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3 AFFECTED ENVIRONMENT

This PEIS provides an assessment of environmental, social, and economic issues at a
programmatic level and not at the lease and project development level. The descriptions of the
affected environment presented in this chapter do not provide detailed information about
conditions at specific project locations. These descriptions provide the level of detail needed to
assess the types of possible impacts that may occur because of potential oil shale or tar sands
resource leasing and development on BLM-administered lands.

3.1 LAND USE

This section describes the wide range of land uses that occur on BLM-administered
lands and other lands within the study area. General information about the management of
BLM-administered lands is presented in the context of each BLM field office and administrative
unit that has jurisdiction over the oil shale and tar sands resources evaluated in this PEIS.
Additional information is presented about other federal lands that coincide with oil shale and tar
sands resources, and general information is presented about the use of other federal and state
lands in the area. A description of the management of BLM-administered lands is presented in
Section 2.2.3.

Decisions within this PEIS apply only to lands administered by the BLM. Tables 2.3-1
and 2.4-1 in Chapter 2 identify the total acreage included within the study area for the PEIS.
The total acreage included in the most geologically prospective areas for oil shale and tar sands
(the STSASs) is approximately 4.5 million surface acres. The BLM administers approximately
2.7 million surface acres of this total, or approximately 60%. The remaining 40% of acres are
owned by states, tribes, local governments, and private individuals and corporations, or are
administered by other federal agencies (e.g., the USFWS and NPS). These lands are interspersed
throughout the study areas, and activities on all of these lands have the potential to affect lands
owned or managed by others. Figures 2.3.3-1, 2.3.3-2, and 2.3.3-3 in Chapter 2 illustrate how
these lands are interspersed. Privately owned lands within the study areas total approximately
870,000 acres or 19%. Much of the privately owned land derived from the operation of the many
and varied federal public land laws that were designed and intended to facilitate settlement of the
West. The pattern of private ownership tends to concentrate along rivers, streams, and other
sources of perennial water; at the intersections of historical travel routes; and in areas of more
fertile farm and ranch lands. Both historically and today, private lands and communities have had
strong economic, cultural, and social ties to the federally managed lands that surround them.
Uses on these federal lands are of extremely high interest to local communities and also,
increasingly, to populations that are far removed from them.

3.1.1 BLM Land Use Plans within the Study Area

Table 3.1.1-1 lists the BLM field offices and administrative units with jurisdiction over
areas containing the oil shale and tar sands resources evaluated in this PEIS. The table includes



TABLE 3.1.1-1 BLM Field Offices and Administrative Units, Existing Land Use Plans, and Estimated Surface Acreages
Overlying the Most Geologically Prospective Qil Shale Resources and STSAs

Estimated Surface Overlying the Resources

(acres)?
Oil Shale Tar Sands
Split Split
Field Office Existing Land Use Plan BLM Estate® BLM Estateb
Colorado
Colorado River Valley® Glenwood Springs RMP (BLM 1988, as amended by the Roan 10,442 3,715 0 0
Plateau Plan Amendment [BLM 2007a, 2008a])
Grand Junction Grand Junction RMP (BLM 1987a) 181 3,843 0 0
White River White River RMP (BLM 1997a, as amended by the Roan 309,086 34,382 0 0
Plateau Plan Amendment [BLM 2007a, 2008a])
Colorado total 319,710 41,940 0 0
Utah
Grand Staircase—Escalante  Grand Staircase—Escalante National Monument Management 0 0 51,226 6,707
National Monumentd Plan (BLM 1999a)
Monticello Monticello RMP (BLM 2008f) 0 0 8,050 0
Price Price RMP (BLM 2008e) 107 0 194,324 18,575
Richfield Richfield RMP (BLM 20081) 0 0 83,040 0
Vernal®:f Vernal RMP (BLM 2008d) 560,864 77,220 237,717 56,866
Utah total 560,972 77,220 574,357 82,148
Wyoming
Kemmerer Kemmerer RMP (BLM 2010a) 221,358 2,313 0 0
Rawlins Rawlins RMP (BLM 2008c) 80,492 0 0 0
Rock Springs® Green River RMP (BLM 1997b, as amended by the 955,829 37,093 0 0
Jack Morrow Hills Coordinated Activity Plan [BLM 2006b])
Wyoming total 1,257,680 39,406 0 0

Footnotes on next page.
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TABLE 3.1.1-1 (Cont.)

2  Estimated acreages were calculated from GIS data compiled to support the PEIS analyses.

Split estate lands include areas where the federal government owns, and the BLM administers, the subsurface mineral rights, but the surface
estate is owned by tribes, states, or private parties.

¢ Planning efforts are underway to revise or replace the plan(s) in this field office.

Although lands within the GSENM would be excluded from future leasing for tar sands development, they are included in this table because
they overlie the Circle Cliffs STSA. Potential commercial tar sands leasing and development in the GSENM, however, is not assessed in the
PEIS.

¢ A portion of the P.R. Spring STSA extends south from the Vernal Field Office boundary into the Moab Field Office boundary; however, this
area is administered by the Vernal Field Office under an MOU with the Moab Field Office. Under this agreement, the Vernal Field Office
administers all resources and programs, including land use planning, for the entire P.R. Spring STSA. Therefore, the Moab Field Office plan is
not impacted by this PEIS.

Split estate lands within the Hill Creek Extension of the Uintah and Ouray Reservation coincide with oil shale and tar sands resources in the
Vernal Field Office. The split estate acreage estimate for oil shale in the Vernal Field Office includes approximately 57,705 acres of lands
within the Hill Creek Extension. The split estate acreage estimate for tar sands in the Vernal Field Office includes approximately 35,472 acres
of lands within the Hill Creek Extension.
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the names of the existing land use plans and estimates of the total acreage of BLM-administered
and split estate lands that coincide with the most geologically prospective oil shale areas and
STSAs being evaluated in this PEIS. As discussed in Section 1.4.3, management decisions
contained in these existing BLM land use plans have been incorporated into the analyses
conducted in this PEIS. In turn, the ROD resulting from the final PEIS may amend these land
use plans to incorporate management decisions related to making land available or not available
for application for commercial leasing and development of oil shale and tar sands resources.
Figure 3.1.1-1 shows the distribution of public lands administered by the BLM within the region
where the oil shale and tar sands resources are located.

The following sections provide an overview of each administrative unit that falls within
the PEIS study area and the corresponding land use plan(s). Information about ongoing planning
activities and the status of each land use plan is presented. In addition, information about
specially designated areas and land uses (e.g., energy and mineral development activities,
grazing, recreational use, and ROW authorizations) is presented for those areas that coincide
with the oil shale or tar sands resources or could be impacted by their commercial leasing and
development. Some of these activities, such as grazing and recreational use, are widespread and
dispersed across all planning areas. Similarly, ROW authorizations are extensive in some
planning areas. The information presented in these sections is not exhaustive; individual land use
plans provide more complete descriptions of land use.

3.1.1.1 Colorado River Valley Field Office, Colorado (formerly the Glenwood
Springs Field Office)

The Glenwood Springs RMP (BLM 1984) was first issued in 1984 and included the most
geologically prospective oil shale area within the Colorado River Valley Field Office that is of
interest in this PEIS. This plan was amended numerous times through 2007; at that point, almost
all of the most geologically prospective oil shale area was included in the Roan Plateau RMP
Amendment that was completed in 2007 and amended in 2008. Some of the amendments to the
Glenwood Springs RMP are still relevant and are discussed below. The BLM administers
approximately 66,934 surface acres and 73,602 acres of mineral estate within the planning area
encompassed by the Roan Plateau RMP Amendment (Figure 3.1.1-2). The oil shale resources are
located within the Piceance Basin; no tar sands resources are located within the jurisdiction of
this field office. The Oil Shale and Tar Sands PEIS and ROD made land use plan decisions
regarding areas available for application for oil shale leasing within the field office.

Most of the oil shale resource included in the most geologically prospective area within
the field office is included in the Naval Oil Shale Reserves (NOSRs) Nos. 1 and 3, which were
transferred from the DOE to BLM administration pursuant to the Department of Defense
Authorization Act of 1998 (P.L. 105-85). NOSRs 1 and 3 are also completely contained within
the Roan Plateau Planning Area. A total of 55,354 acres of land were involved in the transfer,
including 36,362 acres in NOSR 1 and 18,992 acres in NOSR 3. The Act required the DOI to
make these lands available for leasing for oil and gas development, and stipulated that leasing
occur within the developed tract of NOSR 3 within 1 year. The 1999 RMP amendment
(BLM 1999b) addressed leasing on 12,029 acres of land within NOSR 3. The Roan Plateau RMP
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Amendment, for which a Final EIS was issued in 2006 (BLM 2006a), was prepared to develop
an integrated management strategy that incorporates the transferred NOSRs into the remainder of
BLM-administered land in the planning area and establishes a unified set of goals, objectives,
and land use or management actions. The RMP amendment, which was approved by an ROD
issued in 2007 (BLM 2007a) and one issued in 2008 (BLM 2008a), establishes the Roan Plateau
Planning Area as an area of 127,007 acres, encompassing NOSRs 1 and 3 (55,354 acres), other
BLM-administered lands (18,248 acres of federal surface and split estate lands), and nonfederal
lands (53,405 acres) (Figure 3.1.1-2). The 2008 amendment to the Roan Plateau RMP
amendment established new ACECs within the plan area. While a portion of the Roan Plateau
Planning Area extends into the White River Field Office boundary, the Colorado River Valley
Field Office will have jurisdiction over management of the entire planning area.

The 2008 Oil Shale and Tar Sands (OSTS) PEIS and ROD made land use plan decisions
regarding areas available for application for oil shale leasing within the field office. The 2008
OSTS ROD erroneously proposed opening the lands in NOSRs 1 and 3 to oil shale leasing;
however, the lands were not opened, as there is a withdrawal on the transferred lands that
prevents the lands from being leased for oil shale development, and no opening order has been
issued. Consequently, in the current PEIS, that error is being corrected and the areas within the
NOSR will be correctly identified as being unavailable for application for commercial oil shale
leasing. A small portion of the NOSR extends into the White River Field Office, and that portion
of the oil shale resource is also unavailable for application for oil shale leasing. Another small
portion of the oil shale resource that is within the Colorado River Valley Field Office but west of
the NOSR would continue to be available for application for leasing under the No Action
Alternative.

In 2001, the Glenwood Springs RMP was amended to support revocation of existing
withdrawals, with the exception of NOSRs 1 and 3, of deposits of oil shale and public lands
containing such deposits from leasing or other disposal—these withdrawals had been put in place
in order to protect the oil shale resource pending further study and classification (BLM 2001a).
The withdrawals were no longer considered necessary because existing regulations, policies, and
land use decisions were adequate to manage the oil shale resources.

Other energy and mineral development on lands managed by the Colorado River Valley
Field Office includes oil and gas, and coal. In the 1988 RMP, most of the lands in the field office
region were designated as open to mineral leasing and development. Oil and gas are the principal
resources overlapping the oil shale resources being evaluated in this PEIS. In 1991 and again in
1999, in response to increased oil and gas development activities, the RMP was amended to
facilitate orderly, economic, and environmentally sound exploration and development of these
resources. Under the 1999 amendment (BLM 1999b), lands within WSAs (27,760 acres) were
closed to all oil and gas leasing. In addition, No Surface Occupancy (NSO), Timing Limitation
(TL), and Controlled Surface Use (CSU) stipulations were identified to be attached to oil and gas
leases to protect specific areas or resources, such as riparian and wetlands areas, rivers, sensitive
species, viewsheds, and watersheds.

The Colorado River Valley Field Office administers grazing on allotments that cover a
significant portion of the planning area. Recreation sites have been established in areas of heavy
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recreational use; larger areas of dispersed but heavy recreational use have been identified and
designated as SRMAs. None of the designated recreation sites or SRMAs are located in areas
overlying the oil shale resources being evaluated in this PEIS. ROW authorizations exist within
the planning area and may be in an area that could be affected by oil shale leases.

Several WSAs have been designated in the planning area; however, they are located in
the eastern part of the area, away from the oil shale resources. There were areas identified by
the BLM in the Roan Plateau Planning Area as containing wilderness characteristics, but the
decision was made in the 2007 ROD that these areas would not be specifically managed to
maintain these wilderness characteristics. A A number of ACECs have been designated within
the Colorado River Valley Field Office boundary (Figure 3.1.1-2). Four of these ACECs are
located within the Roan Plateau Planning Area, as defined in the Roan Plateau Plan Amendment
(BLM 2006a).! Two of them overlap with the oil shale resources being evaluated in this PEIS
(Table 3.1.1-2). In addition, the Roan Plateau Plan Amendment and ROD (BLM 2006a, 2007a)
established the Parachute Creek Watershed Management Area, encompassing an area of
33,575 acres, on top of the plateau that overlaps a portion of the most geologically prospective
oil shale resource. Stipulations restricting surface-disturbance activities have been established in
the Roan Plateau RMP Amendment for portions of these ACECs and for the watershed
management area (BLM 2006a, 2007a, 2008a). Other ACECs within the Roan Plateau planning
area do not overlap with oil shale resources.

The BLM has identified rivers and corridors within the Roan Plateau Planning Area as
being eligible for designation as WSRs (BLM 2006a). Portions of the eligible Trapper Creek,
Northwater Creek, and East Fork Parachute Creek, shown in Figure 3.1.1-2, overlie the oil shale
study area.

3.1.1.2 Grand Junction Field Office, Colorado

The Grand Junction RMP (BLM 1987a) was first issued in 1987 and has been amended
numerous times. The Grand Junction Field Office is in the process of revising the Grand Junction
RMP. The BLM administers approximately 1.2 million acres within the planning area
encompassed by this RMP; however, only a small portion of the planning area overlaps with the
oil shale resources evaluated in this PEIS (Figure 3.1.1-2). The oil shale resources are located
within the Piceance Basin; no known tar sands resources are located within the boundaries of this
field office. The 2008 OSTS PEIS and ROD made land use plan decisions regarding areas
available for application for oil shale leasing within the field office.

In 2001, the Grand Junction RMP was amended to support revocation of previous
withdrawals of deposits of oil shale and public lands containing such deposits from leasing or
other disposal. Such withdrawals had been in place in order to protect the oil shale resource,
pending further study and classification (BLM 2001a). The withdrawals were no longer

1" The Roan Plateau ROD issued in 2007 approved only portions of the proposed plan amendments in BLM 2006a.

A second ROD finalizing establishment of these ACECs was completed in 2008 (BLM 2008a).
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TABLE 3.1.1-2 Colorado River Valley Field Office ACECs That Overlap
with Oil Shale Resources

ACEC R&I Criteria® AcreageP
East Fork Parachute Creek  Scenic values, fisheries, and plant resources 6,571
Trapper/Northwater Creek  Fisheries and plant resources 4,810

2  R&I =relevance and importance.

b Acreage estimates represent the entire unit (not just the portion overlying the oil
shale resources) and were derived from the Roan Plateau RMP Amendment
(BLM 2008a).

considered necessary because existing regulations, policies, and land use decisions were
adequate to manage the oil shale resources.

Oil and gas and mineral development activities occur within the Grand Junction RMP
boundary on both public and nonfederal lands. About 8% of the planning area is closed to oil
and gas leasing; of the remaining area, almost 43% is open to leasing with standard lease terms,
9% has NSO stipulations, and the remaining 38% has other stipulations attached to leasing.
Approximately 390,000 acres of the Book Cliffs potential coal development area are considered
acceptable for further coal leasing consideration. The Palisade municipal watershed and the
Colorado River corridor through DeBeque Canyon are closed to coal development.

Other principal uses of public land within the boundary of the field office include grazing
and recreation. Recreational use is varied and dispersed throughout the planning area. A number
of areas are managed as SRMAs; however, none of them coincide with the oil shale resources
evaluated in this PEIS. ROW authorizations exist within the planning area and may be co-located
with the oil shale resources.

Several WSAs and ACECs are located within the planning area; however, none of these
areas overlap with the oil shale resources. The McInnis Canyons NCA, managed by the BLM,
and Colorado National Monument, managed by the NPS, are located within the Grand Junction
Field Office boundary, but both are more than 35 mi from the oil shale resources being evaluated
in this PEIS.

3.1.1.3 White River Field Office, Colorado

The White River RMP was first issued in 1997 (BLM 1997a) and has been amended
several times. An amendment addressing oil and gas issues is currently in preparation and
a draft is scheduled for release in the fall of 2012. The BLM administers approximately
1.46 million acres of surface estate and an additional 365,000 acres of split estate lands within
the planning area encompassed by this RMP (Figure 3.1.1-2). The oil shale resources are located
within the Piceance Basin, and the White River Field Office manages the bulk of the most
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geologically prospective oil shale resource in the Piceance Basin; no tar sands resources are
located within the boundary of this field office. The 2008 OSTS PEIS and ROD made land use
plan decisions regarding areas available for application for oil shale leasing within the field
office.

In 2001, the White River RMP was amended to support revocation of previous
withdrawals of deposits of oil shale and public lands containing such deposits from leasing or
other disposal. Such withdrawals had been in place in order to protect the oil shale resource,
pending further study and classification (BLM 2001a). The withdrawals were no longer
considered necessary because existing regulations, policies, and land use decisions were
adequate to manage the oil shale resources.

As discussed in Section 3.1.1.1, the Roan Plateau RMP Amendment and ROD
(BLM 2006a, 2007a, 2008a) establish the Roan Plateau Planning Area as an area incorporating
NOSRs 1 and 3, other BLM-administered lands, and nonfederal lands. A small portion of this
new planning area overlaps with the White River Field Office. The amendment defines an
integrated management strategy for the entire area, although management decisions are
applicable only to the BLM-administered lands. While a portion of the Roan Plateau Planning
Area extends into the White River Field Office boundary, the Colorado River Valley Field
Office has jurisdiction over management of the entire planning area.

The White River RMP contained a number of decisions related to oil shale development
in the Piceance Basin that were superseded by the ROD for the Oil Shale and Tar Sands PEIS in
2008. Decisions from the 1985 Piceance Basin RMP (BLM 1985b) that are still in effect in
include the following: 70,820 acres are available for leasing for multimineral development
(i.e., development of oil shale, nahcolite, and dawsonite) inside the identified Multimineral Zone
(Figure 3.1.1-3); multimineral development will be allowed only if recovery technologies are
implemented to ensure that each of these minerals can be recovered without preventing recovery
of the others; and the issuance of leases for oil shale research activities is allowed for by the
RMP. Five RD&D leases have been issued in the White River Field Office for the purpose of
demonstrating the application of potential oil shale recovery technologies (see Section 2.3 and
Figure 2.3-2).

There are two RD&D leases that recently completed NEPA analysis and have been
approved in the White River Field Office.

Intensive oil and gas and other mineral development is occurring within the White River
Field Office boundary on both public and nonfederal lands, and much of this development is
coincident with the oil shale resources. More than 1.5 million acres of land are available for oil
and gas leasing with special stipulations, and an additional 168,486 acres are available for
leasing under standard lease terms. Oil and gas transport and feeder pipelines cross the oil shale
resources evaluated in this PEIS.

Oil and gas development is projected to increase significantly on the lands managed by
the White River Field Office. A number of projects are currently under consideration to expand
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existing development and the associated infrastructure. In June 2006, the BLM initiated
preparation of an EIS to evaluate the proposed amendment of the existing RMP to address the
potential impacts of significant increases in oil and gas development in the area. Preparation of
this amendment is ongoing. In the last plan revision in 1997, the BLM anticipated the potential
development of 1,100 oil and gas wells (at a rate of about 55 wells/yr), most of which were to be
drilled south of Rangely, Colorado. In 2007, the oil and gas industry projected that more than
21,000 wells could be drilled in the planning area over the next 20 years (BLM 2007d).

The White River RMP states that 172,700 acres of land within the planning area are
underlain by recoverable coal reserves; 11,470 acres were found to be unsuitable for coal
mining; 43,380 acres were found to be suitable for underground mining only; and 117,850 acres
were found to be suitable for both surface and underground mining. Approximately
610,000 acres are available for mining of locatable minerals.

The White River Field Office administers grazing on allotments that cover a significant
portion of the planning area, including the area where the oil shale resources are located.
The entire field office area has been designated as the White River Extensive Recreation
Management Area; no SRMAs have been designated. The Piceance-East Douglas Herd
Management Area (HMA) overlaps with the oil shale resources (see Section 3.1.3 for more
information on wild horses and burros). ROW authorizations exist within the planning area
and may be co-located with the oil shale resources.

Several WSAs have been designated within the White River Field Office area; however,
they are all located to the northeast and northwest of the oil shale resources being evaluated in
this PEIS. There also are areas that have been identified that possess wilderness characteristics
within the field office boundary, and five within the most geologically prospective area for oil
shale development. A number of ACECs have been designated within the White River Field
Office boundary. Figure 3.1.1-2 shows those located within the most geologically prospective
area for oil shale. The ACECs that overlap with the oil shale resources being evaluated in this
PEIS are listed in Table 3.1.1-3. One of these ACECs, the Trapper/Northwater Creek ACEC, is
located within the Roan Plateau Planning Area.

A portion of Dinosaur National Monument, which is managed by the NPS, falls within
the White River Field Office boundary; however, it does not overlie any of the oil shale
resources being evaluated in this PEIS (Figure 3.1.1-2). At its closest point, the Monument is
more than 25 mi from the oil shale resources being evaluated within the Piceance Basin.

An underground nuclear test site, the Rio Blanco site, is also located in the Piceance
Basin, White River Field Office area. The 360-acre site on DOE-administered land located
approximately 30 mi southwest of Meeker was the site of nuclear testing in 1973. Three
30-kiloton nuclear devices were detonated simultaneously at the bottom of shafts more than
1 mi deep. This site is not included as part of the study area because the area is not on BLM-
administered land. Because the detonations took place in low-permeability, low-transmissivity
shale and claystone formations with sandstone lenses, test-related radionuclides are not expected
to travel far from the source area. Ongoing monitoring conducted at this DOE Legacy site shows
no surface contamination, and there are no surface use restrictions at the site. However,
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TABLE 3.1.1-3 White River Field Office ACECs That Overlap with Qil
Shale Resources

ACEC R&I Criteria Acreage?
Duck Creek Threatened and endangered plant and cultural resources 3,430
Ryan Gulch Threatened and endangered plant resources 1,440
Dudley Bluffs  Threatened and endangered and sensitive plant resources 1,630
Trapper Fisheries and plant resources 4,810b

a  Acreage estimates represent the entire unit (not just the portion overlying the oil
shale resources) and were derived from the White River RMP (BLM 1997a) unless
otherwise noted.

b Acreage estimates were derived from the Roan Plateau RMP Amendment (BLM
2006a).

subsurface disturbance is not allowed within a 600-ft radius of the test area without

U.S. government permission. Groundwater and surface water monitoring have shown no
radiological contamination. The Green River Formation lies about 3,000 ft above the depth
where the detonations occurred. If the BLM were to lease its bordering property for oil shale
development in the future, stipulations would be included to confirm that no radioactive
contaminants would be mobilized.

3.1.1.4 Grand Staircase—Escalante National Monument, Utah

The GSENM was established by Presidential Proclamation in September 1996. The
GSENM Management Plan, published as proposed in 1999, became effective in February 2000
(BLM 1999a). The GSENM encompasses about 1.87 million acres of federal lands and is
surrounded primarily by federal lands, including the Dixie National Forest, Capitol Reef
National Park, Glen Canyon NRA, Bryce Canyon National Park, and other BLM-administered
lands (Figure 3.1.1-4). The GSENM overlies the western portion of the Circle Cliffs STSA. The
eastern portion of this STSA extends into Capitol Reef National Park. According to available
maps, a small portion of the Circle Cliffs STSA extends to the south into the Glen Canyon NRA.
No oil shale resources are located within the Monument.

Currently, 8,921.36 acres within the Circle Cliffs STSA are held under two pending
conversion leases for tar sands development (see Section 1.4.2). When the GSENM was
established, all federal lands and interests within the Monument were withdrawn from additional
entry, location, selection, sale, leasing, or other disposition, including mineral leasing. No new
federal mineral leases can be issued, nor can new mining claims be located within the
Monument. However, a number of oil and gas leases, mineral leases, and mining claims were in
place at the time the Monument was established. While there are 68 federal mining claims
covering about 2,700 acres and 85 federal oil and gas leases covering more than 136,000 acres,
the BLM will verify whether “valid existing rights” are present on a case-by-case basis
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(BLM 1999a). This adjudication process to determine the valid existing rights for pending
conversion leases in the Circle Cliffs STSA is currently under way.

Some of the lands within the GSENM are designated as WSAs. Of these, the North
Escalante Canyons/Gulch Instant Study Area (ISA) overlaps with the southwestern portion of the
Circle Cliffs STSA (Figure 3.1.1-4), encompassing some of the lands included in the pending
conversion leases. These lands fall within the Primitive Zone that has been designated within
the GSENM; this zone is designated to provide visitors undeveloped and primitive experiences
without motorized and mechanized access (BLM 1999a). A portion of the Circle Cliffs STSA,
including lands within pending conversion leases, falls within the Outback Zone designated
within the GSENM,; this zone is designated to provide visitors undeveloped and primitive
experiences while accommodating motorized and mechanized access (BLM 1999a). There are
no ACECs designated within the GSENM.

3.1.1.5 Monticello Field Office, Utah

The Monticello RMP was issued in 2008, replacing a 1991 RMP. The 2008 OSTS PEIS
and ROD made land use plan decisions regarding areas available for application for tar sands
leasing within the field office.

