CBNG that has been occurring on 
federal lands since 1992. 

An array of environmental issues was subject to in-depth re-examination in the 
Powder River Basin Oil and Gas Project (PRB O&G) Final EIS and RMP 
Amendment Record of Decision (ROD) that was signed April 30, 2003. The 
ROD amended the 1985 Buffalo RMP to raise the anticipated level of use of the 
resource area for oil and gas and to develop appropriate resource use restrictions 
to mitigate impacts to other resources. In the PRB O&G EIS, the BLM carefully 
analyzed the cumulative effects on air, water, and other resources of the potential 
development of 51,000 CBNG wells. The BLM determined that with the leasing 
stipulations in the 1985 Buffalo RMP and new mitigation measures approved in 
the PRB O&G Final EIS, the 51,000 wells would not result in any social, envi­
ronmental, or economic effects that would preclude accomplishment of one or 
more of the 1985 Buffalo RMP objectives as long as appropriate conditions of 
use are required. This EA substantially incorporates by reference impact analyses 
from the PRB O&G Final EIS. 

The rationale of the Court ruling requires that BLM consider those environmental 
issues associated with CBNG that differed from those analyzed in the 1985 Buf­
falo RMP EIS. This EA examines a broader array of environmental issues asso­
ciated with CBNG leasing decisions that were reasonably foreseeable prior to the 
issuance of these leases. 

In conducting this analysis, BLM also needs to consider the protection of the fi­
nancial interest of the United States by preventing drainage of federal minerals 
by surrounding federal, state, and private (fee) wells. The potential for drainage 
of CBNG from federal leases contained in the scope of this analysis is more acute 
than in the PRB O&G Final EIS. The areal extent of many of the parcels that 
comprise the leases is quite limited (40 to 80-acre in many cases). Also, federal, 
state, and fee development already has occurred or is occurring around the leases. 
Consequently, the potential for drainage is considerably higher if CBNG wells 
are drilled around the individual lease parcels and no CBNG wells are drilled on 
the leases. 

BLM recognizes the extraction of oil and natural gas is essential to meeting the 
nation’s future needs for energy. As a result, private exploration and develop­
ment of federal oil and gas reserves are integral to the agencies’ oil and gas leas­
ing programs under the authority of the Mineral Leasing Act of 1920, as 
amended, and the Federal Land Policy and Management Act (FLPMA) of 1976. 
The oil and gas leasing program managed by BLM encourages the development 
of domestic oil and gas reserves and reduction of the U.S. dependence on foreign 
sources of energy. 

As noted above, BLM included in the scope of this EA 421 oil and gas leases 
within the BFO that were issued between February 2000 and August 2004 (U.S. 
Bureau of Land Management 2004). Since publication of the Notice of Intent 
(NOI), BLM has determined that 136 of these leases do not overlie the coal beds 
that are the sources of CBNG in the PRB (Figure 1–1). Because CBNG cannot be 
developed on these 136 leases and the Court’s decision concerns the develop­
ment of CBNG only, this NEPA analysis only considered the 285 leases where 
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Chapter 1 — Purpose and Need 

CBNG can be developed because they at least partially overlie one or more of the 
coal beds. Thus, the 136 leases that do not overlie the coal bed are not discussed 
any further in this document. 

The 285 leases are distributed across 10 sub-watersheds in the PRB (Table 1–1). 
These leases encompass almost 171,000 acres. Operators have already drilled 
114 wells on 30 of the leases, half of which are in the Middle Powder River sub-
watershed (Table 1–1). 

Table 1–1 Distribution of Leases and Existing Wells by Sub-watershed 

Areal Extent of 
No. of Leases No. of existing 

Sub-watershed Leases (acres) wells 
Antelope Creek 9 2,123 2 
Clear Creek 54 24,649 2 
Crazy Woman Creek 31 35,203 15 
Little Powder River 51 21,562 1 
Middle Powder River 22 12,756 57 
Salt Creek 3 1,912 0 
Upper Belle Fourche River 20 14,288 9 
Upper Cheyenne River 7 3,440 2 
Upper Powder River 80 24,059 24 
Upper Tongue River 36 30,671 2 
Total Na1 170,663 114 
Note: 
1. Na = not applicable. Many of the 285 leases overlap two or more sub-watersheds. 

Thus, the sum of the number of leases in each sub-watershed exceeds 285. 

The BLM, Buffalo Field Office in Buffalo, Wyoming is the lead federal agency 
responsible for conducting the NEPA analysis and preparing this EA. State of 
Wyoming agencies specifically designated to represent the state as a cooperating 
agency included the Wyoming Department of Environmental Quality, Wyoming 
Game and Fish Department, and, Wyoming State Geological Survey, Wyoming 
Travel and Tourism, Wyoming State Historic Preservation Office, Wyoming Of­
fice of State Lands and Investments, Wyoming Department of Agriculture, and 
Wyoming Oil and Gas Conservation Commission. 
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Chapter 2 — Alternatives 

This chapter covers four primary topics. First, it describes scoping that BLM 
conducted for the analysis. Second, it describes the alternatives that were 

analyzed in detail. The specific features of these alternatives are fully described. 
Third, it identifies alternatives that were considered and eliminated from detailed 
study and briefly describes the rationale for dismissal. Finally, it presents, in 
summary and comparative form, the components and environmental effects of 
the alternatives analyzed in detail and it identifies the agencies’ preferred alterna­
tive. 

Although a range of alternatives was developed, not all of these alternatives were 
analyzed in detail. Some were deemed unreasonable during the feasibility screen­
ing. Others were eliminated after initial analysis indicated they were not reason­
able. 

The alternatives developed for this NEPA analysis are described in two overall 
sections. The alternatives analyzed in detail are described first. A section on Al­
ternatives Considered but Eliminated follows the alternatives analyzed in detail. 

Scoping 
Scoping for the NEPA analysis began on December 16, 2004 with the publica­
tion of an NOI to prepare an EA in the Federal Register. The NOI was published 
to inform the public of BLM’s intent to conduct an environmental analysis in 
response to the Court’s rulings. The notice also solicited comments to assist 
BLM in identifying specific issues and concerns that it should address in the 
analysis. The comment period ran from December 16, 2004 through January 18, 
2005. 

BLM reviewed and analyzed the comments that were received in response to the 
NOI. BLM received 18 letters and e-mails and identified several issues that 
would drive the analysis and development of alternatives. These issues are: 

¾	 ground water drawdown from CBNG production activities and effects on 
water well users; 

¾	 effects of surface discharge of water produced from CBNG wells (both its 
quality and quantity), including direct discharges of treated or untreated wa­
ter to drainages, discharges to impoundments, and land application disposal 
(LAD); 

¾	 effects on important wildlife habitats, such as fragmentation of riparian cor­
ridors (bald eagle nesting and winter roost habitats) and sage grouse habitats; 
and 
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¾	 the relationship between human health and the potential for water produced 
from CBNG wells to contribute to the spread of West Nile virus (WNV) by 
providing breeding habitats for the mosquitoes that carry the virus. 

Additional issues were identified from the scoping comments, including consid­
ering a basin-wide analysis of leasing, phased development, interactions between 
WNV and sage-grouse, changes in the thermal regimes of streams, and contami­
nation of ground water resulting from hydro-fracturing. The basin-wide analysis 
of leasing and phased development issues were used to develop alternatives that 
were ultimately not evaluated in detail or were not used in the analysis. The other 
issues were not considered in detail because they were not issues that were 
known during the time of issuance of the 285 leases. 

Alternatives Analyzed in Detail 
A reasonable range of comprehensive alternatives was developed to address par­
ticular environmental issues that could have been foreseeable at the time the 
leases were offered for sale. Five of these alternatives were analyzed in detail. 
They include the No Action Alternative (Alternative 1), which would affirm the 
previous issuance of the 285 leases under the conditions and mitigation measures 
developed in the PRB O&G Final EIS. Alternative 2 would modify the previ­
ously issued leases to include only standard lease terms (SLT). Alternative 3 
would modify the previously issued leases by adding additional protective meas­
ures for the CBNG wells. Alternative 4 would modify the previously issued 
leases to eliminate the surface disposal of produced water from CBNG wells. 
Under Alternative 5, BLM would modify the 285 previously issued leases to 
prohibit the development of CBNG. With regard to CBNG, this would have the 
same effect as canceling the leases. Development of conventional oil and gas 
from these leases would be unaffected. 

The following sections describe the five alternatives analyzed in detail. First, the 
features common to multiple alternatives are described. Each alternative is then 
described in turn. These individual descriptions focus on the features specific to 
the alternative. 

Features Common to Multiple Alternatives 
Several alternatives analyzed in detail involve similar features. These features are 
described below. The sections on the individual alternatives that follow this sec­
tion focus on features unique to each alternative. 

Development of CBNG 
Where the development of CBNG would be permitted under the alternatives, de­
velopment would occur as described for the proposed action in the PRB O&G 
Final EIS. Wells would be drilled primarily on an 80-acre spacing pattern overall, 
unless they fall within the Wyoming Oil and Gas Conservation Commission 
(WOCC) 40-acre spacing exception areas (Figure 1–1). In addition, separate 
wells may be developed for each coal bed at the prevailing spacing pattern. De­
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velopment of wells by coal bed is described in the PRB O&G Final EIS (U.S. 
Bureau of Land Management 2003:2–15). 

Development of the leases would occur in three primary phases: drilling of wells 
and construction of production facilities, production and maintenance, and de­
commissioning and reclamation. Each phase is discussed below. 

Drilling of Wells and Construction of Production Facilities 
In addition to drilling the wells, the first phase of development includes con­
structing well access roads, well pads, well production facilities, pipelines, facili­
ties to gather and dispose of produced water, central metering facilities, electrical 
power utilities, and the gas delivery system. Drilling of wells and construction of 
production facilities are described in detail in the PRB O&G Final EIS (U.S. Bu­
reau of Land Management 2003:2-20–2-36). The CBNG wells would be devel­
oped over a 10-year period. 

Production and Maintenance 
The production and maintenance phase involves maintaining the wells and their 
associated facilities to keep the wells producing CBNG. Access roads, wells, 
pipelines, and electrical utilities would be subject to routine inspections and 
maintenance over the projected seven-year productive life of the CBNG wells. In 
addition, workovers of the wells would be conducted to ensure the wells are 
maintained in good condition and that they are capable of extracting CBNG as 
efficiently as possible. Activities comprising the production and maintenance 
phase are described in detail in the PRB O&G Final EIS (U.S. Bureau of Land 
Management 2003:2-36–2-39). 

One of the key issues regarding the production of CBNG is the disposal of water 
produced by the wells. The primary means for disposing of CBNG-produced wa­
ter is surface disposal. Three methods of surface disposal occur in the PRB: di­
rect surface discharge to ephemeral drainages, disposal into impoundments, and 
land application disposal (LAD). These types of disposal are briefly summarized 
below and discussed in more detail in the PRB O&G Final EIS (U.S. Bureau of 
Land Management 2003:2-25–2-29) 

Surface Discharge to Drainages 
Under this method of disposal, produced water is gathered from CBNG wells and 
discharged at outfalls authorized according to guidance and requirements of the 
State of Wyoming (WDEQ). Produced water may be discharged from outfalls 
directly into ephemeral drainages or it may be treated and discharged. Water pro­
duced from CBNG wells that is discharged to the surface may be suitable for ir­
rigation and may be diverted for that purpose. 

Impoundments 
The Wyoming State Engineers’ Office (WSEO) authorizes impoundment of 
CBNG-produced water through a reservoir-permitting program (outlined below) 
for water produced during the recovery of CBNG (Tyrrell 2004). On-channel and 
off-channel impoundments may be built to store CBNG-produced water. When 
discharges of water from CBNG wells cease, dams must be conditioned to allow 
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breaching, releases, or reduction in size for proper water administration and allo­
cation to downstream users, if required. The landowner must consent and commit 
to long-term maintenance of the structure after production of CBNG water ceases 
and the impoundment is no longer needed for producing CBNG. 

Siting guidelines and permitting requirements for impoundments have been es­
tablished by WDEQ to protect downstream water quality (Wyoming Department 
of Environmental Quality 2002a). Compliance monitoring for protection of 
ground water resources beneath unlined impoundments containing CBNG-
produced water also is regulated by WDEQ (Parfitt 2004). Compliance monitor­
ing well(s) may be required where shallow ground water is encountered beneath 
a reservoir. 

An on-channel impoundment is a reservoir constructed in the channel of a stream 
or river. This impoundment may not capture natural runoff from the drainage in 
which it is located unless the runoff captured would exceed the average annual 
peak runoff event. Captured runoff must be released to satisfy downstream senior 
appropriators, if needed. Where storage of CBNG-produced water by an opera­
tor/producer is the sole use, reservoirs are limited to a life of 15 years or until the 
facility ceases to receive discharges of water from CBNG wells. Where the land­
owner intends to keep the reservoir for other uses after storage of CBNG water 
discharges ceases, the impoundment does not have a limited life. 

Off-channel impoundments (impoundments not located on the stream channel) 
must be positioned so that the potential to store surface runoff is minimal. By­
pass facilities or berms may be used to preclude surface runoff from entering the 
pond. Impoundments that store no surface runoff need not be designed with an 
outlet. Any runoff impounded must be passed to downstream senior appropria­
tors, if required. The beneficial use of CBNG-produced water includes inactive 
use (evaporation and infiltration) and active use (discharge at specified points for 
land application or leach field). Impoundments are allowed multiple or continu­
ous fills from CBNG sources only. Where a surface drainage has flow only be­
cause of CBNG wells discharging in the area, and no natural flow is available, 
the water is not subject to a downstream priority call allocation for irrigation. 

Land Application Disposal 
Produced water that is disposed of using LAD would be spread on the land sur­
face of an LAD site using irrigation equipment, generally center-pivot irrigation 
system. All water would be contained within the LAD site. 

Disposal would be accomplished using water that is pretreated using disposal-rest 
rotation cycle consisting of repeated phases of disposal, soil amendment, rest, 
and disposal until the limitations of repeated soil amendments are reached. Upon 
abandonment, the site would be reclaimed. LAD sites would not be designed as 
traditional irrigation sites, in that irrigation return flows would not be anticipated 
because the produced water would be applied at agronomically acceptable rates 
and consumptive use by crops would be 100 percent. 
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Decommissioning and Reclamation 
As wells surpass their productive lives, the wells and associated facilities would 
be decommissioned and reclaimed. Dry holes would be reclaimed following the 
same procedures, except that reclamation would begin as soon as possible after 
the decision is made that the well would not produce or that it is depleted of gas. 
In general, all surface facilities, including roads, wells, well pads, and above-
ground electrical utilities would be removed and the land recontoured and re­
seeded with native species. Underground pipelines and electric lines would be 
cleaned (pipelines only), disconnected, and abandoned in place to avoid any un­
necessary disturbance. Activities comprising the decommissioning and reclama­
tion phase are described in detail in the PRB O&G Final EIS (U.S. Bureau of 
Land Management 2003:2-369–2-40). 

Alternative 1 — No Action 
Under this alternative, BLM would affirm the issuance of the 285 leases with the 
stipulations prescribed in the 1985 RMP. Appendix P of the PRB O&G Final EIS 
summarizes these stipulations and lease notice. 

Mitigation from the ROD for the PRB O&G Final EIS (Appendix A) would be 
applied post leasing as Conditions of Approval (COAs) when Applications for 
Permit to Drill (APDs) are approved. Therefore, these measures are incorporated 
as part of this alternative. 

Under this alternative, as many as 2,537 additional CBNG wells would be devel­
oped on the 285 leases. These wells would be drilled from as many as 1,657 well 
pads. 

Alternative 2 — Standard Lease Terms and Lease 
Notice 

Under this alternative, BLM also would affirm the issuance of the 285 leases. 
However, BLM would modify the lease terms so that only the SLT and Lease 
Notice No. 1 are applied. No other protective measures, which includes stipula­
tions from the 1985 RMP, would be applied during leasing.  

Although BLM may apply protective measures during post leasing as COAs 
when APDs, Sundry Notices (SNs), or Plans of Development (PODs) are ap­
proved, they are not considered part of this alternative. Water handling proce­
dures would be the same as for Alternative 2A in the PRB O&G Final EIS. The 
RMP would be amended to reflect the changes in procedures for leasing and 
COAs. 

Development of these leases would parallel that described for Alternative 1. 
CBNG would be developed on the 285 leases that overlie coal beds that are the 
sources of CBNG in the PRB. Under this alternative, as many as 2,537 additional 
CBNG wells would be developed on the 285 leases. These wells would be drilled 
from as many as 1,657 well pads. 
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Alternative 3 — Lease Terms Modified to Protect 
Sage-grouse, Proposed Areas of Critical 
Environmental Concern, and Wildlife/Riparian 
Corridors 

Under this alternative, BLM would affirm the issuance of the 285 leases under 
the 2003 terms and conditions with the following exception: portions of the 
leases located within proposed Areas of Critical Environmental Concern 
(ACECs) would be cancelled for development of CBNG (they would still be 
open to development of conventional oil and gas resources). Portions of the 
leases located outside the ACECs would still be open to development of CBNG. 
Furthermore, lease terms of the 285 leases would be modified to add the follow­
ing stipulations: 

¾	 No Surface Occupancy (NSO) within 500 feet of surface water and riparian 
areas to provide wildlife corridors; 

¾	 NSO within 0.25 mile of sage grouse strutting and dancing grounds known as 
leks; 

¾	 Timing Limitation Stipulation (TLS) that precludes new surface-disturbing 
activities in greater sage-grouse nesting habitats within a radius of 3 miles 
from a lek from March 1 through June 15 (this 3-mile radius includes an in­
ner radius of 0.25 miles where the NSO stipulation applies and an outer ra­
dius of 2.75 miles that is subject to the TLS). 

The RMP would be amended to reflect the changes in leasing stipulations. 

Because of the above changes and stipulations, fewer wells and well pads would 
be constructed under this alternative relative to alternatives 1 and 2. The elimina­
tion of development of CBNG in ACECs would involve four leases and 
1,575 acres. Because of the above stipulations, about 65 fewer wells and 21 
fewer well pads would be constructed under this alternative relative to alterna­
tives 1 and 2. Under this alternative, as many as 2,477 additional CBNG wells 
would be developed on the 285 leases. These wells would be drilled from as 
many as 1,638 well pads. 

Alternative 4 — No Surface Disposal of Produced 
Water 

Under this alternative, BLM would affirm the issuance of the affected leases, but 
would modify the lease terms of the affirmed leases to add the following special 
stipulation that minimizes CBNG-specific impacts to water resources. Surface 
disposal of water produced by CBNG wells would not be approved. Thus, none 
of the surface discharge facilities described above would be constructed under 
this alternative. Instead, produced CBNG water would be captured and actively 
injected into aquifers. Additionally, produced CBNG water could be injected 
only if the injection zone is capable of accepting the anticipated volume without 
adverse impacts to ground water resources. Consequently, if no appropriate injec­
tion zones can be identified, no development of CBNG would occur on those 
leases. 
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Under Alternative 4, approximately 381 CBNG wells would be constructed on 
the 285 leases. These wells would be drilled from as many as 263 well pads. 
While developing this alternative, BLM considered the limitations of injection 
discussed in the PRB O&G Final EIS, the extent of injection already developed 
in the PRB and the extent of injection likely to be developed by operators in the 
near future. After evaluating these limitations and considerations, BLM estimated 
development of CBNG would be limited to about 15 percent of development that 
would occur with the injection stipulation. Thus, development under this alterna­
tive was projected at 381 CBNG wells instead of 2,537 wells. Using this infor­
mation, the likely number of injection wells that would be constructed for the 
water produced by CBNG wells under this alternative would be about 44. The 
disturbances associated with the injection wells were estimated using the same 
assumptions identified in the PRB O&G Final EIS (U.S. Bureau of Land Man­
agement 2003: 2–29). 

Alternative 5 — No CBNG Development on Leases 
Under this alternative, BLM would affirm the issuance of the affected leases, but 
would modify the lease terms of the affirmed leases to preclude the use of the 
lease for developing CBNG. The leases would still be available for the develop­
ment of conventional oil and gas resources. Thus, no CBNG wells or associated 
facilities would be constructed under this alternative. 

Alternatives Considered but Eliminated from 
Detailed Analysis 

Three alternatives were considered but eliminated from detailed analysis. They 
are described below along with the reasons for their dismissal. 

Basin-wide Leasing Analysis 
Comments submitted during scoping assert that a basin-wide leasing analysis was 
more appropriate rather than the more limited scope identified in the NOI. This 
analysis would reconsider leasing for CBNG throughout the entire PRB. 

The decision to eliminate this alternative from detailed analysis was based on 
three primary considerations. First, development of CBNG already has occurred 
on a substantial number of leases throughout the PRB. Second, the Court’s deci­
sion was narrowly defined. Finally, BLM is conducting a plan-level analysis (the 
prospective EA) for future leasing. 

Phased Development 
Comments submitted during scoping assert that phased development should be 
considered for the leases. Phased development involves controlling the develop­
ment of the leases so that CBNG is produced only in one geographic area at a 
time. Once production is completed in an area, development would proceed to 
another geographic area. 
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The decision to eliminate this alternative from detailed analysis was made be­
cause phased development could not be reasonably implemented on the 285 
leases. These leases are distributed across the entire PRB (Figure 1–1). Devel­
opment has occurred around them and will continue to occur around the leases. 
In essence, the leases are too small and widely distributed for phased develop­
ment to realistically limit development to a single geographic area at any specific 
time. Also, implementation of this alternative would not allow BLM to imple­
ment its policy objectives for developing energy resources as described in Chap­
ter 1. 

No Leasing 
Under this alternative, BLM would rescind the 285 leases for all development. 
Thus, no CBNG or conventional oil and gas resources would be developed. The 
decision to eliminate this alternative from detailed analysis was made because its 
implementation would not allow BLM to implement its policy objectives for de­
veloping energy resources as described in Chapter 1. Drainage of federal oil and 
gas resources would occur. In addition, some of the leases already have been de­
veloped and effects of this development have occurred. 

Summary of Alternatives and Environmental 
Consequences 

The five alternatives considered in detail vary in the potential number of new 
wells, potential number of new pads, and projections of short-term and long-term 
disturbances. Alternatives 1, 2, and 4 would have the greatest potential numbers 
of new wells and pads (Table 2–1). Implementation of Alternative 5 would result 
in no new wells or pads being constructed. 

Table 2–1 	 Distribution of CBNG Wells and Pads for the 285 Leases by 
Sub-watershed — Alternatives 1, 2, 3, and 4 

Potential Number of New Facilities by Alternative 
1 and 2 3 4 

Sub-watershed Wells Pads Wells Pads Wells Pads 
Antelope Creek 20 20 20 20 18 18 
Clear Creek 564 294 564 294 72 39 
Crazy Woman Creek 378 356 378 356 0 0 
Little Powder River 160 156 160 156 37 37 
Middle Powder River 163 81 163 81 49 24 
Salt Creek 23 23 23 23 0 0 
Upper Belle Fourche River 86 81 86 81 22 19 
Upper Cheyenne River 15 15 15 15 0 0 
Upper Powder River 405 258 345 239 132 95 
Upper Tongue River 723 373 723 373 51 31 
Total1 2,537 1,657 2,477 1,638 381 263 
Note: 
1. Total may not match precisely with the value obtained by adding unit numbers because of rounding 

conventions. 
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Implementation of all alternatives evaluated in the EA except Alternative 5 
would cause both short-term and long-term disturbances. Alternative 5 would 
result in no new short- or long-term disturbances. Short-term disturbances would 
be highest under Alternatives 1 and 2. Short-term disturbances for Alternatives 1 
and 2 and Alternative 4 would vary by 11,563 acres (Table 2–2). Estimates of 
long-term disturbances resulting from the alternatives would vary similarly 
(Table 2–2). Short-term and long-term disturbances were estimated using the 
same methods used in the PRB O&G Final EIS. 

Table 2–2 	 Summary of Estimated CBNG Disturbances Associated with 
Alternatives, 1, 2, 3, and 4 

Disturbance by Alternative (acres) 
Alternatives 1 and 2 Alternative 3 Alternative 4 
Short Long Short Long  Short Long 

Sub-watershed Term Term Term Term Term Term 
Antelope Creek 540 198 540 198 478 170 
Clear Creek 2,008 1,134 2,008 1,134 191 75 
Crazy Woman Creek 2,570 1,179 2,570 1,179 0 0 
Little Powder River 1,661 670 1,661 670 369 134 
Middle Powder River 659 336 659 336 159 64 
Salt Creek 713 263 713 263 0 0 
Upper Belle Fourche River 442 192 442 192 94 36 
Upper Cheyenne River 96 42 96 42 0 0 
Upper Powder River 1,562 784 1,419 698 465 178 
Upper Tongue River 3,276 1,716 3,276 1,716 209 79 
Total1	 13,528 6,516 13,385 6,430 1,965 736 
Note: 
1. Total may not match precisely with the value obtained by adding unit numbers because of rounding 

conventions. 

The matrix presented in Table 2–3 provides a comparison summary of the effects 
to the various environmental resources that would occur by implementing each of 
the five alternates. 
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Chapter 3 — Affected Environment 

This chapter describes the affected environment for the alternatives. The af­
fected environment is the portion of the existing environment that could be 

affected by the development of CBNG. The information is summarily presented 
here. Because the leased lands being examined overlap the project described in 
the PRB O&G Final EIS, more detailed information on the affected environment 
can be reviewed in that document. 

The affected environment varies for each issue. Both the nature of the issue and 
components of the proposed action and alternatives dictate this variation. The 
following sections concentrate on providing only the specific environmental in­
formation necessary to assess the potential effects of the Proposed Action and 
alternatives. 

Ground Water 
Regional Characterization 

Ground water resources are a part of a hydrologic system that can be described 
by characterizing the type of aquifer (or geologic unit); water chemistry; condi­
tions of the aquifer (confined or unconfined); and flow system (Davis 1976). 
Each of these components is discussed below. 

Aquifers 
Two major aquifer systems exist within the subsurface of the PRB: the Northern 
Great Plains aquifer system and Quaternary alluvial aquifers. The Northern Great 
Plains aquifer system includes the lower Tertiary aquifers that are exposed at the 
surface in the PRB and deeply buried regional aquifers. The deeply buried aqui­
fers are stratigraphically isolated from the aquifers that may be affected by 
CBNG development in the PRB and are not described further. 

Lower Tertiary Aquifer System 
The lower Tertiary aquifer system consists of semi-consolidated to consolidated 
Oligocene to Paleocene sediments (Whitehead 1996). The younger Oligocene 
White River Formation is present in PRB only as isolated erosional remnants, 
such as the Pumpkin Buttes in southwestern Campbell County (Lewis and 
Hotchkiss 1981). The older lower Tertiary aquifers consist of sandstones and coal 
seams contained in the Eocene Wasatch Formation and the Paleocene Fort Union 
Formation (Whitehead 1996). Both of these geologic units are continental depos­
its consisting of sandstones, siltstones, claystones, and beds containing lignite 
and subbituminous coal. 
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Chapter 3 — Affected Environment 

Stratigraphically, from youngest to oldest, the Lower Tertiary Aquifer System 
consists of the Wasatch aquifers, the Fort Union aquifers contained in the Tongue 
River member of the Fort Union Formation, the Lebo confining layer, and the 
Tullock aquifer. Numerous thick and laterally widespread coal beds present 
within the Fort Union Formation are important PRB aquifers (Lewis and Hotch­
kiss 1981). 

Clinker has formed from these geologic formations in locations where the sedi­
ments have been altered in place by spontaneous combustion of coal beds 
(Coates and Heffern 1999). Clinker plays an important role as an aquifer in the 
storage and flow of water due to rapid infiltration and slow discharge, which 
helps maintain flow in perennial streams during dry periods (Heffern and Coates 
1999). 

Quarternary Alluvial Aquifers 
Quarternary unconsolidated alluvial deposits, which consist of silt, sand, and 
gravel, occur as floodplains, stream terraces, and alluvial fans along the rivers 
and major drainages in the PRB. Coarser alluvial deposits occur in valleys of the 
Belle Fourche, Cheyenne, Powder, Tongue, and Little Powder rivers and in the 
larger tributaries of the Powder and Tongue rivers. Alluvium overlying forma­
tions of Tertiary age in the central part of the PRB is mostly fine to medium 
grained (Hodson et al. 1973). 

Ground Water Chemistry 
Overview 
Two systems of differing ground water chemistry are described within the PRB 
(Bartos and Ogle 2002, Rice et al. 2002). A shallow, chemically dynamic system, 
generally 200 to 500 feet deep, exhibits localized flow and consists of ground 
water with a mixed composition of ions. Shallow ground water contains calcium, 
magnesium, and lesser amounts of sodium as cations and bicarbonate or sulfate 
as the dominant anion. A deeper, underlying system that is chemically static ex­
hibits regional flow and consists of ground water with sodium and bicarbonate as 
the dominant ions. The observable variation in water chemistry with depth is 
primarily attributed to geochemical processes such as dissolution and precipita­
tion of minerals, ion exchange, sulfate reduction, and mixing of waters (Bartos 
and Ogle 2002, Rankl and Lowry 1990). 

Hydraulic connections among aquifers in the PRB result in some degree of 
ground water mixing, affecting ground water chemistry of the aquifers involved. 
Ground water associated with recharge typically consists of oxygenated water 
dominant in calcium, magnesium, bicarbonate, and sulfate, with lesser amounts 
of sodium. Away from the recharge area, interactions among water, aquifer min­
erals, and bacteria change the chemical composition of the ground water resulting 
in decrease in calcium, magnesium, and sulfate and a corresponding increase in 
sodium and bicarbonate (Rice et al. 2002). 

Analysis of tritium in ground water indicates that with exception of two spring 
locations and two Wasatch sandstone ground water samples, all other samples 
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from coal zones within the Wasatch and Fort Union Formations do not contain 
tritium, therefore were recharged prior to 1952 (Bartos and Ogle 2002, Rice et al. 
2002). 

Rice et al. (2002) also explains sodium enrichment likely being the result of dis­
solution of plagioclases, cation exchange of calcium and magnesium for sodium 
on clay minerals, or removal of calcium and magnesium by carbonate precipita­
tion. The precipitation of gypsum may be responsible for removal of sulfate and 
calcium from the water. 

Processes associated with coalification (coal formation) also influence the com­
position of ground water (Rice et al. 2002). The overall effect of coalification 
processes that produce methane of biological origin in the PRB is to deplete sul­
fate, increase bicarbonate, and establish a reducing environment in ground water 
within the coal zone aquifer. 

Effects of Existing Development 
Potential effects of existing development on water chemistry include exposure of 
CBNG water to oxygen in the atmosphere, mixing with surface water, change of 
chemistry from vertical leakage due to dewatering of coal aquifers, infiltration 
through unlined impoundments, and vertical leakage due to lack of mechanical 
integrity during well completion or abandonment. 

Where oxygen has been introduced at the surface, iron and manganese have oxi­
dized and precipitated, as evidenced by iron stains that are commonly associated 
with CBNG discharge outfalls. Barium has precipitated as barium sulfate where 
CBNG produced water that is rich in sodium and bicarbonate and contains bar­
ium has been mixed with sulfate-rich surface waters. 

Preliminary results indicate that some ground water contained in Wasatch sand­
stones directly overlying coal zones likely has leaked into the Fort Union coal 
aquifer during CBNG development. Ground water chemistry and water type of 
the Fort Union coal aquifer, however, have not been noticeably affected (Bartos 
and Ogle 2002, Rice et al. 2002) 

Infiltration of CBNG produced water likely has moved waters with different 
chemistry through the underlying aquifer. As CBNG recharge waters infiltrated 
downward, the ground water likely became enriched in sulfate initially, as oxy­
genated recharge waters oxidized pyrite. As water moved deeper, farther from 
the source of oxygen, the infiltrating waters likely became enriched in bicarbon­
ate as sulfate was removed through bacterial sulfate reduction. Reduction of ni­
trate, manganese, iron oxides, and sulfates also likely occurred, producing NH+4, 
Mn+2, Fe+2, and HS-. 

Bone Pile Creek, located south of Gillette, has been receiving discharges of 
CBNG produced water since 1993. Preliminary results (1999, 2001) from shal­
low monitoring wells located along the creek detected no significant change in 
water quality in the wells. Since monitoring began after CBNG discharge, the 
impact of CBNG discharge on water quality cannot be determined. 
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BLM also is monitoring water quality in shallow alluvial wells located along 
Burger Draw, an ephemeral stream near the center of the PRB. The results indi­
cate that water quality has remained essentially unchanged since the discharge of 
CBNG produced water began. 

Numerous reservoirs and impoundments currently used within the analysis area 
to manage CBNG produced water typically are open systems that are unlined to 
facilitate infiltration or are designed with an inlet and outlet to allow water to 
flow through the structure, thus prevent concentration of constituents and trace 
elements. 

BLM has installed shallow ground water monitoring wells at five impoundment 
locations throughout the PRB to assess ground-water quality changes due to infil­
tration of CBNG produced water. The most intensively monitored site has a bat­
tery of 19 wells that BLM and USGS installed and have been monitoring jointly 
since August 2003. Water quality data have been sampled from these wells on a 
regular basis. That impoundment lies atop approximately 30 feet of unconsoli­
dated deposits (silts and sands), which overlie non-uniform bedrock on a side 
ephemeral tributary to Beaver Creek and is approximately 1½ half miles from the 
Powder River. Baseline investigations showed water in two sand zones, the first 
was at a depth of 55 feet and the second was at a depth of 110 feet. A 50-foot 
thick layer of shale separated the two water-bearing zones. The water quality of 
the two water-bearing zones fell in the WDEQ Class III and Class I classifica­
tions, respectively. 

The on-going monitoring of shallow ground water at four other impoundment 
locations is less intensive and consists of batteries of four to six wells. Prelimi­
nary data from two of these sites also are showing an increasing TDS level as 
water infiltrates while two other sites are not. 

Alluvial Aquifers 
Water quality in alluvium within the PRB is variable. Reported concentrations of 
TDS vary from 106 to 6,610 milligrams per liter (mg/L) with an average of 
2,128 mg/L (Lowry et al. 1986). Water with TDS concentrations less than 
600 mg/L may be divided into two chemical types: a calcium magnesium car­
bonate type and a calcium-magnesium-sulfate type (Rankl and Lowry 1990). 
Concentrations of TDS greater than 600 mg/L generally are a result of increased 
values for sodium and sulfate (Rankl and Lowry 1990). 

In general, water in alluvium near the Bighorn Mountains and the Black Hills is 
of better quality than water in alluvium within the central part of the PRB. Water 
in alluvium within the southwest part of the basin and the Powder River valley is 
generally of poorer quality than water in alluvium elsewhere in the PRB (Hodson 
et al. 1973). The quality of water in the alluvium limits its use as a water supply, 
as it is unacceptable for drinking water, acceptable for most livestock, and mar­
ginal for irrigation or industrial use. 
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Springs and Seeps 
Numerous springs and seeps exist in the analysis area. However, data are avail­
able only for 10 springs located in areas undergoing CBNG development. Water 
quality results are summarized in Table 3–1 of PRB O&G Final EIS. 

The concentration of TDS within clinker varies widely from less than 200 mg/L 
to more than 10,000 mg/L. Water in clinker from recharge areas near the burn 
line tends to be a calcium sulfate type, and water in clinker from discharge areas 
tends to be a sodium bicarbonate type, similar to water in the coal. Ash residue at 
the base of the clinker may contribute to high concentrations of TDS (Heffern 
and Coates 1999). The interaction of ground water with ash and clinker results in 
higher TDS values for water in coal near clinker areas. 

Lower Tertiary Aquifer System 
The quality of water in the Wasatch aquifer within the PRB is variable. Lowry et 
al. (1986) report concentrations of TDS for Wasatch aquifers that vary from 227 
to 8,200 mg/L and average 1,298 mg/L for 191 samples. Sodium sulfate and so­
dium bicarbonate are the dominant water types (Hodson et al. 1973). 

Hodson et al. (1973) provide an overview of water quality in the Fort Union aq­
uifer. TDS concentrations range from about 200 to more than 3,000 mg/L, but 
commonly range between 500 and 1,500 mg/L. Water type is mostly sodium bi­
carbonate, and to a lesser extent sodium sulfate. The dominant chemical proc­
esses that control the chemistry of Fort Union ground water are cation-exchange 
and sulfate reduction (Rankl and Lowry 1990). 

Davis (1976) describes the chemistry of ground water in the Fort Union aquifer 
within the eastern PRB. Along the coal outcrop, within unconfined portions of 
the aquifer the water generally is calcium-magnesium sulfate type, changing to 
sodium bicarbonate type westward where confined aquifer conditions exist. 

CBNG Produced Water 
Rice et al. (2002) summarize the major dissolved-ion chemistry as well as trace 
element chemistry of CBNG produced water from the Fort Union coal zone 
within the PRB. Water produced from the Fort Union Formation is exclusively 
sodium bicarbonate-type water. 

The concentrations of TDS, iron, and manganese in some samples analyzed ex­
ceed the secondary maximum contaminant levels for drinking water established 
by the U.S. Environmental Protection Agency (EPA). All concentrations of trace 
elements are uniformly low and are below the primary and secondary maximum 
contaminant levels for drinking water established by EPA. The TDS values re­
ported by Rice et al. (2002) indicate that the concentration of TDS increases from 
south to north and from east to west in the PRB. 

The sodium adsorption ratio (SAR), a calculation of the abundance of sodium 
relative to calcium and magnesium in water, also increases toward the west and 
north, with the lowest values reported near and south of Gillette (Rice et al. 
2002). The SAR values range from 5 to 69 and the median value is 8.8 (Rice et 
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al. 2002). The BLM has summarized and modeled SAR and specific conductance 
(EC) values for CBNG produced water from 132 wells by sub-watershed (U.S. 
Bureau of Land Management 2002). The results and well locations are shown on 
Figure 3–1 of PRB O&G Final EIS. 

Confined (Artesian) versus Unconfined Conditions 
The ground water resources contained in alluvial aquifers are under unconfined 
or water table conditions (Whitehead 1996). Normally, clinker is an unconfined 
aquifer (Heffern and Coates 1999). Ground water resources contained in the Wa­
satch aquifers occur under partially confined conditions (Whitehead 1996). 

The Fort Union coal zone aquifers are hydrologically confined, except near the 
land surface (Hotchkiss and Levings 1986). Artesian conditions can exist (Bartos 
and Ogle 2002). Gas present within the coal beds and in underlying or overlying 
sandstone lenses can contribute significantly to the hydraulic head in wells within 
the PRB and may cause water levels to rise higher than would be expected if only 
artesian pressure were present (Bartos and Ogle 2002). The lower Paleocene Tul­
lock member of the Fort Union Formation is hydrologically confined, except near 
outcrop areas (Hotchkiss and Levings 1986). 

Ground Water Flow Systems (Ground water 
Recharge vs. Ground water Discharge Areas) 

Overview 
Ground water flow conditions in the PRB and the relationship between local and 
regional flow in lower Tertiary aquifers are not well understood. Number of stud­
ies have been conducted and are discussed in more detail in PRB O&G Final EIS 
(pages 3–17 through 3–27). 

Bartos and Ogle (2002) present two conceptual models for ground water flow in 
the lower Tertiary aquifers of the Wasatch and Fort Union Formations within the 
PRB: (1) separate shallow and deep systems with little vertical migration be­
tween them; and (2) significant vertical flow through the Wasatch Formation and 
into the underlying Fort Union coal zone. Both of these models, and the clinker 
recharge model of Heffern and Coates (1999), operate at the basin scale, accord­
ing to Bartos and Ogle (2002). Either of these ground water flow models would 
explain the variations in ground water chemistry within the PRB. 

Ground water discharge areas for shallow aquifers (less than 200 feet deep) pri­
marily coincide with the valleys of perennial and intermittent streams. Discharge 
areas for deeper aquifers generally coincide with the major drainages (Slagle et 
al. 1985). 

Effects of Existing Developments 
Brown Reservoir Monitoring Study — A one year study of evapotranspiration 
and infiltration of CBNG produced water in the Brown Reservoir area is de­
scribed by Day (2000). The temporal and spatial effects of CBNG discharge 
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observed in shallow monitoring wells installed upstream and downstream of the 
reservoir are further discussed in PRB O&G Final EIS (pages 3–18 through 3– 
20). 

Bone Pile Creek Monitoring Study — The only long-term study measuring the 
impacts of CBNG produced water on alluvial aquifers was established by the 
BLM in April 1998. A comparison of water levels in the alluvium and shallow 
Wasatch sand underlying Bone Pile Creek indicates a hydraulic connection be­
tween these aquifer zones. Recharge to the shallow Wasatch sand aquifer has 
continued despite a decline in alluvial water levels. It is possible that the rate of 
leakage between the alluvial aquifer and the shallow Wasatch sand aquifer is 
greater than the current rate of recharge to the alluvium. 

Burger Draw Monitoring Study — Similar trends in alluvial water levels have 
been documented in ongoing BLM studies initiated in Burger Draw, an ephem­
eral stream near the center of the PRB. Since the onset of CBNG discharge in 
Burger Draw in early 2002, alluvial water levels have increased nearly six feet. A 
hydraulic gradient similar to that observed in Bone Pile Creek has been docu­
mented. Water levels measured in surface water, alluvium along the creek, and 
the underlying shallow Wasatch sand unit indicate a downward gradient in hy­
draulic head, suggesting water should move from the stream into the alluvium, 
and then into the shallow Wasatch sand. 