The BLM administers more than 1.7 million acres of surface estate and an additional
763,000 acres of split estate lands within the planning area encompassed by this RMP
(Figure 3.1.1-4). Tar sands are located in the field office within the White Canyon STSA; no oil
shale resources are located in the lands managed by this field office.

According to the Monticello Field Office Mineral Potential Report (BLM 2006c¢), the
other energy and mineral resources with a history of interest and development include oil and
gas, coal, potash and salt, uranium-vanadium, copper, placer gold, sand and gravel, clay, and
stone. Most of these resources, however, are not located in proximity to the White Canyon
STSA. Unless otherwise noted, the following information about energy and mineral resources is

from BLM (2006¢).

The BLM administers more than 576,000 acres of federal leases for oil and gas
development, including leases within the Glen Canyon NRA, Manti-LaSal National Forest,
Navajo Indian Reservation, Indian Trust Lands, and split estate lands (BLM 1991b).
Approximately 508 oil or gas wells are currently in production within the Monticello Planning
Area (Vanden Berg 2005). This oil and gas development is located in the eastern portion of the
planning area.

Coal deposits exist in the eastern portion of the field office region and were mined for
several decades for local consumption. However, at this time there are no active coal mines. This
is attributed to the low quality, thinness, and low heat value of the deposits. While potash and
salt deposits are extensive across the eastern portion of the planning area, the only Known Potash
Leasing Areas are in the northeastern corner of the field office region. Regarding the locatable
minerals, uranium-vanadium, copper, and gold deposits and related mining claims occur within
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the Monticello Field Office, some in proximity to the White Canyon STSA. Salable Mineral
Disposal Areas (for sand, gravel, clay, etc.) also have been established in the field office, but not
in proximity to the White Canyon STSA.

The Monticello Field Office administers grazing on allotments that cover a significant
portion of the planning area. Recreational use is varied and dispersed throughout the planning
area. None of the designated recreation sites or SRMAs are located in areas overlying the tar
sands resources in the White Canyon STSA. ROW authorizations exist within the planning area
and may be co-located with the White Canyon STSA.

Several WSAs are located in the general vicinity of the White Canyon STSA. The Dark
Canyon WSA lies adjacent to the STSA to the northeast and the Mancos Mesa and Cheesebox
Canyon WSAs are located within 8 to 10 mi of the STSA (Figure 3.1.1-5). Available maps
indicate that the Dark Canyon WSA may overlap with the STSA in a very small area.

As part of the development of the 2008 RMP the field office reviewed non-WSA areas
with wilderness characteristics and made decisions regarding management of these areas. Five
areas totaling about 88,781 acres have been identified to be managed to protect these wilderness
characteristics. None of these areas intersect with the White Canyon STSA; however, the STSA
contains and is surrounded by areas identified by the BLM as having wilderness characteristics
that were not identified for long-term management to protect wilderness characteristics.

The BLM also has designated seven ACECs encompassing 73,492 acres within the field
office, none of which are located near the White Canyon STSA.

The Monticello RMP also designated SRMAs that provide for management of various
types of recreation uses. A portion of the White Canyon SRMA is located in the STSA and the
Dark Canyon SRMA is located at the northeastern end of the STSA (Figure 3.1.1-5).

Other lands with special designations are located within the boundaries of the Monticello
Field Office. NPS lands in the vicinity of the White Canyon STSA include Natural Bridges
National Monument and portions of the Glen Canyon NRA and Canyonlands National Park. The
nearest boundary of the Glen Canyon NRA is about 2 mi from the STSA boundary. The Manti-
La Sal National Forest and the Dark Canyon Wilderness Area are located about 8 mi to the east
of the White Canyon STSA (Figure 3.1.1-5).

3.1.1.6 Price Field Office, Utah

Resources on public lands in the Price Field Office are managed in accordance with the
Price Resource Area RMP and ROD, which was completed in 2008 (BLM 2008g). This RMP
replaced two previous plans. In addition, the OSTS PEIS and ROD made land use plan decisions
regarding areas within the field office available for application for oil shale and tar sands leasing.

The BLM administers about 2.5 million acres of surface estate and an additional area of
about 2.7 million acres of split estate lands within this planning area (Figure 3.1.1-6). Tar sands
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are located within the San Rafael, Argyle Canyon, and Sunnyside STSAs; only a small portion
(about 100 acres) of the most geologically prospective oil shale resources included in the study
area falls within the jurisdiction of this field office. There are about 171,000 acres of additional,
lower grade oil shale resources in the northeastern portion of the field office area. The STSAs
and the most geologically prospective oil shale area have been classified as being available for
application for commercial leasing.

According to the Mineral Potential Report for Price Field Office, Carbon and Emery
Counties, Utah (BLM 2002a), the other energy and mineral resources that have been developed
within the field office’s region include oil and gas, coal, uranium, gypsum, potash and salt, sand
and gravel, clay, and stone. Some of these resources are located in proximity to the STSAs.

Unless otherwise noted, the following information about energy and mineral resources is
from BLM (2002a).

Approximately 1.9 million acres of land are available for oil and gas leasing with various
levels of protective stipulations in the Price Field Office and about 569,000 acres are unavailable
for leasing (Price Field Office ROD, BLM 2008g). There are no active leases in the vicinity of
the San Rafael STSA and, while some portions of these lands are open to leasing under standard
lease terms, other portions are closed to leasing for oil and gas development because they fall
within WSA boundaries. The potential for future oil and gas development in the vicinity of the
San Rafael STSA is considered to be low. A considerable number of active leases exist adjacent
to the Sunnyside STSA, and this area is projected to have a high potential for development. Most
of the lands around the Sunnyside STSA are leased, with seasonal or other minor constraints.
Although currently there is no coalbed natural gas production in the vicinity of the Sunnyside
STSA, the area is considered to have potential for future coalbed natural gas production within
the Book Cliffs Coalbed Methane Play.

There are about 673,389 acres of land included in 106 coal leases on lands managed by
the field office. None of these leases are located near the San Rafael STSA. Only a few areas are
leased to the west of the Sunnyside STSA within the Book Cliffs coal field.

Mining claims include about 32,000 acres of land in the field office’s region. Historic
production of uranium has occurred in the vicinity of the San Rafael Swell in areas adjacent to
the San Rafael STSA. Although continued development of this resource is considered unlikely
over the next 15 years in the existing land use plans, there has recently been a very high interest
in the development of uranium, as the price of this resource has increased. The prospects for
other metal mining are relatively low throughout the field office area and in the vicinity of the
STSAs. Production of gypsum, clay, sand and gravel, and stone has occurred in the vicinity of
the San Rafael STSA or has the potential to occur in the future.

The Price Field Office administers grazing allotments on the basis of historical use and
the availability of forage and water. These allotments cover the majority of the planning area and
are categorized on the basis of their resource production potential and resource use conflicts.
Most of the STSAs within the planning area coincide with grazing allotments. Seven SRMAs
have been established within the planning area, some of which are near the STSAs, including the
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Desolation Canyon, San Rafael Swell, Nine Mile Canyon, Cleveland Lloyd Dinosaur Quarry,
and Range Creek SRMAs. The Muddy Creek, Sinbad, and Range Creek Wild Horse HMAs
overlap with some of the tar sands resources, as does the Sinbad Wild Burro HMA

(see Section 3.1.3 for more information on wild horses and burros). ROW authorizations exist
within the planning area and may be in areas with tar sands resources.

Several WSAs and ACECs have been designated in the Price Field Office. The WSAs
and ACEC:s that overlap with an STSA and/or the most geologically prospective oil shale area
are shown in Figure 3.1.1-6 and are listed in Table 3.1.1-4. The listed ACECs are those that were
designated in 2008. Five sections of the Green River have been determined to be suitable for
potential designation as a WSR (BLM 2008e). The two northern sections of the Green River
overlie or are near oil shale and/or tar sands deposits and are shown in Figure 3.1.1-7.

There are 21 areas that were recognized by the BLM as having wilderness characteristics
that overlie the San Rafael, Argyle Canyon, and Sunnyside STSAs, and the most geologically
prospective oil shale area. As part of the Price RMP and ROD (BLM 2008g), decisions were
made to manage five of these areas (totaling 97,100 acres) to protect, preserve, and maintain
their wilderness character. The five areas are shown in Figure 3.1.1-7 and are discussed in
greater detail in the supplement to the draft RMP (BLM 2007b). Four of these areas intersect
with the San Rafael STSA (Table 3.1.1-5).

TABLE 3.1.1-4 Price Field Office WSAs and ACECs That Overlap
with Tar Sands Resources

Area R&I Criteria Acreage?
Desolation Canyon WSA NAb 229,860
Jack Canyon WSA NAb 7,735
Mexican Mountain WSA NAb 59,930
San Rafael Reef WSA NAP 63,007
Sid’s Mountain WSA NAP 78,718
Devil’s Canyon WSA NAb 9,111
Crack Canyon WSA NAb 26,640
Link Flats ISA NAP 855
1-70 Scenic ACEC Scenic resources 45,463
San Rafael Canyon ACEC  Scenic resources 54,102
Nine Mile Canyon Cultural resources 22,335
San Rafael Reef ACEC® Scenic resources and relict vegetation 84,018
Sid’s Mountain ACEC Scenic resources 61,380
Temple Mountain ACEC Historic resources 2,444
Copper Globe ACEC Historic resources 128

@  Acreage estimates represent the entire unit (not just the portion overlying the
tar sands resources) and were derived from GIS data compiled to support the
PEIS analysis.

b NA = not applicable.
¢ Sid’s Mountain was dropped as an ACEC in the 2008 RMP.
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TABLE 3.1.1-5 Non-WSA Lands Recognized as Having Wilderness
Characteristics Designated for Long-Term Management in the Price Field
Office That Overlap with Oil Shale and Tar Sands Deposits2-P

Total Size of Area with
Wilderness Characteristics
Name of Area with Wilderness to Be Managed Amount of Overlap
Characteristics (acres) (acres)

Overlapping San Rafael STSA

Hondu Country 20,121 4,206
Mexican Mountain 4,200 22,434
Muddy Creek—Crack Canyon 52,700 10,891
San Rafael Reef 3,300 6,017

Key characteristics of wilderness that may be considered in land use planning
include an area’s appearance of naturalness and the existence of outstanding
opportunities for solitude or primitive and unconfined types of recreation.

Acreage estimates were derived from GIS data compiled to support the PEIS
analyses.

3.1.1.7 Richfield Field Office, Utah

The Richfield Field Office RMP was completed in October 2008 and covers public
lands within the Richfield Field Office boundary. This RMP replaces a 1982 MFP that had
been amended multiple times. The field office region includes the Tar Sand Triangle STSA,
portions of which extend into the Glen Canyon NRA and Canyonlands National Park and the
Circle Cliffs STSA. The western portion of the Circle Cliffs STSA is located in the GSENM
(see Section 3.1.1.4) and the eastern portion, while it is located within the Richfield Field Office
boundary, is inside of Capitol Reef National Park. There are no oil shale resources located under
lands managed by this field office. The 2008 OSTS PEIS and ROD made land use plan decisions
regarding areas available for application for tar sands leasing within the field office for lands
under BLM administration.

The Tar Sand Triangle STSA was historically available for tar sands or oil and gas
development only through CHLs, subject to appropriate stipulations. While there are no existing
CHLs in the STSA, there are seven pending conversion leases, totaling 41,254.16 acres. Four of
these pending conversion leases, totaling 20,442.20 acres, fall within the Glen Canyon NRA. The
BLM is engaged in an adjudication process to determine the status of these pending conversion
leases and whether or not to convert them to CHLs. Under decisions made in the 2008 OSTS
PEIS and ROD, BLM-administered land in the STSA is open for consideration for tar sands

leasing pursuant to the regulations promulgated as required by the Energy Policy Act of 2005.
(See 43 CFR subpart 3141.)

According to the Mineral Potential Report prepared for the Richfield Field Office
(BLM 2005a), a wide variety of other energy and mineral resources are located on lands
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managed by the field office. However, the only other resources that are located in the immediate
vicinity of the two STSAs with moderate or higher occurrence potential are oil and gas, coal,
coalbed natural gas, gypsum and salt, uranium-vanadium, gold, other metals, clay, and stone.

Numerous oil and gas wells have been drilled within and in the vicinity of the Tar Sand
Triangle STSA. All but two of these wells, however, have been plugged and abandoned, and
there is no active production near either the Tar Sand Triangle or Circle Cliffs STSA
(BLM 2005a). These areas are located within geologic provinces that have active production in
areas outside the Richfield Field Office region (BLM 2005b); thus, production of oil or gas in the
future is possible. Both the Tar Sand Triangle and Circle Cliffs STSA are located in portions of
the planning area considered to have a high potential for the occurrence of oil in the tar sands
deposits (BLM 2005a).

The Henry Mountains coal field is located to the east of the Circle Cliffs STSA. There are
no coal resources in the vicinity of the Tar Sand Triangle STSA.

The Richfield Field Office administers grazing allotments that cover a significant portion
of the planning area, but some of the grazing allotments in the vicinity of the Tar Sand Triangle
STSA currently are not being grazed, and a portion of the STSA does not have grazing
allotments associated with it. There are no specific recreation sites or SRMAs in the vicinity
of the Tar Sand Triangle STSA. The Canyonlands Wild Burro HMA overlaps some of the tar
sands resources (see Section 3.1.3 for more information on wild horses and burros). ROW
authorizations exist within the planning area and may be located on lands with tar sands
resources.

Several WSAs are located in the general vicinity of the Tar Sand Triangle STSA
(Figure 3.1.1-8). The Fiddler Butte and French Spring—Happy Canyon WSAs overlap with
portions of the Tar Sand Triangle STSA. According to available maps, a very small portion of
the Horseshoe Canyon and Dirty Devil WSAs also may overlap with this STSA. The Mount
Pennell WSA is situated immediately to the east of the Circle Cliffs STSA, abutting in some
places Capitol Reef National Park. One designated SRMA, Dirty Devil/Robber’s Roost overlaps
the Tar Sands Triangle STSA.

There are no designated ACECs near either of the two STSAs in the field office region
(BLM 2005d).

A tract of land overlying the Tar Sand Triangle STSA has been recognized as having
wilderness characteristics. About 24,255 acres of the Dirty Devil-French Spring non-WSA area,
which possesses wilderness characteristics, overlaps a portion of the Tar Sands Triangle STSA,
but in the ROD for the Richfield RMP the decision was made to not manage this area to protect
wilderness characteristics.
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3.1.1.8 Vernal Field Office, Utah

Resources present in the Vernal Field Office are managed in accordance with the Vernal
Field Office Record of Decision and Approved RMP (BLM 2008i). The Vernal RMP supersedes
two previous plans: the Diamond Mountain RMP (BLM 1994a) and the Book Cliffs RMP
(BLM 1985a). The 2008 OSTS PEIS and ROD made land use plan decisions regarding areas
available for application for tar sands leasing within the field office for lands under BLM
administration. The BLM administers almost 1.7 million acres of land within this planning area
(Figure 3.1.1-9). Tar sands resources are located within the Hill Creek, P.R. Spring, Raven
Ridge, Asphalt Ridge, Pariette, Sunnyside, and Argyle Canyon STSAs within the field office
boundary.? The field office is located within the Uinta Basin and also contains oil shale
resources.

Most of the Uintah and Ouray Indian Reservation is within the area managed by the
Vernal Field Office. Lands within the reservation on which the subsurface mineral estate is
owned by the Northern Ute Tribe were opened for leasing under the 2008 OSTS PEIS and ROD.

The subsurface mineral estate underlying about 188,500 acres within the Hill Creek
Extension of the Uintah and Ouray Reservation is owned by the federal government, and leasing
of these lands for oil shale and/or tar sands development was evaluated in the 2008 PEIS
(Figure 3.1.1-10). Of these split estate lands, approximately 57,705 acres overlie the oil shale
resources within the Uinta Basin, and approximately 35,472 acres overlie the Hill Creek STSA.

Although there currently is no tar sands development underway on BLM-administered
lands, there are four permitted tar sands surface mining operations within the Vernal Field Office
planning area, all in Uintah County (BLM 2006c¢). Prior to the issuance of the ROD for the
2008 OSTS PEIS, tar sands resources within the STSAs were available for tar sands or oil and
gas development only through CHLSs, subject to appropriate stipulations. Six CHLs are located
within the Vernal Field Office region; 1,066.41 acres are held under four leases in the Pariette
STSA, and 6,080.30 acres are held under two leases in the P.R. Spring STSA. In addition, there
are eight pending conversion leases in the P.R. Spring STSA, totaling 27,668.04 acres. The BLM
is engaged in an adjudication process to determine the status of these pending conversion leases
and whether or not to convert them to CHLs. Under decisions made in the 2008 OSTS PEIS and
ROD, BLM-administered land in the STSA is open for consideration for tar sands leasing
pursuant to the regulations promulgated as required by the Energy Policy Act of 2005.

(See 43 CFR subpart 3141.)

According to the Mineral Potential Report for the Vernal Planning Area (BLM 2002b),
the other energy and mineral resources located within the field office region include oil and gas,

2 A portion of the P.R. Spring STSA extends south from the Vernal Field Office boundary into the Moab Field
Office boundary; however, this area is administered by the Vernal Field Office under a MOU with the Moab
Field Office. Under this agreement, the Vernal Field Office administers all resources and programs, including
land use planning, for the entire P.R. Spring STSA.
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coalbed natural gas, coal, gilsonite,3 phosphate, uranium, gold, gypsum, sand and gravel, clay,
and stone. Some of these resources are located in close proximity to the STSAs and oil shale
resources. Unless otherwise noted, the following information about energy and mineral resources
is from BLM (2002b).

About 9,036 active oil and gas wells are located within the Vernal Field Office planning
area, and more than 1.8 million acres of land are available for leasing (for both conventional oil
and gas and coalbed natural gas development), including about 188,500 acres of split estate lands
within the Hill Creek Extension of the Uintah and Ouray Indian Reservation (BLM 2005¢).
Conventional oil and gas production occurs and is projected to continue in the future within
five development areas, four of which include either tar sands or oil shale resources or both.
Specifically, the Tabiona-Ashley Valley development area overlaps with the Asphalt Ridge and
Raven Ridge STSAs. The Monument Butte-Redwash development area overlaps with the Raven
Ridge and Pariette STSAs, as well as the oil shale resources within the Uinta Basin. In addition,
the East Tavaputs Plateau development area overlaps with the Hill Creek and P.R. Spring STSAs
as well as some of the oil shale resources. Existing oil and gas development is relatively limited
in the Tabiona-Ashley Valley development area and is expected to remain low over the next
15 years. Conversely, development is extensive in the remaining three development areas and is
expected to be relatively high in the next 15 years, especially in the Monument Butte-Redwash
area, where 1,700 oil wells and 3,100 gas wells are projected. Although currently there is no
coalbed natural gas production in the field office region, the potential exists within a small
portion of the West Tavaputs Plateau area within the Uinta Basin—Book Cliffs Play near the
Argyle Canyon STSA. Coalbed natural gas potential also exists within the East Tavaputs Plateau
development area within the Uinta Basin Sego Play where the P.R. Spring STSA is located.

Coal mining has not occurred on public lands within the Vernal Field Office boundary
because of lack of demand and poor quality of the deposits. Deposits in the Vernal coal field are
co-located with the Asphalt Ridge and Raven Ridge STSAs, but development is considered
unlikely in the next 15 years.

Gilsonite occurs in the Vernal Field Office planning area as vein-type deposits
throughout much of the oil shale area being evaluated in the PEIS, as well as in the Pariette and
P.R. Spring STSAs. Authorized leases and pending permit applications exist within the oil shale
boundary. Gilsonite production is expected to continue over the next 15 years, as demand from
the oil and gas industry for this drilling mud additive is expected to continue. Limited phosphate
deposits are located within the Vernal Field Office boundary; they overlap with the western
portion of the Asphalt Ridge STSA. Currently, there is no phosphate production on federal lease
areas although the potential exists. Sand and gravel and stone mining occur throughout the
Vernal Field Office planning area and are expected to continue. Mining claims for locatable
minerals, including gold, uranium, and gypsum, are limited because of the low quality and
quantity of these deposits. In addition, lands covered by the oil shale withdrawal are not open to
mining claims.

3 Gilsonite is a black, homogeneous, solid hydrocarbon that is mined and used in the production of varnishes,
lacquers, paints, some plastics, ink, and drilling muds.
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Within the Vernal Field Office, designated livestock grazing allotments encompass more
than 1.69 million acres of BLM-administered land. Approximately 545,000 additional acres of
other lands (e.g., private, state, tribal) are included within these allotments. These allotments
cover the majority of the planning area and are categorized on the basis of their resource
production potential and resource use conflicts. Several SRMAs have been established within the
planning area, some of which are co-located with the tar sands and oil shale resources, including
the White River, Fantasy Canyon, and Nine Mile Canyon SRMAs. The Hill Creek Wild Horse
HMA overlaps with some of the oil shale and tar sands resources (see Section 3.1.3 for more
information on wild horses and burros). ROW authorizations exist within the planning area and
may be co-located with the tar sands or oil shale resources.

There are two* WSAs and four ACECs that overlap with tar sands and/or oil shale
resources that are shown in Figure 3.1.1-9 and listed in Table 3.1.1-6. In addition, two portions
of the Green River have been determined to be suitable for designation as a WSR
(see Appendix C of BLM 2005¢). Those suitable segments that overlie or are near oil shale
and/or tar sands deposits are shown in Figure 3.1.1-9 and include portions of the Upper and
Lower Green River.

There are six non-WSA areas that overlie portions of the most geologically prospective
oil shale area and three STSAs that have been recognized by the BLM as having wilderness
characteristics. In the Vernal ROD, a decision was made to manage a portion of one of these
areas, the White River area, shown in Figure 3.1.1-9, to protect wilderness characteristics.
Within the total Vernal Field Office area, BLM has made decisions to manage 106,178 acres in
15 non-WSA areas to protect wilderness characteristics that are present.

Other lands with special designations are located within the boundaries of the Vernal
Field Office (Figure 3.1.1-9). A portion of Dinosaur National Monument, a unit of the National
Park System, is within the Vernal Field Office boundary; however, it does not overlie any of the
oil shale or tar sands resources being evaluated in this PEIS. At its closest point, the Monument
is just under 7 mi from the Raven Ridge STSA, 8.5 mi from the Asphalt Ridge STSA, and 17 mi
from the oil shale resources being evaluated within the Uinta Basin. The Ashley National Forest
and Wasatch-Cache National Forest both fall within the Vernal Field Office boundary. Lands
within the Ashley National Forest overlie the Asphalt Ridge, Argyle Canyon, and Sunnyside
STSAs. In addition, lands within the Flaming Gorge NRA, which is administered by the Ashley
National Forest, overlie oil shale resources identified in the Green River Basin in Wyoming. The
BLM does not make planning decisions for these National Forest lands. The High Uintas
Wilderness Area, which is located within both the Ashley and Wasatch-Cache National Forests,
does not overlie the oil shale or tar sands resources being evaluated in this PEIS. This Wilderness
Area is more than 13 mi from the Asphalt Ridge STSA, the closest STSA, and more than 13.5 mi
from the nearest oil shale resources being evaluated within the Green River Basin in Wyoming.

4 Flume Canyon WSA is in the Moab Field Office but overlaps a portion of the P.R. Springs STSA that is
managed by the Vernal Field Office.
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TABLE 3.1.1-6 Vernal Field Office WSAs and ACECs That Overlap with Qil
Shale and Tar Sands Resources

Area R&I Criteria Acreage?
Winter Ridge WSA NAb 43,339
Flume Canyon WSAC® NA 1,466
Pariette Wetlands ACEC Wetlands resources and special status bird 10,635
habitat and plant communities
Lears Canyon ACEC Relict plant communities 1,378
Lower Green River ACEC ~ Riparian habitat and scenic values 9,430

Nine Mile Canyon ACEC Cultural and scenic resources and special status 48,151
plant communities

a  Acreage estimates represent the entire unit (not just the portion overlying the oil shale
and/or tar sands resources) and were derived from GIS data compiled to support the
PEIS analyses.

b NA = not applicable.

¢ Actually located in the Moab Field Office; Flume Canyon only overlaps tar sands
resources.

3.1.1.9 Kemmerer Field Office, Wyoming

The Kemmerer Field Office completed the Kemmerer RMP in 2010. The BLM
administers 1.4 million acres of surface lands and 1.6 million acres of federal mineral estate
within the planning area encompassed by this RMP (Figure 3.1.1-11). The oil shale resources
are located within the Green River Basin; no known tar sands resources are located within the
boundaries of this field office. The 2008 OSTS PEIS and ROD made land use plan decisions
regarding areas available for application for oil shale leasing within the field office for lands
under BLM administration.

According to the Kemmerer Field Office Planning Area Mineral Assessment Report
(BLM 2004b) that was prepared for the recent RMP, the other energy and mineral resources of
note found within the field office include oil and gas, coalbed natural gas, coal, trona,> uranium,
bentonite, sand, gravel, and decorative stone. Some of these resources are located in close
proximity to the oil shale resources. Unless otherwise noted, the following information about
energy and mineral resources is from the BLM (2004b).

5 Tronaisa hydrous sodium carbonate mineral that is refined into soda ash, sodium bicarbonate, sodium sulfite,
sodium tripolyphosphate, and chemical caustic soda.
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More than 1 million acres of land are currently leased for oil and gas development within
the jurisdiction of this field office, including most of the federal subsurface mineral estate that
coincides with the oil shale resource. Gas production in the Green River Basin is associated with
gas fields located in and adjacent to the La Barge Platform—Moxa Arch trend. Coalbed natural
gas wells have been drilled in the Kemmerer Field Office and, while production is currently low,
more development is expected in the future.

Coal reserves in the Kemmerer Field Office area occur in two major regional coal fields:
the Hams Fork Coal Field and the western portion of the Green River Coal Field. Coal
production is currently occurring only in the Hams Fork Coal Field, which does not coincide
with the oil shale resources located in the Green River Basin. There are no existing coal leases
in the Green River Coal Field, which overlaps with the oil shale resources.

The world’s largest known trona deposits exist within an area defined as a Known
Sodium Leasing Area (KSLA), which extends into the eastern portion of the Kemmerer Field
Office region. Trona leases have been issued within this area, and production occurs from a
number of underground mines. The BLM has designated a portion of the KSLA as the
Mechanically Mineable Trona Area (MMTA) (Figure 3.1.1-11) and determined that this
area will be excluded from oil shale leasing until technology or other factors exist to allow
development of the oil shale resource without jeopardizing the safe operation of underground
trona mines. The KSLA covers all of the MMTA and most of the oil shale resources west and
south of the MMTA.

The Kemmerer Field Office administers grazing on allotments that cover a significant
portion of the southern half of the planning area, including most of the area where oil shale
resources are located. Recreational use of BLM-administered lands is dispersed throughout the
planning area. The BLM has designated some areas to be managed specifically to protect their
recreation potential, but except for the areas adjacent to historic trails, most of these areas do not
coincide with the oil shale resources. ROW authorizations exist within the planning area and
may be located in areas with oil shale resources.

A small portion of one WSA that is shared with the Rock Springs Field Office, as well as
several locations where there are populations of sensitive plant species that may be designated as
ACECs on a case-by-case basis, are within the Kemmerer planning area and overlap with the oil
shale resources (Figure 3.1.1-12). There is no non-WSA land identified as possessing wilderness
characteristics overlapping oil shale resources within the field office boundary. Several historic
trails cross the area where oil shale resources are located (see Section 3.9.4). Lands within the
Wasatch-Cache National Forest at the southern edge of the planning area are adjacent to but do
not overlap with the oil shale resources (Figure 3.1.1-11). Specially designated lands and trails
are shown in Figure 3.1.1-12.

3.1.1.10 Rawlins Field Office, Wyoming

The Rawlins RMP was completed in 2008 (BLM 2008c). The BLM administers
3.5 million acres of surface lands and 4.5 million acres of federal mineral estate within the



"\ Raymond pake LIRpck ¢ Big Sand
Mountain MquntainCreek & - AN
n . = Reservoir. |-
ACEC Bridger-Teton, PINEDALE &Y -
: National ¢ (%’ "
Raymond Forest s Fontenelie
Mo Plflm Yo i / Reservoir
-~ ~ y 5 - -~ \
A Y il - n Jr . P o s
e h e W Vg S =
b a1 ol A I N5 .
£ A 5 ' fieg" NG - - o’ 1
- S ' Vo) P\ White o
/ Fossil S o I U seedskades | ountain i
Bute -~ R i ¢ e | Phtroglyphs  C2mven
/ : - Community 1 4 Nafional Wildlife ,
¢ .~ Nationa ) e Uy O
i ($Kemmerer {30} 1 v Refuge 1 Natural
i 5o 1 v *’_/__ Corrals
B~ % ag [ it ———
Randolph ., ~ Ly e e r~
s B hr - LY
L* L o N // N\ > e~ J
\ - - 0.2
P o = ey {30§*Rock Springs
y o - A =i ROCK
reen Riyer
SALT (d \ SRR]NGS
LAKE i f
& )
Evanston =7 “TBridger o giessns Greater
L7 -~ Butte -7 80
il i " fisd
= I‘ d Flaming ‘
/ 0 10 20 SOM”eS / becial Gorge Red Creek  — —
2% Status Plant Reservoir Badlands
0 10 20 40 Species * Ashle
Kilometers Manila Nationat .
| VERNAL Forést = & {_Red Creek) | Hells Canyon ‘LITTLE SNAKFE
— — — National Trail (WY BLM) |:| Areas of Critical Environmental Concern BOR-administered Land
I'_-_' Field Office Boundary Most Geologically Prospective Oil Shale NPS-administered Land
Resource
I:l Wilderness Study Area USFS-administered Land
USFWS-administered Land
BLM-administered lands are shown in Figure 3.1.1-1 0STS259

FIGURE 3.1.1-12 Specially Designated Areas in the Kemmerer Field Office

S1Hd SISO [vuld

£€-¢



Final OSTS PEIS 3-34

planning area encompassed by this RMP (Figure 3.1.1-11). The oil shale resources are located
within the Washakie Basin in the very southwestern portion of the Rawlins Field Office area. No
known tar sands resources are located within the boundaries of this field office. The 2008 OSTS
PEIS and ROD made land use plan decisions regarding areas available for application for oil
shale leasing within the field office for lands under BLM administration.

Other energy and mineral resources of note located within the field office include oil and
gas, coalbed natural gas, coal, and uranium. Most of these resources are not located in close
proximity to the oil shale resources. Unless otherwise noted, the following information about
energy and mineral resources is from the Draft Rawlins RMP EIS (BLM 2004e¢). The majority of
the oil and gas fields are located in the western portion of the planning area but to the east or
north of the oil shale resources. Oil and gas development is increasing significantly in the region;
the greatest level of development in the Rawlins Field Office is concentrated in the Great Divide
Basin, which is largely to the north of the oil shale resources. While there has been little coalbed
natural gas production in this area, interest is increasing. There are six coal fields in the Rawlins
Field Office, but all are located to the east of the oil shale resources.

The Rawlins Field Office administers grazing on allotments that cover a significant
portion of the western half of the planning area, including most of the area where oil shale
resources are located. Recreation is one of the major uses of BLM-administered lands within
this planning area. Recreation sites have been established in areas of heavy recreational use;
larger areas of dispersed but heavy recreational use also have been identified and designated
as SRMAs. None of the designated recreation sites or SRMAs is located in an area overlying
the oil shale resources. The Adobe Town Wild Horse HMA overlaps with some of the oil
shale resources (see Section 3.1.3 for more information on wild horses and burros). ROW
authorizations exist within the planning area and may be co-located with the oil shale resources.

None of the ACECs designated in the Rawlins planning area overlap with the oil shale
resources. One historic trail, the southern route of the Cherokee Trail, crosses the arca where oil
shale resources are located (Figure 3.1.1-13; see Section 3.9.4).

The Adobe Town WSA straddles the Rawlins and Rock Springs Field Office boundary
and includes about 82,350 acres of BLM-administered land. The BLM recommended that
about 11,000 acres of the area be designated as wilderness in its 1992 Report to Congress.
About 33,389 acres of the WSA overlap with oil shale resources in the Washakie Basin
(Figure 3.1.1-13), with 7,885 acres being located within the Rawlins Field Office. The WSA also
sits within a larger area that was designated by the Wyoming Environmental Quality Council
(WEQC) in 2008 as the Adobe Town “Very Rare or Uncommon Area.” The Very Rare or
Uncommon Area includes 180,910 total acres, of which 167,517 acres are public land. Its
boundary overlaps 50,025 acres of the oil shale basin, with 17,879 acres being located within the
Rawlins Field Office. The WEQC designation applies only to state mining permits issued by
Wyoming Department of Environmental Quality (WDEQ) and would protect the area from state-
authorized non-surface coal mining and surface mining for oil shale, uranium, and gravel pit
mining. The designation does not limit oil and gas leasing, exploration, production, or related
construction.
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Portions of the Adobe Town/Kinney Rim area were determined by the BLM to contain
wilderness characteristics. These areas are located on the western and eastern borders of the
WSA. All but one of these areas is within the WEQC-designated Adobe Town “Very Rare or
Uncommon Area.” Based on the presence of existing oil and gas leases within the areas with
wilderness characteristics outside the WSA, it was determined in the Rawlins RMP that all of
these areas would be managed as multiple-use lands and not for protection of wilderness
characteristics. The Kinney Rim South unit west of the WSA was mistakenly identified in the
Draft PEIS as an area with wilderness characteristics. The BLM had previously reviewed this
area and had determined that wilderness characteristics were not present. The approved Rawlins
RMP includes the designation of the lands within the Rawlins District located west and south of
the Adobe Town WSA as the Adobe Town Dispersed Recreation Use Area (DRUA). All of the
Adobe Town “Very Rare or Uncommon Area” outside of the WSA within the Rawlins Field
Office is included within the DRUA.

3.1.1.11 Rock Springs Field Office, Wyoming

The Green River RMP was issued in 1997 (BLM 1997b), and several maintenance
changes have been implemented over time. The Rock Springs Field Office is in the beginning
stages of a plan revision process that will replace the current plan. The BLM administers about
3.6 million acres of public land surface and 3.5 million acres of federal mineral estate
(Figures 3.1.1-11 and 3.1.1-14). Oil shale resources are located within both the Green River and
Washakie Basins; no known tar sands resources are located within the boundaries of this field
office. The 2008 OSTS PEIS and ROD made land use plan decisions regarding areas available
for application for oil shale leasing within the field office for lands under BLM administration.

In 2006, the Green River RMP was amended by the Jack Morrow Hills Coordinated
Activity Plan (JMHCAP) (BLM 2006b). Only a small portion of the Jack Morrow Hills area
overlaps with oil shale resources in the Green River Basin being evaluated in this PEIS, and
because of decisions made in formulation of alternatives for the PEIS, less than 20,000 acres
on the very western edge of the IMHCAP area is available for oil shale leasing.

Other energy and mineral resources of note located within the field office include oil and
gas, coalbed natural gas, coal, geothermal resources, and trona.

As discussed in Section 3.1.1.9, the world’s largest known trona deposits exist within a
designated KSLA that straddles the boundary between the Rock Springs and Kemmerer Field
Offices. Trona leases have been issued within this area, and production occurs from a number
of underground mines. The BLM has designated a portion of the KSLA as the MMTA
(Figure 3.1.1-11) and determined that this area will be excluded from oil shale leasing until
technology or other factors allow development of the oil shale resource without jeopardizing the
safe operation of underground trona mines. The KSLA covers all of the MMTA and most of the
oil shale resources west and south of the MMTA.

The Rock Springs Field Office administers grazing on allotments that cover almost the
entire planning area, including most of the areas where oil shale resources are located. The
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Adobe Town, Little Colorado, Salt Wells Creek, and White Mountain Wild Horse HMAs
overlap with some of the oil shale resources (see Section 3.1.3 for more information on wild
horses and burros). ROW authorizations exist within the planning area and may be co-located
with the oil shale resources.

Portions of three WSAs and five ACECs overlap oil shale resources in the Green River
and Washakie Basins within the Rock Springs Field Office boundary. With respect to any new
potential ACECs, the Rock Springs Field Office has not yet completed its ACEC report. Any
decisions regarding designation and management of ACECs will be made by the Rock Springs
Field Office through their land use planning process. In addition, several historic trails cross the
area (see Figure 3.1.1-11) where oil shale resources are located (see Section 3.9.4). Recreation
sites have been established in areas that coincide with the oil shale resources in the Green River
Basin, and three designated SMAs overlap or are adjacent to oil shale resources in the Rock
Springs Field Office. The BLM has established stipulations restricting surface-disturbance
activities within the two SMAs that overlap the oil shale resources being evaluated in this PEIS.
Areas discussed in this paragraph are shown in Figure 3.1.1-14 and listed in Table 3.1.1-7.

In the southeastern part of the Rock Springs Field Office area, the Monument Valley
SMA, the Adobe Town Very Rare and Uncommon Area, and the Adobe Town WSA overlap one
another to varying degrees and overlap the most geologically prospective area as well (also see
the discussion of the Adobe Town area in Section 3.1.1.10 above). The Monument Valley SMA
almost completely overlaps the portion of the Adobe Town Very Rare or Uncommon Area
designated by the Wyoming Environmental Council within the Rock Springs Field Office area.
The SMA contains 98,308 acres, of which 32,572 acres within the the Rock Springs Field Office
overlap oil shale resources in the Washakie Basin. There are 32,146 acres of the Very Rare and
Uncommon Area within the Rock Springs Field Office that also overlap these resources (see
Figure 3.1.1-11).

The Pine Mountain SMA is adjacent to the southwestern boundary of the Washakie Basin
most geologically prospective area. The Kinney Rim North unit west of the Adobe Town WSA
was mistakenly identified in the Draft PEIS as an area with wilderness characteristics. The BLM
had previously reviewed this area and had determined that wilderness characteristics were not
present.

The Flaming Gorge NRA, a unit within the Ashley National Forest, is located within the
Rock Springs Field Office boundary and overlaps in part with the oil shale resources in the
Green River Basin being evaluated in this PEIS; however, the BLM is not making land allocation
decisions for Forest Service—administered areas in this PEIS. The High Uintas Wilderness Area,
which is located within both the Ashley and Wasatch-Cache National Forests in northern Utah, is
more than 13.5 mi at its closest point from the oil shale resources being evaluated within the
Green River Basin in Wyoming (see Figure 3.1.1-11).

3.1.2 Recreational Land Use in the Three-State Study Area

Recreational use of BLM-administered lands within the three-state study area is varied
and dispersed. Specific recreation sites and use areas have been designated by the BLM
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TABLE 3.1.1-7 Rock Springs Field Office WSAs, SMAs, and ACECs That Overlap with Qil Shale
Resources

Area R&I Criteria Acreage?
Devils Playground/Twin Buttes WSA NAD 23,070
Buffalo Hump WSA NA 9,480
Adobe Town WSA NA 54,330
White Mountain Petroglyphs ACEC Cultural values 20¢
Greater Red Creek ACEC Fragile soils, unique ecological features, watershed 131,890¢
and cultural values, sensitive species
Pine Springs ACEC Cultural values 6,030¢
Greater Sand Dunes ACEC Outstanding geologic features, prehistoric and 38,650¢
historic values, recreation values
Special Status Plant Species ACEC Natural processes, fragile plant species 900¢
Adobe Town Very Rare or Uncommon Area NA 32,146
Monument Valley SMA NA 98,308
Sugarloaf Basin SMA NA 92,962
Pine Mountain SMA NA 64,200°
Jack Morrow Hills Area 3 NA 233,350

@ Unless otherwise noted, acreage estimates represent the entire unit (not just the portion overlying the oil shale
resources) and were derived from GIS data compiled to support the PEIS analyses.

b NA = not applicable.
¢ Acreage estimate was derived from the Green River RMP (BLM 1997b).

throughout the region. To facilitate and manage OHV use, existing land use plans within the
study area identify areas that are designated as either closed, open, or limited to OHV use, and
these designations overlap oil shale and tar sands resources.

Generally, the BLM provides recreational opportunities where they are compatible with
other authorized land uses, while minimizing risks to public health and safety and maintaining
the health and diversity of the land. The Recreation Opportunity Spectrum (ROS) is one of the
means that the BLM uses to inventory, plan, and manage recreational use. Seven elements
provide the basis for inventorying and delineating recreational settings: access, remoteness,
naturalness, facility and site management, visitor management, social encounters, and visitor
impacts. Based on these elements, the BLM (1981) utilizes six ROS classes to describe
management goals:

1. Primitive. Large areas of about 5,000 acres (2,023 ha) or more located at least
3 mi (5 km) from the nearest point of motor vehicle access;

2. Semiprimitive nonmotorized. Areas of about 2,500 acres (1,012 ha) located at
least 0.5 mi (0.8 km) from the nearest point of motor vehicle access;

3. Semiprimitive motorized. Areas of about 2,500 acres (1,012 ha) located within
0.5 mi (0.8 km) of primitive roads and two-track vehicle trails;
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4. Roaded natural. Areas near improved and maintained roads;

5. Rural. Areas characterized by a substantially modified natural environment;
and

6. Urban. Areas located near paved highways where the landscape is dominated
by human modification.

The BLM also distinguishes recreational use on the basis of the level of use and
management requirements. Areas designated as Special Recreation Management Areas (SRMAs)
require recreation activity plans and a major investment in facilities or supervision of more
intensive activities. Areas designated as Extensive Recreation Management Areas (ERMAs),
however, offer mostly unstructured, dispersed, and low-intensity recreational opportunities that
require a minimum amount of facilities and management. These designations are made through
the land use planning process. Both SRMAs and ERMAs are found within the study area. In
addition to SRMAs, many of the areas with special designations, such as ACECs, WSAs, SMAs,
national historic trails, and lands with wilderness characteristics, support higher levels of
recreation use than most BLM-administered areas.

Other federal and state agencies also manage a wide variety of recreational areas in the
region, and recreational use is a significant part of the regional economy. Table 3.1.2-1 provides
at least a partial listing of the many recreational areas and other areas that may provide recreation
opportunities located within about a 50-mi radius of the oil shale and tar sands resources
evaluated in this PEIS. This information was derived from various Internet sites and may not be
all inclusive; it does not include recreation sites and areas, WSAs, or ACECs that are managed
by the BLM and also occur in the area (many of these are discussed in Section 3.1.1). The intent
of the table is to demonstrate the overall importance of recreational land use and the large variety
of recreation areas in the region.

3.1.3 Wild Horses and Burros in the Three-State Study Area

The Wild Free-Roaming Horses and Burros Act passed by Congress in 1971 gave the
BLM the responsibility to protect, manage, and control wild horses (Equus caballus) and burros
(E. asinus) (BLM 2011a). The general management objectives for wild horses and burros are to
(1) protect, maintain, and control viable, healthy herds with a diverse age structure, while
retaining their free-roaming nature; (2) provide adequate habitat for wild horses through
principles of multiple use and environmental protection; (3) maintain a thriving natural
ecological balance with other resources; (4) provide opportunities for the public to view wild
horses; and (5) protect them from unauthorized capture, branding, harassment, or death

(BLM 1991a, 1996, 1997b, 2008b).

The BLM establishes HMAs for the maintenance of wild horse and burro herds in
compliance with the Wild Free-Roaming Horses and Burros Act (BLM 2004b). Herd population
management is important for balancing herd numbers with forage resources and with other uses
of the public and adjacent private lands (BLM 2004d, 2008¢). Wild horses and burros that are
found outside of HMAs are considered excess and are subject to removal (BLM 2004b).
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TABLE 3.1.2-1 Federal and State Recreation Areas within a 50-mi Radius of
the Most Geologically Prospective Oil Shale Areas and STSAs

Recreation Area? Managing Agency®
Colorado
Black Ridge Canyons Wilderness Area BLM
Brown’s Park National Wildlife Refuge USFWS
Canyon Pintado National Register Historic District BLM
Colorado National Monument NPS
Dinosaur Diamond National Scenic Byway DOT
Dinosaur National Monument NPS
Elkhead Reservoir CSP
Flat Tops Wilderness Area USFS
Grand Mesa National Forest USFS
Grand Mesa Scenic and Historic Byway DOT
Harvey Gap State Park CSP
Highline Lake State Park CSP
James M. Robb—Colorado River State Park CSp
Mclnnis Canyons National Conservation Area BLM
Maroon Bells Wilderness Area USFS
Rabbit Valley Research Natural Area BLM
Raggeds Wilderness Area USFS
Routt National Forest USFS
Horsethief Canyon State Wildlife Area BOR
Rifle Falls State Park CSpP
Rifle Gap Reservoir and State Park BOR and CSP
Sweitzer Lake State Park CSP
Vega Reservoir and State Park BOR and CSP
White River National Forest USFS
Yampa River State Park CSp
Utah
Anasazi Indian State Park USPR
Arches National Park NPS
Ashley National Forest USFES
Bryce Canyon National Park NPS
Box-Death Hollow Wilderness Area USFES
Canyonlands National Park NPS
Capitol Reef National Park NPS
Cleveland-Lloyd Dinosaur Quarry BLM
Dark Canyon Wilderness Area USFS
Dead Horse Point State Park USPR
Dinosaur Diamond National Scenic Byway DOT
Dinosaur National Monument NPS
Dixie National Forest USFS
Edge of the Cedars State Park USPR
Escalante State Park USPR
Fantasy Canyon BLM
Fishlake National Forest USFS
Flaming Gorge National Recreation Area USFS ...
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TABLE 3.1.2-1 (Cont.)

Recreation Area® Managing Agency®
Utah (Cont.)
Flaming Gorge—Uintas Scenic Byway DOT
Glen Canyon National Recreation Area NPS
Grand Staircase—Escalante National Monument BLM
Green River State Park USPR
Goblin Valley USPR
High Uintas Wilderness Area USFS
Huntington North Reservoir and Huntington State Park BOR and USPR
Joes Valley Reservoir BOR
Kodachrome Basin State Park USPR
Manti-La Sal National Forest USFS
Millsite State Park USPR
Moon Lake Reservoir BOR
Mt. Nebo Wilderness Area USFS
Ouray National Wildlife Refuge USFWS
Palisade State Park USPR
Red Fleet Reservoir and State Park BOR and USPR
Scofield Reservoir and State Park BOR and USPR
Starvation Reservoir and State Park BOR and USPR
Steinaker Reservoir and State Park BOR and USPR
Uinta National Forest USFS
Upper Stillwater Reservoir BOR
Wasatch-Cache National Forest USFS
Wyoming

Bear River State Park WSPCR
Bridger National Forest USFS
Bridger Wilderness Area USFS
Cokeville Meadows National Wildlife Refuge USFWS
Fitzpatrick Wilderness Area USFS
Flaming Gorge National Recreation Area USFS
Fort Bridger State Park WSPCR
Fossil Butte National Monument NPS
Medicine Bow National Forest USFS
Oregon, Mormon, Pioneer, California, and Pony Express Trails BLM
Popo Agie Wilderness Area USFS
Seedskadee National Wildlife Refuge USFWS
Shoshone National Forest USFS
Wasatch-Cache National Forest USFS

@ Includes areas that are within or partially within an approximately 50-mi radius.

b Abbreviations: BLM = Bureau of Land Management; BOR = Bureau of Reclamation;
CSP = Colorado State Parks; DOT = U.S. Department of Transportation; NPS =
National Park Service; USFS = U.S. Forest Service; USFWS = U.S. Fish and Wildlife
Service; USPR = Utah State Parks and Recreation; WSPCR = Wyoming Department

of State Parks and Cultural Resources.

Sources: Recreation.gov (2006); Colorado State Parks (2006a); Utah State Parks and
Recreation (2006); Wyoming Division of State Parks and Historic Sites (2006).
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Generally, their annual home range varies between 25 and 300 km?2 (NatureServe 2011). Because
wild horse herds can increase in size by up to 25% annually, they can affect the condition of their
range and increase competitive pressure among wild horses, livestock, and wildlife. Wild horse
and burro herds are maintained through gathers. Gathered horses and burros are either placed for
adoption through the Adopt-a-Horse Program or otherwise placed in long-term holding facilities.
The BLM is currently researching the use of immunocontraceptives to slow the reproductive rate
of wild horses (BLM 2008c¢).

Wild horses generally occur in common social groups of several females that are tended
by a dominant male. Young males are expelled from the social group when they are 1 to 3 years
old and form bachelor groups (NatureServe 2011). They feed on grass and grasslike plants and
browse on shrubs in winter. They visit watering holes daily and may dig to water in dry river
beds (NatureServe 2011).

Wild burro males control a small territory during the breeding season. When not with
females, older males are generally solitary. Females tend to be either alone with their foal or in
groups with other females and foals (NatureServe 2011). The home range for the wild burro can
range from 4 to 97 km?2 (2 to 37 mi2). They feed on grasses, sedges, forbs, and browse.

Table 3.1.3-1 lists the wild horse and burro HMAs within or near the areas where oil
shale or tar sands may be developed. Horse and burro populations that occurred within the
HMAs during FY 2011 are also provided. Figure 3.1.3-1 shows the distribution of the wild horse
and burro HMAs within the oil shale and tar sands study area.

3.2 GEOLOGICAL RESOURCES AND SEISMIC SETTING

Extensive work has been conducted in the study area to describe the geologic setting
(e.g., Cashion 1964; Culburtson and Pitman 1973; Dyni 2003; Blackett 1996). In addition,
Chapter 2 and Appendices A and B provide general information regarding oil shale and tar sands
resources and geology, respectively. A brief summary of the geologic setting for each major
basin and STSA is presented in this section.

3.2.1 Piceance Basin

3.2.1.1 Physiography

The Piceance Basin is located mainly in the Colorado Plateau physiographic province
(Figure 1.2-1). The Piceance Basin is simultaneously a structural, depositional, and drainage
basin. The structural basin is downwarped and surrounded by uplifts resulting from the Laramide
Orogeny. This tectonic activity created a depositional basin that filled with sediments from the
surrounding uplands, mainly during the Tertiary period. The Piceance Basin is not referred to or
described consistently in the published literature. Some publications describe the Piceance Basin
as an area encompassing more than 7,000 mi2 and consisting of a northern province and a
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TABLE 3.1.3-1 Wild Horse Herd Management Areas within the Oil Shale and Tar Sands Study
Area (FY 2011)

Herd Management
Area Size Population?

Herd Management Area Name (County) BLM Acres  Other Acres Horse Burro
Colorado

Piceance-East Douglas (Rio Blanco) 158,332 31,684 320 (135-235) 0(0)
Utah

Canyonlands (Wayne) 77,254 12,138 0(0) 0 (100)

Muddy Creek (Emery) 252,086 31,388 72 (125) 0(0)

Range Creek (Carbon) 43,235 11,788 149 (125) 0 (0)

Sinbad (Emery) 89,465 9,776 0(0) 94 (70)
Wyoming

Little Colorado (Sweetwater, Sublette, 525,421 104,608 256 (100) 0(0)

and Lincoln)

White Mountain (Sweetwater) 207,372 184,496 545 (300) 0(0)

Salt Wells Creek (Sweetwater) 687,546 483,182 300 (365) 0(0)

Adobe Town (Sweetwater) 444244 34,631 738 (800) 0(0)

2 Numbers in parentheses are the appropriate management level (i.e., number of wild horses and burros that
the HMA can support).