Local Flow Systems 
Ringen and Daddow (1990) conclude that the alluvium of the Powder River has 
direct hydraulic connection with the river, as evidenced by the response of the 
static water level in alluvial wells to changes in river stage. The main source of 
water in the alluvium is seepage from the Powder River, stored during periods of 
high streamflow and discharged back to the river in some reaches during low 
flow. Ground water storage in the alluvium declines during the growing season 
because transpiration exceeds recharge. They also conclude that water levels in 
bedrock aquifers do not respond substantially to changes in river stage or water 
levels in the alluvium suggesting hydraulic isolation of the bedrock from the al­
luvium in some locations. In addition, the hydraulic head in the underlying con­
fined aquifer was much higher than the water level in the alluvium. 

Regional Flow Systems 
The regional ground water model used in the PRB O&G Final EIS emphasizes 
significant vertical flow through the Wasatch Formation and into the underlying 
Fort Union coal zone. This flow model is supported by observations of down­
ward vertical gradient from the Wasatch aquifer to the Wyodak Anderson coal 
bed aquifer in monitoring-wells completed in both zones (Bartos and Ogle 2002). 
This model also emphasizes regional flow to the north, toward Montana. 

Ground water discharge from the analysis area is principally by ground water 
outflow; by loss to gaining streams, springs, and seeps; by evapotranspiration; 
and by well pumpage (Hotchkiss and Levings 1986). The regional pattern of 
ground water flow is complicated by lenticular (discontinuous) beds and local 
differences in hydraulic conductivity (how the water moves through the aquifer). 
Ground water discharge areas have not been identified in the northern part of the 
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analysis area because of chemistry of springs and shallow wells. The chemical 
quality of shallow ground water in the northern part of the PRB is affected more 
by local conditions than by regional flow (Rankl and Lowry 1990). 

The major sources of ground water recharge are infiltration of water from pre­
cipitation, streamflow on areas of outcrops, or losing streams, including some 
perennial stream reaches along the front of the Bighorn Mountains. Regional 
ground water flow simulations performed by Hotchkiss and Levings (1986) indi­
cate recharge by direct precipitation accounts for about 30 percent of the total 
recharge. Heffern and Coates (1999) describe the role of clinker in the storage 
and flow of water in the PRB. Normally, clinker outcrop areas are highly perme­
able, allowing rapid infiltration of rainfall and snowmelt and then slowly dis­
charging the stored water to springs, streams, and aquifers. This stored water 
helps maintain flow in perennial streams during dry periods. 

Most of the eastern PRB is a recharge area for the ground water system below the 
Wasatch Formation. There are no perennial streams near the coal outcrop. The 
scoria (clinker) along the coal outcrop appears to be an area of recharge to the 
coal aquifers. Stream valleys provide primary recharge areas for the Wasatch 
Formation (Davis 1976). 

Springs 
Springs and seeps occur where ground water or overland flow are discharged to 
the surface. The locations of springs are usually controlled by topography, faults, 
or contacts between rock layers or unconsolidated materials that represent a bar­
rier to water movement. 

Within the analysis area, springs are most numerous where topographic relief is 
great and stratigraphic units are discontinuous. In addition, springs and seeps 
emerge at the base of clinker deposits along the contact between the permeable 
clinker and impermeable layers below (Heffern and Coates 1999). The primary 
source of recharge to springs and seeps within the analysis area comes from infil­
tration of precipitation and seepage from streams and rivers. No comprehensive 
inventory of springs within the analysis area is available. 

Data from the WSEO were compiled to identify permitted springs (ground water 
rights identified as springs) within Campbell, Converse, Johnson, and Sheridan 
Counties (Wyoming State Engineer’s Office 2002). Details are provided Chapter 
3 of the PRB O&G Final EIS (pages 3–23 through 3–25). 

Ground Water Storage 
In the absence of pumping, aquifers are in a state of dynamic equilibrium, where 
recharge and discharge virtually balance over long periods (Lohman 1972). The 
ground water flow system of the PRB however continues to be affected by activi­
ties that extract water, preventing the flow equilibrium from being reestablished. 
Only a portion of the ground water extracted would be replaced through addi­
tional recharge or reduced discharge. The remaining portion of the ground water 
extracted would come from storage within the coal aquifer and surrounding aqui­
fers. 
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Although numerous studies have been conducted on sandstone beds and coals 
within the Wasatch Formation and the Fort Union Formation, there have been no 
estimates of the volume of recoverable ground water they contain. Recoverable 
ground water is the water present within an aquifer that can be extracted using 
pumping wells. Recoverable ground water is considerably less than the total vol­
ume of ground water in storage because a portion of the water is retained in the 
voids of formations by capillary forces and cannot flow to wells. Various meth­
ods for estimating recoverable ground water are described in the PRB O&G Final 
EIS (pages 3–25 through 3–27). 

Estimates of recoverable ground water that occur in the Lower Tertiary aquifers 
within the analysis area are summarized in Table 3–5 of the PRB O&G Final 
EIS. Most of the recoverable ground water occurs in the sandstone units. The 
recoverable ground water in the coals is only a small fraction of the recoverable 
ground water in the sandstones (Applied Hydrology and Associates, Inc. and 
Greystone Environmental Consultants, Inc. 2002). 

Similar estimates are made by the USGS in evaluating coal resources of the 
Wyodak-Anderson coal zone in the PRB. USGS (1999) estimates of the recover­
able ground water within the Wyodak-Anderson coal zone only, range from 
1,152,000 acre-feet to 5,760,000 acre-feet. 

Water Balance in the Powder River Area 
A water balance was performed by O’Hayre (2002) for the alluvium of the Pow­
der River between Sussex and Moorhead to estimate the likely magnitude for 
regional bedrock discharge to the alluvium. This water balance is summarized in 
the following paragraphs. 

A surface flow analysis of the Powder River was performed using the historical 
streamflow records (1951–1957 and 1978–1981) for the selected USGS gauging 
stations. The average annual gain in flow in the Powder River during these years 
is 20 cfs. The average annual runoff from the unmeasured watershed area along 
the reach between Sussex and Moorhead was estimated at 0.02 cfs per square 
mile (Lowham 1988). Average annual alluvial ground water discharge to 
evapotranspiration (ET) during growing season was estimated at 12.7 inches for 
12 sites located within the PRB Lenfest (1987). Based on this estimate the total 
annual ground water loss over the reach of the Powder River would average 
47.7 cfs. The water balance evaluation assumes that the alluvial ground water 
inflow at the upstream boundary near Sussex is approximately the same as the 
alluvial ground water outflow at the downstream boundary near Moorhead, Mon­
tana. 

If the regional ground water discharge from the bedrock to the valley of the Pow­
der River is assumed to be 5 cfs, the bedrock inflow at the contact with the allu­
vium of the Powder River would average only 1.3 inches/year or about 10 per­
cent of the ground water loss to ET. Ringen and Daddow (1990) suggest that the 
annual gain in surface flows within the reach of the Powder River is caused by 
runoff from the ephemeral streams along the reach that are not measured. How­
ever, if the regional ground water discharge from the bedrock to the valley of the 
Powder River is on the order of 20 cfs, the contribution would be more than 

3–9 Oil and Gas Leasing EA 70–05–064 



Chapter 3 — Affected Environment 

40 percent of the estimated loss to ET and it would be more likely that the study 
of Ringen and Daddow (1990) would have been able to detect a measurable ef­
fect of regional ground water discharge. 

An additional regional ground water discharge component occurs at the flowing 
artesian wells located along the Powder River valley in reach between Sussex 
and Moorhead. The combined flow rate from 31 wells located along the Powder 
River valley within Sheridan County was 0.57 cfs (Lowry and Cummings 1966). 
Based on these results, it is expected that regional ground water discharge from 
flowing artesian wells located along the entire Powder River valley from Sussex 
to Moorhead probably exceeds 1 cfs. 

Water Yield 
Water yields of about 5 to 1,000 gpm from PRB alluvial aquifers have been re­
ported (Hodson et al. 1973, Lewis and Hotchkiss 1981). Water yields from Wa­
satch/Fort Union sandstone, coal, or clinker deposits yield from 3 to 50 gpm in 
the northern PRB and become greater moving southward in the PRB, with yields 
of up to 500 gpm (Zelt et al. 1999). Water yields from the Fort Union aquifer 
reported by Zelt et al. (1999) range from 3 to 160 gpm. 

Static levels of water in wells and yields from wells have been affected by coal 
mining, urban and rural development, CBNG development, and other industrial 
development in the PRB. The approximate drawdown in 2000 at selected BLM 
monitoring wells is shown on Figure 3-2 in the PRB O&G Final EIS. Existing 
drawdowns of the hydrostatic head in wells are interpreted to be 100 to 200 feet 
in extensively developed areas (Applied Hydrology and Associates, Inc. and 
Greystone Environmental Consultants, Inc. 2002). The greatest existing draw­
downs are interpreted to occur in the following four townships: T.47N. R.72W.; 
T.48N.R.72W.; T.47N. R.73W.; and T.48N. R.73W. 

CBNG development within the PRB has generated detailed water yield informa­
tion for the coal zones within the Fort Union aquifer. The increase in water pro­
duction from CBNG wells between 1990 and 2000 is shown on Figure 3–3 in the 
PRB O&G Final EIS. Data on the production of water from CBNG wells in the 
PRB are summarized by sub-watershed for 2000 and 2001 on Table 3-6 in the 
PRB O&G Final EIS. 

Water yield from wells penetrating a sufficient saturated thickness of lenticular 
channel deposits of Lebo confining layer may yield as much as 10 gpm (Lewis 
and Hotchkiss 1981). Fine-grained sandstones and jointed coal beds of Tullock 
aquifer may yield as much as 40 gpm, but yields of 15 gpm are more common. 
Where the aquifer is confined, wells generally flow less than 10 gpm (Lewis and 
Hotchkiss 1981). 

Ground Water Use 
Water wells in the PRB are generally less than 500 feet deep and principally sup­
port livestock and domestic uses. These shallow wells generally produce calcium 
sulfate or calcium sodium sulfate type waters and yields are generally about 
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20 gpm. Deep wells yield larger quantities of water that generally is a sodium 
bicarbonate type. Water from alluvium has not been developed extensively be­
cause the underlying Tertiary aquifers contain better-quality ground water and 
yield higher volumes (Rankl and Lowry 1990). 

Permitted, non-CBNG ground water withdrawals are summarized for the analysis 
area on Table 3–7 in the PRB O&G Final EIS. About 25 percent of the water 
wells is used for domestic purposes, 1.5 percent provides for irrigation or mu­
nicipal uses, 35 percent is for monitoring purposes, and 39 percent is used for 
stock watering and other purposes. Thousands of unpermitted wells are not in­
cluded and no comprehensive inventory of unpermitted wells is available. 

An estimated 46 percent of the permitted non-CBNG water wells in the analysis 
area are completed in the Wasatch Formation and 34 percent are completed in the 
Fort Union Formation. No formation name is available for the remaining almost 
20 percent of the wells. 

Figure 3–4 in the PRB O&G Final EIS shows the relative numbers of permitted 
water wells and existing CBNG wells located within the analysis area. The Upper 
Belle Fourche River and the Upper Tongue River sub-watersheds contain the 
largest number of permitted non-CBNG water wells, 23 percent for the Upper 
Belle Fourche and 16 percent of the totals for the analysis area in the Upper 
Tongue River. 

Surface Water 
Regional Characterization 

The analysis area is contained within several large river basins, which are head­
waters to the much larger Missouri River Basin. Tributaries in the analysis area 
are incised in and drain clinker-covered buttes and mesas, 100 to 500 feet above 
the valley floor. Flow in the analysis area is generally toward the northeast. 

The analysis area is semi-arid with average annual precipitation ranging from 12 
to 16 inches. Precipitation increases with elevation and can exceed 20 inches in 
some portions of the analysis area. Normal annual precipitation increases gener­
ally eastward in the downstream direction (Taylor 1978). The majority of annual 
runoff in streams draining mountainous areas occurs during spring and early 
summer as a result of snowmelt. Streamflow generally peaks during June and is 
lowest from January through March (Lowham 1988). Late summer, fall, and win­
ter flows are largely the result of ground water inflows. 

Surface waters in the analysis area are typically alkaline, with moderate to high 
levels of hardness and are generally adequate to support designated uses. Water 
chemistry varies from a calcium bicarbonate type in the mountain streams to a 
sodium sulfate type in the lowlands. Surface water quality in the analysis area is 
affected by depletions and return flows from irrigation. Surface water withdraw­
als in the analysis area are used to support agricultural, domestic, and stock water 
uses. Irrigation use accounts for about 98 percent of the surface water withdraw­
als in the analysis area. 
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Characteristics of River Basins and Surface 
Drainage Systems 

The analysis area is divided into 18 sub-watersheds, which comprise two distinct 
hydrologic regions: the mountainous region and the plains region. In the moun­
tainous region, snowmelt has a dominant influence on streamflows. Headwaters 
of the streams are situated at elevations ranging from 6,000 to 13,000 feet above 
mean sea level (AMSL) and annual precipitation ranges from 14 to 25 inches 
(Lindner-Lunsford et al. 1992). Concentrations of suspended sediments and dis­
solved solids are lower in mountain streams overlying older geological forma­
tions and increase significantly as the streams flow toward lower elevations. 
Streamflows originating in the mountainous region are perennial and annual run­
off typically exceeds 0.3 cubic feet per square mile (Hodson et al. 1973). 

In the plains region, streams are situated in plains and open hills, at elevations 
ranging from 3,000 to 6,000 feet AMSL. Annual precipitation ranges from 10 to 
14 inches (Lindner-Lunsford et al. 1992). Concentrations of suspended sediments 
and dissolved solids are higher than in the mountain streams because of the con­
tact with younger geologic formations and disturbance from human activities in 
the lower elevations. Streams originating in the plains and desert areas generally 
are ephemeral, flowing mainly in direct response to rainstorms and snowmelt 
(Lowham 1988). Annual runoff is generally less than 0.05 cubic feet per square 
mile (Hodson et al. 1973). 

Within these two regions, each sub-watershed in the analysis area has a unique 
combination of water quantity, quality, and existing water use. 

Surface Water Quantity 
Major contributions to streamflows in the analysis area include direct precipita­
tion, surface runoff, and releases from surface reservoirs. Evaporation, evapo­
transpiration, and infiltration cause decreases in streamflow. 

Natural Streamflow 
Streamflow characteristics depend on the specific features unique to each drain­
age basin such as geology, topography, vegetative cover, size, and climate. Flows 
in the analysis area are further influenced by diversions for irrigation and releases 
from storage reservoirs. 

Flow statistics have been compiled from selected USGS stream gauging stations 
to provide a perspective of perennial stream flow within the analysis area. The 
results are presented on Table 3–8 in the PRB O&G Final EIS. Baseflow condi­
tions typically occur during the winter months. Conversely, high-flow conditions 
typically occur during periods of snowmelt runoff or significant precipitation 
events. 

Peak Flow/Stormwater Flow 
Peak flows to date in the northern portion of the analysis area occurred in May 
1978, when the region experienced a flood of 1 percent probability (Parrett et al. 
1984). In the southern portion of the analysis area peak flows were recorded in 
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September 1923 in the Upper Powder River and June 1965 in Crazy Woman 
Creek (Swanson et al. 2002). 

Peak flows for each sub-watershed in the analysis area have been estimated using 
the basin characteristics methodology as outlined by Lowham (1988). The meth­
odology incorporates basin characteristics and climatic data into regression equa­
tions to estimate peak flow and mean annual flow characteristics at ungauged 
locations. This method is applicable only to sites with natural streamflows, and 
results may not be reliable in drainage basins where streamflows are significantly 
affected by dams or diversions (Lowham 1988). This information is summarized 
on Table 3–9 in the PRB O&G Final EIS. 

Evaporation 
Annual lake evaporation of 39 to 45 inches in the analysis area greatly exceeds 
annual precipitation (Whitehead 1996). Pan evaporation rates are as much as 
60 inches per year. The highest evaporation rates generally occur during June, 
July, and August and typically decrease during the winter months. Evaporation is 
large during periods of intense solar radiation, low relative humidity, and rapid 
wind movement (Taylor 1978). 

ET rates are highest during the growing season (April through September) and 
lower during the dormant months (October through March). Potential ET rates 
for the PRB in southeastern Montana range from 24 to 41 inches per year (Miller 
1981). This rate of ET is considerably greater than the average annual precipita­
tion of 16 inches for the area, except during extremely wet years. 

Infiltration 
Infiltration and seepage losses into underlying alluvium and geologic substrates 
occur along stream channels and surface impoundments in the analysis area. 

Analysis of CBNG water production and streamflow data for a portion of Upper 
Belle Fourche River sub-watershed showed that during periods of little or no pre­
cipitation, conveyance losses caused by ET and infiltration may be greater than 
90 percent (Meyer 2000). Conveyance losses due to infiltration on average of 
80 percent were reported by Applied Hydrology and Associates, Inc. 2001) in the 
analysis area. Actual stream channel infiltration rates will vary depending upon 
the season of the year, length and width of the wetted channel, the soil and/or 
vegetation characteristics within the channel, velocity and volume of the stream 
flow, etc. Recent observations within the development area suggest a need for 
site-specific evaluation of channel infiltration losses in the event that channel 
infiltration is proposed as part of a water management strategy. 

CBNG Produced Water 
Produced water from CBNG wells is currently gathered and discharged to the 
surface at outfall locations authorized in accordance with guidance and require­
ments of the WDEQ and possibly the WSEO. In portions of the analysis area, 
produced water from existing CBNG development is supplementing stream flows 
of otherwise dry channels year-round for some stream channel length. 
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Discharge Outfalls 
The permitted outfalls for CBNG facilities within the analysis area (State of 
Wyoming’s NPDES database) are summarized on Table 3–10 and illustrated on 
Figure 3–5 in the PRB O&G Final EIS. 

Almost 43 percent of the existing CBNG outfalls are located within the Upper 
Belle Fourche River sub-watershed. The majority of the remaining existing 
CBNG outfalls are distributed in the Upper Powder River sub-watershed (21 per­
cent) and the Little Powder River sub-watershed (16 percent). 

Discharge Volumes/Flow 
On average, point source discharges from existing CBNG operations in the 
analysis area are estimated to range from 0.0002 to 0.05 cfs, or about 1 to 
25 gpm, at each discharge outfall. Existing outfalls are located in accordance 
with WDEQ guidance and requirements to maximize conveyance loss and mini­
mize CBNG discharged water from reaching the main stems. 

Surface Water Quality 
The chemical composition of surface water changes continuously and is related 
to the amount and source of the water in a stream at a given time. Surface water 
quality is directly influenced by higher amounts of precipitation associated with 
the mountainous regions and the composition of rocks in the area. Streams in the 
higher elevations are typically calcium bicarbonate type waters. As the streams 
flow across the lowlands, both as natural flow and irrigation return flow, they 
change to sodium sulfate type waters. The waters are typically alkaline and have 
moderate to high levels of hardness. 

Ambient Water Quality 
Salinity 
Water quality in surface streams is commonly a function of streamflow. A gen­
eral indicator of water quality is salinity, which refers to the amount of total dis­
solved solids (TDS) in a water sample. Electrical conductance (EC) can also be 
used as a measure of salinity and is considerably easier to measure and monitor. 

Sodium Adsorption Ratio 
A second indicator of water quality in streams is SAR, which can be used to as­
sess the suitability of the water for irrigation of crops. SAR represents the propor­
tion of sodium ions to calcium and magnesium ions in water. Surface waters with 
high SARs that are used for irrigation pose a potential hazard to soil structure and 
permeability, which in turn may adversely affect the productivity and yield of the 
irrigated cropland. 

In surface water systems, there is a dynamic relationship between EC and SAR; 
for a given SAR, potential effects to soil structure decrease as the EC increases. 
However, when evaluating SAR values for the protection of irrigated agriculture, 
a number of interrelated factors should be considered, including: the crop or na­
tive plant species to be irrigated or exposed to these conditions; the texture of the 
irrigated soils; predominant clay mineralogy; soil chemistry; water management 
practices; and the chemistry of the irrigation water. 
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Historical water quality data obtained from USGS monitoring stations in the 
analysis area are presented on Table 3–11 in the PRB O&G Final EIS. Variability 
in EC and SAR values corresponding to periods of critical low flow (7Q10), and 
minimum and maximum mean monthly flows are included. The methodology for 
compilation of this information is described in the PRB O&G Final EIS (pages 
3–47 and 3–48). 

Kuhn (2002) also examined the relationship between streamflow and water qual­
ity using data from selected USGS gauging stations. Although differences in wa­
ter quality and streamflow during pre- and post-1995 periods are difficult to as­
certain from the analysis, differences in the length of and climatic variability in 
the two periods, which were not evaluated, could have a substantial effect on any 
indicated differences (Kuhn 2002). 

Trace Metals 
Concentrations of trace metals in surface waters that drain the analysis area are 
generally low. Levels of iron and manganese that exceed the secondary drinking 
water standards of 0.3 mg/L and 0.05 mg/L respectively have been detected oc­
casionally, but are not present in concentrations that would limit use of the water 
for stock watering or irrigation. Several streams in the analysis area are exempt 
from meeting human health standards for iron and manganese based on elevated 
ambient concentrations of geologic origin (Wyoming Department of Environ­
mental Quality 2002b). 

Concentrations of selenium greater than the drinking water standard of 10 micro­
grams per liter (µg/L) have been measured in surface water from localized 
streams in the analysis area (Lowry et al. 1986). Sources of selenium within the 
analysis area generally are geologic in origin (Seiler et al. 1999). Although con­
centrations of selenium exceed the drinking water standard, the streams of con­
cern are not used as public water supplies (U.S. Environmental Protection 
Agency 2001). Concentrations of selenium do not limit use of the water for stock 
watering; however, certain vegetation could become toxic to livestock through 
uptake of selenium. Concentrations of selenium greater than 2 to 5 µg/L can 
cause reproductive failure in fish and wildlife (U.S. Fish and Wildlife Service 
1987). 

Suspended Sediment 
High concentrations of suspended sediment throughout the analysis area reflect 
the highly erosive nature of the shale deposits through which the rivers flow. 
Concentrations of sediment increase in a direct relationship to flow. Suspended 
sediment particles provide a surface onto which moderately soluble chemical 
constituents can adsorb to and be transported downstream. Thus, chemically en­
riched sinks can form in sediment deposition areas (Lowry et al. 1986). Quanti­
ties of suspended sediment in a flowing stream limit the stream’s capability to 
acquire and transport additional sediment. Suspended sediment loads are often 
trapped in downstream reservoirs. 

Temperature 
The temperature of water in streams within the analysis area can range from 
0 degrees Celsius (°C) during winter to 25°C or more during late summer (Lowry 
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et al. 1986). Water temperatures in streams vary with elevation, physical condi­
tions, such as shading, stream width, depth and velocity, and can be further al­
tered by ground water inflows, waste dischargers, and reservoirs (Lowry et al. 
1986). 

Changes in water temperature can have an effect on water quality. As water tem­
perature increases, concentrations of dissolved oxygen decrease due in part to the 
lower saturation capacity of the water and additional oxygen consumption by 
aquatic life (Lowry et al. 1986). The solubility of various chemical constituents 
in water also increases with temperature, which could affect the levels of chemi­
cal constituents potentially harmful to aquatic life. 

Impaired Water Bodies 
As required by Section 303(d) of the Clean Water Act, the State of Wyoming’s 
305(b) Report for 2002 lists waterbodies with impairments to water quality in the 
Upper Tongue River, Upper Powder River, and Upper Belle Fourche River sub-
watersheds (Wyoming Department of Environmental Quality 2002c). Listed im­
pairments are caused primarily by pathogens, trace metals (specifically selenium) 
chloride, TDS, and salinity. Most sources of the impairments are unknown, al­
though some have been attributed to agricultural practices as well as natural 
background sources. 

Downstream of the analysis area, in South Dakota, the Belle Fourche River and 
the Cheyenne River are listed as impaired as a result of sedimentation and in case 
of Cheyenne river also salinity (South Dakota Department of Environment and 
Natural Resources 2002). Existing data and information do not suggest similar 
water quality concerns in the Cheyenne River upstream in Wyoming (Wyoming 
Department of Environmental Quality 2002b). Segments of the Tongue River, 
Powder River, and Little Powder River in Montana downstream of the Wyoming 
border are listed in Montana’s 303(d) list for 2000 for impairments caused by 
siltation and flow alteration (Montana Department of Environmental Quality 
2002). 

Surface Water Distribution 
The distribution of surface water flows in the analysis area is influenced by natu­
ral streamflow, discharges of CBNG produced water, and releases from reser­
voirs. 

Streamflows 
About 80 percent of the streams in the analysis area are ephemeral and intermit­
tent. Major perennial streams in the analysis area include the Upper Tongue 
River, Powder River, Little Powder River, Clear Creek, and Crazy Woman 
Creek. 

CBNG Produced Water 
The distribution of existing surface water flows are influenced by discharges of 
CBNG produced water, depending on the volume of water produced and how the 
water is handled. Direct discharges of CBNG produced water into surface 

3–16 Oil and Gas Leasing EA 70–05–064 



Chapter 3 — Affected Environment 

drainages have a greater influence on surface flows than surface discharge into 
flow-through stock reservoirs or infiltration impoundments. 

Reservoir Outflows 
Reservoirs in the analysis area are used to hold water supplied from precipitation 
and snowmelt and to make it available during periods of limited precipitation and 
heavy demand. Major reservoirs receiving potential discharges of CBNG pro­
duced water in or downstream of the analysis area include Keyhole Reservoir in 
the Upper Belle Fourche River sub-watershed, Lake DeSmet, an off-channel res­
ervoir, in the Clear Creek sub-watershed, and Angostura Reservoir in the Upper 
Cheyenne River sub-watershed. 

Numerous small reservoirs and stock impoundments are used in the analysis area 
to manage CBNG produced water. These impoundments typically are open sys­
tems that are unlined to facilitate infiltration or designed with an inlet and outlet 
to allow water to flow through the structure. These impoundments are authorized 
in accordance with guidance and requirements of the State of Wyoming (WDEQ 
and WSEO). 

Surface Water Use 
Surface water withdrawals in the analysis area totaled 1,636 million gallons per 
day (mgd) in 1995. The water use within the PRB in 1995 is summarized on Ta­
ble 3–12 in the PRB O&G Final EIS. About 98 percent of the surface water with­
drawals are used for irrigation. Nearly 72 percent of the irrigation occurs in the 
Upper Tongue River, North Fork of the Powder River, Upper Powder River, and 
Clear Creek sub-watersheds. Mining use accounts for only 1 percent, and mu­
nicipal water supplies also about 1 percent of the total surface water withdrawals 
(U.S. Geological Survey 1995). 

Permitted Water Diversions/Structures 
Surface water adjudication rights in the analysis area are summarized on Table 
3–13 in the PRB O&G Final EIS. Fifty seven percent of the surface water adjudi­
cations in the PRB are used for irrigation, about 20 percent are used for domestic 
purposes, and remaining 23 percent are used for stock watering and other pur­
poses. Permitted reservoirs and stock reservoirs in the analysis area are summa­
rized on Table 3–14 in the PRB O&G Final EIS. 

Municipal Water Sources 
Communities in the analysis area that use surface water as a municipal water sup­
ply include the City of Sheridan, and the towns of Buffalo, Dayton, and Ranches­
ter (U.S. Environmental Protection Agency 2001). Surface water sources in the 
Tongue River sub-watershed supply the communities of Sheridan, Dayton, and 
Ranchester. Buffalo uses surface water from the Clear Creek sub-watershed. 
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CBNG Produced Water Use and Treatment 
The primary method of handling the produced water is direct surface discharge 
through outfalls. Alternative methods of disposing of produced water that are 
being used, tested, or considered by CBNG operators include evaporation en­
hancement, injection, percolation, irrigation, surface containment, and treatment 
(Western Gas Resources, Inc. 2001). The method of handling the produced water 
varies with water quality, water volume, and the desires of the surface owners. 

Surface Discharge 
Surface discharge of the produced water represents both direct discharge and dis­
charge retained temporarily in flow-through impoundments. These discharges are 
authorized in accordance with guidance and requirements of the State of Wyo­
ming (likely WDEQ and WSEO). Surface application of CBNG produced water 
for dust control on county roads is not permitted as a discharge to surface waters 
of the state, but can be used to dispose of limited quantities of produced water, 
provided authorization is obtained in accordance with the guidance and require­
ments of the WOGCC. 

Evaporation 
Evaporation enhancement uses atomizers installed on towers above the ground or 
on floating platforms in the middle of a reservoir. Atomizers located above 
ground have been successful in managing the volumes of CBNG water produced, 
but because of their limited use, the duration of use to avoid buildup of trace 
elements in the ground beneath the tower is not known. Pilot testing using atom­
izers placed on floating platforms in the middle of a reservoir has indicated that 
50 percent of the CBNG water can be eliminated. Buildup of trace elements in 
the reservoir is purged during heavy runoff when the reservoir overflows. This 
method of water handling is in use at multiple locations within the analysis area. 

Injection 
Injection is accomplished by injecting the water into deep disposal wells. Poten­
tial injection zones include the sands and coals within the Wasatch and Fort Un­
ion Formations, including the Big George and deeper horizons, primarily the Fox 
Hills. Data are limited on the success of this method of water handling. Success­
ful water disposal by injection depends on the characteristics of the injection 
well, including site permeability, capacity, depth, pressure, and water quality 
(O&G Environmental Consulting 2001). Description of injection projects in the 
analysis area as well as WOGCC’s 2001 statistics for disposal wells are summa­
rized in the PRB O&G Final EIS (page 3–55). 

Percolation 
Percolation of the produced water into scoria formations or other near-shallow 
aquifers is being tested by at least one company. This method of water handling 
relies on a trench or narrow pit excavated along a scoria bed and allows the pro­
duced water to percolate from the trench or pit into the scoria bed. Thus far, this 
method is only being used in areas where the scoria bed does not outcrop because 
of the potential for seepage. 
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Infiltration 
Infiltration basins are constructed to dispose of the produced water through 
evaporation and infiltration into the underlying alluvial or basin fill deposits, 
clinker, or sandy bedrock horizons. These basins are situated in existing drain­
ages and in upland areas. These basins are often permitted as stock ponds to al­
low for beneficial use of the disposed water. 

Land Application Disposal 
CBNG produced water is often suitable for LAD. Center-pivot irrigation systems 
are being piloted on a limited basis (O&G Environmental Consulting 2001). The 
complexity of the pivot system and the suitability of the water for irrigation de­
pend on a number of interrelated factors including: the crop or native plant spe­
cies to be irrigated or exposed to these conditions; the texture of the irrigated 
soils; predominant clay mineralogy; soil chemistry; water management practices; 
and the chemistry of the irrigation water. Center-pivot systems currently in op­
eration are designed to discharge about 700 to 1,000 gpm from 20 wells (O&G 
Environmental Consulting 2001). 

Containment 
Surface containment includes lined impoundments located off-channel with no 
direct surface discharge or lateral subsurface movement of water and down-
gradient expression in seeps or springs. This method of water handling generally 
would be selected because of the poor quality of the CBNG produced water. Dis­
posal through evaporation with no infiltration or discharge to surface drainages 
would require containment impoundments with large surface areas. This method 
is less favorable because of the high cost and surface impact. 

Treatment 
Treatment of the produced water is used to amend the water quality to meet 
NPDES standards for surface discharge. Treatment methods may be passive, 
such as implementation of Best Management Practices (BMPs) for oxidation and 
precipitation of iron before surface discharge. BMPs implemented for removal of 
iron include the addition of rip-rap, trickle towers, perforated pipe, and aeration 
systems (O&G Environmental Consulting 2001). Active treatment would use a 
chemical process (e.g. cation exchange resin), a reverse-osmosis process, or a 
combination to reduce SAR values, barium concentrations, or other constituents 
of concern. 

Geology and Mineral Resources 
Geology 

The PRB was formed 60 million years ago during the Laramide Orogeny (moun­
tain building era) (Glass and Blackstone 1996). It was shaped by folding and 
faulting during the early Tertiary period, and ended before the deposition of the 
Oligocene White River Formation (Macke 1993). The Tertiary Wasatch Forma­
tion is the most geographically widespread formation in the analysis area and is 
the bedrock geologic formation exposed at the surface in most of the PRB in 

3–19 Oil and Gas Leasing EA 70–05–064 



Chapter 3 — Affected Environment 

Wyoming (Murphey et al. 2001). This rock is known as clinker or scoria. Other 
geologic formations exposed at the surface are, from youngest to oldest, the Oli­
gocene White River Formation, the Eocene Wasatch Formation, and the Paleo­
cene Fort Union Formation. 

Basin sediments were derived from the Bighorn Mountains to the west, the 
Laramie Mountains and Hartville Uplift to the south, and the Black Hills to the 
east. Unconsolidated and poorly consolidated Quaternary alluvial deposits have 
accumulated over the last several million years along rivers and major drainages 
within the PRB and consist of clay, silt, sand, and gravel occurring as flood­
plains, stream terraces, and alluvial fans (Trimble 1980). 

Mineral and Energy Resources 
The PRB is one of the major areas of mineral development in North America. 
The primary mineral and energy resources are coal, oil, and gas. Other minerals 
include clinker, sand and gravel, clay, bentonite, high-calcium limestone, and 
gypsum. 

Coal 
The PRB contains some of the largest accumulations of low sulfur sub­
bituminous coal in the world. Thick deposits of coal occur at or near the surface 
along the eastern boundary of the analysis area, along a north-south trend situated 
west of both Gillette and Wright, and in the northwestern portion of the analysis 
area. Coal occurs at depth, below the surface, throughout most of the remainder 
of the analysis area. Coal from the PRB in Wyoming is valued for its clean-
burning properties. 

Important coal seams within the Wasatch Formation, from oldest to youngest, 
include the School, Badger, Felix, and Lake DeSmet. Important coal seams 
within the Fort Union Formation, from oldest to youngest, include the Canyon, 
Anderson, Wyodak, and Big George (Glass 1997). The prominent coal beds 
within the Tongue River member of the Fort Union Formation are, from oldest to 
youngest, the Carney, Monarch, Dietz 3, Dietz 2, Dietz 1, Anderson, Smith, and 
Roland (U.S. Bureau of Land Management 1999a). 

Most of the coal in the analysis area is federally owned. These federal coal lands 
are within the Wyoming portion of the decertified Powder River Federal Coal 
Region (U.S. Bureau of Land Management 1999b). 

Coal Bed Natural Gas 
BLM estimated that 28 trillion cubic feet (tcf) of CBNG may be recoverable in 
the development scenario prepared for the PRB (PRB O&G Final EIS). During 
2000 a total of 150,544,625 million cubic feet (Mcf) of methane and 
370,994,154 Bbls of water were produced from PRB coal beds in Wyoming 
(Wyoming Oil and Gas Conservation Commission 2001). By the end of 2001, 
about 12,024 CBNG wells would have been drilled or permitted for drilling in 
the analysis area. As of November 30, 2000 an estimated 4,093 CBNG wells 
were producing (U.S. Bureau of Land Management 2000a). 
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Oil and Gas 
Non-CBNG oil and gas fields are concentrated within the central, eastern, and 
southern portions of the analysis area. The prominent Salt Creek and Teapot 
Dome oil fields are located on the southwestern shoulder of the PRB. Nearly 
25 million barrels of oil and nearly 60 Mcf of natural gas were produced from 
non-CBNG PRB fields in Wyoming during 2000 (Wyoming Oil and Gas Con­
servation Commission 2001). 

Soils 
Soils in the analysis area were mapped using STATSGO for the state of Wyo­
ming, because county-level soil survey coverage was incomplete. Sixty soil units 
were delineated in the analysis area. Most of the soils are clay to sandy loams, 
and are derived from residual material and stream alluvium. Valley soils are de­
rived from unconsolidated stream sediments. The soils are generally low in or­
ganic matter and are alkaline (Lowry et al. 1986). 

Each association in STATSGO is named for the three dominant soil series within 
that association. The areal extent of all STATSGO map units in the analysis area 
is listed on Table 3–15 in the PRB O&G Final EIS. Appendix E of the PRB 
O&G Final EIS lists the dominant soil series for each STATSGO map unit asso­
ciation in the analysis area and shows the major general characteristics of each. 
Characteristics for each of these dominant soil series were identified using both 
the published and preliminary county soil surveys. In addition, slope data were 
used in combination with series data to identify areas with higher potential for 
water erosion. A detailed description of each parameter can be found in Appen­
dix E of the PRB O&G Final EIS. 

Wind Erosion Hazard 
Severe wind erosion hazards primarily occur in central Campbell County from 
the Wyoming-Montana border to 14 miles south of Gillette and along the little 
Powder River (U.S. Bureau of Land Management 2003). 

Slope Hazard 
Severe and moderate slope hazards in the analysis area occur primarily in the 
southwest corner of Johnson County (U.S. Bureau of Land Management 2003). 

Water Erosion Hazard 
Severe and moderate water erosion hazards on slopes in the 25 to 40 percent 
range in the analysis area occur primarily in the north and east-central portion of 
Johnson County and west-central portion of Campbell County. Soils with severe 
water erosion potential (based on the five to 25 percent slope range), occur along 
the northern and eastern borders of the analysis area (U.S. Bureau of Land Man­
agement 2003). 

3–21 Oil and Gas Leasing EA 70–05–064 



Chapter 3 — Affected Environment 

Compaction/Shrink-Swell Potential 
Appendix E in the PRB O&G Final EIS identifies the map units that exhibit a 
high clay composition (greater than 35 percent) and related high shrink-swell 
potential. Severe shrink-swell potential soils occur along the northern and west­
ern borders of the analysis area, along the Powder River, in central and eastern 
Campbell County, and in separated portions of Converse County (U.S. Bureau of 
Land Management 2003). 

Salinity and Sodicity 
The chemical characteristics of soils vary greatly, and therefore only general lo­
cations for saline and sodic soils can be estimated. Soils that are likely to exhibit 
high salinity and sodicity levels are found along the Bell Fourche River, Black 
Thunder and Little Thunder Creeks, and near the confluence of the Powder River 
and the South Fork of the Powder River (U.S. Bureau of Land Management 
2003). These soils are likely found on toes slopes, alluvial fans and stream ter­
races. The soils downstream of the coal mines in the analysis area may also be 
highly saline. 

Poor Revegetation Potential 
Soils in Capability Classes VII and VIII were determined to have poor revegeta­
tion potential (U.S. Bureau of Land Management 2003). These soils are found 
throughout the analysis area, except in middle of Campbell County. 

Prime Agriculture Soils 
Prime agriculture soils exist throughout the analysis area. Specifically, these soils 
can be found throughout Sheridan and Converse Counties, and into Johnson 
County along the Powder River and Clear Creek (U.S. Bureau of Land Manage­
ment 2003). 

Landscape Processes 
Biodiversity 

Species richness, a count of all species known to occur in a particular area, is one 
measure of biodiversity (Orians 1994). Data from Wyoming Gap Analysis Pro­
ject (Merrill et al. 1996) were used to identify the species richness in the analysis 
area, by sub-watershed (Table 3–1). It should be noted that the patterns of species 
richness in this table might reflect sampling effort. 

Agriculture conversion, oil and gas development, grazing, prairie dog control, 
railroad construction, residential development, and strip mining are currently 
threatening biodiversity within the analysis area. The state of Wyoming does not 
have a formal biodiversity policy; however, by statute, it is the policy of the state 
to provide for the conservation of lands and protection of natural resources and 
wildlife and public lands (State of Wyoming 2002). 

3–22 Oil and Gas Leasing EA 70–05–064 



Chapter 3 — Affected Environment 

Table 3–1 Species Richness by Sub-watershed 

Species Richness Category (Percent) 
Sub-watershed 0–102 103–117 118–136 137–165 166–297 Mean1 

Upper Tongue River 24 28 20 13 14 128 
Middle Fork Powder River 19 24 33 20 4 122 
Upper Powder River 39 49 10 3 0 107 
South Fork Powder River 36 28 29 7 0 112 
Salt Creek 26 66 4 4 0 108 
Crazy Woman Creek 32 41 16 9 2 113 
Clear Creek 35 25 24 6 10 123 
Middle Powder River 12 48 37 3 0 116 
Little Powder River 19 53 22 6 0 113 
Antelope Creek 27 55 14 3 0 108 
Upper Cheyenne River 11 55 27 7 0 115 
Upper Belle Fourche River 15 39 31 16 0 119 
Total 30 41 19 7 3 114 
Note: 
1. Developed as a weighted average for all polygons in the sub-watershed 
Source: Merrill et al. 1996 

Habitat Fragmentation 
Habitat fragmentation is a key factor in the loss of biodiversity. It is the gradual 
breaking of larger pieces of habitat into smaller pieces. Habitat fragmentation 
occurs through the construction of roads, reservoirs, oil and gas development, 
residential development, and some types of land clearing. The effects of frag­
mentation on biological resources are numerous; a description of these effects 
can be found in the PRB O&G Final EIS (page 3–91). 

No data exist on the degree of habitat fragmentation in the analysis area. The 
specific effects of fragmentation on habitats and species are discussed in the re­
sources sections, where data are available. 