Source: BLM (2011a).

southern province that are separated approximately by the Colorado River and I-70. Other
publications refer to the southern province as the Grand Mesa Basin. Oil shale is present in both
provinces, with the richest oil shale deposits in the north, and smaller, isolated deposits in the
south.

3.2.1.2 Geologic Setting

Within the Piceance Basin, the upper bedrock stratigraphy consists of a series of basin-fill
sediments from the Tertiary period (Topper et al. 2003). The uppermost unit is the Uinta
Formation, which consists of up to 1,400 ft of Eocene-age sandstone, siltstone, and marlstone.
Below the Uinta Formation is the Eocene Green River Formation, which can be up to 5,000 ft
thick and includes four members: the Parachute Creek (keragenous dolomitic marlstone and
shale), the Anvil Points (shale, sandstone, and marlstone), the Garden Gulch (claystone, siltstone,
clay-rich oil shale, and marlstone), and the Douglas Creek (siltstone, shale, and sandstone)
members. The Eocene-Paleocene Wasatch Formation underlies the Green River Formation. The
Wasatch is a shale and sandstone formation. Below the Wasatch is the Cretaceous Mesaverde
Group (sandstone and shale), the Cretaceous Mancos Shale, and older sedimentary formations
atop Precambrian rock.
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The main oil shale members of interest in the Piceance Basin are the Parachute Creek and
Garden Gulch Members. The grade of oil shale varies with location and depth, but the Parachute
Creek Member has the richest material and includes the Mahogany Zone.

Quaternary alluvium of varying thickness is present in the significant drainages of the
basin. The alluvium can provide sand and gravel resources for construction projects, and the
alluvium aquifers are often important sources of groundwater.

3.2.1.3 Soils

Soils in the Piceance Basin vary in their thickness and character (DOI 1973). On upland
areas, soils are generally rocky with shallow depth to bedrock. Slopes in these areas are typically
10 to 60%. Eolian deposits (silt) may blanket the upland surface. Deep alluvial soils are found in
drainageways and in valleys, with slopes less than 10%. Locally, valleys may contain colluvium
from the side slopes. Erosion occurs mainly along roads and trails and in stream valleys.
Intermittent creeks show head cutting, bank cutting, and deep gullying. Summer storms may
cause bridge washouts and flash floods with extensive sheet erosion.

Biological soil crusts (also known as cryptobiotic crusts) may occur locally on
undisturbed soils. The crusts are made of various algae, bacteria, mosses, and fungi. These crusts
reduce wind and water erosion, fix atmospheric nitrogen, and contribute to organic soil matter.
On upland ridges and cliffs, soil formation is minimal because of steep slopes and strong winds.
Erosion due to a lack of vegetative cover and/or overgrazing is mainly by wind and has exposed
thin loamy soils. Gullying is possible in small drainageways, as is mass wasting of weathered
soil and rock.

The dissolution of salts in soil results in salinity problems for surface waters. This is
described in Section 3.4.1.2.

3.2.1.4 Seismicity and Landslide Susceptibility

Seismic risk in the Piceance Basin is fairly low according to the USGS, with a peak
acceleration of about 5% of gravity, with a 10% probability of occurrence in 50 years, and a
peak acceleration of 14 to 16% of gravity, with a 2% probability of occurrence in 50 years
(Frankel et al. 2002).

Landslide risk has been mapped by the USGS (Radbruch-Hall et al. 1982). In the
Piceance Basin, the susceptibility of the landscape to landslides is generally high, though the
incidence of landslides in the basin is low (less than 1.5% of the area involved) in most of the
basin.
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3.2.1.5 Mineral Resources

In addition to oil shale, the Piceance Basin contains the sodium minerals halite,
dawsonite, and nahcolite, which are intermingled with the oil shale. Nahcolite is sodium
bicarbonate and may be used as soda ash, to remove sulfur from industrial air emissions, and as a
cattle feed supplement. It occurs in the Parachute Creek Member at proportions generally less
than 5% by weight; however, in the lower oil shale zone it may average more than 30% by
weight (DOI 1973). Dawsonite is dihydroxy sodium aluminum carbonate and is found in the
lower portion of the northern province of the Piceance Basin. It is a source of alumina, and some
intervals contain up to 3% by weight of equivalent extractable alumina (DOI 1973). Interbedded
halite and oil shale are found in a sequence in the northern province of the Piceance Basin. The
halite beds range from 1 to 30 ft in thickness (DOI 1973). Recoverable amounts of these
minerals are estimated by the BLM (1983a) for several individual tracts of land within the basin.
An area near the northern edge of the Piceance Basin that measures more than 100 mi? is
referred to as the Multimineral Zone. Here, the BLM does not allow oil shale development
without suitable recovery of sodium minerals. In a surrounding area set aside for sodium leasing,
sodium mineral extraction is not allowed to damage oil shale units.

Oil, natural gas, and coal are also present in the Piceance Basin (DOI 1973). The most
productive zone is at the base of the Green River Formation and the underlying Cretaceous
Mesaverde Group. Extensive natural gas drilling has taken place in the southern portion of the
northern Piceance province. Coal underlies essentially the entire basin (DOI 1973).

3.2.2 Uinta Basin

3.2.2.1 Physiography

The overall Uinta Basin has an area of about 7,000 mi2, bounded by the Uinta Mountains
to the north, the Wasatch Range to the west, the Roan Cliffs to the south, and the Douglas Creek
Arch to the east (Cashion 1967). The basin is almost entirely in Utah, with a small portion of
the overall basin extending into Colorado. The Uinta Basin is a structural, depositional, and
topographic/drainage basin. This description focuses on the study area located in the geologically
prospective east-central portion of the Uinta Basin (Figure 1.2-1). This region is primarily in
Uintah County, Utah, with a small western extension into Duchesne County, Utah.

3.2.2.2 Geologic Setting

The Uinta Basin contains a thickness of up to 15,000 ft of lacustrine and fluvial
sedimentary rock of Eocene age above older sedimentary formations (Cashion 1967).

The uppermost bedrock unit is the Duchesne River Formation of fluvial sandstone and
shale. Below this formation is the Uinta Formation of similar lithologies. Below the Uinta is the
Green River Formation, which is composed of four members. The uppermost is the Evacuation
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Creek Member (also commonly known as the Uinta—Green River Transition), which is
composed mainly of marlstone and siltstone and interfingers with the overlying Uinta Formation.
The underlying Garden Gulch and Parachute Creek Members are of similar lithologies. The
Parachute Creek Member is the main oil shale-bearing member, and includes the rich Mahogany
Zone. The Douglas Creek Member is composed of mixed lithologies, including sandstone,
siltstone, and limestone, and it interfingers with the overlying Garden Gulch and Parachute
Creek Members and the underlying Wasatch Formation. The Wasatch is also an Eocene-age
basin-fill unit and is composed of sandstone and shale.

Quaternary alluvium is present along the Uinta Basin’s major stream valleys. The
alluvium can provide sand and gravel resources for construction projects, and the alluvium
aquifers are often important sources of groundwater.

3.2.2.3 Soils

Soils in the Uinta Basin are in two general groupings on the basis of the
geomorphological setting (DOI 1973). Most of the basin’s flat areas are covered with shallow
soils over weathered bedrock. These soils are typically either fine loam or silt over silty or clayey
subsoils, or sandy or coarse loamy soils. Shale and/or sandstone bedrock is usually about 20 in.
deep. Erosion is high during summer storms.

Along the floodplains and terraces of major rivers are deep loamy or silty soils over
coarser subsoils. Erosion through stream cutting is high during high flow periods.

The dissolution of salts in soil results in salinity problems for surface waters. This is
described in Section 3.4.1.2.

Overall, the basin’s erosion potential is critically high, although some areas are in the
slight to moderate range, and some areas have erosion potential that is considered severe.

Biological soil crusts occur on undisturbed soils in some portions of Utah and may be
found in the study area. The crusts are made of various algae, bacteria, mosses, and fungi. These
crusts reduce wind and water erosion of the soils, fix atmospheric nitrogen, and contribute to soil
organic matter (BLM 2002c).

3.2.2.4 Seismicity and Landslide Susceptibility

Seismic risk in the Uinta Basin is fairly low according to the USGS, with a peak
acceleration of about 6 to 7% of gravity, with a 10% probability of occurrence in 50 years, and a
peak acceleration of about 14 to 18% of gravity, with a 2% probability of occurrence in 50 years
(Frankel et al. 2002).
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Landslide risk has been mapped by the USGS (Radbruch-Hall et al. 1982). In the Uinta
Basin, the susceptibility of the landscape to landslides is low, as is the incidence of landslides
(less than 1.5% of the area involved).

3.2.2.5 Mineral Resources

Gilsonite, a black, brittle natural petroleum residue, is found in the Uinta Basin.
Numerous vertical veins up to 7 mi long and 18 ft wide are found in the prospective oil shale
area (Cashion 1967). Along the southern portion of the study area, part of the prospective oil
shale area overlaps two STSAs—Hill Creek and P.R. Spring. Oil and gas have been produced
from the lower part of the Green River Formation, the Wasatch Formation, and deeper
Mesozoic-age rocks. Oil and natural gas are also present in the Unita Basin.

3.2.3 Green River Basin and Washakie Basin

3.2.3.1 Physiography

The Green River and Washakie Basins are located in the Wyoming Basin Physiographic
Province of the Rocky Mountain Region. The oil shale areas are surrounded by the Wasatch,
Green, Uintah, and Seminoe Mountains and by the Wind River and Medicine Bow Ranges. The
overall basin has an area of about 6,700 mi2. This description focuses on the study areas located
within the Green River and Washakie Basins (Figure 1.2-1).

The Green River Basin is mainly bounded by escarpments of the Green River and
Wasatch Formations (Mason and Miller 2004). The Washakie Basin is a synclinal structure with
faulting mainly along its southern and western edges. Its central portion has few faults
(DOI 1973). The rim of the basin is formed by rock of the Green River Formation (Mason and
Miller 2004).

3.2.3.2 Geologic Setting

The Green River and the Washakie Basins are separated by the Rock Springs uplift. Each
contains sedimentary rock with thicknesses of more than 20,000 ft.

In the Green River Basin, the uppermost unit is the Bridger Formation of fluvial and
paludal (marsh) origin (Roehler 1992). The underlying Green River Formation is mostly
lacustrine basin-fill rock. The uppermost member of the Green River Formation is the Luman
Tongue, a unit of mudstone, sandstone, shale, oil shale, and coal over 200 ft thick. The Tipton
Shale Member contains the Scheggs Bed (oil shale with sandstone, siltstone, and other
lithologies) and the Rife Bed (oil shale interbedded with dolomite and tuff), totaling over 150 ft
in thickness. The Wilkins Peak Member contains oil shale, shale, mudstone, siltstone, and
sandstone, and is about 1,000 ft thick. The underlying Laney Member is about 1,300 ft thick and
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includes the LaClede Bed (oil shale and shale with interbedded siltstone, shale, and tuff), the
Sand Butte Bed (sandstone and siltstone), and the Hartt Cabin Beds (mudstone, shale, dolomite,
sandstone, and siltstone). The Wasatch Formation underlies the Green River Formation and is
mostly fluvial and paludal material. The Green River Formation intertongues with both the
overlying Bridger Formation and the underlying Wasatch Formation; it is replaced by these
formations, and, in some locations around the basin, by the fluvial Battle Spring Formation.

In the Washakie Basin the stratigraphy is similar; however, the uppermost unit is referred
to as the Washakie Formation rather than the Bridger Formation (Roehler 1992). The Green
River Formation here is composed of four units. The uppermost, the Laney Member, is up to
1,300 ft thick and consists of sandstone, siltstone, and mudstone, with generally low-grade oil
shale zones. The Wilkins Peak Member is about 400 ft thick. Its upper portion is mudstone,
siltstone, and sandstone, with minor amounts of oolitic and algal limestone and thin beds of low-
grade oil shale. The lower portion is mainly low-grade to moderate-grade oil shale with algal
limestone and siltstone. The Tipton Member is about 200 ft thick and is made up of low- to
moderate-grade oil shale with some algal limestone and siltstone. The Luman Tongue is about
300 ft thick and is the lowermost unit of the Green River Formation. Its upper half is mainly
low-grade oil shale with some limestone. The lower half is interbedded siltstone, sandstone,
mudstone, low-grade oil shale, thin units of moderate-grade oil shale, limestone, shale, and coal.

3.2.3.3 Soils

The soils of the Green River and Washakie Basins are developed on the Green River,
Bridger, and Wasatch Formations (DOI 1973). The soils’ textures range from sandy to loamy to
clayey. The soil surfaces are mainly level or moderately sloping, though roughly 20% of the area
has steep slopes. Sixty percent of the basin area has shallow soil, with the bedrock within 20 in.
of the surface. Erosion rates are generally moderate to high. Because of the aridity, wind erosion
is often greater than water erosion. Biological soil crusts may occur locally on undisturbed soils.
The crusts are made of various algae, bacteria, mosses, and fungi. These crusts reduce wind and
water erosion, fix atmospheric nitrogen, and contribute to soil organic matter.

The dissolution of salts in soil results in salinity problems for surface waters. This is
described in Section 3.4.1.2.

3.2.3.4 Seismicity and Landslide Susceptibility

Seismic risk in the Green River Basin is fairly low according to the USGS, with a peak
acceleration of about 5% of gravity, with a 10% probability of occurrence in 50 years, and a
peak acceleration of about 18 to 22% gravity, with a 2% probability of occurrence in 50 years
(Frankel et al. 2002). In the Washakie Basin, the seismic risk is also fairly low, with a peak
acceleration value of about 7 to 8% of gravity, with a 10% probability of occurrence in 50 years,
and a peak acceleration of about 16 to 20% of gravity, with a 2% probability of occurrence in
50 years.
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Landslide risk has been mapped by the USGS (Radbruch-Hall et al. 1982). In the Green
River Basin, the susceptibility of the landscape to landslides is low in most areas, but high along
the edges of the Flaming Gorge Reservoir and in an area northeast of the City of Green River.
The incidence of landslides in the basin is low (less than 1.5% of the area involved) in most
areas, but moderate (1.5 to 15% of the area) in a portion of the basin near the City of Green River
and in a small zone in the southwestern portion of the basin. The Washakie Basin’s susceptibility
to landslides is approximately evenly split between low and moderate areas. The incidence of
landslides is low (less than 1.5% of the area).

3.2.3.5 Mineral Resources

According to the DOI (1973), sodium minerals have not been discovered in the Washakie
Basin. The central Green River Basin, however, has economic deposits of trona and halite in the
Wilkins Peak Member of the Green River Formation (Roehler 1992). Approximately 500 m?2 in
the central Green River Basin are designated as the MMTA. Oil and natural gas are present in the
Wasatch, Fort Union, and Mesaverde Formations and have been produced in commercial
quantities at locations surrounding the Washakie Basin (DOI 1973). These formations underlie
the basin at depths several thousand feet below the lowermost Green River Formation oil shales.
Coal is also present below the oil shale in the Green River and Washakie Basins (DOI 1973;
Mason and Miller 2004).

3.2.4 Special Tar Sand Areas

3.2.4.1 Physiography

Seven of the STSAs (Argyle Canyon, Asphalt Ridge, Hill Creek, Pariette, P.R. Spring,
Raven Ridge, and Sunnyside) are located in the Uinta Basin (Figure 1.2-2). The physiographic
setting in Section 3.2.2.1 applies to these sites.

The four STSAs in southeast-central Utah (San Rafael, Circle Cliffs, Tar Sand Triangle,
and White Canyon) are in the Canyonlands section of the Colorado Plateau physiographic
province (BLM 1984b) (Figure 1.2-2). San Rafael is located on the San Rafael Swell; White
Canyon is on the northwest flank of the Abajo Mountains; Circle Cliffs is an upland area
between the Aquarius Plateau and the Henry Mountains; and the Tar Sand Triangle is located at
the southern end of the San Rafael Desert.

3.2.4.2 Geologic Setting

The seven northern STSAs (Argyle Canyon, Asphalt Ridge, Hill Creek, Pariette,
P.R. Spring, Raven Ridge, and Sunnyside) are located in the Uinta Basin, and most are in
Tertiary-age sedimentary rocks. The geologic description in Section 3.2.3.2 applies to most of
these sites. The exception is Asphalt Ridge, which is partially in the Cretaceous Mesaverde
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Formation (BLM 1984b). The rock units containing the tar are mostly fluvial sandstones, though
some are lacustrine sediments. The bitumen is usually concentrated in the coarser facies of the
sediments.

The four southern STSAs (San Rafael, Circle Cliffs, Tar Sand Triangle, and White
Canyon) have bedrock of Permian and Triassic ages (BLM 1984b). The Tar Sand Triangle is in
the Permian White Rim Sandstone, which may be dune sand or shallow marine sand deposits.
Bitumen varies at the STSA along with the variations in sand texture and permeability. The
Circle Cliffs and San Rafael STSAs are located in the lower Moenkopi Formation. This unit is a
large deltaic deposit of fine- to medium-grained, moderately well-sorted sandstone of Triassic
age. The White Canyon STSA occurs in the Hoskininni Sandstone, a Triassic shallow marine
deposit.

3.2.4.3 Soils

Soils at the 11 STSAs have a wide range of thicknesses and character because of spatially
varying factors such as parent material, climate, topography, and vegetation. Data compiled by
the BLM (1984b) indicate general conditions in mountainous areas (moist, dark or light) and
valley or mesa areas (dry, light-colored). The soils are developed from sandstone, shale, and
siltstone bedrock and have corresponding textures (e.g., sandy soils near more resistant ridges,
clayey soils near shale outcrops). Alluvial fan soils are loamy and bouldery. Slopes vary within
individual STSAs and among different STSAs.

The BLM (1984b) has evaluated the erosion potential of the STSA soils in terms of
sediment yield classification. Overall, the largest category of the STSA land area is that of
moderate sediment yield (0.2 to 0.5 ac-ft/mi2/yr), followed by high sediment yield
(0.5 to 1.0 ac-ft/mi2/yr).6 The San Rafael STSA had the only significant amount of land area
(18%) at a very high sediment yield (1.0 to 3.0 ac-ft/mi2/yr).

Biological soil crusts occur on undisturbed soils in some portions of Utah and may be
found in the study area. The crusts are made of various algae, bacteria, mosses, and fungi. These
crusts reduce wind and water erosion of the soils, fix atmospheric nitrogen, and contribute to soil
organic matter (BLM 2002c).

3.2.4.4 Seismicity and Landslide Susceptibility

Seismic risk among the STSAs varies with location, with the westernmost STSAs
having higher risk than the others. Argyle Canyon, San Rafael, and Circle Cliffs have peak
acceleration of roughly 10% of gravity with a 10% probability of exceedance in 50 years
(Frankel et al. 2002). At the other eight STSAs, the seismic risk is lower, with peak acceleration
values ranging from about 4 to 7% of gravity.

6 An acre-foot is the volume of water that covers 1 acre (43,560 ft?) to a depth of 1 ft (0.3 m).
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Landslide risk varies among the 11 STSAs. At most of the northern STSAs (Argyle
Canyon, Pariette, Sunnyside, Hill Creek, P.R. Spring, and Raven Ridge), the susceptibility to
landslides is low, and the incidence of landslides is low (less than 1.5% of the area)
(Radbruch-Hall et al. 1982). The other northern STSA, Asphalt Ridge, is the same, except along
its northern edge, where the incidence is moderate (1.5 to 15% of the land). At the San Rafael
Swell, the incidence is low, and the susceptibility is approximately half low and half moderate
across the scattered parcels of land. The Circle Cliffs STSA has low incidence in most of its area,
but high incidence (more than 15% of the mapped area) in narrow bands along the western and
eastern edges of the STSA. Landslide susceptibility here, however, is low. The White Canyon
STSA’s land area is a mix of low, moderate, and high incidence, and low-to-moderate
susceptibility. The Tar Sand Triangle STSA has low landslide incidence but mostly moderate
landslide susceptibility.

3.2.4.5 Mineral Resources

Other mineral resources are present or possibly present at the 11 STSAs (BLM 1984b).
Oil and gas are present at P.R. Spring and Pariette, and are likely at Hill Creek and Raven Ridge.
Oil and gas are possible, though not highly likely, at Argyle Canyon, Asphalt Ridge, Circle
Cliffs, and White Canyon.

Oil shale of significant thickness and yield overlies the tar sands deposits along the
northern edge of the P.R. Spring and Hill Creek STSAs. The Mahogany Oil Shale Zone is
present at the Pariette and Raven Ridge STSAs; however, these oil shale deposits are not
included in the oil shale study area defined for this PEIS, because they are of lower quality.

Coal of potential commercial thickness and quality occurs below the Sunnyside STSA; it
is at a depth that would require underground rather than surface mining. Any potential coal beds
in cretaceous rocks under the Hill Creek, P.R. Spring, and Asphalt Ridge STSAs would not
likely be minable.

Uranium may occur locally above the Moenkopi Formation in the Shinarump
Conglomerate Member of the Chinle Formation at the Circle Cliffs, Tar Sand Triangle, and
White Canyon STSAs, and at the San Rafael STSA.

Copper occurs locally at the San Rafael STSA.

3.3 PALEONTOLOGICAL RESOURCES

Paleontological resources are the fossilized remains of ancient life forms, their imprints,
or behavioral traces (e.g., tracks, burrows, residues), and the rocks in which they are preserved.
These are distinct from human remains and artifacts, which are considered archaeological or
historical materials. Fossil energy resources, such as coal and oil, are also generally excluded
from the definition of paleontological resources.
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Fossils have scientific and educational value because they are important in understanding
the history of life on Earth and the biodiversity of the past, and in developing new ideas about
ecology and evolution. On public lands, vertebrate and uncommon invertebrate and plant
paleontological resources may only be collected for scientific and educational purposes under a
permit. Common invertebrate and plant fossils may be collected for recreational use, but cannot
be bartered or sold. Petrified wood is a mineral material that may be collected recreationally in
limited amounts, or collected commercially under a mineral material contract.

Various statutes, regulations, and policies govern the management of paleontological
resources on public lands. Recently Congress passed a paleontology law, entitled
Paleontological Resources Preservation Act under the Omnibus Public Lands Act of 2009. The
law establishes four main points: (1) paleontological resources collected under a permit are
U.S. property and must be available for scientific research and public education; (2) the nature
and location of paleontological resources on public lands must be kept confidential to protect
those resources from theft and vandalism; (3) theft and vandalism of paleontological resources
on public lands can result in civil and criminal penalties, including fines and/or imprisonment;
and (4) curation of paleontological resources from federal lands in an approved repository. The
law also requires an expansion of public awareness and education regarding the importance of
paleontological resources on public lands and the development of management plans for
inventory, monitoring, and scientific and educational use of paleontological resources
(BLM 2009).

Additional statutes for management and protection include the Federal Land Policy and
Management Act of 1976 (FLPMA) (P.L. 94-579, codified at 43 USC 1701-1782). Theft of
Government Property and Destruction of Government Property (18 USC 642 and 1361 statutes),
which penalize the theft or degradation of property of the U.S. government, may be used to
supplement the criminal penalties under 16 USC 470aaa-5. Other federal acts—the Federal Cave
Resources Protection Act (P.L. 100-691, 102 Stat. 4546; codified at 16 USC 4301) and the
Archaeological Resources Protection Act (16 USC 470aa et seq.)—protect fossils found in
significant caves and/or in association with archeological resources.

The large number of productive fossil-bearing geological formations found on federal
land in the American West has encouraged the BLM to provide guidance on protecting this
resource. Two Instruction Memoranda (IM) have been issued by the BLM to provide guidelines
on implementing a Potential Fossil Yield Classification (PFYC) system for paleontological
resources on public lands (IM 2008-009) (BLM 2007c¢) and for assessing potential impacts on
paleontological resources (IM 2009-011) (BLM 2008b).7 Under the PFYC system, geologic
units are classified from Class 1 to Class 5 on the basis of the relative abundance of vertebrate

7 Formerly, the 2000 report by the Secretary of the Interior on Fossils on Federal Land (DOI 2000) provided
guidance on the treatment of paleontological resources. Further guidance was provided in the BLM
Manual 8270, Paleontological Resource Management (BLM 1998). Procedures for managing these resources
were identified in an attachment to BLM Manual 8270, the Paleontological Resources Handbook H-8270-1,
General Procedural Guidance for Paleontological Resource Management. These guidance documents have
been superseded in part by the expanded and clarified guidance available in BLM’s Instruction Memoranda
IM 2008-009 and IM 2009-011.
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fossils or uncommon invertebrate or plant fossils and their sensitivity to adverse impacts. A
higher classification number indicates a higher fossil yield potential and greater sensitivity to
adverse impacts. Table 3.3-1 provides a description of the five PFYC classes and the corollary
management direction indicated for each class.

TABLE 3.3-1 Potential Fossil Yield Classification Descriptions

Class Description Basis Management Direction

1 Geologic units that are not likely to ~ The potential for impacting any Land manager’s concern for
contain recognizable fossil remains,  fossils is negligible. The paleontological resources is
including igneous and metamorphic  occurrence of significant negligible or not applicable.
units (excluding tuffs) and units that  fossils is nonexistent or No assessment or mitigation
are Precambrian in age or older extremely rare. No assessment  needed except in very rare
(i.e., older than 540 million years or mitigation of paleontological cases.
before present). resources is needed.

2 Sedimentary geologic units that are ~ The potential for impacting Land manager’s concern for
not likely to contain vertebrate vertebrate fossils or uncommon  paleontological resources is
fossils or scientifically significant invertebrate or plant fossils is low. No assessment or
invertebrate fossils. These include low. Localities containing mitigation needed except in
geologic units in which vertebrate important resources may exist,  rare cases.
fossils or uncommon invertebrate or  but would be rare and would
plant fossils are unknown or very not influence the classification.
rare, units that are younger than the =~ Management actions are not
Pleistocene Epoch (10,000 years likely to be needed.
before present), aeolian deposits,
and units exhibiting significant
diagenetic alteration.

3 Fossiliferous sedimentary geologic ~ This classification Land manager’s concern for

units where fossil content varies in
significance, abundance, and
predictable occurrence; or
sedimentary units of unknown fossil
potential. These include units in
which vertebrate fossils and
uncommon invertebrate or plant
fossils are known to occur
inconsistently (i.e., predictability is
low), units of marine origin with
sporadic known occurrences of
vertebrate fossils, and poorly
studied or poorly documented units
(i.e., potential yield cannot be
assessed without ground
reconnaissance).

encompasses a broad range of
potential impacts, including
geologic units of unknown
potential and units of moderate
or infrequent fossil occurrence.

paleontological resources is
moderate, or cannot be
determined from existing data.
Surface-disturbing activities
may require field assessment
to determine a further course
of action.
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Class Description Basis Management Direction
4 Highly fossiliferous geologic units The potential for impacting Land manager’s concern for
that regularly and predictably vertebrate fossils or uncommon  paleontological resources is
produce vertebrate fossils or invertebrate or plant fossils is moderate to high, depending
uncommon invertebrate or plant moderate to high and is on the proposed action. A field
fossils (as in Class 5), but have dependent on the proposed survey and assessment by a
lowered risks of human-caused action. The geologic unit is qualified paleontologist are
adverse impacts or natural considered a Class 5, but the often needed to assess local
degradation. These include units risk of potential impacts is conditions. Approval from the
with extensive soil or vegetative reduced by the presence of a authorized officer is required
cover or with limited bedrock protective layer of soil, thin for project to proceed.
exposures, areas in which exposed alluvial material, or other Resource preservation and
outcrop is less than 2 contiguous mitigating circumstance. conservation through
acres, and areas in which exposed controlled access or special
outcrops form cliffs of sufficient management designation
height and slope to minimize should be considered.
impacts. Mitigation may be necessary
before and/or during these
actions. On-site monitoring
may also be necessary during
construction activities.
5 Highly fossiliferous geologic units The potential for impacting Land manager’s concern for

that regularly and predictably
produce vertebrate fossils or
uncommon invertebrate or plant
fossils, and that are at risk of
human-caused adverse impacts or
natural degradation. Vertebrate

fossils or uncommon invertebrate or

plant fossils are known and
documented to occur consistently,
predictably, or abundantly. Units

are exposed, with little or no soil or
vegetative cover. Outcrop areas are

extensive; exposed bedrock areas
are larger than 2 contiguous acres.

significant fossils is high.
Vertebrate fossils or
uncommon invertebrate or
plant fossils are known or can
be expected to occur.

paleontological resources is
high. A field survey and
assessment by a qualified
paleontologist is required in
advance of surface-disturbing
activities or land tenure
adjustments. Approval from
the authorized officer is
required for project to proceed.
Resource preservation and
conservation through
controlled access or special
management designation may
be appropriate. Mitigation will
often be necessary before
and/or during these actions.
On-site monitoring may also
be necessary during
construction activities.

Source: BLM (2006i).
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An overview report by Murphey and Daitch (2007) describing significant paleontological
resources in the oil shale and tar sands study areas was prepared in support of the 2008 PEIS.
The descriptions in the following sections are based on this report. Table 3.3-2 provides a
summary of the programmatic-level sensitivities of geologic units within each of the basins that
could potentially be affected by oil shale or tar sands development. Sensitivity maps
(1:500,000 scale) showing areas with the highest potential for significant paleontological
resources are presented in the overview report. The BLM is currently developing sensitivity
maps with a finer scale.

3.3.1 Piceance Basin

Several geologic units dating from the Paleocene to the Middle Eocene (approximately
66 to 40 million years ago) within the Piceance Basin have the highest potential to contain
significant paleontological resources and warrant consideration for assessing and mitigating
potential impacts related to oil shale development. They include (from oldest to youngest) the
Atwell Gulch, Molina, and Shire Members of the Debeque (Wasatch) Formation; the Parachute
Creek Member of the Green River Formation; and the Uinta Formation (Table 3.3-2). These
units are covered locally by younger surficial deposits (alluvium, colluvium, landslide deposits,
and glacial drift) of Pleistocene and Holocene age that are designated PFYC Class 2.

3.3.2 Uinta Basin

Several geologic units dating from the Late Cretaceous to the Middle Eocene
(approximately 100 to 40 million years ago) within the Uinta Basin have the highest potential to
contain significant paleontological resources and warrant consideration for assessing and
mitigating potential impacts related to oil shale development. They include (from oldest to
youngest) the Mesaverde Group; the Main Body of the Wasatch Formation; the Douglas Creek
Member of the Green River Formation at Raven Ridge and Nine Mile Canyon; the Parachute
Creek Member of the Green River Formation; the Wagonhound and Myton Members of Uinta
Formation; and the Brennan Basin and LaPoint Members of the Duchesne River (Table 3.3-2).
These units are covered locally by younger surficial deposits (alluvium, colluvium, pediment
deposits, landslide deposits, and glacial outwash and till) of Pleistocene and Holocene age that
are designated PFYC Class 2.

3.3.3 Green River and Washakie Basins

Several geologic units dating from the Early to Middle Eocene (approximately 56 to
40 million years ago) within the Greater Green River Basin (including the Washakie Basin) have
the highest potential to contain significant paleontological resources and warrant consideration
for assessing and mitigating potential impacts related to oil shale development. They include
(from oldest to youngest) the LaBarge Member, New Fork Tongue, Niland Tongue, Main Body,
Upper Member, Cathedral Bluffs Tongue, and Hiawatha Member of the Wasatch Formation; the
Laney and Fossil Butte Members of the Green River Formation; the Blacks Fork, Twin Buttes,
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TABLE 3.3-2 Summary of Programmatic-Level Paleontological Sensitivities of Geologic Units
within the Piceance, Uinta, and Greater Green River Basins

landslide deposits,
pediment deposits,
glacial outwash, and

unless reworked from older
sediments

BLM PFYC
Geologic Unit Age Typical Fossils Designation?® Designationb
Piceance Basin
Alluvium, colluvium, Holocene None in deposits of Holocene age Condition 3  Class 2
landslide deposits, unless reworked from older
and glacial drift sediments
Alluvium, colluvium, Pleistocene Scattered vertebrates, Condition 2 Class 2
landslide deposits, invertebrates, and plants occur
and glacial drift locally
Uinta Formation Middle Eocene Localized occurrences of Condition 1 Class 4/5
vertebrates (mammals, reptiles),
invertebrates (mollusks), and
plants (leaves and wood)
Green River Middle Eocene Locally abundant vertebrates Condition 1 Class 4/5
Formation: Parachute (fishes, amphibians, reptiles,
Creek Member birds, and mammals),
invertebrates (insects, arthropods,
and mollusks), plants (leaves,
flowers, and wood), and
ichnofossils
Green River Early Eocene Vertebrates (mostly fish), Condition 2  Class 3
Formation: Anvil invertebrates (mollusks), and
Points and Garden plants (leaves)
Gulch Members
DeBeque (Wasatch Paleocene and  Locally abundant vertebrates Condition 1 Class 4/5
Formation), Atwell Early Eocene (fishes, amphibians, reptiles,
Gulch, Molina and birds, and mammals),
Shire Members invertebrates (mollusks), and
plants
Uinta Basin
Alluvium, colluvium, Holocene None in deposits of Holocene age ~ Condition3  Class 2
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TABLE 3.3-2 (Cont.)

BLM PFYC
Geologic Unit Age Typical Fossils Designation*  Designation?
Uinta Basin (Cont.)
Alluvium, colluvium, Pleistocene Scattered vertebrates, Condition 2 Class 2
landslide deposits, invertebrates, and plants occur
pediment deposits, locally
glacial outwash, and
till
Duchesne River Middle Eocene  Vertebrate (mammal) fossil Condition 2 Class 4/5
Formation: Brennan accumulations occur locally but
Basin and Lapoint are uncommon
Members
Duchesne River Middle Eocene Vertebrate (mammal) fossils rare ~ Condition 2 Class 3
Formation: Dry Gulch in Dry Gulch Member; no records
Creek and Starr Flat of fossils in Starr Flat Member
Members
Uinta Formation: Middle Eocene Locally abundant vertebrates Condition 1  Class 4/5
Wagonhound and (mammals, reptiles), invertebrates
Myton Members (mollusks), and plants (leaves and
wood)
Green River Middle Eocene Locally abundant vertebrates Condition 1  Class 4/5
Formation: Parachute (fishes, amphibians, reptiles,
Creek Member birds, and mammals),
invertebrates (insects, arthropods,
and mollusks), plants (leaves,
flowers, and wood), and
ichnofossils
Green River Early and Scarce vertebrates (mostly fish Condition 2  Class 3
Formation: Douglas Middle Eocene but also reptiles and uncommon (Class 4/5 at
Creek Member mammals), vertebrate trackways, Raven Ridge
locally common invertebrates and Nine
(mollusks) and plants (leaves) Mile
Canyon)
Wasatch Formation: Middle Eocene  Scattered, poorly preserved Condition 2  Class 3
Renegade Tongue vertebrates and plants (leaves and
wood)
Wasatch Formation: Paleocene and  Locally abundant vertebrates Condition 1  Class 4/5
main body Early Eocene (fishes, amphibians, reptiles,

birds, and mammals),
invertebrates (mollusks), and



Blacks Fork, Twin
Buttes, Turtle Bluff
Members

reptiles, birds, and mammals)
locally abundant; invertebrates
(mollusks) and plants (wood and
leaves) locally common; insect
and vertebrate ichnofossils also
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BLM PFYC
Geologic Unit Age Typical Fossils Designation*  Designation?
Uinta Basin (Cont.)
Mesaverde Group Late Moderately abundant terrestrial Condition 1 Class 4/5
Cretaceous and marine vertebrates (fish,
(Santonian and  amphibians, reptiles, including
Campanian) dinosaurs, mammals),
invertebrates (mollusks), and
terrestrial plants
Greater Green River
Basin
Alluvium, colluvium,  Holocene None in deposits of Holocene age Condition 3  Class 2
landslide deposits, unless reworked from older
sand dune deposits, sediments
pediment deposits,
and alluvial fan
deposits
Alluvium, colluvium, Pleistocene Scattered vertebrates, Condition2  Class 2
landslide deposits, invertebrates, and plants occur
sand dune deposits, locally
pediment deposits,
and alluvial fan
deposits
Browns Park Middle and Vertebrates (mammals and turtles)  Condition 2  Class 3
Formation Late Miocene rare; mammal tracks have also
been reported; silicified wood is
locally common
Bishop Conglomerate  Late Oligocene Rare unidentified mammal bone Condition 3  Class 2
fragments, reworked Paleozoic
invertebrates
Washakie Formation: =~ Middle Eocene  Vertebrates (fishes, amphibians, Condition 1  Class 4/5
Kinney Rim and reptiles, and mammals) locally
Adobe Town abundant in both members;
Members invertebrates (mollusks) and
plants (wood) locally common
Bridger Formation: Middle Eocene Vertebrates (fishes, amphibians, Condition 1 Class 4/5



Temple Mountain,
Shinarump, Monitor
Butte, Moss Back,
Petrified Forest, Owl
Rock, and Church
Rock Members

(fishes, amphibians, and reptiles),
plants, and invertebrates
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TABLE 3.3-2 (Cont.)
BLM PFYC
Geologic Unit Age Typical Fossils Designation*  Designation?
Greater Green River
Basin (Cont.)
Green River Early and Vertebrates (fishes, amphibians, Condition 1 Class 4/5
Formation: Laney and Middle Eocene reptiles, birds, and mammals)
Fossil Butte Members locally abundant; invertebrates
(insects, arthropods, and
mollusks), plants, ichnofossils
locally abundant
Green River Early and Uncommon but locally present Condition 2 Class 3
Formation: Luman Middle Eocene  vertebrates (fishes, reptiles, and
Tongue, Fontenelle mammals), scattered plants,
Tongue, Tipton Shale locally common invertebrates
Member, Wilkins (mollusks and ostracods)
Peak Member,
Angelo Member
Wasatch Formation: Mostly Early Locally abundant vertebrates Condition 1 Class 4/5
LaBarge Member, Eocene, (fishes, amphibians, reptiles,
New Fork Tongue, Cathedral birds, and mammals), plants,
Niland Tongue, Main ~ Bluffs Tongue invertebrates (mollusks), and
Body, Upper Member, is Early and ichnofossils
Cathedral Bluffs Early-Middle
Tongue, Hiawatha Eocene
Member
STSAs
Alluvium, colluvium, Holocene None in deposits of Holocene age ~ Condition 3 Class 2
slope wash, and unless reworked from older
landslide deposits sediments
Alluvium, colluvium, Pleistocene Scattered vertebrates, Condition 2 Class 2
slope wash, and invertebrates, and plants occur
landslide deposits locally
Chinle Formation: Upper Triassic  Locally occurring vertebrates Condition 2 Class 4/5
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TABLE 3.3-2 (Cont.)

BLM PFYC
Geologic Unit Age Typical Fossils Designation*  Designation?
STSAs
Moenkopi Formation: Lower and Locally occurring vertebrates Condition 2  Class 3
Black Dragon and Middle (fishes, amphibians, and reptiles),
Torrey and Moody Triassic plants, and invertebrates
Canyon Members
Moenkopi Formation:  Lower Triassic  Locally abundant marine Condition 3 Class 2
Sinbad Limestone invertebrates
Member
Kaibab Limestone Upper Permian  Locally abundant marine Condition 3  Class 2
invertebrates
Cutler Group, Cutler ~ Upper Locally occurring vertebrates Condition 2 Class 3
Formation undivided, Pennsylvanian (fishes, amphibians, and reptiles),
Halgaito Formation and Permian plants, and invertebrates
Organ Rock Upper Uncommon vertebrates and Condition 2  Class 2
Formation: Cutler Pennsylvanian  invertebrate ichnofossils
Group, Cedar Mesa and Permian

Sandstone, White
Rim Sandstone,
De Chelly Sandstone

2  BLM designations are defined as follows: Condition 1, areas known to contain vertebrate fossils or
noteworthy occurrences of invertebrate or plant fossils; Condition 2, areas with exposures of geologic units
or settings that have high potential to contain vertebrate fossils or noteworthy occurrences of invertebrate or
plant fossils; and Condition 3, areas that are very unlikely to produce vertebrate fossils or noteworthy
occurrences of invertebrate or plant fossils on the basis of their surficial geology (e.g., igneous or
metamorphic rocks; extremely young alluvium, colluvium, or eolian deposits; or the presence of deep soils).

b See Table 3.3-1 for PFYC descriptions.
Source: Adapted from Murphey and Daitch (2007).

and Turtle Bluff Members of the Bridger Formation; and the Kinney Rim and Adobe Town
Members of the Washakie Formation (Table 3.3-2). These units are covered locally by younger
surficial deposits (alluvium, colluvium, landslide deposits, sand dune deposits, pediment

deposits, and alluvial fan deposits) of Pleistocene and Holocene age that are designated PFYC
Class 2.

3.3.4 Special Tar Sand Areas

Several geologic units of Upper Triassic age (approximately 235 to 202 million years
ago) within the STSAs have been classified as having the highest potential to contain significant
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paleontological resources and warrant consideration for assessing and mitigating potential
impacts related to tar sands development. They include the Temple Mountain, Shinarump,
Monitor Butte, Moss Back, Petrified Forest, Owl Rock, and Church Rock Members of the Chinle
Formation (Table 3.3-2). These units are covered locally by younger surficial deposits (alluvium,
colluvium, slope wash, and landslide deposits) of Pleistocene and Holocene age that are
designated PFYC Class 2.

3.4 WATER RESOURCES

The oil shale basins and STSAs in this PEIS are located within the Upper Colorado River
Basin. Specifically, the oil shale is present in the White River hydrologic basin in Colorado, the
Uinta Basin in Utah, and the Green River Basin in Wyoming. The STSAs are situated in the
Uinta and West Colorado River Basins in Utah. Colorado’s Piceance Basin, where the oil shale
occurs, is located in the White River hydrologic basin. Similarly, the geologic Green River and
Washakie Basins are in the hydrologic Green River Basin.

Water use in the Colorado River Basin is highly developed, allocated, and regulated. In
describing the water resources related to oil shale and tar sands development, it is appropriate to
describe the Upper Colorado River Basin as a whole, with emphasis on hydrologic basins where
the oil shale and tar sands are located. This is because intra- and interbasin water transfers are
common in the region, and water allocation of the Upper Colorado River Basin Compact is
prescribed by state and not by hydrologic basin. In the following subsections, important aspects
of the legal framework related to water resources are introduced. The existing groundwater and
surface water resources, water quality, current water uses, and resource constraints within each
oil shale basin or STSA are described.

3.4.1 Legal Framework of the Upper Colorado River Basin

3.4.1.1 Water Allocation

The use of the Colorado River Basin water is shared by many states and Mexico. On the
basis of the Colorado River Compact of 1922, the Colorado River Basin is divided into the
Upper Colorado River Basin and Lower Colorado River Basin at Lees Ferry (just below the
confluence of the Paria River and the Colorado River near the Utah-Arizona boundary). The
upper basin and the lower basin were each apportioned a consumptive use of 7.5 million ac-ft
of water annually, based on an assumption of 17.5 million ac-ft of virgin flow for the Colorado
River. The assumption was demonstrated to be an overestimate and reduced to 15 million ac-ft
in a hydrologic study by the BOR (BOR 1988; CWCB 2004) by using historical data collected
from 1906 and 1986. This assumes that the upper Colorado Basin states are obligated to deliver
7.5 million ac-ft to the lower basin states and 0.75 million ac-ft to Mexico. The hydrologic
determination study (BOR 1988) concluded that the Upper Basin states could have
6 million ac-ft of water and rarely triggered water calls from the Lower Basin States. The
6 million ac-ft is assumed for analyses in this PEIS. In the Upper Colorado River Basin Compact
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of 1948, the water of the Upper Colorado River Basin was further allocated among the states of
Arizona, Colorado, New Mexico, Utah, and Wyoming. Arizona has a fixed allocation of
50,000 ac-ft annually. The remainder is shared by Colorado (51.75%), New Mexico (11.25%),
Utah (23%), and Wyoming (14%) (DOI 2005). If the other Upper Basin States do not use their
full allocation, Colorado is entitled to use those states’ unused shares in a given year.

3.4.1.2 Basin Salinity and Surface Water Quality

Salinity is a key water quality issue in the basin. The major sections of the CWA that
relate to salinity control are Section 302 (Water Quality Related Effluent Limitations),
Section 303 (Water Quality Standards), Section 313 (Federal Facilities Pollution Control),
Section 401 (State Certification of Federal Permits), Section 402 (NPDES), and Section 404
(Permits for Dredged or Fill Material). In 1973, to support compliance with Section 303
requirements to establish water quality standards and implementation plans, the CRBSCF was
formed, including the Basin States of Arizona, California, Colorado, Nevada, New Mexico,
Utah, and Wyoming. In 1974 Congress enacted the Colorado River Basin Salinity Control Act
(P.L. 93-320). In addition, in 1974, the EPA enacted a regulation setting forth the basinwide
salinity control policy for the Colorado River Basin. In 1975 the CRBSCF proposed, the Basin
States adopted, and the EPA approved water quality standards for the Colorado River Basin,
including numeric criteria, and a plan of implementation to control salinity increases in the
Colorado River. In 1984 Congress amended the Colorado River Basin Salinity Control Act
(P.L. 98-569) and directed the BLM to implement a comprehensive program to minimize salt
loading in the Colorado River Basin.

In 1995 P.L. 104-20 authorized the BOR to implement a basinwide approach to salinity
control throughout the Colorado River Basin in its Salinity Control Program. The new authorities
also allow the BOR to respond quickly to time-sensitive opportunities provided by other
cost-sharing partners (states and federal agencies), resulting in the implementation of more
cost-effective measures for salinity control. Since 1995, the BOR has solicited proposals and
awarded funds to various salinity control projects under its Basinwide Salinity Control Program.
This program continues to assist with projects for controlling salinity, including funding
landowners who install salinity control measures.

The BLM coordinates salinity control activities with the CRBSCF, the Basin States, the
BOR, and the U.S. Department of Agriculture (USDA) Natural Resources Conservation Service
(NRCS). These agencies receive Congressional funding for salinity control. Other federal
agencies that have a stake and participate in the CRBSCF Work Group meetings include the
EPA, USFWS, and USGS.

The BLM has conducted ongoing salinity control activities to minimize salt loading from
BLM-administered lands within the Upper Colorado River Basin since 1973. Point-source
controls were implemented beginning in FY 1974. The BLM created a four-person salinity team
to evaluate landscape processes and land management actions relevant to the Colorado River
Basin salinity during the period 1975 to 1984. Non—point-source control activities began in 1980,
following intensive studies of salt occurrence and salt behavior on arid rangelands (BLM 1987¢).
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In addition, prior to 1984, the USDA conducted salinity control activities as part of the
Agricultural Conservation Program administered by the Agricultural Stabilization and
Conservation Service and the Soil Conservation Service. P.L. 98-569 authorized the USDA
Colorado River Salinity Control Program (CRSCP) through mid-1996. The 1996 Farm Bill,
P.L. 104-127, combined the CRSCP into the Environmental Quality Incentives Program (EQIP).
EQIP was reauthorized through 2007 under the 2002 Farm Bill (P.L. 107-171). The goals of
these programs are to minimize salt loading in the Colorado River Basin and to offset the effects
of additional water development (DOI 2005).

Salinity has long been recognized as one of the major problems of the river
(CRBSCEF 2005). The river carries an average salt load of approximately 4.4 million tons
annually past Lees Ferry, Arizona. It is estimated that BLM-administered lands in the Upper
Colorado River Basin contribute about 700,000 tons of salt a year from surface runoff. The
remaining 3.7 million tons are contributed primarily by groundwater inflow and saline springs,
and runoff from other federal, tribal, state, and private lands (DOI 2005).

The sources of salinity in the basinwide Colorado River were estimated to be 47% from
natural sources, 37% from irrigation, 12% from reservoir leaching, and 4% from municipal and
industrial activities. In 2004, the salinity control programs for the BOR, USDA, and the BLM
prevented a total of 1,072,000 tons of salts from entering the river. A goal has been set to prevent
an additional 728,000 tons/yr from entering the river by 2025 basinwide (DOI 2005).

The quality of the surface water in the four oil shale basins generally declines from their
headwaters in the mountain areas to the basins. As the Colorado River reaches the basins where
sedimentary rocks dominate, more soluble minerals containing sodium, sulfate, and chloride
become available, resulting in an increase of dissolved salt and sediment (USGS 1968). Urban
development in the basins and heavy agricultural uses of surface water in areas underlain by
shaley sedimentary rocks also contribute to the increase of dissolved salt and sediment content in
surface water bodies (Spahr et al. 2000).

The BLM’s efforts to reduce salt loading due to activities conducted on
BLM-administered lands would be applicable to future oil shale and tar sands development
activities. The agency has developed a strategy to be implemented through its RMPs that
primarily relies on best management of the basic resource base, including identifying targeted
watersheds with high salt loading, improving vegetation cover to reduce surface runoff and soil
erosion on rangelands, and proper land uses. In addition, the BLM has developed a water source
inventory to identify saline springs in the basin (DOI 2005).

3.4.1.3 Impaired Streams under the Clean Water Act

Under the CWA, each state is required to establish and maintain water quality standards
to protect, restore, and preserve its water quality. In addition to numerical water quality
standards, states also establish narrative criteria that include designated, specific chemical and
biological criteria necessary for protecting designated uses, and an antidegradation policy. When
a lake, river, or stream fails to meet the narrative criteria, Section 303(d) of the CWA directs the
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state to place the water body on the 303(d) list of “impaired” waters. Water quality criteria called
Total Maximum Daily Load (TMDL) are often developed for impaired waters. A TMDL
establishes the maximum amount of a pollutant allowed in the water while maintaining all of its
designated beneficial uses.

Table 3.4.1-1 lists the impaired water bodies located within and upstream of the target oil
shale basins and STSAs in 2012. In Colorado, several streams in the Piceance Basin have
become further impaired in recent years. Since 2006, four stream segments in the Colorado oil
shale basin were added to the 303(d) list for failing to meet Fe (Trec) or aquatic life standards
(CDPHE 2012a). Impaired streams in the oil shale and tar sands areas in Utah do not meet the
total dissolved solids (TDS) water quality standard; Colorado and Wyoming do not have a TDS
water quality standard. Other stream segments in the oil shale and tar sands areas of Utah are
not meeting the selenium, boron, arsenic, temperature, and/or benthic-macroinvertebrate
bioassessment standards. Many of the stream segments in Utah have been newly recognized as
impaired since the 2008 PEIS was published, indicating a recent decline in water quality in the
Unita Basin. Fecal coliform is the major impairment in the Green River Basin in Wyoming; the
source remains unknown. Stream segments in the Green River Basin also do not meet the E. coli,
chloride, pH, and habitat alteration standards. There have been no new stream segments added to
the 303(d) list in the Green River Basin since 2006.