Ecosystem Function 
Ecosystem processes operate between the various components of an ecosystem 
and include; the flow of energy and nutrients, the hydrologic cycle, disturbance 
regimes, equilibrium processes, and feedback systems (Noss and Cooperrider 
1994). The disturbance regime is likely the component of ecosystem function that 
has been altered in the analysis area. These changes have resulted from fire sup­
pression, grazing, soil disturbance, mineral development, and the construction of 
roads, power lines, and residential developments. Disturbances disrupt commu­
nity processes, alter species diversity, and disrupt ecosystem processes. Although 
there are no specific data in the PRB, it is known that there has been alteration of 
the native landscape and therefore subsequent alteration of ecosystem function. 
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Vegetation and Land Cover Types 
Vegetation types in the analysis area were classified using Gap Analysis Project 
(GAP) resources and Wyoming Game and Fish Department (WGFD) land cover 
classifications. Vegetation cover types include: short-grass prairie, mixed-grass 
prairie, wet meadow, herbaceous riparian, sagebrush shrubland, other shrubland, 
shrubby riparian, coniferous forest, aspen, forested riparian, agriculture, urban/ 
disturbed, barren, and water. The major vegetation types in the analysis area in­
clude a mosaic of prairie grasslands, shrublands, riparian areas, and forested ar­
eas. 

Noxious Weeds 
Noxious weeds are defined by the Wyoming Statutes (Title 11, Chapter 5, Sec­
tion 102.axi) as the weeds, seeds, or other plant parts that are considered detri­
mental, destructive, injurious, or poisonous, either by virtue of their direct effect 
or as carriers of diseases or parasites that exist within this state and are on the 
designated list. The state of Wyoming has designated 24 plant species as noxious 
weeds (Table 3–2). 

Table 3–2 State of Wyoming Designated Noxious Weeds 

Common Name Scientific Name 
Skeletonleaf bursage Ambrosia tomentosa 
Common burdock Arctium minus 
Hoary cress (whitetop) Cardaria draba and Cardaria pubescens 
St. Johnswort Hypericum perforatum 
Plumeless thistle Carduus acanthoides 
Musk thistle Carduus nutans 
Diffuse knapweed Centaurea diffusa 
Spotted knapweed Centaurea maculosa 
Russian knapweed Centaurea repens 
Canada thistle Cirsium arvense 
Field bindweed Convolvulus arvensis 
Houndstongue Cynoglossum officinale 
Quackgrass Elytrigia repens 
Leafy Spurge Euphorbia esula 
Dyer’s woad Isatis tinctoria 
Perennial pepperweed Lepidium latifolium 
Ox-eye daisy Leucanthemum vulgare 
Dalmation toadflax Linaria dalmatica 
Yellow toadflax Linaria vulgaris 
Purple loosestrife Lythrum salicaria 
Scotch thistle Onopordum acanthium 
Perennial sowthistle Sonchus arvensis 
Saltcedar Tamarix chinensis 
Common Tansy Tanacetum vulgare 
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Noxious weeds occur throughout the analysis area. County specific information 
was obtained from the University of Wyoming Cooperative Agricultural Pest 
Survey (CAPS) to determine the presence of the state-designated noxious weeds 
in the analysis area. Table 3–22 in the PRB Oil & Gas final EIS shows the known 
occurrences of noxious weed species by county. Data were not available for all 
state-designated noxious weeds. Table 3–23 in the PRB O&G Final EIS shows 
the known occurrences of other weed species of concern, as determined by the 
individual counties. 

In addition to noxious weeds, many plant species of concern that occur within the 
analysis area are being monitored. They include broom snakeweed (Gutierrezia 
sarothrae), buffalobur (Solanum rostratum), bull thistle (Cirsium vulgare), 
cheatgrass (Bromus tectorum), common lambsquarters (Chenopodium album), 
halogeton (Halogeton glomeratus), kochia (Kochia scoparia), plains larkspur 
(Delphinium geyeri), platte thistle (Cirsium canescens), puncturevine (Tribulus 
terrestris), ragweed (Ambrosia spp.) and Russian thistle (Salsola australis). 

Existing Disturbance 
The primary sources of surface disturbance to vegetation types have resulted 
from: oil and gas development; coal mining; uranium mining; sand, gravel, and 
scoria mining; ranching; agriculture; road and railroad construction; and rural and 
urban housing and business development. Estimates of the areal extent of exist­
ing disturbance by vegetation type, surface owner, and sub-watershed are pre­
sented on Table 3–19 and Table 3–20 in the PRB O&G Final EIS. These esti­
mates are based on the total of existing CBNG and non-CBNG well disturbances 
in the analysis area, including secondary roads, oil and gas well pads, compressor 
sites, and other ancillary facilities. Other human disturbances to native vegetation 
include damage to vegetation caused by fugitive dust that settles on plants along 
gravel roads, fire suppression, and grazing. 

Wetlands/Riparian Areas 
Regional Characterization 

Wetlands and riparian areas occur throughout the analysis area. They occur in all 
of the sub-watersheds and are concentrated around rivers, streams, creeks, draws, 
lakes, ponds, and low-lying areas. The wetlands and riparian areas in the analysis 
area serve as important habitats for many species of plants and animals that are 
not common in the arid west. These areas are some of the most productive re­
sources found on public and private lands. 

Types, Distribution, and Extent 
There are four types of riparian/wetland areas in the analysis area: forested ripar­
ian, shrubby riparian, herbaceous riparian, and wet meadow. Details about these 
cover types can be found in the PRB O&G Final EIS and their extent and distri­
bution is shown on Figure 3–10. 
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Ecosystem Functions 
Riparian and wetland ecosystems have various functions at both the landscape 
and community scales. They include flood storage, ground water recharge, flood 
attenuation, water purification, recreation, plant and animal habitat, food chains, 
species richness, diversity, and animal migration corridors. Riparian ecosystems 
are particularly valuable in a dry environment, such as Wyoming. It has been es­
timated that, although only 1 percent or less of the region is classified as riparian 
land, about 80 percent of the native animals depend on riparian zones for food, 
water, shelter, and migration routes during some time of the year (Olson and 
Gerhart 1982). 

Existing Impacts 
The existing impacts to riparian areas and wetlands in the analysis area are pri­
marily from livestock grazing and agricultural water withdrawals. This is not 
unlike many areas of the west. Grazing along primarily low-order streams can 
cause increased erosion and sedimentation, decreased water quality via introduc­
tion of pathogens and excess nutrients, and channel downcutting (Brinson et al. 
1981, Kauffman and Kreuger 1984). Grazing removes plants through consump­
tion and trampling, particularly young plants and harms the age structure and re­
production of the plant population. Agricultural uses have, in many cases, dimin­
ished the minimum instream flows necessary to sustain aquatic life and the ripar­
ian ecosystem for numerous streams and rivers in the arid Rocky Mountain states 
(Mitsch and Gosselink 1993). Water withdrawal reduces the availability of water 
for the maintenance of riparian ecosystems and, in extreme cases, it can alter the 
composition of the plant community to include more upland species or eliminate 
the riparian or wetland ecosystem. 

Surface water withdrawals from the rivers and streams in the analysis area are 
predominantly for irrigation and most occur in the Upper Tongue River sub-
watershed. The other major surface water withdrawals occur in the North Fork 
Powder River and Clear Creek sub-watersheds. Many riparian ecosystems and 
wetlands in the sub-watersheds that experience major withdrawals of surface wa­
ter, such as the Upper Tongue River, may have been eliminated or substantially 
degraded in recent years. 

The extraction of CBNG in the analysis area has resulted in impacts to riparian 
areas and wetlands. Most of these impacts have occurred in the Upper Powder 
River and Little Powder River sub-watersheds. Wet meadows have been dispro­
portionately disturbed, by one to two orders of magnitude, relative to the three 
riparian ecosystems in the analysis area (Table 3–19, PRB O&G Final EIS). 

Currently, operators are gathering water that is produced for the extraction of 
CBNG and are discharging it on the surface. In 2000, almost 4,000 outfalls per­
mitted by WDEQ were discharging water at the surface within the analysis area 
(Wyoming Department of Environmental Quality 2001). 

The volume of produced water that actually reaches the streams and wetlands of 
the sub-watersheds of the analysis area is unknown. However, some stream seg­
ments, including ephemeral and often dry reaches, received produced water con­
tinuously during 2000. As a result, riparian areas along these segments may have 
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been adversely affected by abnormal inundation, overlie saturated soils, in­
creased flow velocity and subsequent erosion, and impediment of seedling re­
cruitment. Also, the discharges of produced water probably are creating new wet­
lands or expanding existing wetlands. The quality of the water produced by exist­
ing CBNG wells also is likely to cause effects to riparian ecosystems and wet­
lands. Releases of produced water during recent years may have caused increased 
erosion of uplands leading to greater sedimentation in riparian areas and wet­
lands, as well as, a reduction in plant seedling recruitment and vigor of estab­
lished plant communities. 

Wildlife 
The PRB contains a variety of wildlife habitats, including short-grass prairie, 
mixed-grass prairie, wet meadow, herbaceous riparian, sagebrush shrubland, 
other shrubland, shrubby riparian, coniferous forest, aspen, forested riparian, ag­
riculture, and water. The barren and urban/disturbed cover types may also be 
used by wildlife occasionally. Based on the existing habitats, the groups of wild­
life species identified as specific issues during development of CBNG include 
big game, raptors, upland game birds, waterfowl, and neotropical migrant birds. 

The following sections present information on the major wildlife groups common 
to terrestrial and aquatic environments in the analysis area. Special-status species 
are addressed in the Threatened, Endangered, and Sensitive species section. Past 
and current human activities in the analysis area have altered wildlife habitats 
from their natural conditions. These disturbances include, but are not limited to, 
agriculture, mining, roads, urban areas, oil and gas well pads, compressor sites, 
and other ancillary facilities. 

Terrestrial Species 

Big Game 

The big game species that may occur in the analysis area are pronghorn, white-
tailed deer, mule deer, elk, and moose. Various ranges for these species are lo­
cated in the analysis area, as identified by the WGFD. The range types include 
Crucial Range, Summer or Spring-Summer-Fall, Severe Winter Relief, Winter, 
Winter/Yearlong, Yearlong, and Parturition Areas. 

Overall, populations of big game species in the analysis area are above the goals 
and have been stable to increasing (Wyoming Game and Fish Department 2000a, 
2000b). Current and planned future CBNG development has been noted as a po­
tential management concern for pronghorn, mule deer, and elk. Impacts caused 
by CBNG development are unknown at this time; however, increased road den­
sity, produced water discharge, loss of vegetation, and increased human presence 
have the potential to adversely affect herd units subject to substantial CBNG de­
velopment (Wyoming Game and Fish Department 2000a, 2000b). 

Table 3–3 summarizes the occurrence of big game species in the analysis area, in 
terms of habitat type and distribution. It also references the PRB O&G Final EIS 

3–27 Oil and Gas Leasing EA 70–05–064 



Chapter 3 — Affected Environment 

tables that present estimates of existing disturbance from oil and gas develop­
ment. 

Table 3–3 Big Game Species in the Analysis Area 

Scientific Common Existing 
Name Name Occurrence in Analysis Area Disturbance 
Alces alces Moose Moose ranges are extremely limited in the analysis area, None known 

restricted to the western periphery (U.S. Bureau of Land 
Management 2003:Table 3–49). Suitable habitats in the analysis 
area include primarily mixed-grass prairie, coniferous forest, and 
shrubby riparian (U.S. Bureau of Land Management 2003:Table 
3–50). 

Antilocapra Pronghorn Ranges for this species occur throughout the analysis area (U.S. Table 3–29, 
americana Bureau of Land Management 2003:Table 3–26). It inhabits Final EIS 

primarily short- and mixed-grass habitats and semi-desert 
shrublands in the analysis area (U.S. Bureau of Land 
Management 2003:Table 3–27). 

Cervus Elk Elk ranges are located in the Fortification Creek Area and areas Table 3–47, 
elaphus along the southern and western perimeters of the analysis area Final EIS 

(U.S. Bureau of Land Management 2003:Table 3–42). Ranges in 
the analysis area occur mostly in the coniferous forest, 
shortgrass, mixed-grass, and sagebrush shrubland habitats (U.S. 
Bureau of Land Management 2003:Tables 3–43 and 3–44). 

Odocoileus Mule deer Ranges for this species occur throughout the analysis area (U.S. Table 3–39, 
hemionus Bureau of Land Management 2003:Table 3–36). Most available Final EIS 

habitat in the analysis area is in short- and mixed-grass prairie 
and sagebrush shrubland (U.S. Bureau of Land Management 
2003:Table 3–37). 

Odocoileus White-tailed Ranges for this species occur throughout the analysis area in Table 3–34, 
virginianus deer river and stream drainages (U.S. Bureau of Land Management Final EIS 

2003:Table 3–31). The deer typically concentrate in cottonwood 
riparian areas and agricultural croplands (U.S. Bureau of Land 
Management 2003:Table 3–32). 

Raptors 
Fourteen species of raptors occur or potentially occur in the analysis area. Based 
on raptor monitoring efforts in the PRB (Seacross Enterprises 2002), total num­
ber of raptor nests in the analysis area was extrapolated to be 12,360 annually, 
2,690 to 4,410 of those being active (U.S. Bureau of Land Management 2003). 
Table 3–4 lists the non-special-status species and provides an estimate of their 
nesting occurrence, where possible. Species that are designated as special-status 
are discussed in the section on Threatened, Endangered, and Sensitive species. 

Upland Game Birds 
The species of upland game birds that may occur in the analysis area are the ring-
necked pheasant (Phasianus colchicus), gray partridge (Perdix perdix), wild tur­
key (Meleagris gallopavo), mourning dove (Zenaida macroura), greater sage-
grouse (Centrocercus urophasianus), and sharp-tailed grouse (Tympanuchus 
phasianellus). Of these species, the sharp-tailed grouse and the greater sage-
grouse were identified as being of concern in the analysis area. Sharp-tailed 
grouse leks are typically located on high points in open grassland habitats. They 
occur primarily in the northern portion of the analysis area, where the preferred 
habitats are most common. The greater sage-grouse is discussed in the section on 
Threatened, Endangered, and Sensitive species. 
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Table 3–4 Raptor Species Occurring or Potentially Occurring in the 
Analysis Area 

Scientific Name Common Name Occurrence in analysis area1 

Aquila chrysaetos Golden eagle Approximately 500 to 630 breeding pairs may occur 
Asio flammeus Short-eared owl No population estimate has been made because of 

variability in occurrence and lack of data 
Bubo virginianus Great horned owl Approximately 310 to 670 breeding pairs may occur 
Buteo jamaicensis Red-tailed hawk Approximately 620 to 1,240 breeding pairs may occur 
Buteo lagopus Rough-legged hawk This species is not present during the breeding season. 

No estimate of winter resident population size has been 
made 

Buteo swainsoni Swainson’s hawk Approximately 310 to 3,340 breeding pairs may occur, 
but most likely 1,000 to 2,000 

Circus cyaneus Northern harrier As many as 250 breeding pairs may occur 
Falco mexicanus Prairie falcon No estimate of population density has been made 

because of the scattered and uncommon nature of 
nesting sites 

Falco sparverius American kestrel This species is a summer resident, but there is no 
estimate of population density 

Note: 
1. The northern goshawk, burrowing owl, ferruginous hawk, Merlin, peregrine falcon, bald eagle, 

and osprey also occur or potentially occur in the analysis area. Because of their special status as 
threatened, endangered, or sensitive species, they are included on Table 3–6. 

Source: Seacross Enterprises 2002 

Waterfowl 
Suitable habitats for waterfowl include major rivers, streams, creeks, draws, 
lakes, and ponds. Several waterfowl species may occur in the analysis area. 
These species are expected to occur in suitable habitats within the analysis area 
during the appropriate species-specific nesting, migration, and wintering seasons. 

There is currently no information on the specific impacts of existing oil and gas 
development on waterfowl, but CBNG produced water handling methods poten­
tially have had impacts. Surface discharge to drainages has resulted in the expan­
sion of wetlands, stock ponds, and reservoirs, potentially increasing waterfowl 
breeding and foraging habitats. Also, impoundments may have created additional 
waterfowl habitats. However, many of these reservoirs do not contain other char­
acteristics of waterfowl habitat, and may have accumulated toxic concentrations 
of salts. 

Neotropical Migrant Birds 
A wide variety of neotropical migrants uses the analysis area during migration or 
the breeding season. Table 3–5 lists the migratory bird species of management 
concern in Wyoming (Cerovski et al. 2001) that are not discussed elsewhere in 
this document and that occur or potentially occur in the analysis area (Luce et al. 
1999). This table also indicates what general habitat type(s) each species is likely 
to use in the analysis area. For this purpose, habitat has been divided into five 
types: 1) shrub-steppe, grasslands, shrublands; 2) wet-moist meadow grasslands, 
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agricultural areas; 3) wetlands, marshes, lakes, shorelines; 4) riparian; 5) juniper 
woodlands, pine-juniper, conifers, woodland chaparral. 

Table 3–5 	 Migratory Bird Species of Management Concern in 
Wyoming 

Scientific Name	 Common Name Habitats1 

Level I Species (Active Conservation) 
 Calcarius mccownii McCown’s longspur 1, 2 
 Phalaropus tricolor Wilson’s phalarope 3 
Level II Species (Monitoring) 

Ammodramus savannarum Grasshopper sparrow 1, 2 
Calamospiza melanocorys Lark bunting 1, 2 
Calcarius ornatus Chestnut-collared longspur 1, 2 
Chondestes grammacus Lark sparrow 1, 2, 5 
Cistothorus palustris Marsh wren 3 
Coccyzus erythropthalmus Black-billed cuckoo 4, 5 
Dolichonyx oryzivorus Bobolink 1, 2 
Empidonax traillii Willow flycatcher 4 
Pooecetes gramineus Vesper sparrow 1, 2 
Sialia mexicana Western bluebird 5 
Spiza americana Dickcissel 1 
Tyrannus vociferans Cassin’s kingbird 1, 4, 5 

Note: 
1. Species-specific habitat information from Cerovski et al. 2001 and Luce et al. 1999 

Ingelfinger (2001) found a significant decrease of sage and Brewer’s sparrows 
and other sagebrush obligates within 328 feet (100 meters) of dirt roads in the 
Jonah Field II and Pinedale Anticline analysis area of western Wyoming. Ex­
trapolating from these data, construction and production activities in the PRB 
have likely caused the loss and degradation of habitats, as well as disturbance to 
individual birds. Breeding density of some species may have been reduced be­
cause of these effects. Species that are specific to grassland and shrub-steppe 
habitats, and that are sensitive to disturbance and habitat fragmentation, have 
likely been the most affected. 

Aquatic Species 
Aquatic resources in the analysis area occur within major drainage systems, such 
as rivers, streams, minor creeks, draws, playa lakes, and ponds. The analysis area 
is located in portions of five river basins and 10 associated fourth order water­
sheds (sub-watersheds) (U.S. Environmental Protection Agency 2002). 

Information about the analysis area sub-watersheds is presented in the section on 
surface water in this document and in the PRB O&G Final EIS (pages 3–36 
through 3–56). Specific data on habitat characteristics for many of the streams 
and rivers within these sub-watersheds are not available; however, general in­
formation pertaining to existing conditions for the major basins is provided in the 
PRB O&G Final EIS (pages 3–153 through 3–171). 
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Information is limited regarding the aquatic invertebrate communities within the 
analysis area, but a brief description is included in the PRB O&G Final EIS 
(pages 3–153 through 3–171). Tables 3–54 and 3–55 of the PRB O&G Final EIS 
present the occurrence of fish species by analysis area sub-watershed and the pre­
ferred habitats and food for each of those species, respectively. Analysis area fish 
species of special status are discussed in the Threatened, Endangered, and Sensi­
tive species section of this EA. 

Existing disturbances from oil and gas development and agriculture occur within 
the sub-watersheds in the analysis area. Disturbance from water handling meth­
ods associated with CBNG drilling is common throughout the analysis area. Wa­
ter withdrawal and discharge activities alter habitats for aquatic species. 

Threatened, Endangered, or Sensitive Species 
This section addresses the special-status animal and plant species in the analysis 
area, including U.S. Fish and Wildlife Service (USFWS) Proposed, Threatened, 
Endangered, and Candidate species; BFO sensitive species (U.S. Bureau of Land 
Management 2002); U.S. Forest Service (FS) Sensitive species for the Thunder 
Basin National Grassland (U.S. Forest Service 2001b); and WGFD Sensitive 
species of the categories NSS 1, 2, and 3. Please refer to the PRB O&G Final EIS 
(pages 3–172 through 3–174) for the definitions of each of these status levels and 
the associated regulations. 

Table 3–6 lists all of the special-status species that may be affected by one or 
more of the alternatives and briefly describes their expected occurrence in the 
analysis area. For details about the biology, ecology, distribution, and popula­
tions of each of these species, refer to the PRB O&G Final EIS (pages 3–154 
through 3–206). Also refer to that document for information regarding listed spe­
cies that were considered but are not expected to occur in the analysis area. 

Cultural Resources 
Cultural resource sites are defined as discrete locations of past human activity, 
which can include artifacts, structures, works of art, landscape modifications, and 
natural features or resources important to history or cultural tradition. These sites 
can include extensive cultural landscapes, such as farm or ranch landscapes, lin­
ear landscapes, such as historic trails with associated towns, forts and way sta­
tions, or railroad landscapes, and traditional use areas. In this document impor­
tant sites (sites that would require additional consideration) include both listed 
and eligible sites (those sites that are listed on, determined eligible for, or rec­
ommended eligible for the National Register of Historic Places under the Criteria 
for Evaluation (36 CFR § 60.4) or National Landmarks) and sites that have not 
been evaluated. For the purposes of this analysis, unevaluated sites are consid­
ered potentially eligible because they have not been determined to be not eligible, 
and therefore require avoidance or evaluative investigations. 
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Table 3–6 Threatened, Endangered, and Sensitive Species in the analysis area 
Scientific Name Common Name Status Occurrence in analysis area 
Birds 

Accipiter Northern BLM Sensitive This species nests in conifer and aspen forests, and 
gentilis goshawk occasionally cottonwood trees (Barrett 1998d). It is a 

documented breeding resident of the analysis area (Luce et al. 
1999). 

Ammodramus Baird’s FS Sensitive; In Wyoming, this species is an uncommon summer resident 
bairdii sparrow BLM Sensitive using shortgrass prairie habitats. It may occur in suitable 

habitats within the analysis area (Luce et al. 1999). 
Amphispiza Sage BLM Sensitive This species is a common summer resident in Wyoming 
belli sparrow grasslands and shrublands, and may occur in suitable habitats 

within the analysis area (Luce et al. 1999). 
Athene Burrowing FS Sensitive; In Wyoming, this species uses grasslands, sagebrush and other 
cunicularia owl BLM Sensitive shrublands, and agricultural areas. This species is known to 

occur as a summer resident in suitable habitats within the 
analysis area (Luce et al. 1999). 

Bartramia Upland FS Sensitive In Wyoming, this species nests in grasslands, including the 
longicauda sandpiper analysis area (Luce et al. 1999). 
Botaurus American  FS Sensitive; WGFD This species occurs in marshy, swampy areas (Yaeger 1998). It 
lentiginosus bittern Sensitive can be found in suitable habitats within the analysis area (Luce 

et al. 1999). 
Buteo regalis Ferruginous FS Sensitive; In Wyoming, this species is a common breeding resident 

hawk BLM Sensitive; occupying basin-prairie shrublands, short-grass prairie, rock 
WGFD Sensitive outcrops, and cottonwood-riparian habitats. It is expected to 

occur within the analysis area (Luce et al. 1999). 
Centrocercus Greater BLM Sensitive The sage-grouse is highly dependent on sagebrush 
urophasianus sage- communities (Schroeder et al. 1999). It occurs in short-grass 

grouse and mixed-grass prairies, sagebrush shrublands, other 
shrublands, wet meadows, and agricultural areas, when 
associated with substantial stands of sagebrush. Table 3–56 in 
the PRB O&G Final EIS summarizes the current extent of 
potentially suitable sage-grouse habitats in the sub-watersheds 
of the analysis area. Table 3–7 and Figure 3–1, below, show 
the distribution of known lek sites and protective buffers 
within each sub-watershed in the analysis area. A substantial 
amount of sage-grouse habitats have been altered from their 
natural conditions as a result of past and ongoing human 
activities in the analysis area. Table 3–20 in the PRB O&G 
Final EIS shows the amount of habitat loss by vegetation type. 

Charadrius Mountain USFWS Proposed This species inhabits short-grass, mid-grass, and sagebrush 
montanus plover grasslands (Luce et al. 1999). Keinath et al. (2001) 

characterized mountain plover habitat within the analysis area 
as sparse and fragmented; however, suitable habitat is expected 
to occur and be used throughout the analysis area (Luce et al. 
1999). 

Chlidonias Black FS Sensitive; WGFD Nests are constructed along ponds and reedy and cattail 
niger tern Sensitive wetlands. This species may occur in suitable habitats within the 

analysis area (Luce et al. 1999). 
Coccyzus Western FS Sensitive; In Wyoming, this species is an uncommon summer resident, 
americanus yellow-billed BLM Sensitive; occupying cottonwood riparian habitats. It may occur in 

cuckoo WGFD Sensitive suitable habitats within the analysis area (Luce et al. 1999). 
Cygnus Trumpeter BLM Sensitive; This species has been observed in parts of the analysis area, but 
buccinator swan WGFD Sensitive no confirmed nesting has been reported in the analysis area 

(Luce et al. 1999). This species may nest in suitable habitats 
(lakes and ponds) within the analysis area, but most 
occurrences are expected to be migrating individuals. 

Egretta Snowy WGFD Sensitive This species is an uncommon summer resident in Wyoming. It 
thula egret is not expected to nest in the analysis area, but may occur as a 

seasonal migrant (Luce et al. 1999). 
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Table 3–6 Threatened, Endangered, and Sensitive Species in the analysis area 
Scientific Name Common Name Status Occurrence in analysis area 

Falco Merlin FS Sensitive; In Wyoming, this species is an uncommon resident that occurs 
columbarius WGFD Sensitive in open grasslands, shrublands, and coniferous forests (Luce et 

al. 1999). Merlin nests are known in the analysis area, 
primarily from Rochelle Hills in southeastern Campbell 
County (Luce et al. 1999, Seacross Enterprises 2002). 

Falco Peregrine BLM Sensitive; In Wyoming, this species is a rare resident with most breeding 
peregrinus falcon WGFD Sensitive records from the western portion of the state. This species is 
anatum not expected to nest in the analysis area, but may occur as a 

seasonal migrant (Luce et al. 1999). 
Gavia Common FS Sensitive; This species is not expected to nest in the analysis area, but 
immer loon WGFD Sensitive may be observed in suitable habitats during migration (Luce et 

al. 1999). 
Grus Greater FS Sensitive This species is not expected to nest in the analysis area, but 
canadensis sandhill may occur as a migrant (Luce et al. 1999). 
tabida crane 
Haliaeetus  Bald eagle USFWS Threatened; This species is an uncommon breeding resident in Wyoming, 
leucocephalus WGFD Sensitive using mixed coniferous and mature cottonwood-riparian areas 

near large lakes or rivers as nesting habitat (Luce et al. 1999). 
It is a documented breeder and winter resident of suitable 
habitats within the analysis area (Luce et al. 1999). 

Lanius Loggerhead FS Sensitive; In Wyoming, this species is a common summer resident in 
ludovicianus shrike BLM Sensitive pine-juniper, woodlands, short- and mixed-grass prairies, and 

shrublands. It is known to breed in suitable habitats within the 
analysis area (Luce et al. 1999). 

Melanerpes Lewis’ FS Sensitive; In Wyoming, this species typically occurs in open ponderosa 
lewis woodpecker WGFD Sensitive and lodgepole pine forests and savannah. It also uses aspen, 

mixed pine-juniper, and cottonwood riparian habitats. It may 
occur in suitable habitats within the analysis area (Luce et al. 
1999). 

Numenius Long-billed FS Sensitive; In Wyoming, suitable habitat may include sagebrush 
americanus curlew BLM Sensitive; shrublands, wet meadows, irrigated meadows, and agricultural 

WGFD Sensitive areas. Breeding curlews have been reported from part of the 
analysis area (Luce et al. 1999). 

Nycticorax Black-crowned  WGFD Sensitive Documented observations of this species have been recorded 
nycticorax night heron throughout much of the state. This species is not expected to 

nest in the analysis area, but may occur as a seasonal migrant 
(Luce et al. 1999). 

Oreoscoptes Sage thrasher BLM Sensitive In Wyoming, this species is a common summer resident 
montanus breeding in sagebrush shrublands throughout the state. This 

species may occur in suitable habitats within the analysis area 
(Luce et al. 1999). 

Pandion Osprey FS Sensitive Nesting and non-breeding observations have been documented 
haliaetus in the analysis area, with nesting observations restricted to the 

northwest portion of the analysis area (Luce et al. 1999). 
Passerella  Fox sparrow FS Sensitive In Wyoming, this species breeds in riparian shrublands with 
iliaca adjacent coniferous forest or woodland chaparral. Unconfirmed 

breeding has been documented within the analysis area (Luce 
et al. 1999). 

Pelecanus American  WGFD Sensitive This species may occur in the analysis area as a non-breeding 
erythrorhynchos white pelican migrant (Luce et al. 1999). 
Plegadis White-faced  FS Sensitive; This species is not expected to nest in the analysis area, but is 
chihi ibis BLM Sensitive; known to occur as a seasonal migrant (Luce et al. 1999). 

WGFD Sensitive 
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Table 3–6 Threatened, Endangered, and Sensitive Species in the analysis area 
Scientific Name Common Name Status Occurrence in analysis area 

Sitta Pygmy FS Sensitive In Wyoming, this species is associated with habitats in 
pygmaea nuthatch coniferous forests, and may occur in suitable habitats within 

the analysis area (Luce et al. 1999). 
Spizella Brewer’s BLM Sensitive This species is a common summer resident in Wyoming, 
breweri sparrow occupying sagebrush shrubland and other shrubland habitats. 

This species is known to breed in the analysis area (Luce et al. 
1999). 

Mammals 
Corynorhinus Townsend’s  FS Sensitive; Suitable habitats in Wyoming include deciduous forests, dry 
townsendii big-eared bat BLM Sensitive; coniferous forests, sagebrush and other shrublands, short-grass 
[Plecotus WGFD Sensitive and mixed-grass prairies, and juniper woodlands. This species 
townsendii] may occur within the analysis area (Luce et al. 1999).  
Cynomys Black-tailed USFWS Candidate; This species is a common resident, inhabiting shortgrass and 
ludovicianus prairie dog FS Sensitive; mixed-grass habitats in eastern Wyoming (Luce et al. 1999). 

WGFD Sensitive Active and inactive prairie dog colonies are known to occur 
within the analysis area (Luce et al. 1999); however, specific 
data on occurrence patterns are not available. 

Eptesicus  Big brown WGFD Sensitive This species uses open meadows, tree-lined streets, corrals, and 
fuscus bat areas around farms and ranches (Clark and Stromberg 1987). 

Historical records and recent observations have been 
documented within the analysis area (Luce et al. 1999). 

Myotis Western WGFD Sensitive In Wyoming, this species may occupy pine-juniper, sagebrush 
ciliolabrum small-footed shrublands, grasslands, foothills, cliffs, and outcrops. It has 

myotis  been observed in the analysis area (Luce et al. 1999). 
Myotis Long-eared  BLM Sensitive; Preferred habitats include coniferous forests, sagebrush 
evotis myotis WGFD Sensitive shrublands, and grasslands. It has been observed in the analysis 

area (Luce et al. 1999). 
Myotis Little brown WGFD Sensitive This bat occupies a variety of habitats that are near water, 
lucifugus myotis  including coniferous and deciduous forests, sagebrush 

shrublands, grasslands, and riparian areas. This species is 
known to occur in the analysis area (Luce et al. 1999). 

Myotis Fringed-tailed FS Sensitive This species is associated with a variety of habitat types, 
thysanodes myotis including montane meadows, sagebrush shrublands, desert 
pahasapensis scrub, mixed-grass prairies, woodlands, and coniferous forests 

(Fitzgerald et al. 1994). It has been observed within portions of 
the analysis area (Luce et al. 1999).  

Myotis Long-legged  WGFD Sensitive Habitats include oak, ponderosa pine and mixed-deciduous­
volans myotis  coniferous forests, shrublands, and riparian areas. This species 

may occur in suitable habitats within the analysis area (Luce et 
al. 1999). 

Vulpes Swift fox FS Sensitive; In Wyoming, this species is considered a common resident 
velox BLM Sensitive; using grasslands in the eastern plains, agricultural areas, 

WGFD Sensitive irrigated native meadows, and the banks of roads and railroads. 
This species may occur in suitable habitats within the analysis 
area (Luce et al. 1999). 

Fishes 
Ameirus  Black WGFD Sensitive This species may occur in five of the sub-watersheds in the 
melas bullhead analysis area (U.S. Bureau of Land Management 2003:Table 

3–54). 
Catostomus Mountain WGFD Sensitive This species may occur in five of the sub-watersheds in the 
platyrhynchus sucker analysis area (U.S. Bureau of Land Management 2003:Table 

3–54). 
Couesius Lake chub WGFD Sensitive This species may occur in three of the sub-watersheds in the 
plumbeus analysis area (U.S. Bureau of Land Management 2003:Table 

3–54). 
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Table 3–6 Threatened, Endangered, and Sensitive Species in the analysis area 
Scientific Name Common Name Status Occurrence in analysis area 

Hybognathus Silvery  WGFD Sensitive This species may occur in the Little Powder River sub­
nuchalis minnow watershed in the analysis area (U.S. Bureau of Land 

Management 2003:Table 3–54). 
Hybognathus Plains WGFD Sensitive This species may occur in six of the sub-watersheds in the 
placitus minnow analysis area (U.S. Bureau of Land Management 2003:Table 

3–54). 
Oncorhynchus Yellowstone WGFD Sensitive;  This species may occur in the Upper Tongue sub-watershed 
clarkibouvieri cutthroat  BLM Sensitive; within the analysis area (U.S. Bureau of Land Management 

trout WGFD Sensitive 2003:Table 3–54). 
Platygobio  Flathead chub WGFD Sensitive; This species may occur in eight of the sub-watersheds in the 
gracilis FS Sensitive; analysis area (U.S. Bureau of Land Management 2003:Table 

WGFD Sensitive 3–54). 
Scaphirhynchus Shovelnose WGFD Sensitive This species is now considered rare in Wyoming, with known 
platorynchus sturgeon occurrences within the analysis area restricted to the Upper 

Powder River (Baxter and Simon 1970) (U.S. Bureau of Land 
Management 2003:Table 3–54). 

Stizostedion Sauger WGFD Sensitive This species may occur in two of the sub-watersheds in the 
canadense analysis area (U.S. Bureau of Land Management 2003:Table 

3–54). 
Wiodon Goldeye WGFD Sensitive This species may occur in four of the sub-watersheds in the 
alosodies analysis area (U.S. Bureau of Land Management 2003:Table 

3–54). 
Amphibians 

Ambystoma Tiger FS Sensitive This species inhabits ponds, lakes, and impoundments, and 
tigrinum salamander may occur in suitable habitats throughout the analysis area 

(Luce et al. 1999). 
Rana Columbia  BLM Sensitive The disjunct population of this species associated with the 
luteiventris  spotted frog Tongue River is within the analysis area (Luce et al. 1999). No 
[Rana other populations are known to exist in the analysis area 
pretiosa] (Garber 1994). 
Rana pipiens Northern FS Sensitive; In Wyoming, this species occurs in cattail marshes and beaver 

leopard frog  BLM Sensitive ponds. It may occur in suitable habitats in portions of the 
analysis area (Luce et al. 1999). 

Reptiles  
Lampropeltis Milk snake FS Sensitive In Wyoming, this species inhabits from grasslands to open 
triangulum forest. It may occur in suitable habitats in portions of the 
multistrata analysis area (Luce et al. 1999). 

Plants  
Artemisia Porter’s BLM Sensitive Suitable habitat includes sparsely vegetated badlands of ashy 
porteri sagebrush or tufaceous mudstones and clay slopes between 5,300 and 

6,500 feet elevation. A single population has been documented 
in the analysis area, in southwestern Johnson County (Fertig 
2000a). This species may occur in other suitable habitats 
within the analysis area. 

Cymopterus Williams’  BLM Sensitive Suitable habitat includes open, south, or east-facing ridge tops 
williamsii wafer-parsnip and upper slopes with exposed limestone outcrops or talus 

between 6,000 and 8,300 feet elevation. There have been 
several occurrences in Johnson County (Fertig 2000b), and this 
species may occur in other suitable habitats within the analysis 
area. 
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Table 3–7 Sage-grouse Lek Sites and Protective Buffers by Sub-
watershed 

Lek Sites and Protective Buffers 
Sub-watershed 0.25-mile buffer (acres) 2-mile buffer (acres) 
Upper Tongue River 0 734 
Upper Powder River 141 3,330 
Salt Creek 915 15,942 
Crazy Woman Creek 0 1,342 
Clear Creek 0 0 
Middle Powder River 0 0 
Little Powder River 250 3,373 
Antelope Creek 0 1,167 
Upper Cheyenne River 119 3,468 
Upper Belle Fourche River 6 5,646 
Total 1,430 35,002 

Prehistoric 
All recognized prehistoric cultural periods, from Clovis through Protohistoric 
(about 11,500 to 200 years ago), are represented to some extent in the analysis 
area. The broad prehistoric chronological periods used in this region are: 

¾ Paleoindian Period (11,500 to 8,000 years ago) 
¾ Early Plains Archaic (8,000 to 5,000 years ago) 
¾ Middle Plains Archaic (5,000 to 2,500 years ago) 
¾ Late Plains Archaic (2,500 to 1,500 years ago) 
¾ Late Prehistoric and Protohistoric (1,500 to 200 years ago). 

Approximately 10 percent of the PRB has been investigated, primarily in the 
eastern portion of the Basin. In this small sample of the analysis area, the earliest 
prehistoric cultural periods, Paleoindian through Early Plains Archaic, are repre­
sented by only a small number of sites. Archaic and later prehistoric period sites 
(Archaic to Protohistoric) are represented in increasing numbers as a result of 
higher populations through time and better preservation of more recent sites 
(U.S. Bureau of Land Management 2003:Table 3–58). Important prehistoric site 
types in the region include artifact scatters, stone circle sites, kill sites and faunal 
processing sites, rock alignments and cairns, and stone material procurement ar­
eas. 

Historic 
The historic period of the area falls within the last 200 years, and begins with 
transient, widely separated incursions by explorers and fur traders. Exploration 
and the establishment of the Rocky Mountain Fur Trade intensified Euroameri­
can presence in the Powder River Basin in the early 1800s. Early market trade in 
the region was centered on bulk items such as furs and depended on river 
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transport. Trading forts at Fort William (later known as Fort Laramie) and sev­
eral major forts along the Yellowstone River were major centers with a dynamic 
system of smaller forts and periodic rendezvous. European and Indian trappers 
and traders ranged through the mountains and basin for furs and returned to the 
trading forts to exchange marketable goods for supplies. First-hand accounts in­
dicate that a significant part of many trappers’ income was also spent on gaming 
and whiskey. For many years, these trading forts were major focal points of Eu­
roamerican activities in the region. The PRB O&G Final EIS (U.S. Bureau of 
Land Management 2003:3–211-3–218) discusses the historic period in the PRB 
in detail. 

Native American Traditional Cultural Places 
General ethnographies of the Lakota, Crow, Mandan, Hidatsa, Arikara, Chey­
enne, Arapaho, Shoshone, and other tribes that may have had traditional ties to 
this region do not provide information on specific resources in the analysis area 
that are likely to be traditional cultural concerns. There are certainly prominent 
and identifiable places to the west in the Big Horn Mountains and to the east in 
the Black Hills area. Probably the most widely known examples would be the 
Big Horn Medicine Wheel and Devils Tower. The known sacred and traditional 
places offer some indications of the types of places valued by the Plains Eques­
trian cultures in the historic period. However, any identification of sacred or tra­
ditional localities must be verified in consultation with authorized tribal represen­
tatives. 

Conspicuous landmarks, prominences, and high locations were often held in rev­
erence. It would be reasonable to assume that Pumpkin Buttes, several of the 
more distinctive or isolated buttes throughout the analysis area, and distinct rock 
formations in the Middle Fork and Red Wall country were traditionally important 
places. Some of these natural features may have associated rock art, cairns, offer­
ing sites, vision quest sites, or other tangible evidence of traditional importance, 
while others may be embedded in oral traditions. 

Distinctive natural water bodies and confluences of flowing streams and rivers 
were held by many tribes to be sources of power and inspiration, and mirrors of 
the inner spirit. The presence of flowing water or bodies of water and high iso­
lated locations such as buttes in close proximity to one another were sometimes 
considered especially powerful or close to the spirits. These kinds of locations 
were commonly used for fasting or vision quests. Some vision quest sites that 
were used repeatedly over the generations have physical features, such as cairns, 
small stone circles, offerings, small clusters of stone, or stone alignments, in ad­
dition to the character of their physical setting. 

At a smaller scale, traditional rock art marks localities that were important or sa­
cred to past populations and the rock art itself is a traditional concern to most 
existing tribes. Similarly, stone intaglios and effigies, some rock alignments, and 
many ancient rock cairns, mark traditionally significant locations. Any location 
with cobble effigy figures, unusually small or large stone circles or medicine 
wheels, geometric stone alignments, or prominent cairns should be considered a 
potential sacred or traditional site. Tribes may also hold alignments and cairns 
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associated with more mundane functions such as trails and game drives to be sa­
cred or traditionally important, and may also consider most archaeological sites 
to be traditional cultural places important to their tribal identity. Several of the 
tribes that have traditional ties to the analysis area consider “tipi rings” (that is, 
stone circle sites) to be sensitive sites that may have spiritual or sacred associa­
tions. Traditional tribal concerns can also include traditional gathering areas for 
medicinal and ceremonial materials. 