3.4.1.4 Water Use

Data for water use provided by the states and the BOR are generally organized by
watersheds or hydrologic basins. The boundaries of these hydrologic basins do not necessarily
coincide with the geologic basins (such as the Piceance Basin, Green River Basin, Uinta Basin,
and Washakie Basin), although the same names are used. Generally, the geologic Piceance Basin
is inside the hydrologic White River Basin. The geologic oil shale Uinta Basin is within the
hydrologic Uinta Basin. The hydrologic Green River Basin covers an area that includes both the
geologic Green River Basin and the Washakie Basin. The STSAs are located within the
hydrologic Uinta Basin and the West Colorado River Basin in Utah.

In the following discussion, the water uses in each hydrologic basin of the Upper
Colorado River Basin are provided by state for the municipal and industrial (M&l), self-supplied
industry (SSI), and agricultural sectors. These data are useful because the water allocation in the
Upper Colorado River Compact is based on individual states. Water demand and consumptive
use, as well as availability by state, can then be compared. In addition, major streamflows within
the areas where the oil shale is located are also listed. The streamflow data can be used to
compare with the possible water needs for oil shale or tar sands development (see Sections 4.5
and 5.5), and to demonstrate whether interbasin water transfer is likely to occur. The water use
data listed in this section cover 2000 as the base year and projected water use in 2030 for
Colorado and Wyoming, and in 2050 for Utah,8 taking into account population and industrial

8  The water availability is projected to different years based on the availability of projection data from the three
states.



TABLE 3.4.1-1 Water-Impaired Stream Segments in Oil Shale Basins and STSAs in 2012

Hydrologic
Hydrologic Basin Subbasin Unit Code Stream Location Cause of Impairment
Oil Shale
Colorado
White River Basin Piceance Basin COLCWH13c¢ Yellow Creek Mainstream of Yellow Creek from immediately below  Fe (Trec), aquatic life
the confluence with Barcus Creek to the confluence
with the White River
COLCWH14a Piceance Creek Mainstream of Piceance Creek from the source to a Fe (total recoverable)
point just below the confluence with Hunter Creek
COLCWHI15 Piceance Creek Mainstream of Piceance Creek from Ryan Gulch to Aquatic life (provisional)
the confluence with the White River; the Dry Fork of
Piceance Creek, from Little Reigan Gulch to Piceance
Creek
COLCWH20 Black Sulphur Creek Mainstreams of Black Sulphur Creek from the source Aquatic life (provisional)
to Piceance Creek
Utah
Uinta Basin Ashly-Brush Basin UT14060002-001_00 Lower Ashley Creek and Ashley Creek and tributaries from Green River TDS
tributaries® confluence to Vernal sewage lagoons
UT14060002-002_00 Middle Ashley Creek and ~ Ashley Creek and tributaries from Vernal sewage Selenium, TDS
tributaries® lagoons to Dry Fork confluence
UT14060002-003_00 Brush Creek and Brush Creek and tributaries from confluence with Selenium
tributaries® Green River to Red Fleet Dam but excluding Little
Brush Creek
UT14060002-008 00 Lower Dry Fork Creek Dry Fork and tributaries from confluence with Ashley =~ Temperature
and tributaries® Creek to USFS boundary
Duchesne Basin UT14060003-002_00 Duchesne River-2 and Duchesne River and tributaries from confluence with Temperature
tributaries® Uinta River to Myton
UT14060003-005_00 Antelope Creek and Antelope Creek and tributaries from Duchesne River Boron, TDS

tributaries®

confluence to headwaters
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TABLE 3.4.1-1 (Cont.)
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Hydrologic
Hydrologic Basin Subbasin Unit Code Stream Location Cause of Impairment
Utah (Cont.)
UT14060003-006_00 Duchesne River-3? Duchesne River from Myton to Strawberry River Benthic-macroinvertebrate
confluence bioassessments
Lower Green — UT14060005-002_00 Pariette Draw Creek and Pariette Draw Creek and tributaries from Green River Boron, selenium, TDS
Desolation Canyon tributaries confluence to headwaters
Basin
Lower White UT14050007-003_00 Evacuation Creek Evacuation Creek and tributaries from the confluence TDS
with White River to headwaters
Strawberry Basin UT14060004-001_00 Strawberry River-1? Strawberry River from confluence with Duchesne Boron
River to Starvation Dam
UT14060004-002_00 Indian Canyon Creek and ~ Indian Canyon Creek and tributaries from Strawberry Arsenic, boron, TDS
tributaries® River confluence to headwaters o
1
=N
UT14060004-005_00 Avintaquin Creek and Avintaquin Creek and tributaries from Strawberry Arsenic Co
tributaries® River confluence to headwaters
Willow Basin UT14060006-001_00 Willow Creek and Willow Creek and tributaries from Green River Benthic-macroinvertebrate
tributaries confluence to Meadow Creek confluence (excluding bioassessments
Hill Creek)
Wyoming
Green River Basin Bitter Creek Basin WYGR140401050506_01  Bitter Creek Bitter Creek from the confluence with the Green Chloride
River upstream to Point of Rocks
WYGR140401050808 01  Killpecker Creek?® Killpecker Creek from the confluence with Bitter Fecal coliform
Creek upstream to Reliance
Blacks Fork Basin WYGR140401070106 01  Blacks Fork® Blacks Fork from the confluence with the Smiths Fork  E. coli
upstream to Millburne
WYGR140401070205 01  Willow Creek® Entire Willow Creek watershed upstream of the Habitat alterations

confluence with the Smiths Fork



TABLE 3.4.1-1 (Cont.)

Hydrologic
Hydrologic Basin Subbasin Unit Code Stream Location Cause of Impairment
Wyoming (Cont.)
WYGR140401070208 00  Smiths Fork?® Smiths Fork from the confluence with Cottonwood Fecal coliform
Creek upstream to the confluence with East and West
Forks Smiths Fork
WYGR140401070208 01  Smiths Fork? Smiths Fork from the confluence with the Blacks Fork  Habitat alterations, E. coli
upstream to the confluence with Cottonwood Creek
WYGR140401070403 01  Blacks Fork Blacks Fork from the confluence with the Hams Fork Fecal coliform
upstream to the confluence with the Smiths Fork
WYGR140401070701 01  Hams Fork? Hams Fork from below the Kemmer-Diamondville pH
WWTEF to a point 7.6 mi downstream
Special Tar Sands Areas (only those with impaired stream segments are listed)
Utah (Uinta Basin)
Argyle Canyon Duchesne Basin UT14060003-005_00 Antelope Creek and Antelope Creek and tributaries from Duchesne River Boron, TDS
tributaries confluence to headwaters

Strawberry Basin

Hill Creek Willow Basin

Pariette Lower Green —
Desolation Canyon
Basin

P.R. Spring Willow Basin

UT14060004-002_00

UT14060004-005_00

UT14060006-001_00

UT14060005-002_00

UT14060006-001_00

Indian Canyon Creek and
tributaries

Avintaquin Creek and
tributaries

Willow Creek and

tributaries

Pariette Draw Creek and
tributaries

Willow Creek and
tributaries

Indian Canyon Creek and tributaries from Strawberry
River confluence to headwaters

Avintaquin Creek and tributaries from Strawberry
River confluence to headwaters

Willow Creek and tributaries from Green River
confluence to Meadow Creek confluence (excluding
Hill Creek)

Pariette Draw Creek and tributaries from Green River
confluence to headwaters

Willow Creek and tributaries from Green River
confluence to Meadow Creek confluence (excluding
Hill Creek)

Arsenic, boron, TDS

Arsenic

Benthic-macroinvertebrate
bioassessments

Boron, selenium, TDS

Benthic-macroinvertebrate
bioassessments
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TABLE 3.4.1-1 (Cont.)

Hydrologic
Hydrologic Basin Subbasin Unit Code Stream Location Cause of Impairment
Utah (Uinta Basin)
(Cont.)
Sunnyside Lower Green — UT14060005-003_00 Ninemile Creek and Ninemile Creek and tributaries from Green River Temperature

Desolation Canyon
Basin

Utah (Colorado
River West Basin)

San Rafael San Rafael Basin UT14060009-013_00

San Rafael San Rafael Basin UT14060009-014_00

tributaries

San Rafael River

San Rafael River

confluence to headwaters

San Rafael River from Buckhorn Crossing to
confluence of Huntington and Cottonwood Creeks

San Rafael River from confluence with Green River
to Buckhorn Crossing

Benthic-macroinvertebrate
bioassessments

Benthic-macroinvertebrate
bioassessments

2 Stream segment is upstream of study area.

Sources: CDPHE (2012a); UDEQ (2010a); WDEQ (2012a).
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growth and changes in the agricultural landscape, excluding potential water needs for oil shale or
tar sands development.

Tables 3.4.1-2 to 3.4.1-4 display the water demand (or diversion) and the water
consumption (or depletion) in Colorado, Utah, and Wyoming in the Upper Colorado River
Basin. These tables do not include instream uses or water needs of ESA-listed fishes. The data
for water demand from water bodies or groundwater wells are from state agencies (CWCB 2004;
SWWRC 2001a,b; UDNR 1999, 2000a,b, 2001; BOR 2004).

Water diversion is the amount of water withdrawn from a water body (stream or
reservoir) or a well (groundwater). The amount of water diverted in the Upper Colorado River
Basin is commonly much larger than the amount of water actually consumed, because a portion
of the diverted water is lost during delivery through evaporation to the air and leakage to the
subsurface, and some also returns to the water body as return flow. Consumptive use is defined
as the portion of the diverted water that does not return to the stream system. In general,
consumptive use is assumed in the calculations for apportioning water in the Upper Colorado
River Basin Compact.

The M&I sector indicates residential, commercial, institutional, and industrial uses in
Colorado. M&I water demand is closely related to the size of the human population. In urban
areas, diverted M&I water is used. Wastewater is created and is treated before being discharged
back to a water body. The water actually consumed is less than the water delivered. In Colorado,
the ratio (consumptive use rate) for M&I is about 35% (CWCB 2004).

Industries in the SSI sector, such as power plants or mining companies, could consume a
large amount of water. The SSI industries generally have their own water supplies. In some
instances, SSIs may use M&I water in addition to their own primary water supply. In the oil
shale basins of Colorado and Wyoming, power generating plants and soda mining are important
SSI industries that contribute relatively high consumptive use rates. In power generating plants, a
large amount of water is used for cooling. The amount used depends on the cooling system of the
power generating plants and may vary considerably. The consumptive use rate for SSI in Moffat
County in northwestern Colorado (primarily from two power generating plants and the soda
mining industry) is about 76%. The rate is derived by comparing the amount of water diverted
with actual water consumption data in 2000 provided by the state (CWCB 2004) and
BOR (2004).

In the agricultural sector, reported consumptive use (to support the calculations
apportioning water in the Upper Colorado River Compact) is calculated differently in Colorado
and Utah than in Wyoming. Colorado and Utah report consumptive use as the water that does not
return to surface water bodies. However, Wyoming reports irrigation depletion separately and
does not consider return water, and thus may overestimate actual consumptive use due to
irrigation. Irrigation depletion and consumptive use are calculated by models with input of
acreages of agricultural land, types of crop, and weather data.

Generally, water demand in the Upper Colorado River Basin cannot be totally met
because the availability of water is limited by physical streamflow conditions, water rights



TABLE 3.4.1-2 Colorado Water Demand and Consumptive Use in 2000 and 2030

Demand (ac-ft/yr)

Consumptive Use (ac-ft/yr)

20302 20302
Location 2000 Low High 2000 Low High

Colorado Basin

M&I and SSIP 73,975 100,975 145,193 25,891 35,341 50,818

Agricultureb: 1,764,000 1,644,000 1,706,000 582,120 542,520 562,980

Exportd 759,800 759,800 759,800 759,800 759,800 759,800
Dolores/San Juan/San Miguel

M&I and SSIP 23,629 33,369 46,030 5,900 11,679 16,111

Agricultureb: 953,000 948,000 962,000 368,200 312,840 317,460

Exportd -176200 -176200 -176200 —176,200 —176,200 —176,200
Gunnison Basin

M&I and SSIP 20,688 29,044 38,849 7,241 10,165 13,597

Agricultureb: 1,705,000 1,640,000 1,689,000 562,650 541,200 557,370

Exportd 0 0 0 0 0 0
Yampa/White/Green

M&I and SSIP 29,408 45,262 56,880 17,800 28,830 36,230

Agricultureb: 642,000 627,000 852,000 194,000 206,910 281,160

Exportd 1,800 1,800 1,800 1,800 1,800 1,800
Total reservoir evaporation® 389,575 389,575 389,575 389,575 389,575 389,575
Grand total 6,186,675 6,042,625 6,470,927 2,738,777 2,664,460 2,810,700

Legally availablef 3,079,125 3,079,125 3,079,125
Percentage of legally available allocated to sectors 88.9 86.5 91.3
Water surplus 340,348 414,665 268,425

Footnotes on next page.
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TABLE 3.4.1-2 (Cont.)

@ Assumes irrigated acreage change in 2030 ranges from —2,600 acres (due to urbanization of irrigated lands) to +39,000 acres (assumes a
firm supply of water and funding sources provided).

Includes delivery system loss, irrigation water requirement, incident losses, and stock pond evaporation.

¢ The consumptive use factors for M&I and agricultural are 0.35 and 0.33, respectively. The factors were derived from year 2000 data from
BOR (2004) and CWCB (2004).

Diversion was measured: a negative value means import, a positive value means export. Include Gunnison and the Dolores Rivers
(BOR 2004). Assumes export does not change in 2030.

¢ Evaporation from main stem reservoirs of the Upper Colorado River Basin and the reservoirs in northwestern Colorado (using last
10 years average).

f Assumes 6,000,000 ac-ft/yr available for Upper Colorado River Upper Basin based on long-term historical data from 1906 to 1986.

Sources: CWCB (2004); BOR (1988, 2004).
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TABLE 3.4.1-3 Utah Water Demand and Consumptive Use in 2000, 2020, and 2050

Demand (ac-ft/yr)

Consumptive Use (ac-ft/yr)

Location 1996/20002 2020 2050 1996/20002 2020 2050
Southeastern Colorado River Basin
M&I and SSIb-© 8,740 10,000 12,000 5,990 6,800 8,160
Agriculturald 73,000 73,000 72,000 43,255 42,295 41,095
Uinta Basin 2000 2020 2050 1995/2000 2,020 2,050
M&I and SSI? 15,830 20,360 30,850 8,450 10,870 16,210
Agriculturald-€ 745,000 744000 741,000 387,400 386,880 385,320
Export 150,400 150,400 150,400 150,400 150,400 150,400
Western Colorado River Basin 1996/20002 2020 2050 1996/20002 2,020 2,050
M&I and SSIP 55,168 70,300 79,300 43,400 56,200 62,200
Agriculturald-f 284,000 283,000 281,000 156,200 181,120 179,000
Export/Import® 4,640 79,640 160,280 4,640 79,640 160,280
Groundwater source8 -17,871 -17,871 -17,871 -17,871 -17,871 -17,871
Evaporation 53,250 53,250 53,250
Main stem reservoir evaporation 137,402 137,402 137,402
Total water use 1,318,907 1,412,829 1,508,959 972,516 1,086,986 1,175,446
Legally available 1,368,500 1,368,500 1,368,500
Projected use as percentage of legally
available 71.1% 79.4% 85.9%
Water surplus 395,984 281,514 193,054

@ In the southeastern and western Colorado River Basin, M&I and SSI are from 1996 data and agricultural water is from

2000 data; in Uinta Basin, agricultural water is from 1995 data, while M&I and SSI are from 2000 data. Source:

UDNR (2000a).
b Sources: UDNR (1999; 2000a,b).

Footnotes continued on following page.
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TABLE 3.4.1-3 (Cont.)

¢ Consumptive use in 2020 and 2050 was estimated by multiplying the demand by a factor of 0.68. The factor was derived
from the 1996 data.

d Agricultural water use information is from UDNR (2001). Southeastern Colorado River Basin includes 24,825 ac-ft of
Flaming Gorge Water Right; exports of 50,000 ac-ft from water right on the Fremont River in Wayne County and
25,000 ac-ft near Green River in Emery and Grand Counties, 5,400 ac-ft from Price River drainage to the Sevier River
Basin; 70,000 ac-ft of water from Lake Powell to Washington County, and 6,000 ac-ft from Lake Powell to Kane County.

¢ The consumptive use was estimated by multiplying the demand by a factor of 0.52. The factor was derived from data
provided in UDNR (1999).

f The consumptive uses were estimated by multiplying the demand by factors of 0.55, 0.64, and 0.64 for 2000, 2020, and
2050. The factors were derived from data provided in UDNR (2000b).

€  Yield of the West Colorado River Basin is 630,000 ac-ft/yr; the Navajo Sandstone Aquifer may store several million ac-ft
of groundwater.

b Based on average of 10 years evaporation for Utah in the Upper Colorado River Basin.

i 239% of the average of 10 years main stem evaporation. The main stem evaporation includes major reservoirs shared by
several states.

i Assumes 6,000,000 ac-ft/yr available for Upper Colorado River Upper Basin; Utah’s share is 23% of 5,950,000 ac-ft.
Sources: UDNR (1999, 2000a,b, 2001).
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TABLE 3.4.1-4 Wyoming Water Demand and Consumptive Use in 2000 and 2030

Demand (ac-ft/yr)

Consumptive Useb

20302 (ac-ft/yr)
Location 2000 Low Moderate High 2000

Green River Basin
Surface water

Municipal 6,542 6,628 8,059 10,068

SSI (power generation + soda ash + others) 66,460 77,960 106,400 166,300

Municipal and industrial 45,900

Agricultural® 401,000 408,000 423,000 438,000 326,700

Exportd 17,200 22,700 22,700 22,700 17,200

Evaporation from state water bodies 32,300 32,300 32,300 32,300 32,300

Main-stem reservoir evaporation® 83,636 83,636 83,636 83,636 83,636
Surface water subtotal 607,138 631,224 676,095 753,004 505,736

Legally availablef 833,000 833,000 833,000 833,000 833,000
Projected use in percentage of legally available 72.89 75.78 81.16 90.40 60.71
Water surplus 225,862 201,776 156,905 79,996 327,264
Groundwater use

Municipal 811 927 1,065 1,140

Domestic 1,940-3,880 2,100 3,600 5,080

SSI (oil and gas, coalbed methane, mining)8 0 0 0 0

Groundwater subtotal 2,751-4,691 3,027 4,665 6,220

2  Low-growth scenario depends on cattle price (or foliage price), population growth, and industrial growth.

Sources: BOR (2004); SWWRC (2001b).
b Source: BOR (2004).

Footnotes continued on following page.
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TABLE 3.4.1-4 (Cont.)

g

Depletion is used for agricultural consumptive use, resulting in a higher number than the BOR’s estimate.

Source: SWWRC (2001a).

A diversion from the upper Little Snake River Basin to the City of Cheyenne. Source: SWWRC (2001b).
Assumes 14% of 597,400 ac-ft (yearly average of the last 10 years of four major reservoirs).

Assumes 6,000,000 ac-ft/yr available for Upper Colorado River Upper Basin.

The groundwater pumped by these industries is returned to the subsurface; no consumptive use.

Sources: SWWRC (2001a,b); BOR (2004).
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(physically and legally available water, respectively), and lack of storage facilities. In addition,
infrastructure for storage (reservoirs) and delivery systems is required to send physically and
legally available water to end users. In many agricultural areas, the lack of financial resources
often limits the construction of infrastructure, thereby reducing potential agricultural water use.
This results in a disparity between high water demand and relatively lower consumptive water
use. The infrastructure also dictates water supply availability.

Both intra- and interbasin water transfers are common in Colorado and Utah. Water
from the upper reaches of the Colorado River is transferred to the South Platte and Arkansas
hydrologic basins (or Front Range) to support metropolitan and agricultural water needs.
Similarly, water from the Uinta Basin is transferred to central Utah. Because the water is
exported outside the Upper Colorado River Basin, the total amount exported is considered
to be a consumptive use.

Evaporation of water from reservoirs and other water bodies contributes a large portion
of consumptive water use in the Upper Colorado River Basin. The evaporation is from four
major reservoirs (Flaming Gorge, Blue Mesa, Morrow Point, and Lake Powell) along the main
stem of the river, and from smaller reservoirs, stock ponds, and streams within each state.

Although groundwater is commonly used in the four basin areas, most of the groundwater
is drawn from alluvium adjacent to the major streams (Repplier et al. 1981). In Colorado, water
from the shallow alluvial aquifer is considered part of the surface water (tributary water). For
deeper aquifers (nontributary water), withdrawal of groundwater is considered to be consumptive
use if it is not returned to the subsurface (BOR 2004). Environmental and recreation water use to
maintain instream flows are not considered consumptive water use.

As shown in Table 3.4.1-2, the demand for water in Colorado in the Upper Colorado
River Basin was more than 6,000,000 ac-ft in the year 2000. The projected demands for the year
2030 also exceed 6,000,000 ac-ft. The projected demands are based on projected population
decrease or growth in the region as well as the transfer of part of the agricultural water to the
M&I sector, with an assumption that water conservation practices remain at existing levels. The
state used two scenarios to project future use to 2030. The low water use projection is based on
an assumed 5% reduction of water use per capita, 5% reduction of population, and 10% water
conservation in those counties with identified self-supplied water. The high water use projection,
instead, assumes a 5% increase of water use per capita, 5% increase in population, and 10%
increase of water use in those counties with identified self-supplied water use. Both the 2000 and
projected future water demands well exceed the legally allocated water of 3,079,125 ac-ft
specified in the Upper Colorado River Compact of 1948. On the other hand, the existing and
projected consumptive uses of water in the 2000 and 2030 range from 2,664,000 to
2,810,000 ac-ft, or about 87 to 91% of the legally allocated water. The projected values do not
include the water demand for oil shale and/or tar sands development. A more recent report
includes similar estimates for consumption for the years 2008 and 2035, with additional
estimates for 2050 (low, middle, high estimates) (CWCB 2011).

In addition, recovery of ESA-listed fishes in the Upper Colorado River Basin depends in
part upon adequate instream flows in the Colorado River and its tributaries. The Colorado River
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Endangered Fishes Program and the USFWS have evaluated the flow requirements for these
fishes. Appendix I lists the instream flow requirements set by the CWCB for streams within the
oil shale study area in Colorado.

In Utah, projected water use data provided by the state’s water plan are for 2020 and
2050 rather than 2030. Table 3.4.1-3 lists existing and projected water demands and consumptive
uses, not considering the water use of any oil shale and/or tar sands development. Similar
demand estimates for the Uinta basin from UDNR (2003) are 24,000 ac-ft/yr in 1995;
31,000 ac-ft/yr in 2050 without conservation measures; and 26,000 ac-ft/yr in 2050 with
conservation measures. A comparison of the Table 3.4.1-3 water demands and Utah’s allocated
water under the Upper Colorado River Basin Compact shows that the projected demands in 2020
and 2050 are less than the allocated water. The projected consumptive use of water potentially
reaches about 79% and 86% of the allocated water in the 2020 and 2050, respectively.

In Wyoming, water data for consumptive use are provided by the state and BOR
(Table 3.4.1-4). In the state estimates, the consumptive agricultural water use is defined as the
total irrigated water (i.e., return flow water was not subtracted from the irrigated water, resulting
in a higher amount of consumptive use water estimated by the state than by the BOR; see
Table 3.4.1-4, year 2000 data). Nevertheless, the projected consumptive use water is less than
90% of the allocated water specified by the Upper Colorado River Basin Compact of 1948. The
low, moderate, and high water use scenarios in Table 3.4.1-4 are based on the scenarios of cattle
price, population growth, and industrial growth.

In 2005, the BOR’s Quality of Water: Colorado River Basin, Progress Report No. 22
(DOI 2005) also estimated the depletion of the water due to full basin development for the main
stem of the Upper Colorado River Basin. The projections were made in consultation with
individual states and the Upper Colorado River Commission. The remaining amount of water
available and the percentages of state share available for development are shown in
Table 3.4.1-5. The projected water consumption of each state by the BOR is much larger than
that projected by the states.

Although a certain amount of water is calculated to be available in Wyoming and Utah
and to a lesser extent in Colorado, this does not imply that the water is readily or physically
available for development. Oil shale basins and STSAs are situated in much smaller areas, as
compared with the size of the hydrologic Upper Colorado River Basin by which the water
availability was calculated. In addition, hydrologic basins enriched with surplus water resources
are not necessarily coincident with the oil shale basins and STSAs. Storage infrastructure and
delivery systems have to be built to capture water for use. In addition, water rights and water
storage rights (for reservoirs) have to be transferred or purchased before the water can be used
for development, because most of the water and storage rights have been claimed in the Upper
Colorado River Basin. Finally, water use for the development must meet different state and
federal regulations, including requirements to protect instream flows for endangered Colorado
River fishes in the basin. All in all, whether enough water is available for development depends
on the results of intensive negotiations between various parties, including water right owners,
state and federal agencies, and municipal water providers, as well as the developers.
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TABLE 3.4.1-5 Upper Colorado Basin Depletion Projections?

1,000 ac-ft/yr

Locations 2010 2020 2030 2040
Colorado
State share 3,079 3,079 3,079 3,079
Remaining available 204 158 109 81
Percentage of state share available 7% 5% 4% 3%
Utah
State share 1,369 1,369 1,369 1,369
Remaining available 240 194 120 72

Percentage of state share available 18% 14% 9% 5%

Wyoming
State share 833 833 833 833
Remaining available 244 225 189 145

Percentage of state share available 29% 27% 23% 17%

@ States do not necessarily concur with the projections adopted by the
BOR for planning purposes.