Federal legislation and regulation, including but not limit to 36 CFR §800 im­
plementing Section 106 of the National Historic Preservation Act, as amended, 
NEPA, and the Native American Grave Protection and Repatriation Act (NAG­
PRA), requires consultation with recognized Native American Tribes. In 2002 
and 2003 the BFO consulted with potentially affected Native American Tribes 
regarding the proposed development of coal bed natural gas in the PRB (U.S. 
Bureau of Land Management 2003:3–228). In addition, potentially affected Na­
tive American Tribes were contacted regarding this leasing proposed action. 
BLM requested the following information: 

1.	 concerns the tribe might have with oil and gas leasing in the Wyoming Pow­
der River Basin in general, and how to resolve any issues that might affect 
the tribe, 

2.	 whether there are places of traditional religious or cultural importance which 
would be affected if specific areas were leased, 

3.	 whether special stipulations should be attached to proposed leases to protect 
tribal treaty rights and interests pertaining to federal lands. 

Although no issues have been raised regarding the 285 leased areas to date, con­
sultation is an on-going dialogue. BLM will continue to consult the tribes when 
potential conflicts with oil and gas development are identified either by the tribe 
or BLM. 

Land Use and Transportation 
Land Use 

Land Status/Surface Ownership 
The leases are located on private and federal (BLM and FS) surface. Federal 
lands within the analysis area are administered by the BFO and the USDA Forest 
Service (FS) and consist of numerous noncontiguous tracts of land surrounded by 
private lands. FS-administered lands include portions of the Thunder Basin Na­
tional Grassland (TBNG) administered by the Medicine Bow-Routt National 
Forest. The TBNG is in the eastern portion of Campbell County. 

Mineral Ownership 
Many of the 285 leases are on “split-estate,” meaning the surface owner is differ­
ent from the owner of the mineral rights. Most of the oil and gas mineral estates 
within the analysis area are federally owned. 
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Existing Land Uses 
Rangeland/livestock grazing is the dominant land use for both public and private 
lands in the analysis area. Other land uses within lease areas include agriculture, 
forest, and coal mining. The land use categories of barren, urban, water, and wet­
lands also occur in the analysis area, but are not within any of the lease areas. 
Transportation and recreational land uses are evaluated later in this EA. 

BLM Land Management 
Several BLM Special Management Areas (SMAs) that provide recreational op­
portunities are located within the analysis area. These areas include the Fortifica­
tion Creek SMA and Fortification Creek Wilderness Study Area (which is en­
compassed by the larger Fortification Creek SMA), the Dry Creek Petrified Tree 
Environmental Area, the Weston Hill and Mosier Gulch Recreation Areas, and 
several additional Wilderness Study Areas (WSAs). Oil and gas leases are not 
issued with surface occupancy rights (for drilling, access routes, or production 
facilities) within WSAs to preserve the wilderness values. Surface disturbances 
are also restricted within Recreational Areas (RAs) and Wildlife Habitat Man­
agement Areas (WHMAs). The BLM land use planning and management goals 
for these areas are provided in the PRB O&G Final EIS (pages 3–243 through 3– 
248). 

The Sierra Club of Wyoming has petitioned the BFO to nominate seven areas 
within the analysis area for designation as ACECs. These areas are Pumpkin 
Buttes, Dry Creek Petrified Tree, Hell’s Half Acre, Fortification Creek Elk Area, 
Cantonment Reno, Face of the Bighorns, and Hole-In-The-Wall. Two of the 
seven (Hell’s Half Acre and Face of the Bighorns do not meet both the relevance 
and importance criteria and have been dropped from further consideration. The 
other five areas and the Cow Creek Breaks area are being deferred for designa­
tion until the Buffalo RMP revision. 

Additionally, a Citizen’s wilderness proposal was received during February 
2004. This proposal included one area in the BFO, the Powder River Breaks in 
the Fortification Creek SMA. As with the proposed ACECs, the decision about 
this proposal for wilderness designation has been deferred for consideration until 
the BFO RMP revision. 

National Forest Land Management 
Numerous land parcels within the TBNG are scattered throughout Campbell and 
Converse Counties in the analysis area. Most of the CBNG resources on the FS 
land within the analysis area are located in the westernmost portion of the TBNG. 

The Douglas Ranger District of the Medicine Bow-Routt National Forest admin­
isters the public lands and activities within the TBNG. The FS completed a final 
EIS and issued a ROD in 1994 for Oil and Gas Leasing on the TBNG (U.S. For­
est Service 1994). In 1994, the FS developed many special leasing restrictions for 
oil and gas activities within the TBNG. Leasing restrictions applicable to drilling 
or production activities within the TBNG may be included as COAs for APDs on 
post-1994 leases. The restrictions outlined in the site-specific environmental ef­
fects analyses must contain documentation as to whether or not proposed devel­
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opment is consistent with the 1994 final EIS/ROD and the 1985 Land and Re­
source Management Plan (LRMP). Under the 1985 TBNG LRMP, there are no 
areas closed to leasing within the FS portion of the analysis area. 

Transportation 
Gillette and Sheridan are the hubs for the transportation network in the analysis 
area. The major north-south transportation corridors include State Route 59 in 
Campbell and Gillette Counties and Interstate 25 (I–25) in Johnson and Sheridan 
Counties. The principal east-west highway for Campbell and Johnson Counties is 
Interstate 90 (I–90). In addition, several U.S. highways and state routes connect 
communities within the analysis area to the network. Other transportation re­
sources in the analysis area include numerous improved and unimproved (four­
wheel drive) roads on BLM and FS lands, the Burlington Northern/Santa Fe Rail­
road, and three public airports. 

Visual Resources 
The analysis area landscape is composed of open grasslands, low rolling hills, 
and unobstructed views of many miles. Most of the area is covered with dryland 
vegetation consisting of grasses and shrubs. Ponderosa pine covers large portions 
of the northeast quarter of the analysis area. Outside the urban areas of Sheridan, 
Gillette, Buffalo, and Wright, the analysis area is characterized by a rural land­
scape that has been modified by oil and gas field development, coal mines, graz­
ing, and urban areas. Grazing is evident in most of the analysis area. Highways, 
county roads, private roads, and utility lines also are evident throughout the 
analysis area. Portions of the analysis area remain natural and undeveloped in 
character despite widespread mineral development and grazing. Most of the 
analysis area landscape is composed primarily of scenery that is common for the 
region. 

General Visual Characteristics 
Oil and gas pumping units and associated well pads and access roads are evident 
throughout the analysis area. Most of the existing development occurs in the east­
ern half of the analysis area in 40- and 80-acre well spacing patterns. Well devel­
opment is most evident in Campbell County between the cities of Gillette and 
Wright, and north, west, and northwest of Gillette. Development is also evident 
along I–90 and State Highway 14 and 93 in Campbell and Sheridan Counties. 
The landscape that has resulted from ongoing oil and gas development in this 
area is rural/industrial in character. The wells are intrusive (defined as readily 
visible) and visually dominant in foreground (¼ to ½ mile from the observer) 
views from roads and trails. In the middleground (generally ½ mile to 3 miles) 
and background (more than 3 miles) distance zones, well pads and associated 
access road clearings are the most obvious feature of oil and gas developments. 
Clearings are visible as light brownish gray exposed soils in geometrically 
shaped areas with straight, linear edges that provide textural and color contrasts 
with the surrounding undisturbed vegetation. In general, oil and gas facilities are 
visually subordinate to the landscape in middle to background distance zones. 
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Most of the areas with significant scenic values occur in the western part of the 
analysis area. The Powder River breaks in eastern Johnson County, the Fortifica­
tion Creek SMA and WSA, and the Weston Hills Recreation Area in the eastern 
part of the analysis area also provide scenic settings for a variety of dispersed 
recreational activities. 

Visual Resource Management 
BLM 
BLM has inventoried visual resources for all BLM, state, and private land in the 
BFO area and established Visual Resource Management (VRM) classes using its 
VRM system (U.S. Bureau of Land Management 1986). Visual resources in the 
analysis area have been classified into four VRM classes, as shown on Figure 3– 
20 in the PRB O&G Final EIS. The objectives of the VRM classes applied to 
lands within the analysis area are: 

¾	 Class II — Class II provides for activities that would not be evident in 
the characteristic landscape. Contrasts are seen, but must not attract at­
tention. Lands along the base of the Bighorn Mountain foothills in the 
western part of the analysis area, and lands along I–90 and State Route 
14 in the Upper Powder River Sub-watershed are Class II lands. These 
lands are sensitive to public view. All or portions of seven leases are 
categorized as Class II. 

¾	 Class III — The objective is to provide for management activities that 
may contrast with the basic landscape elements, but remain subordinate 
to the existing landscape character. Activities may be visually evident, 
but should not be dominant. Class III areas occur primarily along major 
highway corridors, such as I–25 and I–90, State Route 14, Fortification 
Creek SMA and WSA, and along a broad corridor at the base of the Big 
Horn Mountains between Buffalo and the Montana/Wyoming state line. 
All or portions of 36 leases are categorized as Class III. 

¾ Class IV — The objective is to provide for management activities that 
may require major modifications to the existing landscape. The level of 
change to the landscape can be high and may be visually dominant. Most 
of the analysis area is managed with Class IV objectives. All or portions 
of 263 leases are categorized as Class IV. 

¾ Class V — This class is applied to areas where the landscape character 
has been so disturbed that rehabilitation is needed. It should be consid­
ered an interim short-term classification until one of the other classes can 
be reached through rehabilitation or enhancement. Lands currently man­
aged with Class V objectives occur near urban areas of Sheridan, Buf­
falo, Gillette, and at coal mining areas in the eastern part of the analysis 
area. All or portions of six leases are categorized as Class V. 

Coal mining occurs primarily in the east-central part of the analysis area, east and 
south of Gillette. Fourteen open-pit coal mines in Campbell County and one coal 
mine north of the City of Sheridan are actively producing coal. Open pit mining 
results in landscapes that have been altered considerably from the natural topog­
raphy, consisting of significant contrasts from exposed soils and spoil piles with 

3–43 Oil and Gas Leasing EA 70–05–064 



Chapter 3 — Affected Environment 

surrounding vegetation, dust from mining operations, and associated infrastruc­
ture such as buildings, rail haulage, and road systems. Coal mines dominate fore­
ground and middleground views in the affected viewsheds and are generally clas­
sified with VRM Class IV or V objectives in the analysis area. 

Forest Service 
The Medicine Bow-Routt National Forest has developed a Revised LRMP for the 
TBNG (U.S. Forest Service 2001a). The forest has inventoried visual resources 
under the new Scenery Management System (SMS), which incorporates viewing 
distance zones, concern level (public importance), scenic attractiveness (indicator 
of intrinsic scenic beauty of a landscape), scenic class (determined by combining 
the scenic attractiveness with distance zone and concern levels), and existing 
scenic integrity (state of naturalness). 

Scenic Integrity Objectives (SIO) were assigned to each management area based 
on the intent of the management area direction. SIOs, provide goals for manage­
ment of grassland and forest scenic resources. There are five SIOs ranging from 
very low to very high. TBNG lands within the portion of the analysis area that 
contains the leases have been inventoried with the scenic integrity level of Low, 
which refers to landscapes where the valued landscape character appears moder­
ately altered. 

Sensitive Viewing Areas 
The level of sensitivity to modifications of the landscape in the analysis area 
ranges from low to high. Visitor use of most public lands in the analysis area is 
light for recreation or other activities. The portions of the analysis area that have 
a high level of sensitivity to modification of the landscape occur near communi­
ties, along highway corridors, and at recreation-use areas. A significant number 
of residents and visitors exposed to these landscapes would have a concern for 
scenic quality, and would be sensitive to modifications to the landscape. In gen­
eral, residents and other users of some portions of the area already developed 
with gas wells and coal mining are accustomed to viewing existing mineral re­
source development, but could be sensitive to increased levels of development. 

Most of the sensitive areas occur in the western part of the analysis area, includ­
ing I–25, the cities of Sheridan and Buffalo, and several recreation and historic 
sites. The I–25 corridor, which connects several communities within the analysis 
area, has the highest levels of traffic in the analysis area. Recreational use areas 
are described in the following section on Recreational Resources. Sensitive areas 
in the remainder of the analysis area include Gillette and recreational use areas in 
the eastern part of the analysis area. Other travel routes include I–90, several 
state highways, and numerous county roads and BLM roads that access the area 
from the highways. Public use of BLM roads is relatively low with motorists fal­
ling into the categories of local ranchers and residents, coal mine and gas field 
personnel, and recreationists. 
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Recreational Resources 
Recreational use of the analysis area is limited because more than 75 percent of 
the land is privately owned. Opportunities for dispersed recreation exist on fed­
eral and state lands throughout the analysis area. Major attractions include the 
TBNG, several state historic sites, and the historic Bozeman Trail. 

Dispersed Recreation 
Accessible public lands managed by the BFO provide diverse opportunities for 
recreation, including hunting, fishing, ORV use, sightseeing, and wildlife obser­
vation. Recreational use of public lands in the analysis area has increased sub­
stantially over the past two decades, and is expected to continue to increase by 
about 5 percent every 5 years for most recreational activities. Total visitor use by 
residents and nonresident visitors in 1980 was 730,000 visitor days. The total 
number of visitor days estimated for 1990 (1,881,763) was more than quadruple 
the number of visitor days for 1980. 

Some private landowners in the analysis area receive supplemental income from 
providing opportunities for hunting and fishing. The WGFD leases hunting rights 
on private land tracts. Participating landowners receive monetary compensation 
based on the size of the tract of land enrolled in the program. 

Developed Recreational Areas and Recreational 
Use Sites 

Analysis area counties include several special recreational management areas on 
public and private lands. In addition to the BFO, these areas are managed by 
various public agencies, including the WGFD, Wyoming State Parks and Histori­
cal Resources, and WYDOT. Few developed recreational sites or facilities occur 
within SMAs on federal lands in the analysis area. Developed recreational facili­
ties, such as campgrounds, are generally limited to private lands in or near larger 
communities in the analysis area and to state historical sites located in the west­
ern part of the analysis area. Most areas that provide recreational activities occur 
in the western portion of the analysis area, near the foothills of the Bighorn 
Mountains and in the Powder River Breaks. 

Recreation Planning 

BLM 

BLM has established general goals for the management of recreation across 
BLM-administered lands. The goals of recreation management for all BLM lands 
in the analysis area are to provide outdoor recreational opportunities on BLM-
administered public land while providing services for visitors and providing for 
the protection of resources and the health and safety of public land visitors. 

BLM also has defined explicit goals for the management of recreation in specific 
areas. The management objective for recreation in the Dry Creek Petrified Tree 
Environmental Education Area, the Fortification Creek Area, the Weston Hill 

3–45 Oil and Gas Leasing EA 70–05–064 



Chapter 3 — Affected Environment 

Recreation Area, and the Mosier Gulch Recreation Area is to ensure continued 
public use and enjoyment of recreational activities while protecting and enhanc­
ing natural and cultural values; improving opportunities for high-quality outdoor 
recreation; and, improving visitor services related to safety, information, interpre­
tation, and facility development and maintenance. 

Management decisions for the Dry Creek Petrified Tree Environmental Educa­
tion Area are to preserve the area near its natural state, prevent or slow down de­
terioration of the petrified trees, and inform the visitor about the area. Surface 
disturbance or occupancy is prohibited within ½-mile of the site unless waived 
by the authorized officer. 

Management objectives specific to the Fortification Creek Area, which includes 
the Fortification Creek WSA, are to allow orderly development of mineral re­
sources while protecting wildlife habitat and sub-watershed areas, and maintain­
ing wilderness values. No surface occupancy is allowed in elk calving areas and a 
seasonal timing limitation is applied to elk wintering areas. 

Forest Service – Thunder Basin National Grassland 
The Medicine Bow-Routt National Forest has developed an LRMP for the TBNG 
(U.S. Forest Service 2001a). Under the preferred Alternative 3, TBNG lands 
within the analysis area are within seven management areas. Each management 
area is managed for a particular emphasis or theme. 

National Forest System lands are inventoried and mapped by Recreation Oppor­
tunity Spectrum (ROS) class to identify the opportunities for recreation activities 
that occur on National Forest System lands. The ROS system is a continuum di­
vided into six classes ranging from Primitive to Urban. All of the TBNG lands in 
the analysis area have been inventoried with the Semi-Primitive Motorized class 
(U.S. Forest Service 1985). 

The Semi-Primitive Motorized class is characterized by a predominantly unmodi­
fied natural environment in a location that provides good to moderate isolation 
from sights and sounds of man except for facilities and travel routes sufficient to 
support motorized recreational travel opportunities that present at least moderate 
challenge, risk, and a high degree of skill testing. 

Wild and Scenic Rivers 
BLM has identified public lands along four waterway segments that were deter­
mined to meet the eligibility criteria for Wild and Scenic River (WSR) designa­
tion. The waterway review segments that were evaluated for eligibility criteria 
are along the Beartrap Creek, the Middle Fork of the Powder River, the Powder 
River at Cantonment Reno, and the North Fork of the Powder River review seg­
ments. The Beartrap Creek, North Fork of the Powder River, and the Powder 
River at Cantonment Reno were found to be not suitable for Wild and Scenic 
Rivers status primarily because of private land use and public access conflicts or 
because they would not be worthy additions to the system. The eligibility analy­
ses for the four waterway review segments are included in the attachments A, B, 
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and C of BLM’s Approved Resource Management Plan for the BFO (U.S. Bu­
reau of Land Management 2001a). 

The Middle Fork of the Powder River was determined to be a worthy addition to 
the Wild and Scenic River System. The Middle Fork of the Powder River Wa­
terway segments eligible for WSR include Outstandingly Remarkable Values for 
fisheries, scenic, cultural, wildlife, historic, and recreational for tentative classifi­
cations of Recreational and Wild. The analysis for the Middle Fork of the Powder 
River is summarized in the PRB O&G Final EIS (pages 3–273 and 3–274). 

Noise 
The land uses in the analysis area range from sparsely populated rural regions to 
more densely populated urbanized areas to industrial areas, such as coal mining 
and CBNG operations. Major sources of noise are towns; industrial facilities; 
major roadways, such as I–90; railroad corridors; and frequent high winds. Back­
ground noise surveys have not been conducted in the area. However, noise in 
rural areas away from industrial facilities and transportation corridors is generally 
30 to 40 dBA when the wind speeds are low. Levels of noise close to industrial 
facilities and transportation corridors are likely to be in the range of 50 to 
70 dBA, depending on the proximity to these sources. The most significant noise 
from CBNG operations results from the operation of compressor stations that use 
multiple engines to move natural gas from central gathering facilities and along 
high-pressure transmission pipelines. Noise from these compressor stations has 
been estimated to be 55 dBA at 600 feet from the compressor station (U.S. Bu­
reau of Land Management 2000b). 

West Nile Virus 
West Nile virus (WNV) is a mosquito-borne disease that can cause encephalitis 
or brain infection. Mosquitoes spread this virus after they feed on infected birds 
and then bite people, other birds, and animals. WNV is not spread by person-to­
person contact, and there is no evidence that people can get the virus by handling 
infected animals. 

Since its discovery in 1999 in New York, WNV has been firmly established in 
the United States and has continued to spread west. Birds are the natural vector 
host and serve to not only amplify the virus, but also spread it rapidly throughout 
the country because they are the only known animal to infect mosquitoes. 
Though fewer than 1 percent of mosquitoes are infected with WNV, they still are 
very effective in transmitting the virus to humans, horses, and wildlife. The 
Culex genus appears to be the most important mosquito group that vector WNV. 

The human health issues related to WNV are well documented and may continue 
to escalate as the virus moves west. In Wyoming, 392 human cases, with 8 
deaths, were attributed to the WNV in 2003. Human cases of WNV in Wyoming 
occur primarily in the late summer or early fall. There is some evidence that the 
incidence of WNV tapers off over several years after a peak following initial 
outbreak (Litzel 2004 and Mooney 2004). If this is the case, occurrences in 
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Wyoming are likely to increase over the next few years, followed by a gradual 
decline in the number of reported cases. 

Although most of the attention has been focused on human health issues, WNV 
has had an impact on vertebrate wildlife populations. At a recent conference at 
the Smithsonian Environmental Research Center, scientists disclosed WNV had 
been detected in 157 species of birds, horses, 16 other mammals, and alligators 
(Marra et al. 2003). In the eastern US, avian populations have incurred very high 
mortality, particularly crows, jays and related species.  Raptor species also appear 
to be highly susceptible to WNV. During 2003, 36 raptors were documented to 
have died from WNV in Wyoming, including Golden eagle, red-tailed hawk, fer­
ruginous hawk, American kestrel, Cooper’s hawk, northern Goshawk, great-
horned owl, prairie falcon, and Swainson’s hawk (Cornish et al. 2003). Actual 
mortality is likely to be greater. Population impacts of WNV on raptors are un­
known at present. The Wyoming State Vet Lab determined 22 sage-grouse in one 
study project (90 percent of the study birds), succumbed to WNV in the PRB in 
2003. While birds infected with WNV have many of the same symptoms as in­
fected humans, they appear to be more sensitive to the virus (Rinkes 2003). 

Mosquitoes can potentially breed in any standing water that lasts more than four 
days. In the PRB, there is generally increased surface water availability associ­
ated with CBNG development. This increase in potential mosquito breeding 
habitat provides opportunities for mosquito populations to increase. Preliminary 
research conducted in the PRB indicates WNV mosquito vectors were notably 
more abundant on a developed CBNG site than two similar undeveloped sites 
(Walker et al. 2003). Reducing the population of mosquitoes, especially species 
that are apparently involved with bird-to-bird transmission of WNV, such as 
some Culex species, can help to reduce or eliminate the presence of virus in a 
given geographical area (Animal and Plant Health Inspection Service 2004). The 
most important step any property owner can take to control such mosquito popu­
lations is to remove all potential man-made sources of standing water in which 
mosquitoes might breed (Animal and Plant Health Inspection Service 2004). 

The most common pesticide treatment is to place larvicidal briquettes in small 
standing water pools along drainages or every 100 feet along the shoreline of res­
ervoirs and ponds. It is generally accepted that it is not necessary to place the 
briquettes in the main water body because wave action prevents this environment 
from being optimum mosquito breeding habitat. Follow-up treatment of adult 
mosquitoes with malathion may be needed every 3 to 4 days to control adults 
following application of larvicide (Mooney 2004). These treatment methods 
seem to be effective when focused on specific target areas, especially near com­
munities; however, they have not been applied over large areas nor have they 
been used to treat a wide range of potential mosquito breeding habitats, such as 
that associated with CBNG development. 

WDEQ and the Wyoming Department of Health sent a letter to CBNG operators 
on June 30, 2004. The letter encouraged people employed in occupations that 
require extended periods of outdoor labor, be provided educational material by 
their employers about WNV to reduce the risk of WNV transmission. The letter 
encouraged companies to contact either local Weed and Pest Districts or the 
Wyoming Department of Health for surface water treatment options. 
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Socioeconomics 
The analysis area encompasses all or portions of Campbell, Johnson, and Sheri­
dan Counties in Wyoming. It also includes four incorporated municipalities: Gil­
lette, Wright, Sheridan, and Buffalo. 

Population 
The 2000 population in the analysis area is: Campbell County, estimated at 
33,698; Johnson County, estimated at 7,075; and Sheridan County, estimated at 
26,560. The total population of 67,333 for the counties accounts for about 14 per­
cent of the population in State of Wyoming. 

Between 2000 and 2008, it is projected that the counties within the analysis area 
would experience changes in population. Campbell and Johnson County both 
would increase by 4 percent. Sheridan County would decrease by 0.5 percent. 

Employment 
The annual average labor force for the analysis area consists of 37,337 employ­
ees. The overall unemployment rate for the analysis area is 6.7 percent, which is 
0.4 percent higher than the unemployment rate for the State of Wyoming. 

The dominant employment sectors in the analysis area in 1997 were Local Gov­
ernment, Retail Trade and Services. The mining sector (including oil and gas ex­
traction) was a minor component of the total employment in Sheridan and John­
son counties. However, mining employment in Campbell County was the largest 
employment sector, accounting for 25 percent of employment. 

Mining is one of the highest paying industries for analysis area counties. An es­
timated 2,074 employees worked in the CBNG industry within the analysis area. 

Housing 
In 2000, home values within the analysis area ranged from $76,000 to $130,000 
for an existing three-bedroom home and from $120,000 to $160,000 for a new 
three-bedroom home. There were 35,037 housing units in the analysis area in 
2000. Most of the available housing in the analysis area is in the communities of 
Gillette, Wright, Sheridan, and Buffalo. Between 1990 and 2000, the housing 
stock grew by 6.2 percent, which is half as fast as the 12.7-percent growth in 
population in the northeast portion of Wyoming (Wyoming Department of Em­
ployment Research and Planning 2001). 

The Campbell County Housing Needs Assessment estimated that in 2001, 98 
housing units would be rented and 92 housing units would be purchased as a re­
sult of CBNG development and production. It is also estimated that, county wide, 
as a result of all industries, 449 housing units would be rented and 861 housing 
units would be purchased. Current projections from this study suggest that de­
mand for rental units associated with CBNG would continue to increase (249 
rentals) through 2008 and would slowly decrease thereafter (study limited to 
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2020). Projected purchase demand would continue to increase (465 purchases) 
through 2009, and would slowly decrease thereafter (study limited to 2020). 

Community and Government Services 
The analysis area counties rely on the municipal population centers to provide 
water, wastewater systems, and solid waste disposal. In some instances, the coun­
ties contribute financially to the municipal infrastructure. Individuals in rural ar­
eas and unincorporated communities depend on water wells and septic tanks. 

Seventy-eight pre-kindergarten through 12th grade public schools are present in 
the analysis area. Campbell County operates 22 public schools, Converse County 
operates 14 public schools, Johnson County operates nine public schools, and 
Sheridan County operates 24 public schools. Sheridan College, Eastern Wyo­
ming College in Glenrock and Douglas, and University of Wyoming extension 
services are higher education learning centers within the analysis area. 

The analysis area counties and municipalities provide law enforcement services. 
Each county in the analysis area operates a detention center. 

In spite of an increase in CBNG employment between 1999 and 2000 (Wyoming 
Department of Employment Research and Planning 2002), most crimes, includ­
ing larceny, aggravated assault, burglary, motor vehicle theft, and robbery have 
decreased (Campbell County Sheriff’s Department 2000) between 1999 and 2000 
in Campbell County, where most of the CBNG workers live. Simple assault was 
the only category that showed an increase in the number of arrests (Campbell 
County Sheriff’s Department 2000). Crimes by employment sector are not avail­
able in any of the counties within the analysis area; therefore, the number of ar­
rests of CBNG workers is not available. 

Fire protection in the analysis area is provided by the Campbell County fire de­
partment, the Johnson County Fire Department, Sheridan County/City of Sheri­
dan mutual aid fire protection services. A broad range if medical services, includ­
ing six 24-hour emergency service hospitals, are located within the analysis area. 

Public Finance 
The taxable value of mineral production provides a significant amount of capital 
to the governing agencies. According to the Wyoming Department of Revenue, 
37 percent of State of Wyoming’s Taxable Valuation of Minerals Production for 
the fiscal year 1999 through June 30, 2000 was from the analysis area. The state 
assessed mineral production valuation for natural gas in the analysis area coun­
ties accounted for more than six percent of the total natural gas valuation for the 
State for Wyoming for the 2000 fiscal year, based on 1999 production. The taxes 
on oil and gas production are provided on Table 3–8. 
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Table 3–8 State of Wyoming Oil and Gas Taxes 

Tax 	Rate 
Severance Tax 6 percent on normal

Ad Valorem Taxes 6.3 percent (Campbell and Converse Counties in 1999) 


6.8 percent (Johnson and Sheridan Counties in 1999) 

Wyoming Oil and	 Tertiary Oil Production (4 percent) 
Gas Tax Variances 	 Renewed Production (1.5 percent severance tax for first 60­

month production period); Workover/Recompletion Production 
(2 percent severance tax for first 24 months of production after 
Workover/Recompletion) 
New wells drilled (7/1/93-3/31/03) (2 percent severance tax for 
first 24 months of production up to 60 bbls/day or 6MCF/bbl gas 
equivalent) 

Wyoming Oil and 0.060 percent 
Gas Conservation 
Tax 

Tribal Severance Tax	 8.5 percent on non-stripper oil production and gas production and 
4 percent on oil stripper wells (bpd or less) 

Source: U.S. Bureau of Land Management 2001b 

Mineral Royalties 
The Mineral Management Service, U.S. Department of the Interior, collects min­
eral lease royalties for gas produced by wells completed on federal lands. The 
operators pay federal royalties for each well producing from federally owned oil 
and gas mineral estate. After administrative costs are deducted, half of the royal­
ties would be retained by the federal government and used for the General Fund 
and various other funds. The remaining half would be distributed to the State of 
Wyoming and used for schools, roads, and other public works. The operators also 
would pay state royalties for each well producing from state-owned oil and gas 
mineral estate. These royalties would be retained by the State of Wyoming. 

Environmental Justice 
Executive Order 12898 on Environmental Justice in Minority and Low Income 
Populations, issued on February 11, 1994, identifies and addresses, as appropri­
ate, disproportionately high and adverse human health and environmental effects 
of programs, policies, or activities on minority or low-income populations. In the 
analysis area, minority populations include Native American, Hispanic, and low-
income Caucasian populations. Large segments of these populations also com­
pose the low-income groups in this area. 

Although the analysis area is within Wyoming, socioeconomic impacts with re­
spect to Environmental Justice may be felt beyond the analysis area, specifically 
in four counties (Big Horn, Powder River, Rosebud and Yellowstone) in Mon­
tana that are the home of two Indian Reservations (Crow and Northern Chey­
enne) and an Amish community. The racial and age characteristics, and the pov­
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erty rates of the analysis area counties as well as the neighboring Montana coun­
ties are provided in the PRB O&G Final EIS. 

Air Quality 
Existing Air Quality 

WDEQ detects changes in air quality through monitoring and maintains an ex­
tensive network of air quality monitors throughout the state. Particulate matter is 
most commonly measured as particles finer than 10 microns or PM10. The eastern 
side of the PRB has one of the most extensive networks of monitors for PM10 in 
the nation due to the density of coal mines. In addition to the network associated 
with the mines, there are also monitors in Sheridan and Gillette, Wyoming. 

WDEQ uses monitoring located throughout the state to anticipate issues related 
to air quality. These monitoring stations are located to measure ambient air and 
not located to measure impacts from a specific source. Monitors located to meas­
ure impacts from a specific source may also be used for trends. These data are 
used to pro-actively arrest or reverse trends towards air quality problems. When 
WDEQ became aware that particulate readings were increasing due to increased 
CBNG activity and exacerbated by prolonged drought, the WDEQ approached 
the counties, coal mines and CBNG industry. A “coalition of the counties”, coal 
companies and CBNG operators have made significant efforts towards minimiz­
ing dust from roads. Measures taken have ranged from the implementation of 
speed limits to paving of heavily traveled roads. 

Monitoring is also used to measure compliance. When WDEQ determines that a 
monitored exceedance is a violation of an air quality standard, the WDEQ can 
take a range of enforcement actions to remedy the situation. Where a standard is 
exceeded specific to an operation, the enforcement action is specific to the facil­
ity. For many facilities, neither the cause nor the solution is simple. The agency 
normally uses a negotiated settlement in those instances. 

There are also monitors for nitrogen oxides (NOx) spread along the east side of 
the PRB. WDEQ has also sited two visibility monitoring stations in the PRB. 
One of these sites is 32 miles north of Gillette and includes instruments to meas­
ure visibility and instruments to measure meteorological parameters (tempera­
ture, RH, wind speed, wind direction), a digital camera, instruments to measure 
ozone and instruments to measure oxides of nitrogen (NO, NO2, NOx). 

The other visibility monitoring station is located 14 miles west of Buffalo and 
includes instruments to measure visibility and instruments to measure meteoro­
logical parameters (temperature, RH, wind speed, wind direction), and a digital 
camera. 

Although specific air quality monitoring is not conducted throughout most of the 
analysis area, air quality conditions in rural areas are likely to be very good, as 
characterized by limited air pollution emission sources (few industrial facilities 
and residential emissions in the relatively small communities and isolated 
ranches) and good atmospheric dispersion conditions, resulting in relatively low 
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air pollutant concentrations. Occasional high concentrations of carbon monoxide 
(CO) and particulate matter may occur in more urbanized areas (for example, 
Buffalo, Gillette, and Sheridan) and around industrial facilities, especially under 
stable atmospheric conditions common during winter. 

Existing air pollutant emission sources within the region include the following: 

¾	 Exhaust emissions (primarily CO and oxides of nitrogen [NOx]) from ex­
isting natural gas fired compressor engines used in production of natural 
gas and CBNG; gasoline and diesel vehicle tailpipe emissions of com­
bustion pollutants (Volatile Organic Compounds [VOC], CO, NOx, in­
halable particulate matter less than 10 microns in effective diameter 
[PM10], fine particulate matter less than 2.5 microns in effective diameter 
[PM2.5], and sulfur dioxide [SO2]); 

¾	 Dust (particulate matter) generated by vehicle travel on unpaved roads, 
windblown dust from neighboring areas and road sanding during the 
winter months; 

¾ Transport of air pollutants from emission sources located outside the re­
gion; 

¾ Dust (particulate matter) from coal mines; and 
¾ SO2 and NOx from power plants. 

As part of the analysis, monitoring data measured throughout northeastern Wyo­
ming and southeastern Montana were assembled and reviewed. Although moni­
toring is primarily conducted in urban or industrial areas, the data selected are 
considered the best available representation of background air pollutant concen­
trations throughout the analysis area. Specific values are discussed in the PRB 
O&G Final EIS, along with applicable ambient air quality standards and Preven­
tion of Significant Deterioration (PSD) increments, and were used to define back­
ground conditions in the air quality impact analysis. The assumed background 
pollutant concentrations are below applicable National Ambient Air Quality 
Standards (NAAQS) and Wyoming Ambient Air Quality Standards (WAAQS) 
for all criteria pollutants and averaging times. 

Visibility 
Visibility can be defined as the distance one can see and the ability to perceive 
color, contrast, and detail. Fine particulate matter (PM2.5) is the main cause of 
visibility impairment. Visual range, one of several ways to express visibility, is 
the furthest distance a person can see a landscape feature. Maximum visual range 
in the western United States would be about 140 miles. Presently, the visibility 
conditions monitored in the Bridger Wilderness Area are among the best in the 
United States. Visual range monitoring in the Bridger Wilderness Area shows 
that one can see more than 70 miles 70 percent of the time. 

Visibility impairment is expressed in terms of deciview (dv). The dv index was 
developed as a linear perceived visual change (Pitchford and Malm 1994), and is 
the unit of measure used in the EPA’s Regional Haze Rule to achieve the Na­
tional Visibility Goal. A change in visibility of 1.0 dv represents a “just notice­
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able change” by an average person under most circumstances. Increasing dv val­
ues represent proportionately larger perceived visibility impairment. 
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This chapter provides an analysis of the effects (environmental consequences) 
that would result from implementation of the alternatives. An environmental 

effect or consequence is defined as a modification or change in the existing envi­
ronment brought about by the action taken. Effects can be direct, indirect, or cu­
mulative and can be temporary (short term) or permanent (long term). Effects can 
vary in degree, ranging from only a slight discernable change to a drastic change 
in the environment. For this analysis, short-term effects are defined as occurring 
during the construction and drilling/completion phases. Long-term effects are 
caused by construction and operations that would remain longer. 

The analysis evaluated the effects that would occur in the analysis area, regard­
less of land ownership. However, the decision on this analysis by BLM would 
apply only to federal lands. The effects reported for non-federal lands may occur 
regardless of BLM’s decision. Effects on non-federal lands are included to pro­
vide a full disclosure of effects for the complete development and to support 
other environmental permitting associated with the development of CBNG. 

Ground Water 
The primary effects of CBNG development on ground water resources would be 
associated with the removal of ground water stored in coal seams and the subse­
quent recharge of aquifers through infiltration of water or injection of produced 
water. Development of CBNG could drawdown water in non-CBNG wells com­
pleted in the developed coal aquifers and in the overlying and underlying sand 
aquifers. Other potential effects on existing water wells would include changes in 
water yield, water quality and methane emissions. 

Other effects on ground water resources would consist of potential changes in 
ground water chemistry, in the nature of ground water discharge to the surface, or 
recharge to the aquifers. The nature of ground water discharge to the surface as 
springs, seeps, or base flows of surface drainages could change. Surface dis­
charge of extracted ground water from CBNG operations into surface drainages, 
flow-through stock reservoirs, upland or bottomland infiltration impoundments, 
or upland containment impoundments would enhance recharge of shallow aqui­
fers below creek and impoundment areas. Injection of CBNG produced water 
would recharge the aquifer units in which the injection wells are completed. 

Numerical ground water flow modeling was used to predict impacts to the 
ground water system from the CBNG development. The technical description of 
this model as well as the hydrologic data and assumptions are discussed in detail 
in the PRB O&G Final EIS (pages 4–2 through 4–12). 
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Alternative 1 — No Action 
Overall, the effects of developing CBNG under this alternative would parallel 
those described in the PRB O&G Final EIS, but would be proportionately 
smaller. The projected effects on water yield, aquifer characteristics and condi­
tions, water quality, quantity, and water use for the 285 leases are summarized 
below. 

Yield of Produced CBNG Water 
Total production of water from CBNG wells on the 285 leases is estimated at 
167,317 acre-feet (Table 4–1). This estimate includes wells already completed 
and projections of new wells. Total production of water from new wells on the 
285 leases is estimated to be 147,698 acre-feet. Most of the projection would oc­
cur in four sub-watersheds: the Upper Tongue River, Clear Creek, Crazy Woman 
Creek, and Upper Powder River (Table 4–1). The volume of water produced by 
the new wells on the 285 leases would be 5 percent of the total production pro­
jected for development of the PRB in the PRB O&G Final EIS (U.S. Bureau of 
Land Management 2003:Table2–8). 

Table 4–1	 Number of Wells and Projected Production at Maximum 
Development on the 285 Leases — Alternative 1 

 Projected: 
Production from 

No. of  Production No. of New Wells 
Sub-watershed Wells (acre-feet) New Wells (acre-feet ) 
Antelope Creek 23 1,521 20 1,345 
Clear Creek 578 34,114 564 33,304 
Crazy Woman Creek 475 28,091 378 22,333 
Little Powder River 169 7,613 160 7,196 
Middle Powder River 293 17,224 163 9,585 
Salt Creek 23 1,357 23 1,359 
Upper Belle Fourche River 97 6,402 86 5,678 
Upper Cheyenne River 20 1,296 15 953 
Upper Powder River 457 26,996 405 23,904 
Upper Tongue River 734 42,704 723 42,040 
Total1	 2,870 167,317 2,537 147,698 
Note: 
1. Total may not match precisely with the value obtained by adding unit numbers because of 

rounding conventions. 

Water produced from CBNG wells would consist of ground water pumped from 
storage within the developed coals and water that leaks from nearby sands into 
the coals as they are depressurized. The estimate of recoverable ground water 
stored in the coal zone and sandstones of the Fort Union and Wasatch Formations 
within the analysis area is around 746 million acre-feet (U.S. Bureau of Land 
Management 2003:Table 3–5). The total production of CBNG water projected 
for these 285 leases represents a very small fraction (less than 0.02 percent) of 
the recoverable ground water present in these formations (the entire development 
evaluated in the PRB O&G Final EIS also represents less than 1 percent of the 
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recoverable ground water). Depending on the water handling practices used 
within each sub-watershed under Alternative 2A (U.S. Bureau of Land Manage­
ment 2003:Table 2–21), a portion of the pumped water would be recharged to the 
ground water system as a result of infiltration along creeks and below impound­
ments. 

Ground water stored in the coal would be removed concurrently with leakage 
into the coal from above and below. The contribution from leakage would in­
crease over the life of a well as water stored in the coal is removed. Leakage rates 
under large induced vertical gradients can be significant. 

Aquifer Characteristics 
The removal of water from the coal seam is unlikely to have any measurable ef­
fects on the physical characteristics of the aquifer and its ability to store or trans­
port water. 

Aquifer Conditions 
Removal of water from the coal seam and its subsequent disposal would affect 
conditions in the coal-bed aquifers at various times during or after development 
of CBNG. The following sections discuss these effects. 

Alluvial Aquifers 
Depending on the water handling practices used within each sub-watershed, an 
estimated 80 to 95 percent of the ground water produced from new CBNG opera­
tions under this alternative (118,000–148,000 acre-feet) would be released to sur­
face drainages or impoundments. A portion of the released water would recharge 
the alluvium and underlying shallow Wasatch sand and bedrock aquifers. 

Water levels in alluvium likely would increase from discharges of CBNG pro­
duced water. In areas with near-surface water tables, the increase in water level 
may be exhibited as standing water in areas not previously displaying this condi­
tion or as wetland development, unless the number of CBNG wells releasing pro­
duced ground water to surface drainages or impoundments is carefully con­
trolled. 

Ongoing studies conducted by BLM document effects and trends associated with 
the infiltration of CBNG produced water into alluvial deposits. BLM studies in 
the Brown Reservoir; Bone Pile Creek; Burger Draw; and Caballo Creek are de­
scribed in PRB O&G Final EIS. Additional studies are associated with infiltra­
tion impoundments and the potential impact to shallow ground water at Juniper, 
Fallen Eagle, Lower Prairie Dog, Skewed, and Wild Horse Creek Reservoir sites. 