Source: DOI (2005).

3.4.2 Piceance Basin

3.4.2.1 Groundwater Resources

As discussed in Section 3.2.1, the upper bedrock stratigraphy within the Piceance Basin,
consists of a series of basin-fill sediments from the Tertiary period. Hydrogeologically, the
Tertiary units are grouped into aquifers and confining units (Czyzewski 2000; Topper et al.
2003; Weeks et al. 1974; Robson and Saulnier 1981). The Uinta Formation and the upper portion
of the Parachute Creek Member comprise the Upper Piceance Basin Aquifer. The middle of the
Parachute Creek Member, however, is considered the Mahogany confining unit. This Mahogany
Zone is the richest oil shale zone in the basin. The lower Parachute Creek Member is the Lower
Piceance Basin Aquifer, while the Garden Gulch, Douglas Creek, and Anvil Points Members,
combined, constitute another confining unit. Local variations in lithology occur at various scales
and may result in permeable zones in units that are predominantly confining units and
impermeable zones in units that are predominantly aquifers. The upper portion of the Tertiary
Wasatch Formation is shaley and is continuous with the confining unit composed of Green River
members described above. The lower Wasatch is a sandstone aquifer. The underlying Cretaceous
Mesaverde Group composes the Mesaverde Aquifer, while the deeper Mancos Shale is a
confining unit.
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Permeability within the Upper Piceance Basin Aquifer is attributable to the primary
porosity of the sandstone and fractured siltstone of the Uinta Formation and the fractured and
dissolution-enhanced fractures of the Parachute Creek Member of the Green River Formation.
The upper aquifer’s hydraulic conductivity is approximately 1 ft/day. The aquifer’s thickness is
generally 250 to 1,000 ft in most of the basin. Well yields are 1 to 900 gpm; a yield of 100 gpm
is common (Czyzewski 2000).

The Mahogany confining unit has an average thickness of 160 ft, but ranges up to 225 ft.
Its horizontal hydraulic conductivity is reported as <0.01 ft/day. Fractures within the Mahogany
Zone permit some vertical flow between the upper and lower aquifers (Czyzewski 2000). The
vertical hydraulic conductivity is generally low but may increase locally due to natural vertical
fractures. Locally, a different interval may be the primary confining unit separating the upper and
lower aquifers reported in BLM (2006g).

The Lower Piceance Basin Aquifer’s permeability is attributable to the fractured
marlstone of the lower Parachute Creek Member. The lower aquifer’s hydraulic conductivity is
also approximately 1 ft/day, and its thickness is 500 to 1,000 ft in most of the basin. Well yields
in the lower aquifer range from 1 to 1,000 gpm; yields of 200 to 400 gpm are typical
(Czyzewski 2000).

Exploratory drilling in the basin has shown that groundwater in the Upper and Lower
Piceance Basin Aquifers is typically contained in intervals 0.5 to 20 ft thick composed of
fractured or vuggy marlstone, lean oil shale, or sandstone. In the basin, 90% of the water wells
are completed to a depth of 300 ft or less, and the median reported well yield is 11 gpm.

The lower Green River Formation’s confining unit separates the Lower Piceance Basin
Aquifer from the Wasatch and Mesaverde Aquifer. This confining unit is 1,000 to 6,000 ft thick
in the basin. The Mesaverde Aquifer has a saturated thickness of 500 to 2,000 ft. It is underlain
by the Mancos Shale, which ranges up to 7,000 ft thick.

The Colorado Water Quality Control Commission established an aquifer classification
system of five categories of groundwater based on chemical concentration standards and TDS.
These include domestic use quality (meets state human health standards and TDS concentrations
are below 10,000 mg/L), agricultural use quality (meets state agricultural health standards and
TDS concentrations are below 10,000 mg/L), surface water protection quality (guards against
proposed or existing activities impacting groundwater such that water quality standards for
classified surface water bodies will be exceeded), potentially useable quality (TDS below
10,000 mg/L and potential future use), and limited use and quality (TDS above 10,000 mg/L)
(Topper et al. 2003). Additional details on the water classification system, including specific
chemical limits, are available in CDPHE (2009).

Most recharge to the basin’s aquifers takes place as winter precipitation in the
surrounding areas of higher elevation (Czyzewski 2000; Topper et al. 2003). In summer, high
evapotranspiration rates allow little to no infiltration (Glover et al. 1998). Recharge is estimated
as 0 to 2.3 in./yr, depending on ground elevation (Glover et al. 1998). The estimated total
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recharge to the Piceance Basin Aquifer system north of the Colorado River is about
30,400 ac-ft/yr (Topper et al. 2003).

In the northern province, groundwater discharge from the upper and lower aquifers in
the Piceance and Yellow Creek drainage basins is generally as upward flow either into alluvial
valley fill along creeks or as springs in the shallow valleys. In the Roan and Parachute Creek
drainage basins, discharge generally occurs as springs in deep canyon walls (Czyzewski 2000;
Topper et al. 2003). In the southern province, similar discharge scenarios are assumed,
dependent upon local relationships among topography, hydrogeology, and water levels.

In Colorado’s Piceance Basin, the principal aquifer is alluvium along major rivers
(Topper et al. 2003). However, in the counties composing the basin, water use is dominated by
surface water, which accounts for approximately 97% of the water usage (Topper et al. 2003).
An exception is in Rio Blanco County, where groundwater is approximately 10% of the water
use. In this county, which includes most of the Piceance Basin as well as large areas outside the
basin, the total average annual groundwater withdrawal from bedrock and alluvial aquifers is
estimated as 15,000 ac-ft, of which 88% is used in mining activities (coal, oil, and gas). Other
groundwater uses in northwestern Colorado include domestic purposes, livestock watering,
industry, and irrigation.

The alluvial aquifer along the White River in Colorado is mainly used for domestic
purposes and for watering livestock (Topper et al. 2003). The annual amount of water pumped
from this alluvium is about 1,000 ac-ft (Hatton 2000). Well yields range from 2 to 600 gpm, with
an average of 50 gpm (Topper et al. 2003).

Sparse data on the White River alluvial aquifer’s water chemistry suggest fair quality,
with TDS from 200 to 2,500 mg/L and hardness ranging from 160 to 1,400 mg/L (Hatton 2000;
Topper et al. 2003). Water with TDS levels below 1,000 mg/L is generally suitable for domestic
supply, while water with TDS values below 3,000 mg/L is generally suitable for agricultural
purposes (Hranac 2000). The water chemistry is calcium bicarbonate or sodium sulfate.

The Upper Piceance Basin Aquifer north of the Colorado River increases in TDS from
the recharge areas (about 500 mg/L) to the discharge areas (about 1,000 mg/L) (Topper
et al. 2003). The water chemistry varies from calcium carbonate to sodium carbonate, with
large concentrations of sulfate. The Lower Piceance Basin Aquifer has TDS levels that increase
from about 1,000 to about 10,000 mg/L along its flowpaths. The water chemistry is sodium
bicarbonate. Groundwater with TDS values higher than 10,000 mg/L is considered unusable.

Surface water in the basin receives base flow from alluvial aquifers. Groundwater
discharge from bedrock to alluvium, therefore, indirectly provides a portion of the water used
by surface water systems (Hatton 2000).

Total groundwater storage in the northern province of the Piceance Basin is estimated as
25 million ac-ft (Czyzewski 2000). The White River alluvium between the towns of Meeker and
Rangely contains an estimated 103,000 ac-ft of groundwater (Topper et al. 2003). In 1995, the
total groundwater withdrawal for the five counties that compose the overall Piceance Basin
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amounted to nearly 46,000 ac-ft, including bedrock and alluvial aquifers. Groundwater is
possibly being mined (i.e., overdrawn) in the basin, resulting in depletion of the aquifer system
(Topper et al. 2003). Demand is unlikely to change (Hatton 2000).

Aquifers below the Green River Formation aquifers are generally not viable because of
poor water quality and high costs associated with drilling and pumping (Czyzewski 2000).

Essentially the only groundwater users in the northern province of the Piceance Basin
(apart from the White River alluvium) are ranchers. An exception during the 1970s and early
1980s was oil shale exploration; the brevity of the development period, however, left the
groundwater resources essentially untouched (Czyzewski 2000). Current oil and gas
development, however, may be relying on groundwater resources as allowed by water rights
laws. Throughout the Piceance Basin, the Tertiary bedrock may be the only practical water
resource away from rivers, significant creeks, and major alluvial aquifers.

Protection of public drinking water sources, including wellhead protection and surface
water source protection, is administered by the state (CDPHE 2012b).

3.4.2.2 Surface Water Resources

Two major rivers drain the Piceance Basin in the study area: the White River and its
tributaries on the north and the Colorado River and its tributaries on the south
(Repplier et al. 1981). The White River and Colorado River are administered by two different
Water Divisions in Colorado. Each has its own authority to administer and distribute waters,
promulgate rules and regulations, and collect data on water supply. The Recovery Program for
Endangered Fish of the Upper Colorado River Basin is designed to protect flow conditions
needed by native endangered fishes in the Basin.

Precipitation varies greatly within the Piceance Basin and is closely related to
topography. Annual precipitation, in the form of rain and snow, ranges from less than 10 in. in
the Colorado River valley in western Colorado to 32 in. near the top of mountains surrounding
the basin (Topper et al. 2003; Andrews 1983). Streamflows fluctuate seasonally, with the highest
flow occurring in the spring as a result of snowmelt from April to June, and the minimum flow
occurring in early winter. Because of rugged terrain, summer storms can result in occasional
flash floods in rivers. Since agricultural lands are well developed in the valley of the Colorado
River, reservoirs have been constructed for better distribution of irrigation water. Therefore, the
streamflows of many rivers in the Piceance Basin are regulated.

Besides the seasonal fluctuation, the annual average flows of the Colorado River also
changed with wet and dry years (CWCB 2004). During the early 1920s, the region in the Upper
Colorado Basin experienced wet years. The river had an annual calculated virgin flow at Lees
Ferry, Arizona, as high as 24 million ac-ft. From the mid-1950s to the mid-1960s, the average
virgin annual flow dropped tremendously and was reduced to as low as 7.8 million ac-ft. The
lowest annual flow of about 5.5 million ac-ft was recorded in 1934. Wet years were recorded
again in the early 1980s and in 1997—-1998, and reached a recorded high flow of about
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24 million ac-ft in 1984. The wet years were separated by dry years in the early 1990s and early
2000s. About 8.23 million ac-ft annual flow was recorded in 2002.

Computed average annual lake evapotranspiration is roughly 30 to 36 in./yr in the basin
(Topper et al. 2003). The calculated water balance, determined by subtracting the average annual
lake evaporation from the average annual precipitation, ranges from a loss of 12 in./yr or more in
the low, western portion of Rio Blanco County to a gain of 4 in./yr or more in mountainous
eastern Rio Blanco County. In most of the county and the basin, however, the water balance
ranges from a loss of 12 in./yr to a loss of 4 in./yr (Topper et al. 2003).

Several tributaries of the White River, including Yellow Creek and Piceance Creek, drain
the study area (Figure 3.4.2-1) between the upstream town of Meeker and the downstream town
of Rangely. Two reservoirs, the Rio Blanco Lake Reservoir and the Kenny Reservoir (or Taylor
Draw Reservoir), are present along this segment of the river.

The streamflow of the White River fluctuates seasonally. High flows occur between April
and July. Based on data from 1962-2011, the minimum and maximum average annual flows
below the town of Meeker were 290 cubic feet per second (cfs) (in 1977) and 1,069 cfs (in
1985), respectively (USGS 2012), with an average annual flow of 655 cfs. The annual peak
discharge ranged from 900 cfs (in 2002) to 6,600 cfs (in 1983) (USGS 2012). The river flows
west into the Green River in Utah. The average annual flow leaving the state at the Colorado-
Utah border is 590,100 ac-ft (Topper et al. 2003). During low-flow seasons, groundwater
discharge contributes to part of the streamflow (Tobin 1987).

The White River Basin is sparsely populated. Management of the waters in the White
River Basin is under the jurisdiction of Colorado Water Division 6. The major water use in the
White River Basin is irrigation. Groundwater use is minimal. On the main stem of the White
River, water has been available for appropriation. However, water rights calls occur on Piceance
Creek where irrigation demands can exceed streamflows (CWCB 2002). White River water
quality data from 1975-1988 are summarized by Tobin (1993).

Several tributaries of the Colorado River drain the Piceance Basin between the towns of
Rifle and Grand Junction. From the east to the west, they are Parachute Creek, Roan Creek, and
Plateau Creek (Figure 3.4.2-1). Multiyear studies focused on many of the creeks in the study area
generated data on flow and water quality parameters (e.g., Tobin et al. 1985; Adams et al. 1986).
A major reservoir, the Vega Reservoir, is present along Plateau Creek, which drains to the
Colorado River from the south.

Snowmelt runoff dominates the streamflow of the upper Colorado River and is typically
highest in the spring and lowest in the winter (Spahr et al. 2000). The mean annual streamflow
(based on 1934 to 2006 data) near Cameo is about 3,818 cfs (USGS 2006b). However, the
maximum peak streamflow is much higher at 39,300 cfs. During low-flow seasons, groundwater
discharge contributes part of the streamflow (Tobin 1987).
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Management of the waters in the Colorado River Basin is under the jurisdiction of
Colorado Water Division 5. Irrigation accounts for 97% of the water use in the upper Colorado
River; 99% of the water used is derived from surface water sources (Topper et al. 2003).

Large amounts of dissolved salts and sediment enter the Colorado River between
Glenwood Springs and Cameo (USGS 1968) because local bedrock and the derived soil have
relatively high contents of soluble salts. Heavy irrigation in this area also promotes the leaching
process in soils, thereby releasing salts, sediments, nutrients (e.g., nitrogen and phosphorus),
pesticides, and herbicides into the river (Spahr et al. 2000). Between 1914 and 1957, the
Colorado River water near Cameo had flow-weighted-average concentrations of dissolved
solids of 387 parts per million (ppm) and suspended sediment of 2,300 ppm (USGS 1968).
Using data collected from 1970 to 1983, Bauch and Spahr (1998) found that the dissolved
solids concentrations trended downward, or that no trend was indicated. Although their
concentrations are typically low, pesticides are commonly detected in streams in agricultural
areas (Topper et al. 2003). In the Piceance Creek subbasin of the White River Basin, Andrews
(1983) claimed that 36% of the total denudation (removal of both solid particles and dissolved
material) from the subbasin was as dissolved load.

3.4.3 Uinta Basin

3.4.3.1 Groundwater Resources

Section 3.2.2 describes the overall geologic framework of the Uinta Basin. Key aquifers
in the basin include the alluvium, the Uinta-Duchesne Aquifer, the Parachute Creek Member of
the Green River Formation (including the “Bird’s Nest Aquifer”), and the Douglas Creek
Aquifer of the Green River Formation.

The alluvial aquifers are recharged by infiltration of surface water and by discharge of
bedrock aquifers. The average thickness of the alluvial fill in the White River and Evacuation
Creek drainages is 30 ft; in the Bitter Creek drainage and elsewhere, the alluvium is about 100 ft
thick. Maximum well yields are less than 1,000 gpm. Water type is typically sodium sulfate, and
TDS concentrations vary from 480 to 27,800 mg/L. Most alluvial wells are along the White
River, near Bonanza, where the water is used to support gilsonite mining (Holmes and
Kimball 1987).

The Uinta Formation and Duchesne River Formation act as a single hydrologic unit
(Glover 1996). The combined thickness of the Uinta-Duchesne Aquifer, where both units are
present, is about 8,000 ft. Well yields are typically 30 to 40 gpm, but range from less than 1 gpm
to as much as about 300 gpm in fractured zones. Recharge to the aquifer is mainly from
infiltration of precipitation and surface water in the western extent of the formations in Duchesne
and Wasatch Counties. Flow is generally to the east across the study area, with discharge to
perennial streams. TDS levels range from <500 to >3,000 mg/L (Glover et al. 1998).
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The Parachute Creek Aquifer is recharged by stream infiltration and leakage from the
overlying Uinta Formation. It discharges to Bitter Creek and the White River. The aquifer
thickness ranges from 90 to 205 ft. Water generally moves to the west from recharge areas
along Evacuation Creek, and from the south and north toward the lower reaches of Bitter Creek.
The “bird’s nest” zone is named because in outcrops it resembles a wall of sparrows’ nests.
This zone contains solution cavities up to 2 ft in diameter caused by the natural removal of
soluble nahcolite. Connection of the cavities has resulted in a highly permeable zone within
the Parachute Creek Member. Properties of the Parachute Creek Aquifer vary greatly with
location and the degree of dissolution of the nahcolite. Well yields vary also and are as high as
5,000 gpm. Water type is generally sodium sulfate to sodium bicarbonate. TDS levels range from
870 to 5,810 mg/L (Holmes and Kimball 1987).

The Douglas Creek Aquifer receives recharge mainly by infiltration of precipitation
and surface water in its outcrop area, with little leakage from underlying bedrock aquifers. It
discharges locally to springs in the outcrop area and to alluvium along major drainageways such
as the Green and White Rivers. In the study area, flow is generally to the north and northwest.
The unit is roughly 500 ft thick, although in the center of the Uinta Basin it is as thick as 1,000 ft.
Maximum well yields are less than 500 gpm. Water type is typically sodium sulfate to sodium
bicarbonate. TDS levels range from 640 to 6,100 mg/L (Holmes and Kimball 1987).

Groundwater in Utah is classified according to water quality and importance (State of
Utah 2006). Class IA groundwater is pristine, with TDS levels less than 500 mg/L and no
contaminant exceedances. Class IB groundwater is irreplaceable as a public supply source
because it is a sole source of adequate quality, quantity, and economics. Class IC is ecologically
important groundwater that discharges to a wildlife habitat. Class II is drinking water quality,
with TDS between 500 and 3,000 mg/L and no contaminant exceedances. Class III is limited-use
groundwater, with TDS between 3,000 and 10,000 mg/L. and one or more contaminants
exceeding groundwater quality standards. Class IV groundwater is saline, with TDS above
10,000 mg/L.

Lindskov and Kimball (1984) estimated the recoverable groundwater in storage in three
main aquifers (alluvium, Parachute Creek, and Douglas Creek) in the broader southeastern Uinta
Basin (an area two to three times the size of the study area) to be 18 million ac-ft. They also
estimated the practical limit to groundwater withdrawal in this area as about 20,000 ac-ft/yr.

Hood and Fields (1978) provide information on water usage in the northern portion of the

Uinta Basin. This area includes the northeastern part of the study area. It is assumed that their
study area and the study area of this PEIS have similar water uses. They note that irrigation is
the dominant water use in the region, with domestic and industrial uses being relatively small.
Irrigation water for livestock and crops amounted to 575,000 ac-ft/yr from surface water and
6,000 ac-ft/yr from groundwater. In 2000, the estimated water use for irrigation in the Uinta
Basin counties of Daggett, Duchesner, and Uintah was 487,000 ac-ft/yr, with some additional
usage from the portions of Summit and Wasatch Counties in the basin (USGS 2011). The Hood
and Fields estimates of 1974 population and water use were 28,700 persons in northern Uinta
Basin counties and 12,700 ac-ft/yr of domestic use. This domestic water was almost all from
wells and springs. Wells were also used to supply the industrial needs of 4,900 ac-ft/yr. In 1995,
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the estimated total municipal and industrial water use in the Uintah Basin was 24,426.6 ac-ft/yr
(UDNR 2000c).

Groundwater quality in the Uinta Basin decreases with increased travel distance from
recharge locations and with increasing depth. Concentrations of TDS in the basin show a range
that affects the potential use of the water. In many locations, the water is marginally useful or
even unsuitable for domestic use or irrigation.

Protection of public drinking water sources, including wellhead protection and surface
water source protection, is administered by the state (UDEQ 2012a).

3.4.3.2 Surface Water Resources

The Uinta Basin is bounded by the Uinta Mountains on the north and the Roan Plateau on
the south. The basin is dissected by the deeply incised southward-flowing Green River, the
largest tributary of the Colorado River. The Green River is joined by two major tributaries, the
Duchesne and White Rivers, near Ouray, Utah (Figure 3.4.3-1). The combined flow of the
White, Duchesne, and Green Rivers near Ouray averages about 5,900 cfs, based on records from
1965 to 1979 (Lindskov and Kimball 1982). About 4 million ac-ft of water per year enters the
basin (via the Duchesne, Green, and White Rivers) and leaves (via the Green River)

(Lindskov and Kimball 1984). Most of the flow is attributed to water entering the basin by the
White and Green Rivers.

The Uinta Basin can be divided into the northern and southern Uinta Basin by using the
Strawberry, Duchesne, and White Rivers in Utah and Colorado as a divide (Figure 3.4.3-1). The
northern area includes two major drainages, the Strawberry and Duchesne, with a combined
drainage area of 4,250 mi2. The oil shale considered in the study area of this PEIS lies mostly in
the southern Uinta Basin and in a small area in the southern part of the northern Uinta Basin
within the Duchesne drainage.

Most of the tributaries of the Duchesne drainage begin on the south slope of the Uinta
Mountains. Major tributaries to the Duchesne River include the Whiterocks River, Uinta River,
Dry Gulch Creek, Lake Fork River, Rock Creek, North Fork and West Fork Duchesne Rivers,
Red and Currant Creeks, and the Strawberry River. The Duchesne River flows to the east and
joins the Green River near Ouray, Utah.

The average annual volume of precipitation on the northern Uinta Basin is estimated to
be 4.87 million ac-ft on the basis of data from 1941 to 1970. The average annual transbasin
inflow includes 3.03 million ac-ft in the Green River and 521,000 ac-ft in the White River.
About 4.27 million ac-ft are consumed annually by evapotranspiration (Hood and Fields 1978),
and 190,000 ac-ft/yr are exported to the southern Uinta Basin and Great Basin. The average
outflow of the Green River from the northern Uinta Basin is about 3.95 million ac-ft/yr
(Hood and Fields 1978).
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The southern Uinta Basin lies south of the Strawberry, Duchesne, and White Rivers in
Utah and Colorado, draining an area about 4,900 mi2. Most of the major streams on the southern
Uinta Basin originate from the Roan Plateau and flow northward to the Duchesne and White
Rivers (Price and Miller 1975). Major perennial and intermittent streams west of the Green River
include the Pariette Draw, Petes Wash, Indian and Lake Canyons, and the Avintaquin, Antelope,
Sowers, and Nine Mile Creeks. Streams east of the Green River include the Willow, Bitter, and
Evacuation Creeks, and the Asphalt, Sand, and Coyote Washes.

The average annual volume of precipitation on the southern Uinta Basin is estimated
to be 3.1 million ac-ft on the basis of data from 1941 to 1970. Another 80,000 ac-ft/yr are
transported into the basin from the northern Uinta Basin. The estimated annual runoff from the
southern Uinta Basin is 134,000 ac-ft (Price and Miller 1975; Hood and Fields 1978). The
subbasins that may be developed to provide sustainable water supply are Evacuation, Willow,
Nine Mile, Range, and Avintaquin Creek, with a total estimated mean annual runoff of
55,000 ac-ft/yr (Price and Miller 1975).

The climate of most of the Uinta Basin below an elevation about 8,000 ft is arid to
semiarid. Average annual precipitation ranges from less than 8 in. near the bottom of the basin
at altitudes below 5,000 ft to 26 in. in the western part of the Roan Plateau. Most of the
precipitation is from snow in the winter and rainstorms in the late summer (Price and
Miller 1975; Hood and Fields 1978; Lindskov and Kimball 1982).

The streamflow in the basin is extremely variable. Annual runoff varies from year to
year and over periods of months, weeks, and days (Lindskov and Kimball 1984). Streams
are typically perennial in the higher altitudes of the mountains and plateaus. They become
intermittent and ephemeral in areas where annual precipitation is less than 10 in. and
evapotranspiration is high (Lindskov and Kimball 1984). Evapotranspiration is estimated to be
94 to 98% of the precipitation in the basin (Price and Miller 1975; Lindskov and Kimball 1982).
High streamflow occurs during snowmelt from March to June and during rainstorm activities in
July, August, and September. The flows in the Green, Duchesne, and White Rivers are
moderated by reservoirs built along the rivers or their tributaries.

The Duchesne River and its tributaries have been extensively affected by water
development projects that supply water to the Wasatch Front. Construction of a system of
transbasin tunnels, canals, and reservoirs began in 1915. The Duchesne River is currently
undergoing four separate federal water projects as part of the Central Utah Project (BOR 2006).
Flow of the Duchesne River has been reduced, and the river channel has been substantially
changed in the last 50 years. The daily average streamflow measured near Randlett is 634 cfs
(USGS 2006a). The minimum and maximum daily mean flows were 13 cfs and 7,000 cfs,
respectively, based on 62 years of record (USGS 2006a). The maximum recorded peak discharge
was 11,500 cfs. The USFWS (Modde and Keleher 2003) recommended a minimum flow of
115 cfs in the lower river between March 1 and June 30 and 50 to 115 cfs for the remainder of
the year for endangered fish needs.