Shallow ground water monitoring is ongoing at several impoundment sites across 
the PRB. Due to the limited data available from these sites, the still uncertain 
overall fate or extent of change that is occurring due to infiltration at those sites, 
and the extensively variable site characteristics, both on the surface and subsur­
face, it is not reliable at this time to infer that findings from these monitoring 
wells should be directly applied to other impoundment locations across the PRB. 
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To address the potential impacts from infiltration on shallow ground water, the 
WDEQ developed a guidance document, “Compliance Monitoring for Ground 
Water Protection Beneath Unlined Coalbed Methane Produced Water Impound­
ments” (June 14, 2004), which can be accessed on their internet website. This 
guidance document became effective August 1, 2004. The WDEQ has estab­
lished an Impoundment Task Force which is in the process of drafting an “Im­
poundment Monitoring Plan” to investigate the potential for existing impound­
ments to have affected shallow ground water. BLM would require that operators 
comply with the requirements outlined in the DEQ compliance monitoring guid­
ance document (June 14, 2004) prior to discharge of federally produced water 
into newly constructed or upgraded impoundments. 

Ground Water Use 
Impacts to individual water wells completed within the coal, and in sands above 
the coal, would depend on proximity to CBNG production wells, depth and com­
pletion interval of the water well, and the yield required to maintain the well as a 
usable source. Drawdown of water levels in coal aquifers caused by development 
of CBNG may affect individual well users by reducing well yield. Other potential 
effects on water wells would be emissions of methane discussed below. 

A standard agreement has been developed by CBNG operators and the Powder 
River Basin Resource Council to monitor and mitigate impacts to owners of indi­
vidual water wells that are caused by CBNG operations. A copy of this water 
well agreement format is included in the PRB O&G Final EIS as Appendix G. 

Ground Water Chemistry 
Ground water quality within the regional aquifer systems of the PRB would not 
be noticeably affected under Alternative 1. Any noticeable effects on ground wa­
ter quality would be expressed as effects on aquifers that would serve as injection 
zones during CBNG development or on existing springs derived from these aqui­
fers. The issues associated with the potential effects on ground water chemistry 
or quality are specific to the local conditions associated with sites under evalua­
tion for proposed activities. The effects would be analyzed on a site-specific ba­
sis at the APD and POD level of analysis. 

Ground Water Flow Systems 
Impacts on volume of recoverable ground water in storage within the PRB under 
Alternative 1 would likely not be noticeable. Total projected CBNG water pro­
duction from both 285 leases (Table 4–1)and EIS leases represents far less than 1 
percent of the recoverable ground water in the sands and coals of the Tongue 
River-Wasatch aquifer and the Wasatch and Fort Union Formations of the PRB 
(U.S. Bureau of Land Management 2003). 

Flowing Artesian Wells and Springs 
Wells completed in shallow aquifers that flow locally would not be likely af­
fected by drawdown of the coal zone aquifer during development of CBNG. 
These wells likely would be affected; however, by increased flows due to the 
increased availability of shallow ground water where the CBNG produced water 
is infiltrating. Deep flowing artesian wells completed in the coal zone aquifer or 
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sandstone layers in hydraulic connection with the coal zone aquifer likely would 
be affected by drawdown of the coal zone aquifer during CBNG development. 
Decreased flows or no flow would be the likely effects on wells completed in 
deep aquifers. 

The effects on springs that issue from shallow sources would be similar to the 
effects on shallow flowing artesian wells described above. 

Potential effects on springs that issue from clinker outcrops along a low-
permeability zone at the contact between the clinker and the coal are also not 
likely to occur. Large areas of clinker exposure allows a large amount of re­
charge, however, presence of a low-permeability zone between the clinker and 
the coal will channels water in the clinker to the spring rather than recharging the 
coal. A decrease in recharge to the spring that could potentially reduce flow for 
this type of spring is not projected to occur under this alternative. 

Ground Water Discharge Areas 
A reduction in hydraulic head within the coal aquifer projected during develop­
ment of CBNG under Alternative 1 likely would reduce ground water discharge 
and base flows in surface drainages within the Powder River’s drainage basin. 
Ground water discharge likely would not recover until the hydraulic head in the 
coal aquifer recovers sufficiently after development of CBNG. 

The use of infiltration impoundments or flow-through stock reservoirs during 
surface discharge could cause new springs to develop where a near-surface zone 
of low permeability intercepts the surface, unless these water handling facilities 
are sited to minimize this potential effect. Siting in accordance with WDEQ and 
WSEO requirements and avoidance of sites where a zone of low permeability 
intercepts the surface downhill or downgradient from an area where considerable 
infiltration of CBNG produced water is occurring would minimize the potential 
for shallow infiltrated water to resurface. 

The issues associated with the impacts of dewatering and infiltration on springs, 
pre-CBNG artesian wells, and ground water discharge areas are specific to the 
local conditions. The effects and site-specific mitigating measures or monitoring 
requirements would be analyzed on a site-specific basis at the APD or POD level 
of analysis. 

Alternative 2 — Standard Lease Terms and Lease 
Notice 

Solely from the leasing perspective and for the comparative analysis of alterna­
tives in the EA, implementation of this alternative would result in effects similar 
to those described for Alternative 1. The numbers of wells involved would be the 
same and the CBNG wells and facilities for the disposal of water produced from 
CBNG wells would still have to meet the requirements of the State of Wyoming. 
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Alternative 3 — Modified Lease Terms 
Impacts under Alternative 3 would be similar to those under Alternative 1. How­
ever, the size of the affected area and relative magnitude of impacts would be 
slightly lower because the number of wells would be reduced and the consequent 
lower CBNG production associated with no leasing in proposed ACECs. The 
number of CBNG wells and associated impacts are not likely to be reduced by 
the modification of lease terms and adding NSO and TLS. 

The reduction in number of wells and associated CBNG water production would 
occur only in Upper Powder River sub-watershed. This reduction in the number 
of wells translates to 2 percent reduction in production of CBNG water in the 
Upper Powder River sub-watershed (Table 4–1 vs. Table 4–2). Overall, the pro­
duction of water in the analysis area under Alternative 3 is estimated to be 
163,776 acre-feet (Table 4–2). The scale of reduction in the production of CBNG 
water under this alternative is relatively small and the magnitude of effects would 
be on a similar scale. 

Table 4–2	 Number of Wells and Projected Production at Maximum 
Development on the 285 Leases — Alternative 3 

 Projected: 
Production from 

No. of  Production No. of New Wells 
Sub-watershed Wells (acre-feet) New Wells (acre-feet ) 
Antelope Creek 23 1,521 20 1,345 
Clear Creek 578 34,114 564 33,304 
Crazy Woman Creek 475 28,091 378 22,333 
Little Powder River 169 7,613 160 7,196 
Middle Powder River 293 17,224 163 9,585 
Salt Creek 23 1,357 23 1,359 
Upper Belle Fourche River 97 6,402 86 5,678 
Upper Cheyenne River 20 1,296 15 953 
Upper Powder River 397 23,454 345 20,363 
Upper Tongue River 734 42,704 723 42,040 
Total1	 2,810 163,776 2,477 144,156 
Note: 
1. Total may not match precisely with the value obtained by adding unit numbers because of 

rounding conventions. 

Alternative 4 — No Surface Disposal of Produced 
Water 

Alternative 4 involves a small fraction of the number of CBNG wells and vol­
umes of water produced as Alternative 1 (Table 4–3). Except for the differences 
associated with water handling options and the volumes of water involved, the 
effects on ground water resources would be similar to Alternative 1. Under this 
alternative, no surface disposal of CBNG produced water would be allowed. All 
produced water would be injected providing the injection zone is capable of ac­
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cepting the anticipated volume without adverse impacts to ground water re­
sources. 

Table 4–3	 Number of Wells and Projected Production at Maximum 
Development on the 285 Leases — Alternative 4 

 Projected: 
Production from 

No. of  Production No. of New Wells 
Sub-watershed Wells (acre-feet) New Wells (acre-feet ) 
Antelope Creek 21 1,387 18 1,210 
Clear Creek 86 5,061 72 4,252 
Crazy Woman Creek 97 5,758 0 0 
Little Powder River 46 2,081 37 1,664 
Middle Powder River 179 10,521 49 2,881 
Salt Creek 0 0 0 0 
Upper Belle Fourche River 33 2,176 22 1,452 
Upper Cheyenne River 5 343 0 0 
Upper Powder River 184 10,882 132 7,791 
Upper Tongue River 62 3,629 51 2,965 
Total1	 714 41,836 381 22,216 
Note: 
1. Total may not match precisely with the value obtained by adding unit numbers because of 

rounding conventions. 

Impacts on ground water resources under Alternative 4 would be expressed pri­
marily as effects on aquifers that would serve as injection zones during CBNG 
development or on existing springs derived from these aquifers. The injection of 
CBNG produced water into disposal wells could affect the quality, quantity, and 
temperature of ground water contained in the injection zone or possibly other 
aquifers within the disposal well’s area of influence. However, ground water in 
these deeper aquifer units has not been developed as extensively as in aquifer 
units above the coal zone and in the coal zone itself. Finally, testing has not 
shown injection to be economical because of high costs and uncertain success in 
disposing of large volumes of produced water over the life a group of CBNG 
wells. 

In the absence of surface disposal, water produced from CBNG wells would not 
contribute to the recharge of the alluvium and shallow Tertiary ground water 
units from infiltration along creeks and below impoundments. Injection of water 
produced from CBNG wells would result in recharge only to the zones of injec­
tion, which in this analysis are assumed to be zones deeper than the Fort Union 
coal. The reduced recharge to the Wasatch sands and the coal zones within the 
Fort Union Formation could decrease the yields of water as well as contribute to 
drawdowns in these units. However, the absence of the CBNG contribution to 
recharge would likely not have a noticeable effect on yield and drawdown and it 
would likely not affect the recovery of water in these formations in the long term. 

Impacts on the quality of ground water within the alluvium and shallow Tertiary 
ground water units of the PRB would be less than for the other three development 
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alternatives. This conclusion is based on the absence of infiltration of water pro­
duced from CBNG wells. 

Under this alternative, there would be no impacts on the shallow ground water 
flow system, including springs, artesian wells, and ground water discharge areas. 
As with impacts to the quality of ground water, this conclusion is based on the 
absence of infiltration of water produced from CBNG wells. 

Alternative 5 — No CBNG Development on Leases 
Implementation of this alternative would result in no additional CBNG-related 
effects to ground water. Effects associated with the existing CBNG wells would 
continue throughout the life of those wells. However, with no further develop­
ment of CBNG, no additional effects would occur. 

Cumulative Effects 
Although the regional flow of ground water is toward the north, it is interrupted 
where coal aquifers are discontinuous and ground water is discharged in local 
flow systems. Most of this local discharge of ground water from bedrock aquifers 
occurs above stream level and is lost through evapotranspiration or is consumed 
as soil moisture and does not make a noticeable contribution to surface drainages. 
The discontinuous nature of the various coal zones also would limit the areal ex­
tent of drawdown in Montana, outside the analysis area, that is associated with 
CBNG development in the PRB within Wyoming. 

Alternative 1 — No Action 
The cumulative effects of the development of CBNG and coal mining would be 
the same as those described for Alternative 1 in the PRB O&G Final EIS. The 
cumulative effects on ground water resources from existing and reasonably fore­
seeable activities associated with the development of CBNG and coal mining 
were included in the regional ground water model and impact analysis described 
in the PRB O&G Final EIS. 

Cumulatively, ground water would be removed from the coal aquifers that under­
lie the analysis area, which would temporarily reduce the hydraulic pressure 
head. This decline in head likely would cause a slight reduction in the regional 
discharge of ground water to surface drainages within the PRB, including drain­
ages downstream of the analysis area in Montana. Similarities and differences in 
the effects associated with mining and development of CBNG are described in 
PRB O&G Final EIS. 

Aquifer Conditions 
Maximum projected drawdowns would occur in the centers of CBNG develop­
ment. Within the northern portion of the analysis area, production of CBNG 
would occur from two or more coal-bearing units. Drawdown would depend on 
the depth of the target coal below the surface. In deep areas of the basin, such as 
the central and northwestern portions, maximum drawdowns projected by the 
model would exceed 800 feet. In shallow areas of the basin, such as the south­
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eastern portion, modeled drawdowns would be 200 to 400 feet over most of the 
active CBNG well fields (U.S. Bureau of Land Management 2003). 

Recovery of water levels in the coal would become apparent after water produc­
tion started to decline. Initially, recovery would be primarily a result of redistri­
bution of ground water stored in the aquifer. Redistribution is projected to result 
in a rapid initial recovery and is projected to occur over 25 years. By 2030, esti­
mated 100 feet of drawdown would still exist in most of the coal seams in the 
PRB. The rate of recovery after 2030 would then slow dramatically, eventually 
recovering to within 20 feet or less of pre-operation conditions over the next hun­
dred years (U.S. Bureau of Land Management 2003). 

Coal mining along the eastern and northwestern subcrop would result in minimal 
recharge to the coal while the mines are active because of the ground water sink 
caused by pit dewatering. As mines are reclaimed and eventually shut down, the 
backfilled areas would become long-term recharge zones for the coal aquifer. 
Infiltration through backfill areas may be substantial because the permeability of 
the backfill materials tends to be much higher than in the original unmined mate­
rials. In addition, most of the creeks would be diverted over these backfilled ar­
eas, providing an important source of recharge water. 

Drawdown effects in deep Wasatch sands were estimated by extrapolating the 
results from the Caballo Creek model. Maximum drawdown of the deep Wasatch 
sands is projected to reach about 60 feet in year 2010. Drawdowns in deep sands 
that occur within 100 feet of developed coals may be between 5 to 10 percent of 
the projected drawdowns in the coal. Drawdown in the shallow Wasatch sands is 
expected to occur only near mines and areas where the target coal seam for 
CBNG development is nearer the surface. 

The water levels in shallow Wasatch sands would increase because of infiltration 
of CBNG produced water discharged to creeks and impoundments in some areas 
of the basin. Recovery in the deep Wasatch sands would tend to occur after water 
levels in the coal recovered substantially and induced leakage from the deep Wa­
satch sands into the coal became minimal. Water levels would recover to within 
25 feet of pre-operation levels over 20 years after CBNG development ends. Wa­
ter levels would eventually recover to within less than 20 feet of pre-operation 
levels over the next hundred years (U.S. Bureau of Land Management 2003). 

Ground Water Use 
Deep artesian wells near the Powder River that are completed in the coal aquifer 
likely would be affected by drawdown associated with development of CBNG 
and would not recover for many years. Shallow artesian wells likely representing 
a shallow, local ground water flow system would not be affected by drawdown of 
the coal aquifer. However, infiltration of CBNG produced water may affect the 
water chemistry and increase flow rate and of shallow artesian wells. 

Many issues related to water wells, including shallow artesian wells, deep-water 
wells near the Powder River, and monitoring wells at coal mines, would depend 
on site-specific geologic and hydrologic conditions and existing or proposed de­
velopments. Water well and monitoring well impacts would be analyzed on a 
site-specific basis at the APD or POD level of analysis. 
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Withdrawal of water during CBNG development can depressurize the coal aqui­
fer and induce methane release into nearby water wells completed in the coal aq­
uifer. Individual well users in the coal aquifer may experience an increase in 
emissions of methane if the wells fall within an area that experiences noticeable 
aquifer depressurization. Consequently, opportunities for development of ground 
water may be limited where gas is present in concentrations that are potentially 
explosive or have a negative effect on water quality. Effects of methane on well 
water quality and potential explosion hazards are described in PRB O&G Final 
EIS. 

Ground Water Chemistry 
Leakage 
Pumping of water at CBNG wells likely would move waters with different chem­
istry from overlying or underlying sand layers into the coal aquifer. Although 
procedures for drilling and completing CBNG wells are strictly controlled by 
WOGCC and BLM requirements, many existing non-CBNG well bores likely do 
not effectively isolate the formations penetrated and may serve as conduits for 
mixing of waters from different aquifers. No comprehensive evaluation of the 
integrity of existing wells within the analysis area has been conducted. 

Infiltration 
The impacts to water quality from CBNG would occur due to infiltration of pro­
duced water through the unsaturated zone leaching salts and metals that are then 
transported them downward mixing with shallow ground water. Chemical proc­
esses that likely would be occurring and the effects of these changes on ground 
water quality are described in the PRB O&G Final EIS (U.S. Bureau of Land 
Management 2003:4–54). 

Impoundments 
The ground water chemistry that is characteristic of CBNG produced water 
would change over time as it evaporates from infiltration or containment im­
poundments. The processes and changes that are likely to occur are described 
later in this chapter under the section on Surface Water. 

Water Wells 
Where CBNG wells are drilled in close proximity to existing water wells, water 
quality in existing water wells may be temporarily affected immediately after the 
CBNG wells are drilled and completed. The WSEO has received reports of in­
creased sediment, fines, and methane odor in wells where water is being pro­
duced from a zone shallower than the target coal. 

Springs 
Portion of CBNG produced water handled by infiltration impoundments contrib­
ute to shallow lateral flows and subsequent discharge to springs and surface 
drainages. CBNG produced water could mix with shallow ground water or sur­
face water from natural sources. Chemical processes that likely would be occur­
ring and the effects of these changes on ground water quality are described in the 
PRB O&G Final EIS (U.S. Bureau of Land Management 2003:4–55). 
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CBNG Drilling Fluids 
Drilling fluids are not expected to have any effect on the Tertiary aquifer system. 
The WOGCC and BLM requirements for well drilling procedures ensure that 
each formation remains as isolated as under natural conditions and that the integ­
rity of the well bore remains intact, protecting ground water quality in aquifers 
drilled by CBNG wells. Additionally, drilling fluids do not contain constituents 
that would contaminate the formations and the drilling mud is in contact with the 
formations surrounding the uncased well bore for only a short time. 

Hydraulic Fracturing 
Small fractures are generated during well completion by hydraulic fracturing 
when the producing formation immediately surrounding the CBNG well bore 
does not contain enough natural cleats or fractures to facilitate movement of gas 
toward the well. Fluids used in hydraulic fracturing may or may not be acidic, 
depending on the characteristics of the producing formation. Hydraulic fracturing 
is strictly controlled so that methane is directed toward the well bore and so that 
it does not induce methane to migrate away toward existing water wells. To date, 
no impacts of hydraulic fracturing on existing water wells have been documented 
(U.S. Environmental Protection Agency 2002). However, preliminary research 
done by Colmenares and Zoback, Stanford University, found that during water-
enhance hydraulic fracturing of the coal “all of the wells with exceptionally high 
water production are associated with vertical fracture propagation”. This may 
allow for significant mixing of waters from different aquifers (for example the 
overlying water bearing zones). 

Injection 
Ground water flow systems in potential injection zones below the coal zone aqui­
fer likely would be dominated by regional flows. Ground water in these deeper 
aquifer units has not been developed as extensively as in aquifer units above the 
coal zone and in the coal zone itself. Although the effects of ground water addi­
tions that would be associated with injection operations are not well known, test­
ing has not shown injection to be economically because of high costs and uncer­
tain success in disposing of large volumes of produced water over the life a group 
of CBNG wells. In addition, the injection of CBNG produced water into disposal 
wells could affect the chemistry or quality, quantity, and temperature of ground 
water contained in the injection zone or other aquifers within the disposal well’s 
area of influence. The injection of water produced from CBNG wells is con­
trolled by general underground injection control (UIC) permits issued by the 
State of Wyoming. 

Ground Water Flow Systems 
Regional flow within and out of the PRB also would not be noticeably affected 
under this alternative. The effects on shallow Tertiary downgradient aquifers 
would be similar to the effects already described in this chapter for these aquifers 
within the analysis area. Ground water in the deeper, lower Tertiary and lower 
Cretaceous flow system is not hydraulically connected with the Tertiary coal 
zone aquifer, and would not be affected by CBNG development. 
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Any noticeable effects on local ground water flow systems would be expressed as 
effects on existing springs, flowing (artesian) wells, or ground water discharge 
areas. 

Alternative 2 — Standard Lease Terms and Lease 
Notice 
The cumulative effects of this alternative on ground water resources would be 
same as those described under Alternative 1. 

Alternative 3 — Modified Lease Terms 
The cumulative effects of this alternative on ground water resources would be 
very similar to, but slightly lower in magnitude than those described for Alterna­
tive 1. The reduction in magnitude would occur because no new CBNG wells 
would be completed in proposed ACECs. Thus, implementation of this alterna­
tive would result in reduced effects from the discharge of produced water from 
CBNG wells; however the scale of the reduction likely would not be noticeable 
(about 1,740 acres of 171,000 acres of leases are in proposed ACECs). 

Alternative 4 — No Surface Disposal of Produced 
Water 
The cumulative effects of this alternative on ground water resources would be 
much smaller than those described for Alternative 1, especially when considering 
the differences associated with the water handling options used on the 285 leases. 
Cumulative effects on ground water resources under Alternative 4 would involve 
primarily effects on aquifers that would serve as injection zones during the de­
velopment of CBNG. As discussed above, the injection of water produced from 
CBNG wells on the 285 leases into disposal wells could affect the quality, quan­
tity, and temperature of ground water receiving the injection. However, the ef­
fects of the injection would be relatively local because the requirement for no 
surface disposal of produced water would not apply to other leases in the PRB. 

As noted above, in the absence of surface disposal, water produced from CBNG 
wells would not contribute to the recharge of the alluvium and shallow Tertiary 
ground water units. The cumulative effects on of this absence of discharge on 
water yields and drawdowns would be negligible, localized, and masked by the 
recharge from water produced by CBNG wells on other leases that surround the 
285 leases considered in this analysis. 

Alternative 5 — No CBNG Development on Leases 
Although implementation of this alternative would not result in new CBNG-
related direct or indirect effects to ground water, the ground water under the 285 
leases may still experience cumulative effects from the development of CBNG 
on adjoining leases, from the development of conventional oil and gas resources, 
and from other development activities. The quantity and quality of ground water 
under the leases could be affected by CBNG activities on adjoining leases be­
cause the 285 leases have relatively limited areal extents and CBNG is being de­
veloped on other leases around the 285 leases. This situation would be especially 
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likely for the parcels that are less than 80 acres in areal extent and are surrounded 
by CBNG development. 

Surface Water 
Potential effects to surface water resources may include: (1) changes in the qual­
ity of surface water and its suitability to meet designated uses; (2) changes in the 
quantity and distribution of surface flows; (3) erosion and degradation of the 
drainage network; and (4) increased sedimentation. The magnitude of effects to 
surface water resources would depend on a number of factors, including the 
quantity and timing of discharges of produced water from CBNG wells, the qual­
ity of surface water at the point of downstream diversions, existing and future 
downstream designated uses, and the specific mix of water handling options im­
plemented to prevent discharges of water produced by CBNG wells from reach­
ing the main stem streams. 

Direct and Indirect Effects 
A major beneficial use of surface water in the analysis area is the production of 
irrigated crops. Therefore, the surface water impact analysis focuses on the po­
tential effects to the suitability for irrigation of surface waters in the analysis area 
from proposed discharges of water produced from CBNG wells. 

The key water quality parameters for predicting the potential effects of the devel­
opment of CBNG on irrigated agriculture are SAR and salinity (as measured by 
electrical conductivity, EC). There are five sets of numerical standards for SAR 
and EC now under consideration or applicable to the water bodies that are ad­
dressed in this analysis. These five sets of values are summarized on Table 4–2 in 
PRB O&G Final EIS. The information displayed in this table should be applied 
with the three following considerations: First, it should not be assumed that any 
SAR or EC value within the range displayed would be deemed an appropriate 
level of protection for the existing or anticipated irrigated agricultural uses in 
these basins. Second, the water quality standards process involves adoption by a 
state or tribe followed by EPA review and approval, and state- or tribally adopted 
limits will not have Clean Water Act regulatory status until approved by EPA. 
Third, the water quality standards process is still under way and it is not possible 
to predict the outcome of the process. 

A steady-state mass-balance model was used to estimate EC concentrations and 
SAR values after stream flows and discharges of water produced from CBNG 
wells have mixed. The modeling approach, assumptions, and input parameters 
are discussed summarily in Chapter 4 of the PRB O&G Final EIS (pages 4–2 
through 4–12), and in greater detail in the Surface Water Quality Analysis Tech­
nical Report (SWQATR). The effects of the proposed development of CBNG on 
the quality of surface water were evaluated on sub-watershed basis and are sum­
marized in following sections. 
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Alternative 1 — No Action 
Overall, the projected effects of the development of CBNG on the quality of sur­
face water under this alternative would be the same as described for Alternative 
2A in the PRB O&G Final EIS (pages 4–76 through 4–121), but proportionally 
smaller. When considering the potential effects to surface water resources, the 
reader should be aware that the mass balance model used in this analysis is a tool 
for comparing alternatives and evaluating the relative contributions of cumulative 
effects. 

Water Handling Methods 
Under Alternative 1, the handling of water produced from CBNG wells would be 
as described for Alternative 2A in the PRB O&G Final EIS. The distribution of 
water handling methods is summarized on Table 2–21 in the PRB O&G Final 
EIS. These methods include direct discharge to surface drainages, passive or ac­
tive treatment before surface discharge, discharge to upland and bottomland infil­
tration impoundments, discharge to containment impoundments, LAD, and injec­
tion. However, water produced from CBNG wells in the PRB is primarily surface 
disposed. Three types of surface disposal are typical in the analysis area: surface 
discharge to drainages, disposal in impoundments, and LAD. 

With surface discharge, water produced from CBNG wells would be gathered for 
discharge at outfalls authorized in accordance with guidance and requirements of 
WDEQ. Outfalls may feed directly into drainages or into small stock reservoirs 
or other treatment facilities before the outflows reach surface drainages. Water 
produced from CBNG wells that is discharged to the surface may be suitable for 
irrigation and may be diverted for that purpose. 

The WSEO authorizes impoundment of CBNG-produced water through a reser­
voir-permitting program for water produced during the recovery of CBNG 
(Tyrrell 2004). On-channel and off-channel impoundments may be built to store 
water produced from CBNG wells. Siting guidelines and permitting requirements 
for impoundments have been established by WDEQ to protect water quality 
(Wyoming Department of Environmental Quality 2002a). Compliance monitor­
ing for protection of ground water resources beneath unlined impoundments con­
taining water produced from CBNG wells also is regulated by WDEQ (Parfitt 
2004), as discussed in Chapter 2. 

Produced water that is disposed of using LAD would be spread on the land sur­
face using irrigation equipment (essentially center-pivot irrigation equipment). 
All water would be contained within the LAD site. Disposal likely would be ac­
complished using water that is pretreated or a disposal-rest rotation cycle consist­
ing of repeated phases of disposal, soil amendment, rest, and disposal until the 
limitations of repeated soil amendments are reached. LAD sites would not be 
designed as traditional irrigation sites, in that irrigation return flows would not be 
anticipated because the produced water would be applied at agronomically ac­
ceptable rates and consumptive use by crops would be 100 percent. 

The projection of the production of water from CBNG wells under Alternative 1 
is shown on Table 4–1. Within the 285 leases in the analysis area, the estimated 
maximum production of water from the CBNG wells is 167,317 acre-feet. This 
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number is based on total (existing and projected) number of wells within these 
leases under maximum development. The peak year of water production varies 
by sub-watershed (refer to Chapter 4 in U.S. Bureau of Land Management 2003). 

Water Production and Flows 
Under Alternative 1, the peak year of water production from the leases would 
vary by sub-watershed, but is projected to fall between the years 2003 and 2006. 
The amount of produced water assumed to reach the main stem of each sub-
watershed during the peak year of CBNG water production would also vary and 
is summarized in Chapter 4 tables for Alternative 2A PRB O&G Final EIS. 

In Upper Belle Fourche, Antelope Creek and Upper Cheyenne sub-watersheds, 
the resultant stream flow after mixing under low-flow conditions would consist 
almost entirely of CBNG produced water. The resultant stream flow under low-
flow conditions would be similar to the natural stream flow in Salt Creek, would 
increase slightly in Upper Tongue River, increase moderately in Clear Creek, and 
increase substantially from the natural level in Little Powder River sub-
watershed. 

In Crazy Woman Creek and Middle Powder River sub-watersheds the resultant 
stream flow under low-flow conditions would nearly double and in Upper Pow­
der River sub-watershed nearly triple from natural stream flow. The existing 
7Q10 flow either could not be computed because of a lack of data or was calcu­
lated at zero; therefore, the resultant water quality under these flow conditions is 
assumed to be represented by the quality of CBNG produced water, if discharges 
were to occur during critical low-flow periods. 

Water Quality 
Under modeled conditions, the resultant water quality in the Upper Belle Fourche 
and Antelope Creek sub-watersheds, during all months of the year and during 
7Q10 flow conditions would be adequate to meet the MRPL for both EC and 
SAR. 

In Upper Cheyenne sub-watershed, with the exception of during the highest flow 
months and during 7Q10 flow conditions, the resultant water quality would be 
adequate to meet the MRPL for EC. The resultant SAR would be adequate to 
meet the MRPL during all months. With the exception of during high flows, the 
resultant water quality in the Clear Creek and Upper Tongue River sub-
watersheds, would not be adequate to meet the MRPL for both EC and SAR. It 
would, however, be adequate to meet the LRPL for both constituents under cer­
tain flow conditions. 

The resultant water quality in the Upper Powder River, Crazy Woman Creek, and 
Middle Powder River sub-watersheds, would not be adequate to meet the MRPL 
for EC but would be adequate to meet the LRPL for EC under certain flow condi­
tions. The resultant SAR would not be adequate to meet the MRPL, with excep­
tion of the high flow months in Upper Powder River and Crazy Woman Creek 
sub-watersheds. 
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Salt Creek sub-watershed, during all months and during 7Q10 flow conditions 
would not be adequate to meet the MRPL and LRPL for both EC and SAR. 

Irrigation Suitability 
Based on modeled results, under certain flow conditions, impacts to the suitabil­
ity for irrigation in Upper Belle Fourche, Antelope Creek, Upper Cheyenne, Up­
per Powder River, Middle Powder River, and Little Powder River sub-
watersheds from CBNG development may occur. However, samples collected 
since the onset of CBNG production in the Upper Belle Fourche River and Little 
Powder River sub-watersheds have not detected changes in ambient stream water 
quality which were predicted by the mass balance model, and actual impacts may 
be less then the mass balance model predicts. In addition, discharge permits is­
sued by the WDEQ would be the mechanism that would identify the appropriate 
mix of water handling methods to be employed to meet the standards. As a result, 
even though the model predicts impacts, ultimately those predicted impacts to the 
irrigation suitability from CBNG development in Wyoming and Montana may 
not occur. 

Based on the higher water quality and value as a source of irrigation in the Clear 
Creek and Crazy Woman Creek sub-watersheds, current WDEQ policy would 
not allow any new discharge permits in this sub-watershed that would result in 
any decrease in baseline water quality. 

Based on modeled results, impacts to the suitability for irrigation of the Upper 
Tongue River from CBNG development in Wyoming and Montana under this 
alternative would not be expected to occur. 

Surface Drainages 
Potential effects from discharges of CBNG produced water to surface drainages 
within the analysis area include alteration in flow, erosion, degradation of the 
stream channel, and increased sedimentation. Potential effects would be most 
pronounced during periods of historical low flow. Surface drainages may be af­
fected by the discharge of CBNG produced water where channels are not stable, 
armored, or large enough to accommodate the anticipated flows. Localized flood­
ing may occur with increased frequency and magnitude where the capacity of the 
channel or basin is insufficient to handle the increased flows. In contrast to natu­
rally occurring flows, which fluctuate significantly with changing seasons, flows 
generated by discharges of CBNG produced water occur year-round with small 
fluctuations. Site-specific Water Management Plans (Appendix I of the PRB 
O&G Final EIS) submitted at the APD and POD level of analysis would be an 
integral part of mitigation planning to control and monitor the potential effects 
from increased flows in surface drainages. Potential impacts to surface drainage 
from CBNG production is discussed in detail in Chapter 4 in PRB O&G Final 
EIS. 

Potential effects on stream channel erosion, degradation, and increased sedimen­
tation would be also associated with the construction of roads, well pads, water 
pipelines, gas pipelines, water handling facilities, compressors, production facili­
ties, and electric lines in the vicinity of surface water resources. 
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Springs 
New springs may develop in areas where infiltration of CBNG produced water is 
recharging alluvial aquifers or Wasatch sands. Spring flow may be inhibited lo­
cally if compaction occurs during construction or production. Natural discharge 
from springs can be affected by a reduction in hydraulic head within the source 
aquifer. It is unlikely, however, that new springs would develop near properly 
engineered and constructed containment impoundments, provided facilities are 
sited and constructed in accordance with WDEQ, WSEO, and WOGCC require­
ments. 

Water Bodies 
Large reservoirs located within or downstream of the analysis area potentially 
would receive surface flows that contain CBNG produced water and serve as 
sediment traps so that discharges or releases from these reservoirs would not be 
compromised by suspended sediment loads. 

On-channel and off-channel impoundments used to manage produced water 
would have to be properly permitted by WSEO. The impoundments would also 
have to adhere to siting guidelines, established by WDEQ. Shallow ground water 
systems and surface waters would not be expected to be affected by this method 
of water handling, provided facilities are designed and sited in accordance with 
these requirements. Description of on-channel and off-channel water handling 
methods and guidelines are provided in Chapter 2. 

CBNG produced waters discharged to off-channel containment impoundments 
would require an NPDES permit issued by WDEQ. Concentrations of salts and 
trace metals may become elevated in the water contained in these impoundments 
after the base of the impoundment has sealed off and as evaporation occurs (ini­
tially, salts and trace metals in the water migrate downward leaching more salts 
and metals as it goes until the base of the impoundment seals itself off). Infiltra­
tion rates in these impoundments may also decline over time due to the effect of 
sodium on dispersion of clay particles and subsequent decrease in soil permeabil­
ity. Thus, rates of infiltration would be less likely to decline over time if the im­
poundments are situated on clayey soils and sodium concentrations in produced 
water are not substantial. Potential effects on surface water impoundments should 
be analyzed on a site-specific basis, at the APD or POD level of analysis. Impacts 
should be mitigated through application of special conditions of approval. 

Surface Water Use 
Produced water from CBNG wells is most likely to be beneficially used for irri­
gation, livestock watering, wildlife, wildlife habitats, and fisheries. Produced wa­
ter would be available for limited use for dust suppression on access roads lead­
ing to wells under WOGCC guidelines. Water discharged to surface drainages 
would be available for appropriation and diversion under WSEO authorizations. 
Agricultural and livestock operations would thus obtain additional surface water 
to manage and use. Discharge and storage of CBNG produced water on upland 
areas in the analysis area would disperse livestock and wildlife and offer the 
benefit of better use of forage and reduced overgrazing and erosion. 
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Alternative 2 — Standard Lease Terms and Lease 
Notice 

Implementation of this alternative could result in substantially greater adverse 
effects to surface water than any of the other alternatives. This potential exists 
because only SLT and Lease Notice No. 1 would be applied. No other protective 
measures, such as stipulations from the 1985 RMP and the mitigation measures 
and COAs identified in the PRB O&G Final EIS, are part of this alternative. 

Alternative 3 — Modified Lease Terms 
Under Alternative 3, CBNG produced water would be handled by the same 
methods as specified in Alternative 1. However, there would be no development 
of CBNG in the ACEC areas and standard lease terms would be modified to add 
No Surface Occupancy (NSO) stipulation within 500 feet of surface water and 
riparian areas to further protect surface water resources. 

Under this alternative, the effects to surface water resources from CBNG devel­
opment would be similar to those described for Alternative 1; however, the mag­
nitude of effects would be reduced in the Upper Powder River sub-watershed due 
to decreased volume of CBNG produced water associated with no development 
in proposed ACECs (Table 4–1vs. Table 4–2). 

In conjunction with the reduction in CBNG water production due to no develop­
ment in proposed ACECs in the Upper Powder River sub-watershed, a reduction 
of beneficial use would occur in this sub-watershed. Surface owners that de­
pended on the additional water supply may have to consider alternative water 
supplies. The overall reduction in the production of water from CBNG wells 
would be about 2 percent. This reduction would likely be negligible when com­
pared to total CBNG water production from all leases in each sub-watershed and 
the magnitude of effects would likely be on the similar scale. 

Additionally, potential effects on stream channel erosion, degradation, and in­
creased sedimentation associated with the construction of roads, pipelines, and 
other facilities would be further reduced by adding 500 feet NSO buffer zone 
around perennial streams. Watersheds affected by this stipulation are listed in 
Table 4–4 and include Clear Creek, Crazy Woman Creek, Little Powder River, 
Middle Powder River and Upper Powder River sub-watersheds. Total of 
777 acres of the 285 leases would be subject to NSO in these five watersheds. 

Potential impacts to Antelope Creek, Salt Creek, Upper Belle Fourche River, 
Upper Cheyenne River, and Upper Tongue River under this alternative would be 
the same as under Alternative 1. 

Alternative 4 — No Surface Disposal of Produced 
Water 

Under Alternative 4, the volume of CBNG produced water would be substan­
tially reduced from Alternative 1. Also, there would be no surface disposal of 
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CBNG produced water under this alternative. All produced water will be injected 
providing the injection zone is capable of accepting the anticipated volume with­
out adverse impacts to ground water resources. 

Table 4–4 Acres affected by NSO in each sub-watershed 

Sub-watershed 
AntelopeCreek 
ClearCreek 

Perennial Stream 

Clear Creek 

Areal Extent 
(acres) 

0.0 
154.0 

CrazyWomanCreek 
LittlePowderRiver 

Crazy Woman Creek 
Little Powder River 

163.5 
51.2 

MiddlePowderRiver Powder River 229.8 
SaltCreek 0.0 
UpperBelleFourcheRiver 
UpperCheyenneRiver  
UpperPowderRiver 
UpperTongueRiver1 

Total 

Powder River 
Upper Tongue River 

0.0 
0.0 

178.3 
0.0 

776.7 
Note: 
1. No retrospective leases are located within 500 feet of Upper Tongue River 

As a result, there would be no impacts to surface drainages, springs, surface wa­
ter bodies, and surface water quality and use associated with surface disposal of 
CBNG produced water, including beneficial use. 

Under this alternative, potential effects on stream channel erosion, degradation, 
and increased sedimentation associated with the construction activities would 
differ from Alternative 1 due to a small overall amount of disturbance and the 
varied surface disturbance associated with construction of water handling facili­
ties. 

Overall impacts to surface water resources under Alternative 4 would be substan­
tially lower than under Alternative 1. 

Alternative 5 — No CBNG Development on Leases 
Implementation of this alternative would result in no additional CBNG-related 
effects to surface water. Effects associated with the existing CBNG wells would 
continue throughout the life of those wells. However, with no further develop­
ment of CBNG, no additional effects would occur. 

Cumulative Surface Water Impact Analysis 
Results of the cumulative impact analysis in the PRB under Wyoming’s Alterna­
tive 2A and Montana’s Alternative E are presented on Table 4–13 in PRB O&G 
Final EIS. Potential impacts to water quality are discussed briefly below and in 
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detail in the SWQATR (Greystone Environmental Consultants, Inc. and ALL 
Consulting, Inc. 2002) that was prepared in support of the PRB O&G Final EIS. 

The water quality in the Tongue River at Ashland, Montana and Powder River at 
Locate, Montana, currently exceeds the MRPL for EC and SAR. Thus, any addi­
tional discharge that would reach the main stem would likely cause further deg­
radation in terms of suitability for irrigation if the states and the EPA conclude 
that the MRPL is protective of irrigation uses. During low-flow conditions, sur­
face water flow in the Tongue River would increase moderately and about two­
fold in the Powder River. Both EC and SAR in the resultant water would be at 
concentrations less than the LRPL, with exception of SAR during minimum 
mean monthly flow in Powder River. 

Modeling indicates that the suitability of the Tongue River for irrigation may be 
compromised by the surface discharge of CBNG produced water during maxi­
mum CBNG development in both states. However, interstate agreements be­
tween the two DEQs have been developed to minimize impacts until protective 
standards are put in place. Cumulative effects to the suitability for irrigation of 
the Powder River would be minimized through the interim MOC requiring en­
hanced monitoring that the two DEQs have signed. 

Alternative 1 — No Action 
Surface Drainages 
Both mining and CBNG development result in water collection and discharge to 
surface drainages. Water collected during mining is stored in sedimentation 
ponds and is primarily used for dust suppression. However, surface discharges 
may occur during storm events. Discharges from the sedimentation ponds could 
contain higher concentrations of dissolved solids and be of lower quality because 
of sediment mixing during precipitation and concentration through evaporation. 
In contrast, CBNG water produced from wells is essentially free of sediment, 
although discharge to surface drainages can increase sediment loading caused by 
increased stream erosion. 

Culverts that carry water from upstream reaches of sub-watersheds that are un­
dergoing CBNG development as well as diversion channels for natural flows 
may have to be re-sized to handle additional flows. Mining operations that par­
tially treat water in sedimentation reservoirs may have to treat additional water if 
the water quality at the mine NPDES outfalls is affected by CBNG discharge. 
Potential effects on mine operations should be analyzed on a site-specific basis, 
as needed, during review of CBNG PODs or water management plans. Impacts 
should be mitigated through application of special conditions of approval. 

By the end of the CBNG development, some surface drainages within the analy­
sis area may be slightly deeper than they are today as a result of erosion. Careful 
siting and design of surface discharge outfalls would prevent or mitigate this im­
pact. 

South Dakota’s 2002 303(d) list identifies water bodies downstream of the analy­
sis area that do not support all of the designated uses (SDDNR 2002). Existing 
impairments to water quality caused by sedimentation and salinity in the Chey­
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enne and Belle Fourche Rivers could be aggravated by discharges of CBNG pro­
duced water to surface drainages in those sub-watersheds. BMPs implemented as 
required by NPDES permits would minimize additional sediment loading to the 
drainage, however. Monitoring existing conditions at the state line between 
Wyoming and South Dakota would allow WDEQ to continually revise its permit­
ting strategy for CBNG discharges in the affected drainage. Monitoring also 
would facilitate development of TMDL wasteload allocations that are protective 
of existing and future uses in both states. 

Segments of the Tongue, Powder, and Little Powder Rivers in Montana down­
stream of the Wyoming border appear in Montana’s 2000 303(d) list for water 
quality impairments caused by siltation and alteration in flow (MDEQ 2002). 
Discharges of CBNG produced water to these drainages could aggravate the ex­
isting impairments. Development of is currently underway for TMDLs, which 
will be used to protect the water quality in those streams and guide future CBNG 
development in both states. Ammonia, nitrate, and nitrite constituents in water 
produced from CBNG wells may add a substantial load to the Powder River be­
cause of the discharge of raw or minimally treated water. 

Springs 
Spring flows may have changed from present conditions. Potential effects on ex­
isting springs should be analyzed on a site-specific basis, as needed, during re­
view of water management plans submitted at the APD or POD level of analysis. 
Impacts should be mitigated through application of special conditions of ap­
proval. 

Water Bodies 
Reservoirs downstream of the analysis area likely would receive more water and 
could take in additional sediment as a consequence of CBNG development. The 
large capacity of these reservoirs would likely minimize any increases in concen­
trations of suspended sediment that may occur as a result of CBNG development 
in upstream drainages. Additional water would better support adjudicated water 
uses downstream. 

Water Use 
Agricultural and livestock operations would obtain additional surface water to 
manage and use during the life of the development. Stock watering and irrigation 
likely would increase within the area of cumulative effects. 

Alternative 2 — Standard Lease Terms and Lease 
Notice 
The cumulative effects on surface drainages, springs, surface water bodies, and 
surface water use under Alternative 2 would be the same as under Alternative 1. 

Alternative 3 — Modified Lease Terms 
The cumulative effects on surface drainages, springs, surface water bodies, and 
surface water use would be similar to those described under Alternative 1. The 
decrease in magnitude of effects associated with lower CBNG water production 
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due to no development in proposed ACECs would likely not be observable. Po­
tential effects on stream channel erosion, degradation, and increased sedimenta­
tion associated with the construction of roads, pipelines, and other facilities may 
be slightly reduced by 500 feet NSO buffer zone around perennial streams. 

Alternative 4 — No Surface Disposal of Produced 
Water 
The elimination of surface disposal of CBNG produced water under Alternative 4 
and the reduction in the number of CBNG wells drilled would decrease the cu­
mulative impacts to surface drainages, springs, surface water bodies, and surface 
water use, including beneficial use. 

Potential effects on stream channel erosion, degradation, and increased sedimen­
tation associated with the construction activities would be also different than un­
der Alternative 1 due to less overall disturbance and different surface disturbance 
associated with construction of water handling facilities. Overall impacts to sur­
face water resources under Alternative 4 would be substantially lower than under 
Alternative1. 

Alternative 5 — No CBNG Development on Leases 
Although implementation of this alternative would not result in CBNG-related 
direct or indirect effects to ground water, surface water present on the 285 leases 
may still experience cumulative effects from the development of CBNG on ad­
joining leases, from the development of conventional oil and gas resources, and 
from other development activities. The quantity and quality of ground water 
flowing through the leases could be affected by CBNG activities on adjoining 
leases because the 285 leases have relatively limited areal extents and CBNG is 
being developed on other leases around the 285 leases. Overall, the volumes of 
water produced from CBNG wells on the 285 leases would account for a small 
portion of the overall water produced from CBNG wells in the PRB. This situa­
tion would be especially likely for the parcels that are less than 80 acres in areal 
extent and are surrounded by CBNG development. 

Geology and Mineral Resources 
Mineral Resources 

Overall, the types of effects on mineral resources would be consistent with the 
effects described in the PRB O&G Final EIS. The magnitude of the effects would 
be a fraction of those described in the EIS. 

Alternative 1 — No Action 
Based on an average production rate of 160,000 cubic feet of CBNG per well per 
day following initial dewatering, and an average of 400 million cubic feet of 
CBNG available per well (De Bruin et al. 2001), an estimated 1 trillion cubic feet 
of methane would be produced over the life of the CBNG wells included in Al­
ternative 1, which would account for about 7 percent of the total projected for the 
entire PRB (U.S. Bureau of Land Management 2003). The CBNG extracted un­
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der this alternative would contribute toward meeting the nation’s future needs for 
energy. 

Of the 285 leases, 30, which encompass about 16,000 acres, have been fully de­
veloped or are being developed. Based on a well spacing of 80 acres, with multi­
ple coals seams likely to be developed in may areas, these 16,000 acres poten­
tially could be developed by 333 wells, although currently are developed by only 
144 wells. While development is not complete on 10 of the 30 leases, drainage of 
federal minerals is not likely to be an issue for any of the 30 leases that have al­
ready undergone development. 

Development of CBNG under Alternative 1 would not be likely to affect recov­
ery of other mineral resources in the analysis area. Oil and gas have been pro­
duced from geologic formations occurring several thousand feet below the coal 
zone. Salable minerals, primarily clinker, sand, and gravel, are produced from 
surface deposits. Bentonite, high-calcium limestone, and gypsum occurring in 
rocks exposed along the uplifted margins of the study, are stratigraphically below 
the geologic formations that may be affected by CBNG development in the PRB. 
No other locatable mineral deposits are known to exist in the analysis area. De­
velopment of existing mineral rights in the analysis area would be based on exist­
ing claims, lease terms, and agreements; future conflicts would be addressed on a 
case-by-case basis. 

Alternative 2 — Standard Lease Terms and Lease 
Notice 
Implementation of this alternative would result in effects to geology and mineral 
resources similar to those described for Alternative 1. This potential exists be­
cause only SLT and Lease Notice No. 1 would be applied. No other protective 
measures, such as stipulations from the 1985 RMP and the mitigation measures 
and COAs identified in the PRB O&G Final EIS, are part of this alternative. 
Consequently, the wells would be expected to produce 1 trillion cubic feet of 
CBNG. As with Alternative 1, the CBNG extracted under this alternative would 
contribute toward meeting the nation’s future needs for energy. 

Alternative 3 — Modified Lease Terms 
Under this alternative, 60 fewer wells would be drilled because of restrictions on 
drilling in the proposed ACECs. Without these wells, about 24 billion cubic feet 
of CBNG would not be recovered directly. However, some or all of this CBNG 
could be recovered indirectly (drained) by wells drilled on adjoining leases. The 
CBNG extracted under this alternative would contribute toward meeting the na­
tion’s future needs for energy; however, it contribute at a slightly lower level 
than Alternatives 1 or 2. 

Alternative 4 — No Surface Disposal of Produced 
Water 
Effects on mineral and energy resources would be substantially less than under 
Alternative 1. Under this alternative, 2,156 fewer wells would be drilled. Without 
these wells, 862 billion cubic feet of CBNG would not be recovered directly. 
However, some or all of this CBNG could be recovered indirectly (drained) by 
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wells drilled on adjoining leases. The CBNG extracted by the 381 wells would 
contribute toward meeting the nation’s future needs for energy; however, the 
contribution of this alternative would be substantially less than Alternatives 1, 2, 
or 3. 

Alternative 5 — No CBNG Development on Leases 
Under this alternative, no CBNG would be recovered from 255 of the 285 leases 
with no development. Thus, 1 trillion cubic feet of CBNG would not be recov­
ered from the leases. However, some of that CBNG would be drained by CBNG 
wells constructed on adjoining leases. Implementation of this alternative would 
not affect the recovery of other mineral resources that may be present on the 
leases. This alternative would not contribute any resources toward meeting the 
nation’s future needs for energy. 

Cumulative Effects 
With limited development of CBNG wells (Alternatives 3 and 4) or no develop­
ment of CBNG wells (Alternative 5) on the leases that have not undergone any 
development (255 leases encompassing about 155,000 acres), as many as 2,537 
wells that could have developed federal minerals might never be drilled or pro­
duced. Under all the alternatives, development of CBNG would continue to occur 
on leases surrounding the 285 leases considered in this analysis. The existence of 
5,180 wells that are producing or temporarily shut in wells and 4,395 well appli­
cations or permitted wells within a 3-mile radius of the 255 leases makes it likely 
that CBNG would be drained from about 155,000 acres of federal mineral lands. 

Cumulatively, implementation of any of the alternatives would not affect the re­
covery of other mineral resources that may be present on the leases. 

Soils 
Alternative 1 — No Action 

The effects on soil resources in the analysis area would be a scaled down version 
of the effects described under Alternative 2A in the PRB O&G Final EIS. Effects 
to soils would be primarily associated with the construction of roads, well pads, 
water pipelines, gas pipelines, water handling facilities, compressors, production 
facilities, electric lines, and casual use. Effects to soils result from the clearing 
vegetation; excavating, stockpiling, compacting, vehicle use of roads, and redis­
tributing soils during construction and reclamation; and storing or discharging 
water produced from CBNG wells. Short-term disturbance on the 285 leases 
would be approximately 13,528 acres, and long-term disturbance would be 
6,516 acres. 

Alternative 2 — Standard Lease Terms and Lease 
Notice 

Implementation of this alternative could result in substantially greater adverse 
effects to soils than any of the other alternatives. This potential exists because 
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only SLT and Lease Notice No. 1 would be applied. No other protective meas­
ures, such as stipulations from the 1985 RMP and the mitigation measures and 
COAs identified in the PRB O&G Final EIS, are part of this alternative. 

Alternative 3 — Modified Lease Terms 
Effects on soil resources are expected to be reduced slightly under Alternative 3. 
There would be approximately 143 fewer acres of short-term disturbance and 86 
fewer acres of long-term disturbance compared with Alternative 1. Beneficial 
effects to such a small area of land may not be noticeable on a larger scale, such 
as the PRB. Lease terms would be modified to add the stipulation of NSO within 
500 feet of surface water and riparian areas. Soils with wind and water erosion 
hazards, compaction/shrink-swell potential, poor revegetation potential, and 
prime agricultural status, occur within 500 feet of surface water and riparian ar­
eas within the analysis area. NSO on these areas would reduce the potential ef­
fects on soil resources. No effects to soils would occur on proposed ACECs. 

Alternative 4 — No Surface Disposal of Produced 
Water 

Effects on soil resources are expected to be substantially reduced under Alterna­
tive 4. Approximately 11,563 fewer acres would be disturbed in the short-term 
and 5,780 fewer acres would be disturbed in the long-term compared to Alterna­
tives 1 and 2. Compared to Alternative 3, there would be 11,420 fewer acres dis­
turbed in the short-term and 5,694 fewer acres disturbed in the long-term. Surface 
disposal of water produced from CBNG wells would not be allowed. Activities 
associated with surface disposal would be eliminated including, excavation for 
reservoirs, releasing produced water into drainages, and containing produced wa­
ter in reservoirs. Eliminating these activities would reduce the potential for the 
alteration of the physical and chemical properties of the soils. It would decrease 
the breakdown of soil aggregates and subsequently decrease runoff, the forma­
tion of gullies, and compaction. Sedimentation would be greatly reduced by 
eliminating the increase in velocity and volume of surface water in stream chan­
nels. This would prevent the dispersal and deposition of eroded soil, and decrease 
turbidity and transportation of sediment downstream. The deleterious effect of 
water high in SAR on soil productivity and reclamation potential would also be 
prevented. The beneficial effects of eliminating surface disposal of produced wa­
ter would only occur on the 285 leases. These effects would not be seen where 
surface disposal would occur elsewhere in the PRB. 

Alternative 5 — No CBNG Development on Leases 
Implementation of this alternative would result in no additional CBNG-related 
effects to ground water. Effects associated with the existing CBNG wells would 
continue throughout the life of those wells. However, with no further develop­
ment of CBNG, no additional effects would occur. 
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Cumulative Effects 
The cumulative effects of Alternatives 1 and 2 are consistent with those de­
scribed for Alternative 2A in the PRB O&G Final EIS. Cumulative effects asso­
ciated with Alternatives 3, 4, and 5 would be less than for Alternatives 1 and 2. 
However, the 285 leases discussed in this document represent only a minor por­
tion of the development discussed in the PRB O&G Final EIS. 

Alternative 3 — Modified Lease Terms 
Because of the modification of lease terms under Alternative 3, cumulative ef­
fects to soils are expected to decrease slightly. All other cumulative effects (ge­
ology and mineral resources) would be consistent with those described for Alter­
native 2A in the PRB O&G Final EIS. 

Alternative 4 — No Surface Disposal of Produced 
Water 
Under this alternative, development of the 285 leases would be substantially less 
than what would occur under Alternatives 1, 2, and 3. With only 381 new CBNG 
wells and associated facilities, this alternative would contribute only a small 
amount to the overall cumulative effects that development of the rest of the PRB 
would cause. 

Alternative 5 — No CBNG Development on Leases 
Under this alternative, development of CBNG would not continue on the 285 
leases. However, effects from conventional oil and gas would continue, along 
with any effects that resulted from previous development on the leases and de­
velopment on other leases that surround the 285 leases. 

Landscape Processes 
The effects on landscape processes in the analysis area would be consistent with 
the effects described in the PRB O&G Final EIS. 

Vegetation and Land Cover Types 
Alternative 1 — No Action 

The effects on vegetation and land cover types in the analysis area would be con­
sistent with the effects described in Alternative 2A in the PRB O&G Final EIS. 
However, the 285 leases represent a minor proportion of the overall development 
discussed in the PRB O&G Final EIS. Direct effects to vegetation would occur 
from ground disturbance caused by construction of well pads, compressor sta­
tions, ancillary facilities, pipelines, and roads. Indirect effects to vegetation 
would occur as a result of CBNG activities, including a possible increase in nox­
ious weeds; alteration of the distribution of types of vegetation caused by 
changes in volume and rate of surface water flows; and an increase in dust, ve­
hicular, and equipment emissions and casual use. 
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Alternative 2 — Standard Lease Terms and Lease 
Notice 

Implementation of this alternative could result in substantially greater adverse 
effects to vegetation than any of the other alternatives. This potential exists be­
cause only SLT and Lease Notice No. 1 would be applied. No other protective 
measures, such as stipulations from the 1985 RMP and the mitigation measures 
and COAs identified in the PRB O&G Final EIS, are part of this alternative. 

Alternative 3 — Modified Lease Terms 
Effects on vegetation and land cover types would be slightly reduced under Al­
ternative 3. Approximately 13,385 acres would be disturbed in the short-term, 
and 6,430 acres would be disturbed in the long-term. This is compared to 13,528 
and 6,516 acres, respectively, under Alternative 1. This difference represents an 
extremely small area of the nearly 8 million acres of land in the PRB. Lease 
terms would be modified to add the stipulation of NSO within 500 feet of surface 
water and riparian areas. The total amount of vegetation disturbed in riparian ar­
eas would be reduced. No additional vegetation would be disturbed in the pro­
posed ACECs. 

Alternative 4 — No Surface Disposal of Produced 
Water 

Effects on vegetation and cover types would be reduced under Alternative 4. Ap­
proximately 1,965 acres would be disturbed in the short-term, and 736 acres 
would be disturbed over the long-term. Surface disposal of CBNG produced wa­
ter would not be allowed. The alteration of the distribution of types of vegetation 
caused by changes in volume and rate of surface water flows would be elimi­
nated on the 285 leases, but would continue on existing leases. 

Two species that would particularly benefit from this alternative include Wyo­
ming big sagebrush and rabbitbrush. These species are highly sensitive to inunda­
tion of their root zones. The alteration of vegetation communities resulting from 
high salinity in the produced water would also be eliminated. Water produced 
from CBNG wells and discharged using various water-handling methods can al­
ter the concentration of salt in water available to plants. 

The potential for invasion by noxious weeds would also be reduced with less dis­
turbance and no surface disposal. The die-off of shrubs resulting from inundation 
would be prevented and therefore no area would be left vulnerable to invasions. 
Increases in salinity can favor the establishment of noxious weeds, and it is likely 
that higher salinity in soil along many streams and river channels has favored the 
establishment of saltcedar over cottonwood. This is a possible explanation for the 
increase of saltcedar along most of the drainages in the analysis area. Eliminating 
surface disposal of CBNG produced water on the 285 leases would reduce these 
effects. 
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Alternative 5 — No CBNG Development on Leases 
Implementation of this alternative would result in no additional CBNG-related 
effects to vegetation. Effects associated with the existing CBNG wells would 
continue throughout the life of those wells. However, with no further develop­
ment of CBNG, no additional effects would occur. 

Cumulative Effects 
Implementation of each of the alternatives would contribute to cumulative effects 
to vegetation and cover types in the analysis area. Other activities that would 
contribute to cumulative effects include mining for coal, sand, gravel and scoria; 
ranching; agriculture; construction of new roads and railroads; and the develop­
ment of new rural and urban housing. The cumulative effects of Alternatives 1 
and 2 would be similar to those described for Alternative 2A in the PRB O&G 
Final EIS, but they would involve a much smaller area and scale. 

Alternative 3 — Modified Lease Terms 
Cumulative effects to vegetation and cover types are expected to be reduced 
slightly under Alternative 3. Effects from CBNG production and other manage­
ment activities described above would continue, but there would be less cumula­
tive disturbance to riparian vegetation cover types. 

Alternative 4 — No Surface Disposal of Produced 
Water 
The elimination of 2,156 CBNG wells and surface disposal of produced water 
under Alternative 4 would reduce the cumulative impacts to vegetation and cover 
types. The total acreage of vegetation disturbance resulting from CBNG disposed 
water would be reduced and subsequently the effects of noxious weed invasions 
and vegetation die-off would decrease on the 285 leases. 

Alternative 5 — No CBNG Development on Leases 
Implementation of this alternative would result in no further effects related to the 
development of CBNG on the 285 leases. However, the development of conven­
tional oil and gas resources could still occur, which would contribute to cumula­
tive effects in the overall area. Other activities that would contribute to cumula­
tive effects on vegetation include mining for coal, sand, gravel, and scoria; ranch­
ing; agriculture; construction of new roads and railroads; and the development of 
new rural and urban housing. 

Wetlands/Riparian Areas 
Alternative 1 — No Action 

The effects on wetlands and riparian areas in the analysis area would be consis­
tent with the effects described in Alternative 2A in the PRB O&G Final EIS. 
However, because the 285 leases include only a small portion of the wetlands and 
riparian areas discussed in the EIS, the effects would be reduced proportionally. 
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These effects include habitat loss, increase in road density, increase in water 
quantity, changes in water quality, removal of existing wetlands, creation of new 
wetlands, and enlarging of existing wetlands. 

Alternative 2 — Standard Lease Terms and Lease 
Notice 

Implementation of this alternative could result in substantially greater adverse 
effects to wetlands and riparian areas than any of the other alternatives. This po­
tential exists because only SLT and Lease Notice No. 1 would be applied. No 
other protective measures, such as stipulations from the 1985 RMP and the miti­
gation measures and COAs identified in the PRB O&G Final EIS, are part of this 
alternative. 

Alternative 3 — Modified Lease Terms 
Effects on wetlands and riparian areas would be slightly reduced under Alterna­
tive 3. Lease terms would be modified to add the stipulation of NSO within 
500 feet of surface water and riparian areas. The total amount of wetlands and 
riparian areas disturbed in the analysis area would be reduced. Wetlands and ri­
parian areas would continue to be affected by changes in water quality and quan­
tity. No wetlands or riparian areas would be disturbed in proposed ACECs. 

Alternative 4 — No Surface Disposal of Produced 
Water 

Effects to wetlands and riparian areas would be reduced under Alternative 4. 
There would be fewer CBNG wells and no increases to surface water flows, and 
therefore, the possible future effects on the 285 leases from Alternative 1 would 
be eliminated including, increased erosion of channels and floodplains, loss of 
riparian streambank vegetation, changes to the composition and structure of wet­
land and riparian vegetation, and rising of the shallow ground water table in the 
floodplains. The future effects to wetlands and riparian areas as a result of pro­
duced water quality would also be eliminated. Substantial increases in the normal 
levels of salinity and sodicity in the surface waters of the analysis area would no 
longer affect the growth, vigor, and reproductive success of wetland and riparian 
ecosystems. Surface disposal of produced water would not increase sodicity in 
the floodplains and would therefore not cause potentially irreversible changes to 
soil structure that reduce permeability of rainfall and restrict root growth. 

Previously existing wetlands and floodplains that expanded because of the pro­
duction of water from CBNG wells would experience vegetation dieback as the 
hydrology returned to normal conditions. Salt scalds could appear as water 
evaporates and may inhibit growth of new plant species. 
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Alternative 5 — No CBNG Development on Leases 
Implementation of this alternative would result in no additional CBNG-related 
effects to wetlands and riparian areas. Effects associated with the existing CBNG 
wells would continue throughout the life of those wells. However, with no further 
development of CBNG, no additional effects would occur. 

Cumulative Effects 
The discussion of cumulative effects to vegetation and cover type is relevant to 
wetlands and riparian areas. Current land uses are likely to have some effect on 
wetlands and riparian areas via habitat degradation, road development, and water 
quality degradation. The cumulative effects of Alternatives 1 and 2 are consistent 
with those described for Alternative 2A in the PRB O&G Final EIS. 

Alternative 3 — Modified Lease Terms 
Cumulative effects to wetlands and riparian areas are expected to be reduced un­
der Alternative 3. Effects from CBNG production and other management activi­
ties described above would continue, but there would be less cumulative distur­
bance to riparian vegetation cover types. 

Alternative 4 — No Surface Disposal of Produced 
Water 
The elimination of surface disposal of produced water under Alternative 4 would 
reduce the cumulative impacts to wetlands and riparian areas. These communities 
would continue to be affected by current land use, however the effects of in­
creases in water quantity and changes in water quality would not be evident. 

Alternative 5 — No CBNG Development on Leases 
Wetlands and riparian areas would no longer be affected by the development of 
CBNG on the 285 leases. However, development of conventional oil and gas re­
sources on the 285 leases and CBNG on leases upstream of the 285 leases would 
continue to affect wetlands and riparian areas on the 285 leases. Also, continued 
development of other minerals, roads, railroads, and rural and urban areas and 
ongoing ranching and agricultural operations would continue to affect wetlands 
and riparian areas cumulatively. Effects from these activities would include the 
loss or degradation of wetlands and riparian areas and degradation of water qual­
ity flowing onto the 285 leases. 

Wildlife 
Many of the effects to wildlife would be similar among alternatives and similar 
to the preferred alternative (2A) in the PRB O&G Final EIS. This is because the 
amount of development (e.g., the number of wells developed and the increase in 
road density) would not differ among the various alternatives. Additionally, Ap­
pendix P of the PRB O&G Final EIS reviews the mitigation measures that were 
designed to minimize effects to wildlife species. At a minimum, these measures 
are incorporated into each alternative addressed in this EA. However, some mi­
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nor variations of impacts are expected due to stipulation modifications regarding 
proposed ACECs; sage-grouse habitats; riparian habitats; and water handling 
methods. Activities that contribute to cumulative effects to wildlife in the sub-
watersheds of the analysis area include oil and gas development (conventional 
and CBNG); coal mining; uranium mining; sand, gravel, and scoria mining; 
ranching; agriculture; road and railroad construction; and rural and urban housing 
development. 

Terrestrial Species 
The principal effects to terrestrial wildlife may include: (1) increased direct mor­
tality; (2) the introduction of new habitats suitable for avian and mammalian 
predators, and thus a potential change in predation rates on other wildlife species; 
(3) direct loss or degradation of habitats; (4) indirect disturbance resulting from 
human activity; (5) habitat fragmentation; and (6) changes in population levels, 
and (7) increased disease related to increase stress resulting from CBNG devel­
opment. Please refer to the PRB O&G Final EIS for more information about each 
of these types of effects, including specific activities, and how and when these 
effects may occur. 

Big Game 
Alternative 1 — No Action 
The type and relative magnitude of effects to big game under Alternative 1 would 
be consistent with the effects described under Alternative 2A in the PRB O&G 
Final EIS. This alternative would cause direct, indirect, short-term, and long-term 
effects to big game and their ranges on the 285 leases. Potential effects include: 
hunting and poaching, vehicle collisions, loss or degradation of habitats, harass­
ment and displacement, noise, dust, nutritional status and reproductive success, 
habitat fragmentation, water handling facilities, and fences (for pronghorn only). 
Table 4–5, Table 4–6, Table 4–7, and Table 4–8 present the direct short-term and 
long-term effects to the ranges of each big game species under Alternative 1. Ta­
bles 4–28 and 4–29, Alternative 2A, in the PRB O&G Final EIS present esti­
mates of the indirect effects to big game in the analysis area. Chapter 4 of the 
PRB O&G Final EIS qualitatively discusses the direct and indirect effects. 

Alternative 2 — Standard Lease Terms and Lease Notice 
Implementation of this alternative could result in substantially greater adverse 
effects to big game than any of the other alternatives. This potential exists be­
cause only SLT and Lease Notice No. 1 would be applied. No other protective 
measures, such as stipulations from the 1985 RMP and the mitigation measures 
and COAs identified in the PRB O&G Final EIS, are part of this alternative. 
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Table 4–5 Direct Short-term and Long-term Effects to Elk Ranges by Sub-watershed — 
Alternatives 1 and 2 

Elk Range (acres)
Winter Spring, 

 Severe Crucial Winter Yearlong Yearlong Summer, Fall Total 

Sub-watershed 
Fortification Creek Only 

Upper Powder River 386 190 0 0 0 0 19 9 442 218 0 0 847 417 
Total 386 190 0 0 0 0 19 9 442 218 0 0 847 417 

Excluding Fortification Creek 
Antelope Creek 0 0 0 0 0 0 0 0 2 1 0 0 2 1 
Upper Cheyenne River 0 0 0 0 0 0 0 0 15 6 0 0 15 6 
Upper Powder River 0 0 0 0 0 0 0 0 38 19 0 0 38 19 

Total 0 0 0 0 0 0 0 0 55 26 0 0 55 26 

Table 4–6 Direct Short-term and Long-term Effects to Mule Deer Ranges by Sub-watershed 
— Alternatives 1 and 2 

Mule Deer Ranges (acres) 
Spring, Summer, 

 Severe Crucial Winter Winter Yearlong Yearlong Fall Total 

Sub-watershed 
Antelope Creek 0 0 0 0 0 0 0 0 266 98 0 0 266 98 
Clear Creek 0 0 0 0 0 0 1,731 978 277 156 0 0 2,008 1,134 
Crazy Woman Creek 0 0 0 0 0 0 1,713 786 857 393 0 0 2,570 1,179 
Little Powder River 0 0 0 0 0 0 966 390 694 280 0 0 1,661 670 
Middle Powder River 0 0 0 0 0 0 536 274 123 63 0 0 659 336 
Salt Creek 0 0 0 0 0 0 712 263 1 0 0 0 713 263 
Upper Belle Fourche River 0 0 0 0 0 0 0 0 440 191 0 0 440 191 
Upper Cheyenne River 0 0 0 0 0 0 0 0 51 22 0 0 51 22 
Upper Powder River 0 0 0 0 0 0 963 483 578 290 0 0 1,541 773 
Upper Tongue River 0 0 0 0 0 0 2,866 1,502 410 215 0 0 3,276 1,716 
Total 0 0 0 0 0 0 9,487 4,675 3,698 1,709 0 0 13,185 6,384 
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Table 4–7 Direct Short-term and Long-term Effects to Pronghorn Ranges by Sub-watershed 
— Alternatives 1 and 2 

Pronghorn Range (acres)
Spring, Summer, 

 Severe Crucial Winter Winter Yearlong Yearlong Fall Total 

Sub-watershed 
Antelope Creek 0 0 0 0 0 0 1 1 539 197 0 0 540 198 
Clear Creek 0 0 0 0 0 0 29 16 1,815 1,025 0 0 1,844 1,042 
Crazy Woman Creek 0 0 0 0 0 0 0 0 2,570 1,179 0 0 2,570 1,179 
Little Powder River 0 0 0 0 1,012 408 0 0 139 56 0 0 1,151 464 
Middle Powder River 0 0 0 0 31 16 0 0 446 227 0 0 476 243 
Salt Creek 0 0 0 0 0 0 87 32 445 164 0 0 532 196 
Upper Belle Fourche River 0 0 0 0 0 0 23 10 166 72 0 0 189 82 
Upper Cheyenne River 0 0 0 0 0 0 3 1 93 40 0 0 96 42 
Upper Powder River 0 0 0 0 6 3 240 121 896 450 0 0 1,142 573 
Upper Tongue River 0 0 0 0 0 0 0 0 3,241 1,698 0 0 3,241 1,698 
Total 0 0 0 0 1,049 427 383 181 10,350 5,110 0 0 11,782 5,718 

Table 4–8 Direct Short-term and Long-term Effects to White-tailed Deer Ranges by Sub-
watershed — Alternatives 1 and 2 

White-tailed Deer Range (acres) 
Winter Spring, Summer, 

 Severe Crucial Winter Yearlong Yearlong Fall Total 

Sub-watershed 
Antelope Creek 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Clear Creek 0 0 0 0 0 0 0 0 137 77 0 0 137 77 
Crazy Woman Creek 0 0 0 0 0 0 0 0 152 70 0 0 152 70 
Little Powder River 0 0 0 0 0 0 0 0 372 150 0 0 372 150 
Middle Powder River 0 0 0 0 0 0 3 1 77 39 0 0 79 41 
Salt Creek 0 0 0 0 0 0 0 0 33 12 0 0 33 12 
Upper Belle Fourche River 0 0 0 0 0 0 0 0 30 13 0 0 30 13 
Upper Cheyenne River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Upper Powder River 0 0 0 0 0 0 0 0 116 58 0 0 116 58 
Upper Tongue River 0 0 0 0 0 0 0 0 168 88 0 0 168 88 
Total 0 0 0 0 0 0 3 1 1,084 508 0 0 1,087 509 
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Alternative 3 — Modified Lease Terms 
Direct effects to big game species under Alternative 3 would be the same as un­
der Alternative 1, or slightly reduced (Table 4–9, Table 4–10, Table 4–11, and 
Table 4–12). Under Alternative 1, elk parturition areas and elk critical winter 
range would be protected by timing limitations, and the other ranges would not 
be specifically offered protection. However, any of the ranges that occur within 
the proposed Dry Creek Petrified Tree ACEC would be protected by the lease 
stipulation of NSO in the Petrified Tree SMA, and any of the ranges that occur 
within the proposed Fortification Creek ACEC would have a CSU stipulation for 
the Fortification Creek SMA. Therefore, 1) the additional restriction of no leas­
ing in ACECs under Alternative 3 would further limit disturbance for a small 
amount of big game ranges within the proposed Cow Creek Breaks and Fortifica­
tion Creek ACECs, and 2) effects to big game ranges within the proposed Dry 
Creek Petrified Tree ACEC would not differ between alternatives. Alternative 3 
would also include NSO within 500 feet of surface water and riparian areas. This 
lease term modification may reduce the impacts to big game species through the 
protection of riparian forage habitats, but only in some instances. Finally, the in­
crease in fencing that would affect pronghorn would be slightly less than for Al­
ternatives 1 and 2. 

Alternative 4 — No Surface Disposal of Produced Water 
Alternative 1 direct effects to big game would also apply to Alternative 4, with 
the exception of the effects associated with CBNG water handling methods. Un­
der Alternative 4, effects to big game on the 285 leases would be slightly reduced 
in the short-term but slightly increased in the long-term (Table 4–13, Table 4–14, 
Table 4–15, and Table 4–16). The restrictions on surface discharge, impound­
ments, and LAD in Alternative 4 would prevent some impacts to big game that 
are expected with Alternative 1, including: creation of drinking water sources; 
expansion of forage in wetland and riparian areas; and effects to pronghorn from 
the presence of more fences. The lack of reservoirs may benefit big game species 
by not creating areas for the animals to concentrate, which would increase mor­
tality through hunting, poaching, and the transmission of diseases. 

Alternative 5 — No CBNG Development on Leases 
Implementation of this alternative would result in no additional CBNG-related 
effects to species of big game. Effects associated with the existing CBNG wells 
would continue throughout the life of those wells. However, with no further de­
velopment of CBNG, no additional effects would occur. 

Cumulative Effects 
The cumulative effects of activities on big game habitats in the sub-watersheds of 
the analysis area are discussed in the PRB O&G Final EIS. The cumulative ef­
fects for the 285 leases discussed in this EA would be similar to those for Alter­
native 2A on Tables 4–48, 4–49, 4–50, and 4–51 of the PRB O&G Final EIS. 
However, the cumulative effects would be greatly reduced under Alternative 5 
relative to the other four alternatives. 
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Table 4–9 Direct Short-term and Long-term Effects to Elk Ranges by Sub-watershed — 
Alternative 3 

Elk Range (acres)
Winter Spring, 

 Severe Crucial Winter Yearlong Yearlong Summer, Fall Total 

Sub-watershed 
Fortification Creek Only 

Upper Powder River 352 170 0 0 0 0 17 8 404 195 0 0 774 373 
Total 352 170 0 0 0 0 17 8 404 195 0 0 774 373 

Excluding Fortification Ck. 
Antelope Creek 0 0 0 0 0 0 0 0 2 1 0 0 2 1 
Upper Cheyenne River 0 0 0 0 0 0 0 0 15 6 0 0 15 6 
Upper Powder River 0 0 0 0 0 0 0 0 35 17 0 0 35 17 
Total 0 0 0 0 0 0 0 0 52 24 0 0 52 24 

Table 4–10 Direct Short-term and Long-term Effects to Mule Deer Ranges by Sub-watershed 
— Alternative 3 

Mule Deer Range (acres) 
Spring, Summer, 

 Severe Crucial Winter Winter Yearlong Yearlong Fall Total 

Sub-watershed 
Antelope Creek 0 0 0 0 0 0 0 0 266 98 0 0 266 98 
Clear Creek 0 0 0 0 0 0 1,731 978 277 156 0 0 2,008 1,134 
Crazy Woman Creek 0 0 0 0 0 0 1,713 786 857 393 0 0 2,570 1,179 
Little Powder River 0 0 0 0 0 0 966 390 694 280 0 0 1,661 670 
Middle Powder River 0 0 0 0 0 0 536 274 123 63 0 0 659 336 
Salt Creek 0 0 0 0 0 0 712 263 1 0 0 0 713 263 
Upper Belle Fourche River 0 0 0 0 0 0 0 0 440 191 0 0 440 191 
Upper Cheyenne River 0 0 0 0 0 0 0 0 51 22 0 0 51 22 
Upper Powder River 0 0 0 0 0 0 875 431 525 258 0 0 1,400 689 
Upper Tongue River 0 0 0 0 0 0 2,866 1,502 410 215 0 0 3,276 1,716 
Total 0 0 0 0 0 0 9,399 4,622 3,645 1,677 0 0 13,044 6,300 
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Table 4–11 Direct Short-term and Long-term Effects to Pronghorn Ranges by Sub-watershed 
— Alternative 3 

Pronghorn Range (acres)
Spring, Summer, 

 Severe Crucial Winter Winter Yearlong Yearlong Fall Total 

Sub-watershed 
Antelope Creek 0 0 0 0 0 0 1 1 539 197 0 0 540 198 
Clear Creek 0 0 0 0 0 0 29 16 1,815 1,025 0 0 1,844 1,042 
Crazy Woman Creek 0 0 0 0 0 0 0 0 2,570 1,179 0 0 2,570 1,179 
Little Powder River 0 0 0 0 1,012 408 0 0 139 56 0 0 1,151 464 
Middle Powder River 0 0 0 0 31 16 0 0 446 227 0 0 476 243 
Salt Creek 0 0 0 0 0 0 87 32 445 164 0 0 532 196 
Upper Belle Fourche River 0 0 0 0 0 0 23 10 166 72 0 0 189 82 
Upper Cheyenne River 0 0 0 0 0 0 3 1 93 40 0 0 96 42 
Upper Powder River 0 0 0 0 5 3 218 107 814 401 0 0 1,037 511 
Upper Tongue River 0 0 0 0 0 0 0 0 3,241 1,698 0 0 3,241 1,698 
Total 0 0 0 0 1,048 426 361 167 10,268 5,061 0 0 11,677 5,655 

Table 4–12 Direct Short-term and Long-term Effects to White-tailed Deer Ranges by Sub-
watershed — Alternative 3 

White-tailed Deer Range (acres) 
Winter Spring, 

 Severe Crucial Winter Yearlong Yearlong Summer, Fall Total 

Sub-watershed 
Antelope Creek 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Clear Creek 0 0 0 0 0 0 0 0 137 77 0 0 137 77 
Crazy Woman Creek 0 0 0 0 0 0 0 0 152 70 0 0 152 70 
Little Powder River 0 0 0 0 0 0 0 0 372 150 0 0 372 150 
Middle Powder River 0 0 0 0 0 0 4 2 77 39 0 0 79 41 
Salt Creek 0 0 0 0 0 0 0 0 33 12 0 0 33 12 
Upper Belle Fourche River 0 0 0 0 0 0 0 0 30 13 0 0 30 13 
Upper Cheyenne River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Upper Powder River 0 0 0 0 0 0 0 0 105 52 0 0 105 52 
Upper Tongue River 0 0 0 0 0 0 0 0 168 88 0 0 168 88 
Total 0 0 0 0 0 0 4 2 1,073 501 0 0 1,076 503 
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Table 4–13 Direct Short-term and Long-term Effects to Elk Ranges by Sub-watershed — 
Alternative 4 

Total 318 122 0 0 0 0 16 6 365 141 0 0 699 269 
Excluding Fortification Ck. 

Antelope Creek 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Upper Cheyenne River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Upper Powder River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Total 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Table 4–14 Direct Short-term and Long-term Effects to Mule Deer Ranges by Sub-watershed 
— Alternative 4 

Mule Deer Range (acres) 
Spring, Summer, 

 Severe Crucial Winter Winter Yearlong Yearlong Fall Total 

Sub-watershed 
Antelope Creek 0 0 0 0 0 0 0 0 234 83 0 0 234 83 
Clear Creek 0 0 0 0 0 0 151 59 40 16 0 0 191 75 
Crazy Woman Creek 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Little Powder River 0 0 0 0 0 0 178 65 190 69 0 0 368 133 
Middle Powder River 0 0 0 0 0 0 153 61 6 2 0 0 159 64 
Salt Creek 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Upper Belle Fourche River 0 0 0 0 0 0 0 0 92 35 0 0 92 35 
Upper Cheyenne River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Upper Powder River 0 0 0 0 0 0 288 111 174 67 0 0 462 177 
Upper Tongue River 0 0 0 0 0 0 198 75 11 4 0 0 209 79 
Total 0 0 0 0 0 0 969 371 747 276 0 0 1,716 647 

Fortification Creek Only 
Upper Powder River 

Sub-watershed 

318 122 0 0 0 0 16 6 365 141 0 0 699 269 

Elk Range (acres)
Winter Spring, 

 Severe Crucial Winter Yearlong Yearlong Summer, Fall Total 
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Table 4–15 Direct Short-term and Long-term Effects to Pronghorn Ranges by Sub-watershed 
— Alternative 4 

Pronghorn Range (acres)
Spring, Summer, 

 Severe Crucial Winter Winter Yearlong Yearlong Fall Total 

Sub-watershed 
Antelope Creek 0 0 0 0 0 0 1 1 476 169 0 0 478 170 
Clear Creek 0 0 0 0 0 0 0 0 179 71 0 0 179 71 
Crazy Woman Creek 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Little Powder River 0 0 0 0 256 93 0 0 41 15 0 0 296 107 
Middle Powder River 0 0 0 0 0 0 0 0 133 53 0 0 133 53 
Salt Creek 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Upper Belle Fourche River 0 0 0 0 0 0 0 0 34 13 0 0 34 13 
Upper Cheyenne River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Upper Powder River 0 0 0 0 0 0 94 36 324 124 0 0 418 160 
Upper Tongue River 0 0 0 0 0 0 0 0 198 75 0 0 198 75 
Total 0 0 0 0 256 93 96 37 1,385 520 0 0 1,737 649 

Table 4–16 Direct Short-term and Long-term Effects to White-tailed Deer Ranges by Sub-
watershed — Alternative 4 

White-tailed Deer Range (acres) 
Winter Spring, 

 Severe Crucial Winter Yearlong Yearlong Summer, Fall Total 

Sub-watershed 
Antelope Creek 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Clear Creek 0 0 0 0 0 0 0 0 14 6 0 0 14 6 
Crazy Woman Creek 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Little Powder River 0 0 0 0 0 0 0 0 25 9 0 0 25 9 
Middle Powder River 0 0 0 0 0 0 1 0 2 1 0 0 3 1 
Salt Creek 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Upper Belle Fourche River 0 0 0 0 0 0 0 0 1 1 0 0 1 1 
Upper Cheyenne River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Upper Powder River 0 0 0 0 0 0 0 0 5 2 0 0 5 2 
Upper Tongue River 0 0 0 0 0 0 0 0 3 1 0 0 3 1 
Total 0 0 0 0 0 0 1 0 51 19 0 0 51 19 
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Raptors 
Some raptor species are addressed in the Threatened, Endangered, and Sensitive 
species section, whereas others are included in the discussion below. 

Alternative 1 — No Action 
The type and relative magnitude of effects to raptors under Alternative 1 would 
be consistent with the effects described under Alternative 2A in the PRB O&G 
Final EIS. However, the 285 leases represent a minor proportion of the develop­
ment discussed in the EIS. Thus, the effects would be proportionally less. The 
effects to general raptor habitats are essentially the same as effects to vegetation, 
which are presented in the PRB O&G Final EIS. Potential effects of this alterna­
tive to raptors include: increased direct mortality; the introduction of new 
perches; water handling facilities; harassment and displacement; noise; availabil­
ity of prey; direct loss, degradation, or disturbance of habitats; habitat fragmenta­
tion; and changes in population levels. 

Alternative 2 — Standard Lease Terms and Lease Notice 
Implementation of this alternative could result in substantially greater adverse 
effects to raptors than any of the other alternatives. This potential exists because 
only SLT and Lease Notice No. 1 would be applied. No other protective meas­
ures, such as stipulations from the 1985 RMP and the mitigation measures and 
COAs identified in the PRB O&G Final EIS, are part of this alternative. 

Alternative 3 — Modified Lease Terms 
Effects to raptor species would be slightly reduced under Alternative 3. Modify­
ing the lease stipulations to include no leasing in the proposed ACECs may pre­
serve some suitable raptor habitats. Also, the stipulation for NSO within 500 feet 
of surface water and riparian areas may reduce impacts to raptors and their habi­
tats in some instances. The TLS for greater sage-grouse described below also 
would benefit nesting raptors. 

Alternative 4 — No Surface Disposal of Produced Water 
Under this alternative, effects to raptors would be substantially less than those for 
Alternative 1. Disturbance of habitats would be less (381 acres instead of 
13,528 acres). Also, facilities for the surface disposal of CBNG water would not 
affect raptors because they would not be constructed. These effects include the 
disruption or improvement in the availability of raptor prey species or both. The 
effects are described in the PRB O&G Final EIS. 

Alternative 5 — No CBNG Development on Leases 
Implementation of this alternative would result in no additional CBNG-related 
effects to species of raptors that occur or potentially occur on the 285 leases. Ef­
fects associated with the existing CBNG wells would continue throughout the life 
of those wells. However, with no further development of CBNG, no additional 
effects would occur. 
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Cumulative Effects 
Implementation of each of the alternatives would contribute to cumulative effects 
to raptors. The PRB O&G Final EIS describes how increased development can 
negatively and positively affect raptors in the sub-watersheds of the analysis area. 
However, the cumulative effects would be greatly reduced under Alternatives 4 
and 5 relative to the other three alternatives. 

Upland Game Birds 
The greater sage-grouse and the plains sharp-tailed grouse were identified during 
the scoping process as the upland game birds of specific concern. The greater 
sage-grouse is discussed in the section on Threatened, Endangered, and Sensitive 
species. The plains sharp-tailed grouse is discussed below. 

Alternative 1 — No Action 
The type and relative magnitude of effects to the plains sharp-tailed grouse under 
Alternative 1 would be consistent with the effects described under Alternative 2A 
in the PRB O&G Final EIS (U.S. Bureau of Land Management 2003:Table 4– 
52). However, the 285 leases represent a minor proportion of the development 
discussed in the EIS. The effects may include: increased direct mortality; vehicle 
or power line collision; the introduction of new perches for raptors and thus a 
potential change in predation rates; direct loss or degradation of habitats; water 
handling facilities; indirect disturbance resulting from human activity; habitat 
fragmentation; and changes in population levels. Table 2–2 presents the overall 
projected acres of short-term and long-term disturbance for the Clear Creek and 
Upper Tongue River sub-watersheds under Alternative 1. 

Alternative 2 — Standard Lease Terms and Lease Notice 
Implementation of this alternative could result in substantially greater adverse 
effects to sharp-tailed grouse than any of the other alternatives. This potential 
exists because only SLT and Lease Notice No. 1 would be applied. No other pro­
tective measures, such as stipulations from the 1985 RMP and the mitigation 
measures and COAs identified in the PRB O&G Final EIS, are part of this alter­
native. 

Alternative 3 — Modified Lease Terms 
Overall, short-term and long-term disturbance for the Clear Creek and Upper 
Tongue River sub-watersheds would not differ between Alternative 3 and Alter­
native 1 (Table 2–2). In addition, no known plains sharp-tailed grouse leks or 
protective buffers are located in the affected proposed ACECs. The stipulation 
for NSO within 500 feet of surface water and riparian areas may reduce impacts 
to grouse habitats on the 285 leases. 

Alternative 4 — No Surface Disposal of Produced Water 
Implementation of this alternative would result in effects to the plains sharp-
tailed grouse that substantially less than those described for Alternative 1. Over­
all, the lease terms of Alternative 4 would result in a reduction of short-term and 
long-term disturbance across all sub-watersheds (Table 2–2). In addition, the ef­
fects of the surface disposal of water on the plains sharp-tailed grouse would not 
occur under Alternative 4. These effects, such as the increase of wetland and ri­
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parian habitats and sources of drinking water, are described in the PRB O&G 
Final EIS. 

Alternative 5 — No CBNG Development on Leases 
Implementation of this alternative would result in no additional CBNG-related 
effects to sharp-tailed grouse that occur or potentially occur on the 285 leases. 
Effects associated with the existing CBNG wells would continue throughout the 
life of those wells. However, with no further development of CBNG, no addi­
tional effects would occur. 

Cumulative Effects 
Implementation of each of the alternatives would contribute to cumulative effects 
to sharp-tailed grouse. The impacts are described for each of the sub-watersheds 
of the analysis area in the PRB O&G Final EIS (U.S. Bureau of Land Manage­
ment 2003:Table 4–52). However, the cumulative effects would be greatly re­
duced under Alternatives 4 and 5 relative to the other three alternatives. 

Waterfowl 
Alternative 1 — No Action 
The type and relative magnitude of effects to waterfowl under Alternative 1 
would be consistent with the effects described under Alternative 2A in the PRB 
O&G Final EIS. However, the 285 leases represent a minor proportion of the de­
velopment discussed in the EIS. Potential effects include: direct disturbance or 
mortality; exposure to produced water; collision with vehicles or power lines; 
increased raptor predation; loss or degradation of habitats; water handling facili­
ties; harassment, displacement, and noise; and habitat fragmentation. However, 
effects to waterfowl are expected to be minimal because water habitat is limited 
within the leases of concern. 

Alternative 2 — Standard Lease Terms and Lease Notice 
Implementation of this alternative could result in substantially greater adverse 
effects to waterfowl than any of the other alternatives. This potential exists be­
cause only SLT and Lease Notice No. 1 would be applied. No other protective 
measures, such as stipulations from the 1985 RMP and the mitigation measures 
and COAs identified in the PRB O&G Final EIS, are part of this alternative. 

Alternative 3 — Modified Lease Terms 
Effects to waterfowl under Alternative 3 may be slightly reduced. The lease 
stipulation modification for no leasing in the proposed ACECs would apply to a 
negligible amount of water habitat, but the stipulation for NSO within 500 feet of 
surface water and riparian areas may reduce impacts to waterfowl habitats and 
provide secure nesting areas. 

Alternative 4 — No Surface Disposal of Produced Water 
Implementation of this alternative would result in effects to waterfowl that are 
substantially less than those described for Alternative 1. The PRB O&G Final 
EIS presents a discussion of the potential direct and indirect, and positive and 
negative, effects to waterfowl from various methods of water handling and expo­
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sure to CBNG production water. The potential for these effects would be elimi­
nated under Alternative 4 because surface disposal would not be allowed. The 
elimination of surface disposal reservoirs would decrease the amount of potential 
habitats available for waterfowl, relative to Alternatives 1, 2, and 3. 

Alternative 5 — No CBNG Development on Leases 
Implementation of this alternative would result in no additional CBNG-related 
effects to species of waterfowl that occur or potentially occur on the 285 leases. 
Effects associated with the existing CBNG wells would continue throughout the 
life of those wells. However, with no further development of CBNG, no addi­
tional effects would occur. 

Cumulative Effects 
Implementation of each of the alternatives would contribute to cumulative effects 
to waterfowl on the 285 leases. The PRB O&G Final EIS describes how various 
water handling methods can negatively and positively affect waterfowl in the 
sub-watersheds of the analysis area. However, the cumulative effects would be 
greatly reduced under Alternatives 4 and 5 relative to the other three alternatives. 

Migratory Birds 
Alternative 1 — No Action 
The type and relative magnitude of effects to migratory birds under Alternative 1 
would be consistent with the effects described under Alternative 2A in the PRB 
O&G Final EIS. These effects would only be seen on the 285 leases. Potential 
effects include: direct mortality; collisions with vehicles or power lines; loss or 
degradation of habitats; harassment and displacement; noise; habitat fragmenta­
tion; and population effects. Table 2–2 presents the projected acres of short-term 
and long-term disturbance by sub-watershed for Alternative 1. 

Alternative 2 — Standard Lease Terms and Lease Notice 
Implementation of this alternative could result in greater adverse effects to mi­
gratory birds than any of the other alternatives. This potential exists because only 
SLT and Lease Notice No. 1 would be applied. No other protective measures, 
such as stipulations from the 1985 RMP and the mitigation measures and COAs 
identified in the PRB O&G Final EIS, are part of this alternative. 

Alternative 3 — Modified Lease Terms 
Overall, the projected acres of short-term and long-term disturbance are slightly 
less under Alternative 3. Effects to migratory birds would be slightly reduced 
under Alternative 3. Under this alternative, some suitable habitats may be pre­
served by modifying the lease stipulations to include no leasing in proposed A-
CECs. The stipulation for NSO within 500 feet of surface water and riparian ar­
eas may reduce impacts in some instances. The TLS for sage-grouse also would 
be beneficial for migratory birds by providing disturbance-free nesting and forag­
ing habitats during the breeding season. 
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Alternative 4 — No Surface Disposal of Produced Water 
Implementation of this alternative would result in effects to migratory birds that 
are substantially less than those described for Alternative 1. Overall, the lease 
terms of Alternative 4 would result in a substantial decrease in short-term distur­
bance and long-term disturbance (Table 2–2). In addition, the increase in riparian 
habitats from water handling facilities, and the associated effects on migratory 
birds, would be eliminated under Alternative 4. These effects are described in the 
PRB O&G Final EIS. 

Alternative 5 — No CBNG Development on Leases 
Implementation of this alternative would result in no additional CBNG-related 
effects to species of migratory birds that occur or potentially occur on the 285 
leases. Effects associated with the existing CBNG wells would continue through­
out the life of those wells. However, with no further development of CBNG, no 
additional effects would occur. 

Cumulative Effects 
Implementation of each of the alternatives would contribute to cumulative effects 
to migratory birds. Migratory birds would continue to be affected by vehicle col­
lisions, power line collision, loss or degradation of habitat, harassment and dis­
placement, noise, and habitat fragmentation related to conventional oil and gas 
development, previous CBNG development, and current development elsewhere 
in the PRB. Evaluating the extent of cumulative effects is difficult because of the 
general lack of data on migratory birds in the analysis area and the range of ef­
fects that would occur in varying degrees to various species. Table 4–54 in the 
PRB O&G Final EIS presents information on population trends of species of mi­
gratory birds in the analysis area. The cumulative effects would be greatly re­
duced under Alternatives 4 and 5 relative to the other three alternatives. 

Aquatic Species 
Potential direct and indirect effects to aquatic species in the analysis area include: 
(1) changes in timing and quantity of stream flows; (2) changes in sedimentation; 
(3) changes in concentrations of salts in streams; (4) changes in concentrations of 
metals; (5) changes in water temperatures; (6) accidental spills of fuels or drilling 
fluids; (7) changes in species diversity; and (8) trans-boundary effects on water 
quality. Please refer to the PRB O&G Final EIS for more information about each 
of these types of effects, and how and when these effects may occur. 

It is assumed that wells that discharge produced water on the surface and wells 
that discharge water to infiltration ponds may have potential effects on aquatic 
species. Water produced from wells and managed using other methods of water 
handling (containment, LAD, and injection) would not have effects on surface 
waters because none of the discharged water under these methods would reach 
drainages in the sub-watersheds. 

Alternative 1 — No Action 
The type and relative magnitude of effects to aquatic species under Alternative 1 
would be consistent with the effects described under Alternative 2A in the PRB 
O&G Final EIS. Approximately 31 percent of the proposed wells would dis­
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charge produced water on the surface and 55 percent would discharge produced 
water to infiltration reservoirs. However, effects to aquatic species are expected 
to be minimal because water habitat is limited within the 285 leases. 

Alternative 2 — Standard Lease Terms and Lease Notice 
Implementation of this alternative could result in substantially greater adverse 
effects to aquatic life than any of the other alternatives. This potential exists be­
cause only SLT and Lease Notice No. 1 would be applied. No other protective 
measures, such as stipulations from the 1985 RMP and the mitigation measures 
and COAs identified in the PRB O&G Final EIS, are part of this alternative. 

Alternative 3 — Modified Lease Terms 
Effects to aquatic species may be slightly reduced under Alternative 3. The lease 
stipulation modification for no leasing in proposed ACECs would apply to a neg­
ligible amount of water habitat, but the stipulation for NSO within 500 feet of 
surface water and riparian areas may reduce impacts, including erosion and 
sedimentation. 

Alternative 4 — No Surface Disposal of Produced Water 
The only acceptable method of water disposal under Alternative 4 would be in­
jection; therefore, the effects associated with the discharge of produced water on 
the surface and to infiltration ponds would be eliminated under Alternative 4. 
These effects (both negative and positive) to aquatic species are described in the 
PRB O&G Final EIS. 

Alternative 5 — No CBNG Development on Leases 
Implementation of this alternative would result in no additional CBNG-related 
effects to aquatic species that occur or potentially occur on the 285 leases. Effects 
associated with the existing CBNG wells would continue throughout the life of 
those wells. However, with no further development of CBNG, no additional ef­
fects would occur. 

Cumulative Effects 
The proposed alternatives, combined with the potential for future CBNG projects 
within the PRB that are not addressed in this document, would lead to cumulative 
effects to aquatic species. These effects are described in the PRB O&G Final EIS 
and include: fluctuations in stream flow; fluctuations in sedimentation; increases 
in concentrations of salt; increases in contaminants in waterways; and changes in 
water quality, habitats, and species diversity. Although each alternative would 
contribute to cumulative effects in varying degrees, the cumulative effects would 
be greatly reduced under Alternatives 4 and 5 relative to the other three alterna­
tives. 

Threatened, Endangered, and Sensitive Species 
Potential effects to threatened, endangered, and sensitive (special-status) species 
would be similar to those described for vegetation and wildlife in the preceding 
sections and in the PRB O&G Final EIS. However, the 285 leases represent a 
minor proportion of the development discussed in the EIS. Direct effects to spe­
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cial-status plant species would occur from disturbance or removal of individuals 
or populations from construction of well pads, compressor stations, ancillary fa­
cilities, associated pipelines, water-handling facilities, and roads. Indirect effects 
to special-status plant species would include an increase in the potential for in­
troduction and spread of noxious weeds that may displace native plants, and al­
teration or destruction of suitable habitats caused by changes in water quality and 
quantity. 

Effects to special-status wildlife species would include: (1) direct injury or mor­
tality, including poaching, poisoning or trapping; (2) indirect injury or mortality, 
including effects from water disposal, electrocution by or collisions with above-
ground utility lines and poles, and collisions with vehicles; (3) harassment or dis­
placement of individuals during the various phases of development; and (4) di­
rect disturbance, destruction, or fragmentation of habitats as the result of devel­
opment and production activities, including water disposal, that may change the 
availability and effectiveness of the habitat. Activities contributing to cumulative 
effects in the sub-watersheds in the analysis area include: oil and gas extraction; 
coal mining; uranium mining; sand, gravel, and scoria mining; ranching; agricul­
ture; road and railroad construction; and rural and urban housing development. 
More detail regarding the potential direct and indirect impacts of the develop­
ment of CBNG on each special-status species is included in Chapter 4 of the PRB 
O&G Final EIS, including Table 4–57, Appendix J (Biological Assessment), and 
Appendix K (Biological Opinion). More detail regarding the cumulative effects 
within the sub-watersheds of the analysis area is provided in Chapter 4 of the 
PRB O&G Final EIS. Because the greater sage-grouse was identified to be of 
particular concern during the scoping process, the potential impacts of the alter­
natives are discussed in more detail for this species. 

Alternatives 1, 2, and 3 may adversely affect individuals of all species of birds 
listed, but are not likely to result in a loss of viability on federal lands or range 
wide, or result in a trend toward federal listing. The exceptions include the bald 
eagle (Haliaeetus leucocephalus), which is likely to be adversely affected. The 
boundaries of one lease falls within ½ mile of two bald eagle nests and the 
boundaries of two leases fall within 1 mile of identified roosts. Consequently, 
development of these alternatives would affect these resources. Alternatives 1, 2, 
and 3 may adversely affect individuals, may result in a loss of viability on federal 
lands or range wide, or result in a trend toward federal listing of the long-billed 
curlew (Numenius americanus). There would be no effect to the fox sparrow 
(Passerella iliaca) or the pygmy nuthatch (Sitta pygmaea). Alternatives 1, 2, and 
3 are likely to adversely affect, but not likely to jeopardize continued existence of 
the mountain plover (Charadrius montanus) or its habitat. 

Alternatives 1, 2, and 3 may adversely affect individuals of all species of mam­
mals, amphibians, fishes and reptiles listed, but are not likely to result in a loss of 
viability on federal lands or range wide, or result in a trend toward federal listing. 
The exception is the black-footed ferret (Mustela nigripes), which the alterna­
tives may affect, but are not likely to adversely affect. The Yellowstone cutthroat 
trout (Oncorhynchus clarkibouvieri) would not be affected.  
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Alternatives 1, 2 and 3 would not affect any listed plants, excluding the Ute la­
dies’-tresses orchid (Spiranthes diluvialis), which is likely to be adversely af­
fected. 

Alternative 4 may adversely affect individuals of all species of birds, mammals, 
amphibians and reptiles listed, but is not likely to result in a loss of viability on 
federal lands or range wide, or result in a trend toward federal listing. Effects 
would be reduced due to the lack of surface disposal of water. The exceptions 
include the burrowing owl (Athene cunicularia), the ferruginous hawk (Buteo 
regalis) and the upland sandpiper (Bartramia longicauda), for which this alterna­
tive may result in a loss of viability on federal lands or range wide, or result in a 
trend toward federal listing. Alternative 4 is also likely to adversely affect, but 
not likely to jeopardize continued existence of the mountain plover or its habitat. 
Alternative 4 would not affect the snowy egret (Egretta thula), the peregrine fal­
con (Falco peregrinus anatum), and the greater sandhill crane (Grus canadensis 
tabida). The black-footed ferret may be affected by Alternative 4, but is not 
likely to be adversely affected. 

Alternative 4 would not affect any listed plants or fishes, excluding the Ute la­
dies’-tresses orchid, which is likely to be adversely affected.  

Implementation of Alternative 5 would result in no additional CBNG-related ef­
fects to species of threatened, endangered, or sensitive species. Effects associated 
with the existing CBNG wells would continue throughout the life of those wells. 
However, with no further development of CBNG, no additional effects would 
occur. 

Greater Sage-grouse 
Alternative 1 — No Action 
The type and relative magnitude of effects to the greater sage-grouse under Al­
ternative 1 would be consistent with the effects described under Alternative 2A in 
the PRB O&G Final EIS. Effects, both positive and negative, would be limited to 
the 285 leases. Potential effects include: (1) increased direct mortality (including 
legal hunting, poaching, and collision with power lines and vehicles); (2) the in­
troduction of new perches for raptors and thus a potential change in rate of preda­
tion; (3) direct loss or degradation of habitats; (4) indirect disturbance resulting 
from human activity (including harassment, displacement, and noise); (5) habitat 
fragmentation (particularly through construction of roads); and (6) changes in 
population. Each of these effects is discussed in detail in the PRB O&G Final 
EIS. 

Table 4–17 presents the expected short-term and long-term impacts within sage-
grouse leks and protective buffers under Alternative 1. Mitigation under Alterna­
tive 1 includes CSU within the 0.25-mile buffer and TLS within the 2-mile 
buffer. For each of these buffers, the table presents the acreages of leases that 
overlap with the sage-grouse buffer and could be disturbed by CBNG develop­
ment in the future. Therefore, the short-term and long-term acreages are the ex­
pected amount of sage-grouse habitat to which the CSU and TLS stipulations 
would be applied under Alternative 1. Short-term disturbance for the 0.25-mile 
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Table 4–17 Expected Impacts within Sage-grouse Leks and Protective Buffers by Sub-
watershed, Alternatives 1 and 2 

0.25-mile buffer 
 Expected Impacts (acres) 

2-mile buffer 

Sub-watershed 
Antelope Creek 
Clear Creek 

Long-term 
(acres) 

0 
7 

Portion of Total 
Area Extent 

in Leases 
(percent) 

5 

Short-term 
(acres) 

249 
262 

Portion of Total 
Area Extent 

in Leases 
(percent) 

34 
8 

Long-term 
(acres) 

92 
124 

Portion of Total 
Area Extent 

in Leases 
(percent) 

13 
4 

Crazy Woman Creek 39 4 1,560 10 623 4 
Little Powder River 0 188 14 78 6 
Middle Powder River 0 0 0 
Salt Creek 0 0 0 
Upper Belle Fourche River 
Upper Cheyenne River 
Upper Powder River 

7 
0 
5 

3 

4 

263 
94 

265 

7 
8 
8 

114 
42 

110 

3 
4 
3 

Upper Tongue River 
Total 

0 
58 

6 
4 

652 
3,506 

12 
10 

312 
1,495 

6 
4 

buffer is not included because no additional construction is expected to occur 
within this buffer. 

Alternative 2 — Standard Lease Terms and Lease Notice 
Implementation of this alternative could result in substantially greater adverse 
effects to sage-grouse than any of the other alternatives. This potential exists be­
cause only SLT and Lease Notice No. 1 would be applied. No other protective 
measures, such as stipulations from the 1985 RMP and the mitigation measures 
and COAs identified in the PRB O&G Final EIS, are part of this alternative. 

Although implementation of this alternative would not change the amount of dis­
turbance that would occur within the buffers shown on Table 4–17, it could result 
in substantially higher effects to sage-grouse. This alternative would remove the 
CSU stipulation and TLS that protect breeding habitats for the sage-grouse. 
Without these stipulations, operators may be able to construct in or around leks 
and nesting areas during the breeding season. Disturbance in these areas during 
the breeding season could result in the grouse abandoning breeding areas, includ­
ing leks by males and nesting areas by females. 

Alternative 3 — Modified Lease Terms 
Table 4–18 presents the expected short-term and long-term impacts within sage-
grouse leks and protective buffers under Alternative 3. Under this alternative, an 
NSO would be applied to the area within 0.25 mile of each lek and a TLS would 
be applied to the area within 3 miles of leks on BLM land and 2 miles on FS 
land. For each of these buffers, the table presents the acreages of leases that over­
lap with the sage-grouse buffer and could be disturbed by CBNG development in 
the future. Therefore, the short-term and long-term acreages are the potential 
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Table 4–18 Expected Impacts within Sage-grouse Leks and Protective Buffers by Sub-
watershed, Alternative 3 

0.25-mile buffer 
 Expected Impacts (acres) 

3-mile buffer 

Sub-watershed 
Antelope Creek 
Clear Creek 

Long-term 
(acres) 

0 
7 

Portion of Total 
Area Extent 

in Leases 
(percent) 

5 

Short-term 
(acres) 

285 
639 

Portion of Total 
Area Extent 

in Leases 
(percent) 

34 
9 

Long-term 
(acres) 

105 
360 

Portion of Total 
Area Extent 

in Leases 
(percent) 

12 
5 

Crazy Woman Creek 39 4 1,834 9 851 4 
Little Powder River 0 406 13 164 5 
Middle Powder River 0 0 0 
Salt Creek 0 0 0 
Upper Belle Fourche River 
Upper Cheyenne River 
Upper Powder River 

7 
0 
5 

3 

4 

344 
125 
560 

7 
8 
8 

150 
54 

281 

3 
3 
4 

Upper Tongue River 
Total 

0 
58 

6 
4 

1,331 
5,524 

11 
10 

696 
2,662 

6 
5 

amount of sage-grouse habitats that could be disturbed outside the breeding sea­
son but to which the TLS would be applied. Short-term disturbance for the 0.25­
mile buffer is not included because no additional construction is expected to oc­
cur within this buffer. Comparing Table 4–17 and Table 4–18, the areal extent of 
sage-grouse habitats protected by the TLS and potentially subject to disturbance 
would be slightly greater under Alternative 3. 

Alternative 4 — No Surface Disposal of Produced Water 
Effects to the greater sage-grouse under Alternative 4 would be substantially less 
than those under Alternative 1 because it would ultimately include the same spe­
cific protective measures and would involve the construction of substantially 
fewer wells and facilities. Additionally, the effects associated with the surface 
disposal of CBNG water would be eliminated under Alternative 4. These effects 
are described in the PRB O&G Final EIS. Potential positive effects include the 
expansion of brood rearing and summering habitats, and additional sources of 
drinking water. Potential negative effects to sage-grouse include the loss of sage­
brush shrublands habitats, and habitat fragmentation. 

Alternative 5 — No CBNG Development on Leases 
Implementation of this alternative would result in no additional CBNG-related 
effects to sage-grouse. Effects associated with the existing CBNG wells would 
continue throughout the life of those wells. However, with no further develop­
ment of CBNG, no additional effects would occur. 
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Cumulative Effects 
The proposed alternatives, combined with the potential for future CBNG projects 
within the PRB that are not addressed in this document, may lead to potential 
cumulative effects. These effects are described in the PRB O&G Final EIS and 
include: increased mortality, especially from collisions, with vehicles and power 
lines and increased raptor predation; displacement and harassment; physical deg­
radation of destruction of breeding grounds and reproductive areas; and habitat 
fragmentation. Table 4–58 in that document indicates the level of cumulative 
impacts to sage-grouse habitats within the sub-watersheds of the analysis area. 

Cultural Resources 
The cultural resources management objective of the BLM Buffalo Field Office, 
including stewardship considerations in addition to Section 106 and NEPA com­
pliance is to “Protect, preserve, interpret, and manage significant cultural re­
sources for their informational, educational, scientific, and recreational values”. 

These objectives are achieved through: 

1. Inventory; 
2. Evaluation; 
3. Native American Consultation; 
4. Management Options; and 
5. Monitoring 

Inventory is the process of gathering together information on the cultural re­
sources that are present in the area of a proposed undertaking. Levels of inven­
tory include an overview that reviews documentation of previously known re­
sources and intensive pedestrian survey that inspects the area of potential effect 
(APE) for all evidence of previously known and undocumented cultural re­
sources. BLM would require site-specific pedestrian inventories for cultural re­
sources before approving any federal action involving federal surface, federal 
minerals, federal funding, or federal permits. Cultural resource surveys are con­
ducted for all surface-disturbing activities, including (not limited to) individual 
wells, pipelines, roads, and water impoundments as part of the APD process. 
Block surveys at the well field or POD level would be advantageous for plan­
ning, management, and development and eliminate the need for many follow-up 
or in-fill surveys. Cultural resource inventories must conform with the Secretary 
of the Interior’s Standards and Guidelines for Archaeology and Historic Preser
vation (48 Federal Register 44716), current Wyoming standards and guidelines, 
including the BLM Handbook H–8111–1 Cultural Resources Wyoming Hand­
book, and guidance for completion of the Wyoming Cultural Properties Form. 

Evaluation is the process of assessing the importance of a cultural resource site. 
All cultural resource sites and many Native American traditional places are 
evaluated in accordance with the National Register Criteria (36 CFR 60.4 (a-d)) 
and within a defined historic context. The National Register Criteria assess 
whether a site is eligible for listing on the National Register of Historic Places at 
the national, state, or local level. A site that is listed on or is eligible for the Na­
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tional Register of Historic Places is considered a historic property. Typically, the 
majority of cultural resource sites are evaluated as not eligible. Cultural resources 
are evaluated as completely as possible during initial documentation. If a site 
cannot be conclusively evaluated from surface evidence and limited testing, the 
additional information or specialized analysis necessary to complete the evalua­
tion are identified and a recommendation is made for the most prudent and expe­
dient procedure to complete the evaluation. Additional studies might include ar­
chival or other documentary research, evaluation of the resource by a specialist, 
analysis of specialized samples, subsurface test excavations, or other forms of 
well-defined research that are beyond the scope of surface survey. BLM would 
require all cultural resource sites within each alternative’s APE be evaluated for 
their eligibility for inclusion in the National Register of Historic Places. 

BLM would contact tribes that may have legitimate concerns within or related to 
proposed undertakings and convey the major findings of cultural resource inven­
tories. The tribes may raise concerns about the treatment of cultural resources, 
natural resources, or natural landscape features that have traditional religious or 
cultural value. These groups also have concerns about handling inadvertent dis­
coveries of human remains. (The plan for handling human remains in the PRB is 
provided in U.S. Bureau of Land Management 2003:Appendix L.) Consultation 
is the government-to-government identification of concerns and discussion of 
their resolution. 

Management options are standard treatments of historic properties, Native 
American concerns, or inadvertent discoveries. The preferred option for the 
treatment of historic properties would be avoidance and protection. In most 
cases, the historic property can be avoided and protected by minor adjustments or 
stipulations to the proposed undertaking, especially if an adequate area has been 
surveyed for cultural resources. If a historic property could not feasibly be 
avoided, data recovery or other mitigation measures would be proposed. The na­
ture and level of mitigation would depend on the nature and extent of the adverse 
effect to the historic property. Mitigation must be approved by the BLM or FS, in 
consultation with the SHPO and, if applicable, the surface owner. Any data re­
covery plan must discuss the property in terms of the historic context and identify 
the research questions that would be addressed by the anticipated data classes. 

For specific actions, monitoring would be conducted to: (1) verify that actions 
have complied with constraints and stipulations; (2) verify that the constraints 
and stipulations have achieved the intended objectives; and (3) evaluate whither 
management plans and objectives have achieved their goals. Monitoring activi­
ties would include inspecting construction for compliance, inspecting for poten­
tial discovery situations during construction, and monitoring of ongoing opera­
tions. 

Additional information on these objectives and their implementation in the BFO 
is presented in the PRB O&G Final EIS. 

Alternative 1 — No Action 
The total square miles of potential impact is 22.8. Assuming that site density is 
uniform throughout each sub-watershed, the number of sites per square mile from 
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Table 3–61 in the PRB O&G Final EIS was used as a multiplier to estimate the 
number of sites in the area of potential effect given the square miles of new dis­
turbance. The number of cultural resource sites identified will be greater because 
an area larger than the proposed surface disturbance is surveyed. The potential 
number of sites affected by watershed varies from a high of 142 to a low of one 
(Table 4–19). All areas of ground disturbance associated with federal actions will 
be surveyed for cultural resources during the APD process. Until those surveys 
are completed, only rough estimates can be made of the actual number of eligible 
cultural resource sites that would be affected by the proposed oil and gas devel­
opment and the nature of the effects. 

Alternative 2 — Standard Lease Terms and Lease 
Notice 

Implementation of this alternative could result in substantially greater adverse 
effects to cultural resources than any of the other alternatives. This potential ex­
ists because only SLT and Lease Notice No. 1 would be applied. No other protec­
tive measures, such as stipulations from the 1985 RMP and the mitigation meas­
ures and COAs identified in the PRB O&G Final EIS, are part of this alternative. 

Table 4–19	 Estimated Square Miles of Total CBNG Surface Disturbance 
and Potentially Affected Cultural Resource Sites by Sub-
watershed and Alternative 

Alternative 1 Alternative 2 Alternative 3 Alternative 4 
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Antelope Creek 0.8 4 0.8 4 0.8 4 0.7 4 
Clear Creek 3.1 142 3.1 142 3.1 142 0.3 14 
Crazy Woman Creek 4.0 86 4.0 86 4.0 86 0.0 0 
Little Powder River 2.6 12 2.6 12 2.6 12 0.6 3 
Middle Powder River 1.0 5 1.0 5 1.0 5 0.2 1 
Salt Creek 1.1 9 1.1 9 1.1 9 0.0 0 
Upper Belle Fourche River 0.7 3 0.7 3 0.7 3 0.1 1 
Upper Cheyenne River 0.2 1 0.2 1 0.2 1 0.0 0 
Upper Powder River 2.4 12 2.4 12 2.2 11 0.7 4 
Upper Tongue River 5.1 68 5.1 68 5.1 68 0.3 4 
Total 21 342 21 342 20.8 341 2.9 31 
Source: U.S. Bureau of Land Management 2003 

Alternative 3 — Modified Lease Terms 
Implementation of this alternative would result in a potential number of sites af­
fected that is slightly less than what would occur under alternatives 1 or 2 (Table 
4–19). The primary difference between this alternative and alternatives 1 and 2 is 

4–51 Oil and Gas Leasing EA 70–05–064 



Chapter 4 — Environmental Consequences 

the slightly less amount of disturbance that would occur the Upper Powder River 
sub-watershed. 

Alternative 4 — No Surface Discharge of Produced 
Water 

Implementation of this alternative would result in a potential number of sites af­
fected that is substantially less than what would occur under the three previous 
alternatives (Table 4–19). The primary difference between this alternative and 
the other three alternatives is the fewer wells and no facilities for the surface dis­
posal of water produced by CBNG wells. 

Alternative 5 — No CBNG Development on Leases 
Implementation of this alternative would result in no additional CBNG-related 
effects to cultural resources. Effects associated with the existing CBNG wells 
would continue throughout the life of those wells. However, with no further de­
velopment of CBNG, no additional effects would occur. 

Management Options 
Because of the requirements for compliance with federal regulations including, 
but not limited to Section 106 of the National Historic Preservation Act, NEPA, 
and the Archeological Resources Protection Act, all areas on federal lands or that 
involve federal minerals proposed for disturbance would be inventoried for cul­
tural resources. Equivalent regulatory mandates are not in place for private or 
State of Wyoming lands (with private or state minerals). However, if a project 
involves a federal permit or authorization, federal historic preservation require­
ments would apply. 

It is evident that all of the alternatives have the potential to affect historic proper­
ties. As development progresses the opportunities for avoiding direct or indirect 
effects to historic properties will diminish (for example, at least a portion of 9 of 
the 285 leases fall within the 1/4-mile buffer of the Bozeman Trail). As more 
wells are developed it would become increasingly difficult to avoid visual and 
auditory impacts to cultural landscapes. Because of long-term planning and man­
agement considerations, cultural resource inventories should target entire PODs 
rather than piecemeal actions. 

The following types of management situations may be encountered: 

1.	 The resource is not a historic property, and no further work is required. The 
majority of cultural resources are not historic properties; 

2.	 The historic property is within an area of proposed disturbance, but the pro­
posed action can be altered within areas of existing inventory to avoid direct 
adverse effects and protect the property from indirect adverse effects; 

3.	 The historic property is within an area of proposed disturbance but the pro­
posed action can be altered, relocated, or constrained within areas of existing 
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inventory so that only non-contributing portions of the historic property are 
affected and contributing portions can be protected from adverse impact; 

4.	 The historic property is not immediately within the area of proposed impact, 
but its location and setting are intrinsic to its eligibility, and the proposed ac­
tion can be altered, relocated, or constrained in such a way that its intrusion 
on the viewshed and adverse effect contributing to aspects of the setting can 
be minimized; 

5.	 The historic property is within an area of proposed impact but is a small 
property eligible under Criteria c or d and the property itself, its significant 
attributes, or its important data are not intrinsically tied to their location or 
setting and can be moved, collected, documented, or studied at minimal cost;  

6.	 The historic property and feasible design of the proposed action are such that 
avoidance and protection of the property is not a viable alternative. In such a 
case, the cultural resource professional would propose a prudent and feasible 
recordation or data recovery plan to submit to BLM for review; or 

7.	 The historic property was not identified or predicted by the cultural resource 
inventory and was encountered during development or operation of the facili­
ties. 

Monitoring would assess the effectiveness of management strategies in achieving 
management objectives. If management activities are not achieving these objec­
tives, the strategies would be modified to improve their effectiveness. 

Land Use and Transportation 
Land Use 

Rangeland is the primary land use that would be affected by development of 
CBNG on the 285 leases. Direct effects to land uses would occur from construc­
tion and operation of the proposed facilities for any of the alternatives. Short-
term effects are defined as occurring during the construction and drilling/ 
completion phases. Long-term effects are caused by construction and operations 
that would remain longer. The acres of short- and long-term disturbance for each 
of the alternatives are estimated based on the proposed number of wells and other 
facilities within each watershed. Facility-specific disturbances were estimated 
using data collected from existing oil and gas development in the analysis area. 
Indirect effects to land uses are reasonable foreseeable results of related activities 
that occur later or are removed in distance from the primary action. 

Alternative 1 — No Action 
The effects to land uses from the development of CBNG wells and ancillary fa­
cilities would be the same as described for the proposed action in the PRB O&G 
Final EIS, but would be limited to land within each lease area. Implementation of 
Alternative 1 would cause short-term disturbance of as many as 13,528 acres. 
After pipelines have been reclaimed and well pads and compressor stations re­
claimed in part, long-term disturbance associated with the new CBNG wells 
would encompass about 6,516 acres. The roads and water handling facilities 
would represent most of the long-term disturbance. 
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Most of the short-term and long-term disturbance would involve rangelands. 
About 91 percent (12,244 acres) of area disturbed by the initial construction of 
facilities (short-term disturbance) would involve rangeland. In addition, 
91 percent of the long-term disturbance (5,935 acres) would involve rangeland. 
Almost 7 percent of the short- and long-term disturbance would occur in the for­
ested land use type. The remaining 2 percent of short-term and long-term distur­
bance would be distributed among the other land use types. 

The anticipated effects to the recreational land uses and visual resource areas, 
such as WSAs and other SMAs on BLM lands, are analyzed in Recreational Re­
sources, and Visual Resources. NSO for mineral development has been stipulated 
for the Fortification Creek WSA and most of the other SMAs. No direct land use 
effects would occur in the Fortification Creek WSA, Cantonment Reno, or Wes­
ton Hills Recreation Areas because no facilities are proposed in these areas. Indi­
rect effects to these areas may include some visible facilities, noise, and in­
creased access and human activity associated with CBNG development. 

Alternative 2 — Standard Lease Terms and Lease 
Notice 
Implementation of this alternative could result in substantially greater adverse 
effects to land use than any of the other alternatives. This potential exists because 
only SLT and Lease Notice No. 1 would be applied. No other protective meas­
ures, such as stipulations from the 1985 RMP and the mitigation measures and 
COAs identified in the PRB O&G Final EIS, are part of this alternative. 

Alternative 3 — Modified Lease Terms 
As shown on Table 2–1, fewer wells would be developed with this alternative 
and the areal extent of short- and long-term disturbance would be less. Conse­
quently, the effects of the disturbance on land use types would be less than under 
alternatives 1 and 2. However, the overall pattern of effects to land use would be 
similar to that which would occur under alternatives 1 and 2. 

Although the overall level of disturbance would be less, the pattern of distur­
bance would be similar to alternatives 1 and 2. Most of the short-term and long-
term disturbance would involve rangelands. Almost 90 percent (12,107 acres) of 
the area disturbed by the initial construction of facilities (short-term disturbance) 
and 91 percent of the long-term disturbance (6,430 acres) would involve range­
land. About 7 percent of the short- and long-term disturbance would occur in the 
forested land use type. The remaining 2 percent of short-term and long-term dis­
turbance would be distributed among the other land use types. 

Alternative 4 — No Surface Disposal of Produced 
Water 
There would be limited development of CBNG and no surface disposal of pro­
duced water from CBNG facilities developed on the 285 leases under this alter­
native. Surface water disposal methods such as containment reservoirs result in a 
long-term removal of land from existing land uses, as described for the preferred 
alternative in the PRB O&G Final EIS. However, additional facilities would be 
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constructed for the injection wells needed to dispose of the water produced from 
the CBNG wells. 

As with alternatives 1, 2, and 3, most of the short-term and long-term disturbance 
would involve rangelands. About 85 percent (1,669 acres) of the area that would 
be disturbed by the initial construction of facilities (short-term disturbance) and 
85 percent of the long-term disturbance (627 acres) would involve rangeland. 
Almost 8 percent of the short- and long-term disturbance would occur in the for­
ested land use type. The remaining 7 percent of short-term and long-term distur­
bance would be distributed among the other land use types. 

Alternative 5 — No CBNG Development on Leases 
Implementation of this alternative would result in no additional CBNG-related 
effects to land use. Effects associated with the existing CBNG wells would con­
tinue throughout the life of those wells. However, with no further development of 
CBNG, no additional effects would occur. 

Consistency with Land Use Plans 
Implementation of alternatives 1, 2, 3, 4, or 5 would be consistent with land use 
plans of the State of Wyoming, the planning goals of the three affected counties, 
and planning goals of numerous incorporated areas within the analysis area. The 
results of the analysis of federal land use plans are presented in Chapter 5 of the 
PRB O&G Final EIS. 

Cumulative Land Use Effects 
The wells that would be drilled under the alternatives considered in this docu­
ment are part of the preferred alternative approved in the ROD for the PRB O&G 
Final EIS. Consequently, the cumulative effects to land use would be the same as 
the cumulative effects described in the PRB O&G Final EIS. 

Transportation 
For alternatives 2 through 4, the potential direct and indirect effects to transporta­
tion resources are the same as those described for the proposed action. 

Increases in average daily traffic counts would occur on the primary access roads 
into the analysis area, predominantly I–25, I–90, U.S. Highways 14 and 16, State 
Highways 59 and 387, and the county roads. CBNG development within the 285 
lease areas would require some portion of the total number of employees com­
muting on analysis area highways, as well as other traffic generated by CBNG 
development that was evaluated for the preferred alternative in the PRB O&G 
Final EIS. 

Alternative 1 — No Action 
For the No Action Alternative, the direct effects to transportation resources 
would involve primary access roads as described in the PRB O&G Final EIS. 
These effects include an increase in vehicular traffic on existing roadways in the 
analysis area from daily travel of employees. The risk of traffic accidents would 
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increase on roads used to access the analysis area in proportion to the additional 
traffic. 

Alternative 2 — Standard Lease Terms and Lease 
Notice 
Implementation of this alternative would result in adverse effects to transporta­
tion similar to Alternative 1. This potential exists because although only SLT and 
Lease Notice No. 1 would be applied, they would not affect transportation. Also, 
none of the other protective measures, such as stipulations from the 1985 RMP 
and the mitigation measures and COAs identified in the PRB O&G Final EIS, 
would affect transportation. 

Alternative 3 — Modified Lease Terms 
Because fewer new wells would be drilled and fewer pads, roads, and pipelines 
would be constructed under Alternative 3, the number of average workers per 
day would be less than required for Alternatives 1 and 2. The effects to transpor­
tation would be proportionately smaller from the implementation of Alternative 
3. 

Alternative 4 — No Surface Disposal of Produced 
Water 
Under implementation of Alternative 4, the effects to transportation resources 
would be substantially less than those described for Alternatives 1, 2, and 3 and 
would include a relatively small amount of increased vehicular traffic and a pro­
portionate risk of traffic accidents on existing roadways in the analysis area from 
daily travel of employees. 

Alternative 5 — No CBNG Development on Leases 
Implementation of this alternative would result in no additional CBNG-related 
effects to transportation. Effects associated with the existing CBNG wells would 
continue throughout the life of those wells. However, with no further develop­
ment of CBNG, no additional effects would occur. 

Cumulative Transportation Effects 
Cumulative effects to transportation would occur from CBNG development in 
the analysis area as described for the preferred alternative and in the PRB O&G 
Final EIS. Direct effects to the primary access routes within the analysis area, 
including state, BLM, FS, and county roads, would occur as a result of vehicular 
traffic associated with implementation of any of the alternatives. The additional 
traffic is expected to increase the rate of degradation of the existing public road­
ways in the analysis area, primarily in the Upper Powder River and Upper Belle 
Fourche River sub-watersheds. 

Cumulative transportation-related effects development of CBNG resources in the 
analysis area are summarized as follows: 

¾	 In the short term, the average daily traffic would increase by approxi­
mately 7,627 additional vehicle trips (based on an estimated 5,620 work­
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ers per day) during the peak activity year (2007), distributed over the 
various roads within the entire analysis area. 

¾	 Long-term increases in traffic would vary proportionately with the num­
ber of employees and activities required for each year of the develop­
ment. 

¾	 Based on the distribution of well locations by watershed, 63 percent of 
the additional daily traffic would occur within the Upper Powder River 
and Upper Belle Fourche River sub-watersheds. Traffic would be dis­
persed throughout these two sub-watersheds and would result in a rela­
tively large increase in traffic on state and local roads during the life of 
the development. The increased volume primarily would affect State 
Highways 59 and 387. 

¾	 Most of the remainder of the additional daily traffic would occur in the 
Clear Creek, Crazy Woman Creek, Upper Tongue River, Antelope 
Creek, and Little Powder River sub-watersheds as a result of the rela­
tively high numbers of proposed wells and facilities 

¾	 The estimated increases to average daily traffic are more than a 25 per­
cent increase compared with the existing average daily traffic counts for 
some of the roads in analysis area. 

¾	 The estimated increase in risk of traffic accidents from additional vehi­
cles would be approximately the same percent increase as for the average 
daily traffic counts compared with the existing daily traffic counts for the 
roads in the analysis area. 

¾	 Indirect effects would include, but are not limited to, minor traffic delays 
from short-term closures at some road crossings, increased wear and tear 
on existing roads, additional air emissions, fugitive dust from roads, 
noise, increased potential access to remote areas, an increased risk of ve­
hicle collisions with livestock and wildlife, and visual intrusion of addi­
tional vehicles and activities. 

The cumulative impacts to transportation resources also include the potential for 
overlapping restrictions and federal stipulations to affect the ability of the opera­
tors to obtain access to leases on private or state lands. Access for entry to state 
or private lands that are surrounded by federal lands is not likely to be limited by 
federal mitigation requirements for CBNG development in the analysis area. 

Visual Resources 
Development of CBNG in the 285 lease areas would alter the physical setting 
and visual quality of the landscape and would affect the landscape as experienced 
from sensitive viewpoints, including travel routes and popular use areas. The 
proposed facilities would introduce new elements into the landscape and would 
alter the existing form, line, color, and texture, which characterize the existing 
landscape. The direct (short- and long-term) and indirect effects to the analysis 
area landscape are evaluated for the preferred alternative in the PRB O&G Final 
EIS. 
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Alternative 1 — No Action 
Short-term effects during the construction period of CBNG facilities on the 285 
leases would occur to the visual character of the landscape from well pad con­
struction, well drilling, and associated construction of ancillary facilities, such as 
access roads, power lines, pipelines, and compressor stations. 

Lands and federal minerals administered by the BLM are managed with VRM 
objectives. Although proposed CBNG wells on state, fee mineral on private 
lands, and Forest Service lands are not managed for BLM’s VRM objectives, the 
inventory provides an assessment of the existing scenic quality and the ability of 
these lands to absorb effects to the landscape from development. 

Table 4–20 summarizes the long-term disturbances for Alternative 1 by sub-
watershed and VRM Class inventory. The areal extent of the disturbance shown 
on the table includes the existing long-term disturbance from facilities that al­
ready have been constructed on 30 of the 285 leases. 

Table 4–20 	 Distribution of Long-term Pad Disturbances by Visual 
Resource Management Class and Sub-watershed, 
Alternatives 1 and 2 
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Sub-watershed 
Antelope Creek 0 0 0 0 20 198 0 0 20 198 
Clear Creek 0 0 20 79 273 1,055 0 0 294 1,134 
Crazy Woman Creek 0 0 35 116 321 1,063 0 0 356 1,179 
Little Powder River 0 0 5 19 152 651 0 0 156 670 
Middle Powder River 0 0 0 0 81 336 0 0 81 336 
Salt Creek 0 0 1 10 22 253 0 0 23 263 
Upper Belle Fourche River 13 32 0 0 61 145 7 16 81 192 
Upper Cheyenne River 0 0 0 0 16 42 0 0 16 42 
Upper Powder River 1 3 39 120 218 662 0 0 258 784 
Upper Tongue River 0 0 1 5 372 1,712 0 0 373 1,716 
Total 14 35 101 348 1,535 6,117 7 16 1,657 6,516 

The short-term disturbance associated with implementation of this alternative 
could disturb as many as 13,528 acres or less than one percent of the PRB. Most 
of the disturbance would result from construction of pipelines and roads on fed­
eral, state, and private lands inventoried with VRM Class IV. Temporary distur­
bances would not conflict with VRM objectives because for each well pad and 
associated access road and power line, construction disturbances would occur 
over a period of less than 2 years, after which they would be reclaimed back to 
long-term disturbances associated with operations and maintenance. VRM objec­
tives address modifications to the landscape from long-term facilities. 
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The largest effects would be to residential areas and isolated residences in the 
Upper Powder, Upper Belle Fourche, Clear Creek, Little Powder, Antelope, and 
Upper Tongue River sub-watersheds. Facilities would also be most visible to 
travelers on affected highways during the time when they are within the line of 
sight as they travel toward the facility. 

The visual effects of surface discharges of produced water from CBNG wells is 
evaluated for the preferred alternative in the PRB O&G Final EIS. Most of the 
effects from water produced by facilities on the 285 leases would occur in areas 
inventoried with VRM Class IV. Construction and operation of each well and the 
ancillary facilities would be consistent with VRM Class IV objectives. Conse­
quently, none of the disturbed acreage would be displaced from the existing 
BLM inventory of lands managed with VRM Class IV. The proposed facility 
developments would be consistent with management objectives. 

There are 101 well pads proposed for lands inventoried with VRM Class III ob­
jectives. Class III lands in the analysis area are located primarily along major 
transportation routes and recreation areas. Class III objectives are to provide for 
management activities that may contrast with the basic landscape elements but 
remain subordinate to the existing landscape character. There is the potential that 
Class III objectives for some facilities would not be met because the facilities 
would not be subordinate to the existing landscape character. BLM objectives for 
some Class III facilities would be met if every attempt were made to minimize 
adverse visual effects through careful location of facilities, minimal disturbance 
of the site, and painting facilities so they harmonize with the colors of the sur­
rounding landscape. 

There are 14 well pads proposed for lands inventoried with VRM Class II objec­
tives. The facilities would be within the Class II areas along I–90 east of Gillette. 
The Class II objectives would be met if mitigation measures were used to main­
tain the existing character of the landscape, and not attract the attention of the 
casual observer. Mitigation measures must repeat the basic elements of form, 
line, color, and texture found in the natural features of the landscape within the 
foreground distance zone to achieve this objective. Successful mitigation in the 
foreground distance zone would include locating facilities to use the terrain and 
vegetation to screen them from the highways. If the mitigation measures would 
not enable facilities to meet Class II objectives, one of the following two options 
must be implemented to comply with BLM management objectives: (1) the fa­
cilities would be relocated to a site outside of the VRM Class II area on BLM 
lands; or (2) the BLM RMP would be amended to change the affected VRM 
Class II areas to VRM Class III areas. 

There are 7 well pads proposed for lands inventoried with VRM Class V. The 
proposed facilities on BLM lands would be consistent with BLM management 
objectives for VRM Class V areas, which provide for areas where the natural 
character has been drastically altered. 

The BFO has developed a management decision to implement the management 
objective of maintaining or improving scenic values, visual quality, and establish 
visual resource management priorities in conjunction with other resource values. 
Visual resources are to be managed in accordance with objectives for VRM 
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classes that have been assigned to the planning area, which constitutes most of 
the analysis area. No activity or occupancy is allowed within 200 feet of the edge 
of state and federal highways. Facilities or structures such as power lines, oil 
wells, and storage tanks are required to be screened, painted, and designed to 
blend with the surrounding landscape except where safety indicates otherwise. 
Any facilities or structures proposed in or near WSAs would be designed so as 
not to impair suitability as wilderness. 

BLM lands in the Fortification Creek WSA and the Fortification Creek SMA are 
inventoried with VRM Class III. An NSO for mineral development has been 
stipulated for the WSA. A CSU has been stipulated for the Fortification Creek 
SMA, which encompasses the WSA, to protect scenic values. Proposed facilities 
in the SMA must meet Class III objectives to protect scenic values. There is po­
tential that Class III objectives would not be met because the facilities would not 
be subordinate to the existing landscape character. BLM objectives for some 
Class III facilities would be met if every attempt were made to minimize adverse 
visual effects through careful location of facilities, minimal disturbance of the 
site, and painting facilities so they harmonize with the colors of the surrounding 
landscape. No facilities are proposed for the WSA because of the NSO. 

The federal lands on that portion of the TBNG that is within the analysis area are 
managed with the SIO of Low. Thus, all proposed wells and well pads projected 
for construction on TBNG lands would be managed with the Low SIO. 

Alternative 2 – Standard Lease Terms and Lease 
Notice 

Implementation of this alternative could result in substantially greater adverse 
effects to visual resources than Alternative 1. This potential exists because only 
SLT and Lease Notice No. 1 would be applied. No other protective measures, 
such as stipulations from the 1985 RMP and the mitigation measures and COAs 
identified in the PRB O&G Final EIS, are part of this alternative. 

Alternative 3 – Modified Lease Terms 
There would be no leasing of proposed ACECs under this alternative. Lease 
terms would be modified to add stipulations to protect various resources. As a 
result of additional stipulations, well sites would be shifted or developed accord­
ing to a TLS, but the stipulations would not preclude maximum development of 
80-acre spacing outside of the ACECs. 

There are six proposed ACECs in the analysis area. Portions of four leases cover­
ing 1,575 acres would not be developed under Alternative 3. The Dry Creek Pet­
rified Tree ACEC is located entirely within VRM Class 4 areas. The Fortification 
Creek ACEC is within a VRM Class 3 area. Alternative III would impact a 
smaller number of acres in VRM Class 3 and 4 areas than Alternatives 1 and 2, 
as shown on Table 4–21. 
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Table 4–21 	 Distribution of Long-term Pad Disturbances by Visual 
Resource Management Class and Sub-watershed, 
Alternative 3 

Class II Class III Class IV Class V Total 
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Sub-watershed 
Antelope Creek 0 0 0 0 20 198 0 0 20 198 
Clear Creek 0 0 20 79 271 1,055 0 0 291 1,134 
Crazy Woman Creek 0 0 35 116 321 1,063 0 0 356 1,179 
Little Powder River 0 0 5 19 152 651 0 0 156 670 
Middle Powder River 0 0 0 0 81 336 0 0 81 336 
Salt Creek 0 0 1 10 22 253 0 0 23 263 
Upper Belle Fourche River 13 32 0 0 61 145 7 16 81 192 
Upper Cheyenne River 0 0 0 0 16 42 0 0 16 42 
Upper Powder River 1 3 39 107 215 589 0 0 255 698 
Upper Tongue River 0 0 1 5 372 1,712 0 0 373 1,716 
Total 14 34 101 335 1,529 6,045 7 16 1,651 6,430 

Alternative 4 — No Surface Disposal of Produced 
Water 

There would be no surface disposal of produced water from CBNG facilities de­
veloped on the 285 leases under this alternative. Surface water disposal methods 
such as containment reservoirs result in long-term effects to visual resources and 
management, as described for the preferred alternative in the PRB O&G Final 
EIS. These effects to the visual quality of the landscape within the lease areas 
would not occur under Alternative 4. Table 4–22 shows the short- and long-term 
disturbance acres by sub-watershed and VRM Class inventory for Alternative 4. 
The overall long-term disturbance acres would be less than those under Alterna­
tives 1, 2, and 3. 

Alternative 5 — No CBNG Development on Leases 
Implementation of this alternative would result in no additional CBNG-related 
effects to visual resources. Effects associated with the existing CBNG wells 
would continue throughout the life of those wells. However, with no further de­
velopment of CBNG, no additional effects would occur. 

Cumulative Effects 
The cumulative well development scenario is represented by the 39,367 CBNG 
wells under the preferred alternative and 12,077 CBNG wells already drilled or 
permitted within the analysis area. The non-CBNG cumulative scenario includes 
2,546 existing wells and 3,200 new wells. 
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Table 4–22 	 Distribution of Long-term Pad Disturbances by Visual 
Resource Management Class and Sub-watershed, 
Alternative 4 

Class II Class III Class IV Class V Total 

N
o.

 o
f P

ad
s 

D
is

tu
rb

an
ce

 
(a

cr
es

) 

N
o.

 o
f P

ad
s 

D
is

tu
rb

an
ce

 
(a

cr
es

) 

N
o.

 o
f P

ad
s 

D
is

tu
rb

an
ce

 
(a

cr
es

) 

N
o.

 o
f P

ad
s 

D
is

tu
rb

an
ce

 
(a

cr
es

) 

N
o.

 o
f P

ad
s 

D
is

tu
rb

an
ce

 
(a

cr
es

) 

Sub-watershed 
Antelope Creek 0 0 0 0 26 170 0 0 26 170 
Clear Creek 0 0 8 10 61 65 0 0 69 75 
Crazy Woman Creek 0 0 0 0 0 0 0 0 0 0 
Little Powder River 0 0 0 0 59 134 0 0 59 134 
Middle Powder River 0 0 0 0 40 64 0 0 40 64 
Salt Creek 0 0 0 0 0 0 0 0 0 0 
Upper Belle Fourche River 3 6 1 0 21 29 1 1 26 36 
Upper Cheyenne River 0 0 0 0 0 0 0 0 0 0 
Upper Powder River 0 0 8 10 154 168 2 0 164 178 
Upper Tongue River 0 0 0 0 44 79 0 0 45 79 
Total 3 6 17 20 404 708 3 1 428 736 

The cumulative effect on the landscape would consist of existing, permitted, and 
proposed CBNG development on federal, state, and private lands in the analysis 
area, and existing, proposed, and reasonably foreseeable coal mining in the 
analysis area. The cumulative effect of all existing and proposed development 
would result in a larger number of disturbed acres from well pads and access 
roads that may be visible from transportation routes and recreation areas. Ongo­
ing CBNG development on federal, state, and private lands would increase the 
industrial character of those areas that include considerable modification from 
other oil and gas development and from coal mining, and change the visual char­
acter of the predominantly rural landscape in much of the analysis area to ru­
ral/industrial. 

Recreational Resources 
The potential effect of the construction and operation of the proposed facilities on 
recreational resources is related to the amount of recreational opportunity that is 
created by the alternatives versus the opportunity that is lost for recreational pur­
suits. None of the 285 leases would affect developed recreational facilities under 
any of the alternatives. 

Alternative 1 — No Action 
Under the No Action alternative, the primary effect of the CBNG development 
on recreational opportunities would be the alteration of the experience on federal 
and state lands used for hunting. Direct effects, including short- and long-term 
disturbances that would displace or otherwise affect dispersed recreational activi­
ties in the 285 leases would occur from the development of CBNG facilities in 
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the lease areas. Indirect effects to recreation would occur if the alternative re­
sulted in a change in the level of visitation to the area or would alter growth in 
the affected counties, thereby changing the use of existing recreational facilities 
and uses. These effects are evaluated in the PRB O&G Final EIS. 

In addition, reservoirs may provide recreational opportunities, such as fishing, 
increased waterfowl hunting, increased hunter success for big game and other 
species that may be attracted to the reservoirs. The increased access may lead to 
an increasing number of hunters. Outfitting and hunter numbers may decrease 
from CBNG, as those seeking a semi-primitive experience may not wish to hunt 
within a gas field. 

Alternative 2 — Standard Lease Terms and Lease 
Notice 

Implementation of this alternative could result in substantially greater adverse 
effects to recreational resources than any of the other alternatives. This potential 
exists because only SLT and Lease Notice No. 1 would be applied. No other pro­
tective measures, such as stipulations from the 1985 RMP and the mitigation 
measures and COAs identified in the PRB O&G Final EIS, are part of this alter­
native. 

Alternative 3 — Modified Lease Terms 
Under Alternative 3, there would be no CBNG development on federal leases 
within the proposed ACECs. The effects to dispersed recreation from direct 
short- and long-term disturbance would be less than were described for Alterna­
tive 1 because a smaller number of facilities would be developed and a smaller 
number of acres would be removed from existing uses. 

Alternative 4 — No Surface Disposal of Produced 
Water 

Under Alternative 4, the effects to dispersed recreation resources within lease 
areas would be substantially less than those described for Alternatives 1, 2, and 3. 
The actual disturbance from construction would involve 1965 long term and 736 
short term acres. However, there would be no impoundments, which would re­
duce the opportunities for some wildlife-related recreational opportunities. Over­
all, there would be a smaller potential for adverse effects to recreational opportu­
nities in the analysis area from Alternative 4 than would occur from Alternatives 
1, 2, and 3. 

Alternative 5 — No CBNG Development on Leases 
Implementation of this alternative would result in no additional CBNG-related 
effects to recreational resources. Effects associated with the existing CBNG wells 
would continue throughout the life of those wells. However, with no further de­
velopment of CBNG, no additional effects would occur. 
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Cumulative Effects 
Cumulative effects to recreational opportunities would occur from CBNG devel­
opment in the analysis area as described for the preferred alternative in the PRB 
O&G Final EIS. 

The cumulative acreage likely to be affected long-term by production facilities 
under the Proposed Action (approximately 91,650 acres) is not likely to have a 
cumulative effect on hunting and fishing opportunities. 

Cumulative effects from the increased human presence associated with the cumu­
lative energy development in the PRB are likely to cause increased levels of legal 
and illegal hunting. Conversely, the mines in the area have become refuges for 
big game animals during hunting seasons because most are closed to hunting. 

Secondary effects related to energy development on recreational land uses have 
and would continue to result from the growth in the human population. The de­
mand for outdoor recreational activities, including hunting and fishing, have in­
creased proportionately. However, at the same time these demands are increas­
ing, wildlife habitat and populations are being restricted by increased surface dis­
turbance. 

Demand for hunting licenses may increase to the point that a lower success in 
drawing specific licenses would occur; hunting and fishing may become less en­
joyable as a result of the more limited success and overcrowding; poaching may 
increase; the increase in people and traffic has and may continue to result in 
shooting of nongame species and road kills; and increased off-road activities 
have and would continue to result in disturbance of wildlife during sensitive win­
tering or reproductive periods. Travel management during hunting season, in­
cluding seasonal road closures to the public, could disperse hunters throughout 
the area, reduce hunting pressure in popular areas, and facilitate a more enjoyable 
experience for hunters. 

Noise 
The noise effects of the alternatives evaluated in this analysis would be the same 
as described for Alternative 2A in the PRB O&G Final EIS. Levels of construc­
tion noise would fall below 55 dBA at approximately 1,500 feet from construc­
tion. Any residences within 1,500 feet of construction would experience tempo­
rary noise levels above 55 dBA during daylight hours. Nighttime noise levels 
would remain at existing levels because construction would not occur at night. 
Noise from each construction site would be relatively short term, and the indi­
vidual sites would be sufficiently widespread so that elevated noise levels from 
each site would not overlap in time or space with other sites. 

Noise during the drilling phase would also be elevated above pre-existing levels. 
Typically, the noise from a drilling rig is 74 dBA at 200 feet from the rig. Noise 
emanating from drilling rigs would decrease to 60 dBA at 1,000 feet, to 57 dBA 
at 1,500 feet, and to 54 dBA at 2,000 feet. Any residences within 1,500 feet of a 
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drilling rig would experience noise above 55 dBA for the 1 to 4 days anticipated 
to drill the natural gas wells. 

The highest operational noise would occur around compressor stations. As dis­
cussed in the PRB O&G Final EIS, noise from compressor engines would be no­
ticed — in other words, would be audible — at distances ranging from 1,800 feet 
of the compressor station during the daytime and to 9,000 feet from the compres­
sor station during the nighttime hours. Attenuation of the noise by the installation 
of barriers is how the operators are addressing the noise from compressor en­
gines. 

A noise barrier can achieve at least a 5 dBA noise level reduction when it is tall 
enough to just break the line of sight between the noise source and the receptor. 
An approximate 1.5 dBA reduction can generally be achieved with each 3.5 feet 
of height after it breaks the line of sight. For more details on noise barriers, 
please refer to the discussion in the PRB O&G Final EIS. 

West Nile Virus 
The PRB FEIS and ROD included a programmatic mitigation measure that states, 
“The BLM will consult with appropriate state agencies regarding WNV. If de­
termined to be necessary, a condition of approval will be applied at the time of 
APD approval to treat mosquitoes for any CBNG discharge waters that become 
stagnant.” This development is likely to result in standing surface water which 
may potentially increase mosquito breeding habitat. BLM has consulted with ap­
plicable state agencies, County Weed and Pest and the State Health Department, 
per above mitigation in the PRB ROD page 18, regarding the disease and the 
need to treat. BLM has also consulted with the researchers that are studying the 
dynamics of WNV species and its effects in Wyoming. 

There is no evidence that treatment, either through the use of larvicides or 
malithion, on a site specific or basin-wide scale will have any effect on the over­
all spread of the disease. The State agencies have not instituted state-wide treat­
ment for mosquitoes due to WNV, nor are they requiring any mitigation specific 
to permitting for CBNG operations. 

Cumulatively, there are many sources of standing water, beyond CBNG dis­
charge, throughout the PRB that would add to the potential for mosquito habitat. 
Sources include; natural flows, livestock watering facilities, coal mining opera­
tions, and outdoor water use and features in and around communities. 

BLM will keep monitoring this issue by continuing to consult with the State 
agencies and the researchers working in the area in order to stay abreast of the 
most current developments and any need to apply mitigation.  Based on current 
information, we determined that no significant impacts in the spread of WNV 
would occur from the implementation of the alternatives. 
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Socioeconomics 
The workforce that is required for development under Alternatives 1, 2, 3, or 4 is 
included in the total workforce evaluated in the PRB O&G Final. The effects to 
population, employment, housing, community and government services, and en­
vironmental justice would therefore be similar to the effects described for the 
preferred alternative in the PRB O&G Final EIS, only proportionally less. 

Direct effects to the economies of the State of Wyoming and Sheridan, Campbell 
and Johnson Counties are evaluated for each alternative below. Direct effects 
would result from revenues produced by producing wells, which would generate 
federal mineral royalties, sales and use taxes, and ad valorem taxes paid to each 
county. Severance taxes are paid on fee wells, which are not included in this 
analysis because all wells would develop federal minerals. 

Other direct effects for each alternative would be the potential loss of revenue 
associated with recreational opportunities within the Project area. There is poten­
tial for the loss of hunting and outfitter revenues as a result of CBNG develop­
ment. The BFO has identified concerns over the quality of hunting opportunities 
from outfitters and at least one outfitter has not renewed his permit. 

All CBNG wells would be producing from federally owned oil and gas mineral 
estate. Federal royalties are estimated using 12.5 percent of the estimated sales 
value for each well. After administrative costs are deducted, half of the royalties 
would be retained by the federal government and used for the General Fund and 
various other funds. The remaining half would be distributed to the State of 
Wyoming and used for schools, roads, and other public works. For this analysis, 
royalties are estimated as percentage of the total project yield for each well mul­
tiplied by the market price for the product. As described in the PRB FEIS, assum­
ing each well produces 400 mcf, each well would generate an estimated $792,000 
to $1.3 million (constant 2001 dollars) total sales value. Federal royalties for each 
well would be an estimated $67, 058 over the life of the project. 

Sales and use taxes are applied to the tangible goods and services that are pur­
chased or used during the drilling and completions of each CBNG well. A total 
sales and use tax of 5 percent includes 4 percent collected by the State of Wyo­
ming and 1 percent for the counties. The drilling and completion costs were esti­
mated to be $60,000 per well in the PRB EIS. The taxable value per CBNG well 
is 60 percent of the total costs, or $36,000 per CBNG well. The calculated sales 
and use tax per well would be $1,800, of which $1,440 would be collected by the 
state, and $360 would be collected by the affected county. 

Additional project revenues would be generated through the collection of an ad 
valorem or property tax levied on improvements constructed by the operators. 
Because this tax assessment is based on value added to property, revenues would 
increase based upon the number and location of wells. No estimate of the as­
sessment of improvements associated with well development were available, 
however, assessed value would be determined as a percentage of the actual cost 
of the facilities. Theoretically, revenues would gradually increase over the first 
10 years in all three counties, provide a steady revenue stream for a period of 
years, and then decline as facilities are dismantled and reclaimed. County ad 
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valorem tax rates for Campbell, Johnson, and Sheridan Counties vary slightly. In 
Campbell County, the rate is 6.3 percent, and in Johnson and Sheridan Counties 
the tax rate is 6.8 percent. The taxable value per CBNG well is estimated to be 
$36,000 as described in the PRB O&G Final EIS. 

There would also be sales and use taxes associated with water handling facilities 
for discharged water for each alternative. Because sales taxes are based on tangi­
ble goods and the design of the water handling methods remain on a conceptual 
level, tangible goods were based on estimates and assumptions. These costs are 
incomplete estimates that are presented only to be used as a comparative analy­
sis. For each alternative, with the exception of Alternatives 4 and 5, the sales 
taxes generated from each type of water handling facility as a percentage of the 
total sales taxes paid for each alternative would be the same as described for Al­
ternative 2A in the PRB O&G Final EIS. This method is based on the assumption 
that water handling methods for Alternatives 1, 2, and 3 would be the same as 
described for the PRB FEIS Alternative 2A water handling methods. 

Most indirect effects to the local and regional economies would be related to the 
multiplier effect of direct project employment, and the circulation and recircula­
tion of payroll dollars paid to CBNG employees. Indirect effects are analyzed in 
the PRB FEIS. Other indirect effects would occur to all counties in Wyoming 
from the distribution of half the federal royalties generated by wells under each 
alternative to the State of Wyoming. The State would use these funds for schools, 
roads, and other public projects. 

Alternative 1 — No Action 
Direct impacts to local and regional economies would occur from revenues gen­
erated from the 2,870 wells located on 285 leases. The revenue generated from 
the existing wells has already started and is currently contributing to the regional 
economy. The revenues generated from new and the existing CBNG wells are 
described below. 

The existing wells are currently generating federal royalties that are expected to 
total an estimated $7.6 million over the life of the wells. Federal royalties for the 
new wells would be an estimated $185.9 million over the life of the project. Total 
federal royalties would be $193.5 million. 

Sales and use taxes would generate a total of $77 million over the life of the pro­
ject. An estimated $61.6 million of the total would be collected by the state, and 
the counties would collect the remaining $15.4 million. 

Table 4–23 shows revenues earned by federal and county governments from roy­
alties paid on sales of CBNG, sales and use taxes, and local ad valorem tax reve­
nue by county jurisdiction. These projections are subject to the number, loca­
tions, and life span of facilities and gas production. 
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Table 4–23	 Federal Royalties, Sales and Use Tax, and Ad Valorem Taxes 
contributed to Federal, State and County Governments from 
Alternatives 1 and 2 

Federal 
Governments Receiving Number Royalties Sales and Use Net Ad Valorem 
Tax Distributions of Wells (dollars) Tax1 (dollars) (dollars)2 Total (dollars) 
Federal Government 2,870 $192,456,460 $0 $0 $192,456,460 
State of Wyoming3 2,870 $0 $61,586,067 $0 $61,586,067 
Campbell 738 $0 $3,959,795 $1,674,076 $5,633,871 
Johnson 803 $0 $4,308,231 $1,965,938 $6,274,169 
Sheridan 1,329 $0 $7,128,491 $3,252,883 $10,381,374 
Total 	2,870 $192,456,460 $76,982,584 $6,892,897 $276,331,941 
Notes: 
1. 4 percent paid to state, 1 percent paid to county of well location. 
2. Net present value of ad valorem tax discounted at 10 percent. 
3. Fifty percent of total federal royalties are distributed to state by the federal government, and not included in 

table as they are not paid directly to the state. 

Source: U.S. Bureau of Land Management 2003 


The sales and use taxes associated with water handling facilities would be an es­
timated $3.9 million, which would result in a total sales and use tax revenue gen­
erated by Alternative 1 of $80.1 million.  The total revenues earned by the fed­
eral, state, and county governments would be an estimated $280 million over the 
life of the project. 

Alternative 2 — Standard Lease Terms and Lease 
Notice 

Revenues from federal mineral royalties, sales and use taxes, and ad valorem 
taxes are based on the CBNG production of the wells proposed for Alternative 2. 
The number of wells, the estimated CBNG production, and the types of water 
handling methods for Alternative 2 are the same as described for Alternative 1. 
Therefore, the royalties, sales and use taxes (including sales and use taxes from 
water handling facilities), and ad valorem taxes would be the same as the esti­
mates provided for Alternative 1 in Table 4–23. 

Alternative 3 — Modified Lease Terms 
There would be no leasing of proposed ACECs under this alternative. As a result, 
there would be fewer CBNG wells developed and about 3 percent less revenues 
generated from royalties, sales and use taxes, and ad valorem taxes that the  reve­
nues generated under Alternative 3 than described for Alternatives 1 and 2. The 
2,810 wells would contribute estimated revenues of $271 million over the life of 
the wells to local, state, regional, and national economies, as shown in Table 4– 
24. 
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Table 4–24	 Federal Royalties, Sales and Use Tax, and Ad Valorem Taxes 
contributed to Federal, State and County Governments from 
Alternative 3 

Governments Receiving Number Federal Royalties Sales and Use Net Ad Valorem Total 
Tax Distributions of Wells (dollars) Tax1 (dollars) (dollars)2 (dollars) 
Federal Government 2,810 $188,432,980 $0 $0 $188,432,980 
State of Wyoming3 2,810 $0 $60,298,554 $0 $60,298,554 
Campbell 678 $0 $3,637,916 $1,537,996 $5,175,912 
Johnson 803 $0 $4,308,231 $1,965,938 $6,274,169 
Sheridan 1,329 $0 $7,128,491 $3,252,883 $10,381,374 
Total 	2,810 $188,432,980 $75,373,192 $6,756,817 $270,562,989 
Note: 
1. 4 percent paid to state, 1 percent paid to county of well location. 
2. Net present value of ad valorem tax discounted at 10 percent. 
3. 50 percent of total federal royalties is distributed to state, and not included in table.

Source: U.S. Bureau of Land Management 2003 


The sales and use taxes associated with water handling facilities would be an es­
timated $3.8 million, adding an additional 5 percent to sales and use tax revenues 
generated by Alternative 3, resulting in a total of $79.2 million.  The total reve­
nues earned by the federal, state, and county governments would be an estimated 
$280 million over the life of the project. 

Alternative 4 — No Surface Disposal of Produced 
Water 

There would be no surface disposal of produced water from CBNG facilities de­
veloped on the 285 leases under this alternative. The 381 wells located on the 
leases would generate considerably smaller revenues by about 75 percent than 
would be realized from the implementation of Alternative 1. The royalties, sales 
and use taxes, and ad valorem taxes from CBNG well construction and produc­
tion revenues would $68.7 million, as shown in Table 4–25. 

Table 4–25	 Federal Royalties, Sales and Use Tax, and Ad Valorem Taxes 
contributed to Federal, State and County Governments from 
Alternative 4 

Governments Receiving 
Tax Distributions 

Number 
of Wells 

Federal Royalties 
(dollars) 

Sales and Use 
Tax1 (dollars) 

Net Ad Valorem 
(dollars)2 

Total 
(dollars) 

Federal Government 714 $47,879,412 $0 $0 $47,879,412 
State of Wyoming3 714 $0 $15,321,412 $0 $15,321,412 
Campbell 326 $0 $1,748,873 $739,368 $2,488,241 
Johnson 200 $0 $1,072,928 $489,600 $1,562,528 
Sheridan 188 $0 $1,008,552 $460,224 $1,468,776 
Total 714 $47,879,412 $19,151,765 $1,689,192 $68,720,369 
Note: 
1. Four percent paid to state, 1 percent paid to county of well location. 
2. Net present value of ad valorem tax discounted at 10 percent. 
3. Fifty percent of total federal royalties is distributed to state, and not included in table. 
Source: U.S. Bureau of Land Management 2003 

4–69	 Oil and Gas Leasing EA 70–05–064 



Chapter 4 — Environmental Consequences 

Revenues from taxes paid on capital costs, operation and maintenance, and rec­
lamation would be generated from injection wells. There would be no costs asso­
ciated with other water disposal methods, which include construction costs of 
facilities and revenues lost from existing uses such as grazing on land displaced 
by surface water-handling facilities. There would be 44 injection wells required 
for water disposal under Alternative 4 at an estimated cost of $90,000 per injec­
tion well (based on PRB FEIS estimates). Sales and use tax revenues from the 
installation of injection wells would be $ 4 million. The total revenues earned by 
the federal, state, and county governments would be an estimated $72.7 million 
over the life of the project. 

Alternative 5 — No CBNG Development on Leases 
Implementation of this alternative would result in no additional CBNG-related 
effects to socioeconomics. Effects associated with the existing CBNG wells 
would continue throughout the life of those wells. However, with no further de­
velopment of CBNG, drainage of federal minerals would occur and the royalties 
associated with those minerals would be lost. Lost federal royalties could range 
from $48 to $192 million dollars, as these are the estimated federal royalties that 
would be paid under Alternatives 1, 2, 3 and 4.  

Cumulative 
The cumulative effects analysis in the PRB FEIS estimated that the cumulative 
federal royalties from CBNG development would total $2.5 billion and $337 mil­
lion from non-CBNG wells (net present value discounted at 10 percent) over the 
life of the project. Approximately half would be paid to the State of Wyoming 
and half to the federal government. State mineral royalties, sales and use tax, 
severance tax, and ad valorem taxes would generate $3.2 billion in revenue from 
CBNG wells and $688 million from non-CBNG wells to be distributed by the 
state and counties, for schools, roads, and other community infrastructure. An 
additional $5.7 million in sales and use tax would be generated from water han­
dling facilities. 

The cumulative effects of employment, including effects on the population, 
community services and infrastructure, and the contributions of employees earn­
ings to the federal, state, and local economies is discussed in the cumulative ef­
fects section of the PRB FEIS. The CBNG wells developed under the retrospec­
tive leases would use the same labor force that is described in the PRB FEIS, and 
would not require any additional workers; therefore the cumulative effects would 
be the same. 

Air Quality and Climate 
As discussed in the PRB O&G Final EIS for Alternative 2A, potential direct air 
quality impacts of any of the five alternatives considered in this EA would not 
violate any local, state, tribal, or federal air quality standards. Based on extensive 
air quality modeling of potential direct air quality impacts, localized short-term 
increases in CO, NOx, PM10, and SO2 concentrations would occur, but all maxi­
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mum concentrations are expected to be below applicable NAAQS and WAAQS 
(U.S. Bureau of Land Management 2003). All maximum near-field direct NO2, 
PM10 and SO2 concentrations are expected to be below applicable PSD Class II 
increments (U.S. Bureau of Land Management 2003:Table 3–90), and all maxi­
mum far-field direct concentrations are expected to be below applicable PSD 
Class I increments (see U.S. Bureau of Land Management 2003:Appendix F). 

Although potential direct impacts to even the most sensitive far-field lakes would 
not be significant, a “just noticeable change” in visibility was predicted to occur 
at 10 mandatory federal Class I areas, ranging from one day at two areas up to 
four days at both the Bridger and Washakie Wilderness Areas. The maximum 
potential direct visibility impacts were predicted to occur on 16 days per year 
within both the tribal designated PSD Class I Northern Cheyenne and the PSD 
Class II Crow Indian Reservations. A detailed description of the air quality im­
pact analysis is presented in the Air Quality appendix (Appendix F) of the PRB 
O&G Final EIS. 
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Agencies, companies, and organizations consulted by BLM and the State of 
Wyoming in the analysis include the following: 

Apache Tribe of Oklahoma 
Arapahoe Business Council 
Cheyenne River Sioux Tribe 
Comanche Business Committee 
Crow Tribal Council 
Kiowa Business Committee 
Lower Brule Sioux Tribal Council 
Northern Cheyenne Tribal Council 
Oglalla Sioux Nation 
Rosebud Sioux Tribe Tribal Council 
Shoshone Business Council 
U.S. Fish and Wildlife Service 
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This EA was prepared by Greystone, a contractor, under the direction of the 
BLM. Representatives from the cooperating agencies contributed to and par­

ticipated in the NEPA process. Table 6–1 through Table 6–3 present the names of 
individuals and their area or areas of responsibility from the BLM and Greystone 
who were involved in the preparation of this EA. Brief biographical information 
also is presented. 

Table 6–1 U.S. Department of Interior, Bureau of Land Management 

Name Title 

Buffalo Field Office 

Paul Beels Project Manager, Environmental Protection Specialist 

Richard Zander Associate Field Manager 

Thomas Bills Biological and Recreation Resources 

Elizabeth Burghard Cultural Resources 

 Michael McKinley Hydrologist 

Paul Rau GIS Specialist 

Kris Rittenberry Physical Scientist, Hazardous Materials Manager 

Jim Sparks Renewable and Cultural Resources Programs Manager 

Wyoming State Office 

Susan Caplan Air Quality Specialist 

Janet Kurman NEPA Specialist

 Brenda Vosika Neuman Physical Scientist 

Washington Office 

 Dennis Dougherty Solicitor 

 Wyndy Rausenberger Solicitor 

Andrew Strasfogel Senior Policy Analyst 
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Table 6–2 State, Local, and Cooperating Agencies 

Agency Name Position 

Wyoming Department of Agriculture Don Christianson Senior Policy Analyst 

Wyoming Department of Environmental 
Quality — Air Quality 

Darla Potter Environmental Analyst 

Wyoming Department of Environmental 
Quality — Water Quality 

Jason Thomas Environmental Analyst 

Wyoming Department of Tourism Dave Troyanek Media/Communications 
Specialist 

Wyoming Game and Fish Department Bill Wichers Deputy Director 

Wyoming Office of State Lands and 
Investments 

Susan Child Policy and Planning Coordinator 

Wyoming Oil and Gas Conservation 
Commission 

Don Likwartz Director 

Wyoming State Geological Survey Ron DeBruin Oil and Gas Senior Geologist, 
Manager of the Natural Resource 
Division 

Wyoming State Historic Preservation 
Office 

Claudia Nissley State Historic Preservation 
Officer 
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Table 6–3 Greystone — Third Party Contractor 

Name Project Responsibility Education 

David Cameron Project Manager, Noise, Cultural 
Resources, Air Quality 

B.A. Biology 
M.S. Terrestrial Ecology 
26 years of experience 

Jackie Hendricks Water Resources B.S. Geochemistry 
M.S. Geology 
14 years of experience 

Mike Holle GIS B.S. Natural Resource Science 
Minor in Spatial Database 
Management Systems 
9 years of experience 

Selina Koler Geology, Physiography, Soils, 
and Vegetation 

B.S. Natural Resource  
Management 

M.S. Restoration Ecology 
4 years of experience 

Elaine Porter Wildlife; Threatened, 
Endangered, and Sensitive 
Species 

B.A. Biology 
M.S. Biology 
6 years of experience 

Lisa Welch Land Use, Transportation, 
Visual, Recreational Resources, 
and Socioeconomics. 

B.S. Earth Science 
12 years experience 

Kathy Wilkerson Geology, Minerals, and Water 
Resources 

B.S. Geology 
29 years of experience 
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