Dissolved salt in the rivers is a major concern in the Uinta Basin. The salts originate
from marine and lacustrine sedimentary rocks and their derived soils that have high salt content.
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Surface runoff, irrigation return flow, saline groundwater discharges, and evapotranspiration
are the major causes of the elevated TDS concentrations in the surface water (Price and

Miller 1975). The concentrations of dissolved salt in streams generally are low near headwater
areas, but increase dramatically near the lower reaches of the streams. This is magnified during
low-flow periods. For major rivers such as the Green, White, and Duchesne Rivers, the
concentrations of dissolved salts are moderated by reservoirs. Recorded concentrations in the
Green River generally are less than 1,000 mg/L throughout the year. During low flow in the
White River, the TDS concentration is about 1,000 mg/L. The concentrations in the lower reach
of the Duchesne River, however, commonly exceed 1,000 mg/L and occasionally exceed
2,000 mg/L during late irrigation and low-flow periods (Price and Miller 1975; Lindskov and
Kimball 1984; UDEQ 2006).

Agricultural irrigation accounts for the largest use of water in the Uinta Basin, almost all
of which is obtained from streams (Price and Miller 1975; Hood and Fields 1978). Irrigation
water is applied mainly to lands that support the livestock and dairy industry.

3.4.4 Green River Basin and Washakie Basin

3.4.4.1 Groundwater Resources

Section 3.2.3 contains a description of the geological setting of both the Green River and
Washakie Basins. Hydrogeological data for the basins are available in Mason and Miller (2004).
Unconsolidated alluvial aquifers along major drainages generally have poor water quality.
Alluvial thicknesses range up to 50 ft, and some portion of the alluvium may be saturated. Mason
and Miller (2004) assembled historical well-yield data from across the basins and describe yield
as less than 1 gpm to about 30 gpm in alluvium. Samples collected and analyzed during their
study were found to have high concentrations of at least one of the following: TDS, nitrate,
chloride, fluoride, sulfate, arsenic, boron, manganese, molybdenum, selenium, and uranium.
Overall, less than 25% of the sampled alluvial groundwater was suitable for domestic use, but
most was suitable for livestock.

In the Bridger-Washakie Formation, data from wells or springs were sparse. Samples
represented a range of water types, and many were high in one or more water quality parameter
such as sulfate, TDS, manganese, pH, boron, iron, or uranium. The samples varied in their
suitability for domestic, livestock, or irrigation uses. The potential for groundwater development
in these formations is not well known but probably poor. Well yields were not provided. The
highest spring flow value presented was only 2.25 gpm.

In the Green River Formation, the water quality varies among the various formation
members, but is mainly dependent on well depth and distance from groundwater recharge areas.

Data summarized by Mason and Miller (2004) for the Laney Member in the Green River
Basin suggest well yields from 1 to 75 gpm. Information for the Washakie Basin suggests that
well yields in the Washakie range up to 200 gpm, with TDS concentrations from 500 to
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900 mg/L. Mason and Miller (2004) summarized water quality data for wells completed in the
Laney Member in both basins. Half the samples were sodium-sulfate type; the remaining ones
were mixed. The water quality of the samples was generally marginal to poor because of

sulfate and TDS, which ranged from 311 to 53,700 mg/L, with a median of 2,080 mg/L. TDS
concentrations increased with well depth and were significantly increased for wells more than
1,000 ft deep. Spring sampling showed a median TDS concentration of 2,200 mg/L. Some water
well or spring samples were high in fluoride, boron, or manganese.

A small number of samples were reviewed or collected by Mason and Miller (2004) from
the Wilkins Peak Member of the Green River Formation. These were all from recharge locations
within the Green River Basin. The samples were of mixed water chemistry, with high sulfate and
TDS concentrations. The water was suitable for livestock watering, and some of the samples
represented water acceptable for irrigation or domestic use. Mason and Miller (2004)
summarized prior studies on the Wilkins Peak water quality, in which the water was of very poor
quality, and suggested that the water quality worsens rapidly with distance traveled. Well yields
in the Wilkins Peak were reported to be less than 30 gpm.

To address the Tipton Shale Member, Mason and Miller (2004) reviewed and collected
groundwater sample data. Water chemistry was found to be either sodium bicarbonate or mixed.
The samples had TDS levels that made them marginally suitable for domestic use, but they were
acceptable for livestock watering. However, a few of the samples were high in boron or fluoride.
These samples were from wells in the Green River Basin, which were in use for livestock
watering or other purposes; they were, therefore, not of poor quality. A review of historical
reports on other water samples in the Green River Basin found groundwater in the Tipton Shale
to be of good quality in portions of the Green River Basin, but poorer in other parts of the basin.
Yields from nine wells in the Tipton Shale ranged from 10 to 170 gpm. The potential for
groundwater development in the Washakie Basin is considered to be low.

No data are available for the Luman Tongue of the Green River Formation. The aquifer
can probably produce enough groundwater for livestock or domestic use, provided the well is
close to a recharge area (Mason and Miller 2004).

A review of wells completed in the Wasatch showed yields from less than 1 to
1,300 gpm, with most less than 500 gpm (Mason and Miller 2004). Samples from 84 Wasatch
water wells and springs were completed by Mason and Miller (2004). The water type ranged
from sodium bicarbonate to sodium sulfate to mixed water types. Concentrations of TDS, sulfate,
and fluoride were generally high, and boron was high in some locations. Of 84 samples from
water wells and springs, many were at least marginally acceptable for domestic use; almost all
were acceptable for livestock, but only half were suitable for irrigation use. Fifty produced water
samples had TDS concentrations ranging from 1,050 to 130,000 mg/L, with a median of
13,000 mg/L. Most were sodium chloride type. Deeper samples had higher TDS concentrations,
with wells more than 2,000 ft deep generally unsuitable for domestic, irrigation, or livestock use.

Wyoming classifies its aquifers according to standards designed to protect groundwater
of a given classification from anthropogenic degradation, so that the water quality is suitable for
its intended use or potential future use (WDEQ 2005). Three categories have been defined on the
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basis of ionic concentrations and other water quality parameters, including TDS. The Class I
aquifers are those for domestic use and have TDS concentrations up to 500 mg/L. The Class 11
aquifers are for agricultural use and have TDS concentrations from 500 to 2,000 mg/L. The
Class III aquifers are for livestock watering and have TDS concentrations from 2,000 to

5,000 mg/L. Class IV aquifers have TDS concentrations above 5,000 mg/L. and may be used
by industry.

Recharge to the aquifers in Sweetwater County occurs as infiltration in aquifer outcrop
areas (including snowmelt infiltration at high elevations), losing streams, and even irrigation
water infiltration (Mason and Miller 2004). Overall areal recharge is less than 0.5 in./yr. The
bulk of groundwater discharge out of the county takes place as bedrock aquifer flow and alluvial
underflow, with minor amounts of well withdrawals (Mason and Miller 2004).

The Green River and Washakie Basins are sparsely populated. In Sweetwater County,
Wyoming, which contains most of the basins, the estimated mean daily water use in 2000 was
170 million gpd (Mason and Miller 2004). The largest water use is irrigation, at an estimated
mean daily rate of 92 million gpd, of which 90% was surface water. Groundwater, though relied
on as a resource to a much smaller degree than surface water, is the sole source of water in many
areas. The second largest water use in Sweetwater County was mining (41 million gpd), for
which essentially all water was saline groundwater. The predominant mining water use was for
trona mining and oil and gas production (Mason and Miller 2004).

Population centers in the Wyoming basins are located in the Green River Basin, with the
cities of Rock Springs and Green River composing more than 80% of the Sweetwater County
population (Mason and Miller 2004). These cities, as well as the town of Granger, rely on
surface water for municipal supply, with Granger along Blacks Fork, Rock Springs at the
confluence of Bitter Creek and Killpecker Creek, and Green River along the Green River itself.

Groundwater use by irrigation, public supply, industry, and domestic wells is essentially
negligible (Mason and Miller 2004). Mining operations have constituted the only significant use
of groundwater in Sweetwater County.

Groundwater quality in the basins decreases in quality with increased travel distance from
recharge locations and with increasing depth (Mason and Miller 2004). TDS concentrations are
moderately saline to briny in aquifers a few thousand feet deep, but locally even shallow
groundwater can have moderate salinity. In Sweetwater County, which contains most of the
Green River and Washakie Basins’ oil shale, shallow groundwater is available in most places
(Mason and Miller 2004). However, high TDS concentrations in many locations cause the water
to be marginally useful or even unsuitable for domestic use or irrigation. Water of livestock-
watering quality is generally available in the county.

In addition to having high TDS concentrations, groundwater from some aquifers in
Sweetwater County exceeds EPA drinking water standards for sulfate, fluoride, boron, iron, and
manganese (Mason and Miller 2004).
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Water quality in alluvial aquifers in Sweetwater County is generally poor because of high
TDS concentrations (Mason and Miller 2004). Tertiary bedrock aquifers, although of variable
quality, have the most abundant groundwater in the Sweetwater County vicinity and are the most
widely used (Mason and Miller 2004).

Protection of public drinking water sources, including wellhead protection and surface
water source protection, is administered by the State (WDEQ 2012b).

3.4.4.2 Surface Water Resources

The Green River Basin in Wyoming is part of the Colorado River Basin. Major
tributaries of the Green River in the basin include the New Fork, Hams Fork, Big Sandy, Blacks
Fork, and Henry’s Fork Rivers; and Bitter Creek (Figure 3.4.4-1).

Annual rainfall within the basin varies with altitude, ranging from less than 8 in. on the
basin floor to more than 50 in. in the surrounding mountain ranges (Hahn and Jessen 2001).
The Fontenelle and Flaming Gorge Reservoirs are two major reservoirs on the Green River.
In addition, there are many smaller reservoirs constructed along the major tributaries of the
Green River.

The streamflow pattern in the basin is highlighted by spring snowmelts, with high flow
from April to July. The streamflow is also moderated by reservoirs built along the rivers. For the
Green River below the Fontenelle Reservoir in Wyoming, the mean annual flow was 1,780 cfs
for the 1965 to 1984 period. The minimum and maximum annual flows were 690 cfs and
2,780 cfs, respectively. Near the town of Green River, Wyoming, the mean, maximum, and
minimum annual flows of the Green River were 1,800, 3,010, and 689 cfs, respectively
(Peterson 1988).

The water quality of the streams near mountains is generally good but deteriorates as the
streams flow across the basin. The degradation of the water quality is caused by both natural and
man-made sources (Strohman 2000). The Green River drainage above Fontenelle Reservoir and
the Green River itself above Flaming Gorge Reservoir contain less than 500 mg/L TDS. The
water at the Flaming Gorge Reservoir has a median TDS concentration at or slightly above
500 mg/L. The water quality of many streams originating in the low areas is rated as fair to poor
in the capacity to support nongame fish, or the water does not have the potential to support fish
(Strohman 2000).

Agricultural irrigation is the largest use of surface water in the basin. The most common
use of irrigation is in the growth of grass hay for harvest and pasture. The BOR reported that for
the 1986 to 1990 period, irrigation depletions in Wyoming’s Green River Basin averaged
399,000 ac-ft, or about 79% of total depletions. Livestock and domestic and municipal uses
account for the other uses of the surface water in the basin (SWWRC 2001a).

The oil shale area in the Washakie Basin of Wyoming is drained by the tributaries of the
Little Snake River. Alkali Creek and Vermillion Creek are two perennial rivers draining the
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basin. Most of the other creeks in the basin, such as Sand Creek, Shell Creek, and Barrow Spring
Draw, are ephemeral.

Annual precipitation varies with elevation, ranging from less than 10 in. near the bottom
of the basin to more than 18 in. near the summit of Pine Mountain in the southwestern part of
the basin. For most streams in the basin, high flow occurs during periods of snowmelt and
rainstorms, and low flow occurs during the fall and early winter. Extended periods of no flow are
common for ephemeral streams. Most ephemeral streams are also losing streams (Mason and
Miller 2004).

3.4.5 Special Tar Sand Areas

3.4.5.1 Groundwater Resources

The BLM (1984b) compiled groundwater information for each STSA, including
estimates of well yields, spring flows, and ranges of TDS values (Table 3.4.5-1). In cases where
sufficient data are available, wide ranges of values are noted for each parameter. Water quality is
affected by the geochemistry of the unconsolidated and bedrock aquifers. Groundwater quality is
typically better from shallower sources.

Groundwater at or near the 11 STSAs is likely used for a combination of mining, stock
watering, irrigation, domestic, municipal, and industrial uses. Local withdrawals at each STSA
are dependent upon mining activities, population density, and agricultural land use.

3.4.5.2 Surface Water Resources

Precipitation varies across the STSAs with elevation. Higher-elevation STSAs, such as
Argyle Canyon and Sunnyside, receive 30 or more in./yr of precipitation (BLM 1984b). Most of
the STSAs, however, receive less than 8§ in./yr. At San Rafael, annual precipitation is less than
6 in.

Except for San Rafael Swell, Tar Sand Triangle, Circle Cliffs, and White Canyon, most
of the STSAs are located in the Uinta Basin. The hydrology of the Uinta Basin is described in
Section 3.4.3.2. Figure 3.4.5-1 shows the streams and intermittent streams draining the STSAs.

The STSAs in the northern Uinta Basin that are drained by perennial and intermittent
streams include Raven Ridge and Asphalt Ridge. The Asphalt Ridge STSA is crossed by the
Twelve Mile Wash, which flows south and discharges into the Green River. The Raven Ridge
STSA is crossed by the Powder Springs Wash, which flows westward into the Green River
(Blackett 1996). Both the Twelve Mile Wash and the Powder Springs Wash are intermittent
streams.
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TABLE 3.4.5-1 Groundwater Data within or near STSAs

Well Yield or Spring
STSA Water Source Flow (gpm) TDS (mg/L) Formation(s)

Argyle Canyon Wells and springs ~ <1-350 190-67,800 Alluvium, Green River,

and Sunnyside Uinta, and others

Asphalt Ridge Wells 0.1-503 149-2,420 Duchesne River, and others

Asphalt Ridge Springs 36-83,250 69-742 From Chinle Formation,
possibly others

Circle Cliffs Wells, including NA3 188-8,510 NA

mine dewatering

Hill Creek and Springs Up to 50, though 297-6,110 Alluvium, Bird’s Nest

P.R. Spring most are less than 10 Aquifer of the Parachute
Creek Member and
Douglas Creek Member of
the Green River Formation

Pariette Wells 3-60 116-4,480 Uinta

Raven Ridge Wells 0.1-200 221-118,000  Uinta, Green River,
Wasatch, and others

San Rafael Swell Wells 2.8-200 NA Navajo, Moenkopi, and
others

San Rafael Swell Springs <1-200 NA Navajo, Moenkopi, and
others

Tar Sand Triangle ~ Wells Up to 70, most are 318-85,500 Navajo, Wingate, and

and White Canyon <50 Coconino

Tar Sand Triangle  Springs 360-450 179-6,530 Navajo, Wingate, and

and White Canyon (most are Coconino

<2,400)

a2 NA = data not available.
Source: BLM (1984b).

The STSAs in the southern Uinta Basin that are drained by perennial and intermittent
streams within a distance of 0.25 mi include the P.R. Spring and Hill Creek STSAs east of the
Green River, and the Pariette Draw, Sunnyside, and Argyle Canyon STSAs west of the Green

River (Figure 3.4.5-1).

Pariette Draw and its tributaries drain the area near the Pariette STSA. Pariette Draw is a
perennial stream, discharging to the Green River.
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The P.R. Spring and Hill Creek STSAs are incised by intermittent and perennial streams,
forming a dendritic drainage pattern. The P.R. Spring STSA is drained by Bitter Creek, Sand
Wash, and Willow Creek and their tributaries. The Hill Creek STSA is drained by the Hill Creek
and Tabyago Canyon and their tributaries (Blackett 1996). The Sunnyside STSA is dissected by
tributaries of Dry Creek and Cotton Wood Canyon, and the upper reach of Range Creek. Dry
Creek and Cotton Wood Canyon are two major tributaries of Nine Mile Creek. The upper reach
of Range Creek is an intermittent stream. Both Nine Mile Creek and Range Creek discharge to
the Green River (Blackett 1996).

The Argyle Canyon STSA is exposed along the valley of Argyle Creek that flows
eastward to join Minnie Maude Creek and Nine-Mile Creek, forming the main stem of Nine-
Mile Creek.

The San Rafael Swell STSA is primarily drained by the San Rafael River and its
tributaries in a desert environment. The river is part of the West Colorado drainage, draining to
the Green River. The main stem of the San Rafael River is a perennial river, while most of the
tributaries that cross the STSA are intermittent streams. Based on 68 years of record, the annual
runoff of the San Rafael River near Green River, Utah, is 374 cfs (USGS Gage 09328500), with
a minimum and maximum flow of 1.2 cfs and 2,760 cfs, respectively (USGS 2006b).

The Tar Sand Triangle STSA is in the lowlands within the lower Dirty Devil River Basin,
Utah (Figure 3.4.5-1). The Green and Colorado Rivers flow on the east side of the deposit, and
the Dirty Devil River on the west. The Dirty Devil River is a tributary of the Colorado River and
is formed by the confluence of Muddy Creek and the Fremont River. From Hanksville
downstream, the Dirty Devil River has no perennial tributaries (Hood and Danielson 1981).
Based on 49 years of record, the annual runoff of the Dirty Devil River near Hanksville, Utah
(USGS Gage 09333500), is 98.6 cfs, with a minimum and maximum flow of 0 cfs and 975 cfs,
respectively (USGS 2006¢). The Dirty Devil River joins the Colorado River at the Lake Powell
Reservoir.

About 96% of the precipitation in the lower Dirty Devil River Basin is consumed by
evapotranspiration. The long-term average annual inflow and outflow of the Dirty Devil River is
estimated to be 1.6 million ac-ft (Hood and Danielson 1981). High streamflow is expected in
spring and occasionally during summer rainstorms. The water quality of the Dirty Devil River
near the Colorado River is slightly saline.

No perennial streams are present in the Circle Cliffs STSA, which is crossed by several
intermittent streams of Hall Creek and the Escalante River. Both Hall Creek and the Escalante
River are tributaries of the Colorado River. The main stem of the Escalante River is located
about 6 mi southwest of the deposit (Glassett and Glassett 1976).

The White Canyon STSA is crossed by White Canyon, an intermittent stream discharging
to the Colorado River. Surface water resources in this STSA are very limited. Lake Powell
(Reservoir) on the Colorado River is located more than 7 mi west of the area.
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The BLM (1984b) compiled information on surface water flow rates, water quality, and
water uses for rivers and streams near the 11 STSAs. Average flows at various stations along the
major rivers (Duchesne, White, Green, and Colorado) ranged from hundreds of thousands to
millions of ac-ft/yr. Smaller rivers (Strawberry, Price, Escalante, and Dirty Devil) had flows in
the tens of thousands of ac-ft/yr. Creeks typically had flows in the thousands of ac-ft/yr. Most
TDS concentrations for the surface waters ranged from about 500 to 7,000 mg/L. Bitter Creek,
near the Hill Creek and P.R. Spring STSAs, was the sole location above this range; its TDS
concentrations ranged to a high of 15,500 mg/L.

At the Argyle Canyon, Sunnyside, and Asphalt Ridge STSAs, surface water is used for
irrigation, livestock, domestic, municipal, and industrial supplies (BLM 1984b). At the Circle
Cliffs STSA, surface water is used for irrigation and livestock. Water at the Hill Creek and
P.R. Spring STSAs is used for irrigation, gilsonite mining, livestock, and oil development.
Minimal surface water use takes place at the Pariette and Raven Ridge STSAs. At the San Rafael
STSA, surface water, including reservoir water, is used for irrigation and for the Huntington
Power Plant. At the Tar Sand Triangle and White Canyon STSAs, water is used for livestock,
mining, irrigation, and domestic supplies.

3.5 AIR QUALITY AND CLIMATE

3.5.1 Climate

3.5.1.1 Meteorology

Because of wide variations in elevation, topographic features, and latitude within the
study area, meteorological conditions vary considerably among specific locations. Other than a
highland climate in mountainous areas, the study areas have a semiarid mid-continental climate
characterized by abundant sunshine, low humidity, low precipitation, and cold, snowy winters.
Strong, outgoing terrestrial radiation provides cool nights. In midwinter, air temperatures are
often low, but strong solar radiation and dry air combine to provide generally pleasant
conditions.

The local climate is strongly influenced by microclimatic features such as slope, aspect,
and elevation. The local surface wind patterns and vertical temperature profiles are almost
entirely dependent upon topography. Predominantly westerly winds provide additional moisture
on the western mountain slopes, with drier conditions on the lee side (often referred to as “rain
shadows”).

The predominant prevailing wind direction aloft over the region is from the west and
southwest (the westerlies) as in most of the United States; however, surface air movement
patterns are greatly modified by local terrain and ground cover. Wind roses (which graphically
display the distribution of wind speed and direction classifications from which the winds
originate) at the 33-ft level for selected meteorological stations around the study area for the
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5-year period (2006-2010) are shown in Figure 3.5.1-1 (NCDC 2011a). As shown in the figure,
some locations display westerly winds, but prevailing wind directions are different from site to
site (most obviously for Grand Junction, Colorado, located just southwest of the Book Cliffs).
Average wind speeds range from 5 to 7 mph in Colorado and Utah, with the highest speed of
over 11 mph measured at the Rock Springs, Wyoming, airport, which is situated on a mesa at an
elevation of over 6,700 ft. Stations located in the valleys typically experience nocturnal drainage
flow of denser cold air at higher elevations into the valley floor. This condition causes poor
dispersion and stagnation, which tend to trap air pollutants within the valley. A higher
occurrence of low wind speeds or calm conditions is typically measured at these sites. The
Meeker, Moab, and Vernal surface stations show very high occurrences of stagnant conditions
(i.e., calm periods occur about one-third of the time).

Temperatures in the region vary widely with elevation, latitude, season, and time of day.
Historical annual average temperatures measured at selected meteorological stations in and
around the study area range from 36°F in Big Piney, Wyoming (just east of the Wyoming Range
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at an elevation of 6,800 ft), to 54°F in Hanksville, Utah (in a desert setting), as presented in
Table 3.5.1-1 (WRCC 2011). Typically, January is the coldest month, ranging from —5°F to
16°F, and July is the warmest month, ranging from 80°F to 98°F.

Although limited monitoring occurs mostly in lower elevation towns, the average
precipitation around the study area ranges from around 6 in. in Hanksville, Utah, to about 17 in.
in Meeker, Colorado (WRCC 2011). Much higher values are expected in mountainous locations.
In general, precipitation is greatest in spring and fall, and low in winter months around the study
area. Snowfall is quite variable by location (ranging on average from about 7 in. in Hanksville,
Utah, to more than 71 in. in Meeker, Colorado), with the snowiest months being December
through February. In general, snowfall tends to increase with increasing latitude and elevation,
while precipitation has a weak relationship with respect to latitude and elevation.

Complex terrain typically disrupts the mesocyclones associated with tornado-producing
thunderstorms; thus, tornadoes are less frequent and destructive in this region. For example,
tornado frequencies per area in counties within the oil shale study area in Colorado are about
one-fiftieth of those in the rest of the state. From January 1950 to April 2011, 75 tornadoes were
reported in the counties within the study area, with 2,561 reported for Colorado, Utah, and
Wyoming combined (NCDC 2011b). Most tornadoes that occurred in the study area were
relatively weak, mostly FO or F1 on the Fujita tornado scale® (except for three F2s and one F3);
statewide, most (71%) tornadoes were reported in Colorado, with categories FO, F1, and F2 and
above, each accounting for about 63, 29, and 7%, respectively, of the combined states’ total.

3.5.1.2 Global Climate Change

Climate is both a driving force and a limiting factor for biological, ecological, and
hydrological processes; it has great potential to influence resource management. Climate change
is a phenomenon that could alter natural resource and ecologic conditions on spatial and
temporal scales that have not yet been experienced by humans.

Ongoing scientific research has identified the potential impacts of man-made greenhouse
gas (GHG) emissions, changes in biological carbon sequestration, and other changes due to land
management activities on the global climate. Through complex interactions on a regional and
global scale, these changes cause a net warming of the atmosphere, primarily by decreasing the
amount of heat energy the earth radiates back into space. Although natural GHG levels have
varied for millennia, recent industrialization and burning fossil carbon sources have caused
carbon dioxide equivalent (COze) concentrations to increase dramatically and are likely to
contribute to overall global climatic changes. The Intergovernmental Panel on Climate Change
(IPCC) has stated, “Most of the observed increase in global average temperatures since the
mid-20th century is very likely due to the observed increase in anthropogenic [man-made] GHG
concentrations” (IPCC 2007). The general consensus is that as atmospheric concentrations of
GHGs continue to rise, average global temperatures and sea levels will rise, precipitation

9 Fujita scale FO, F1, F2, and F3 through F5 tornadoes are classified with wind speeds of 40 to 72 mph, 73 to
112 mph, 113 to 157 mph, 158 to 206 mph, and up to 261 to 318 mph, respectively.



TABLE 3.5.1-1 Temperature and Precipitation Summaries at Selected Meteorological Stations in and around the
Study Area

Temperature (°F)?

Precipitation (in.)

Average Average
Monthly Monthly Total Water
Station State County Minimum Maximum  Mean® Equivalent  Snowfall Period of Record

Grand Junction CO  Mesa 15.9 92.9 51.8 8.70 21.6 1/1/1900 — 12/31/2010
Meeker CO Rio Blanco 6.2 85.8 45.4 16.59 71.1 1/1/1893 — 12/31/2010
Rifle CO Garfield 9.3 90.2 47.8 11.58 38.5 9/9/1910 — 11/30/2007
Hanksville UT Wayne 10.9 98.2 53.5 5.69 7.1 3/1/1910 - 12/31/2010
Price UT Carbon 13.4 90.0 50.0 9.28 18.3 9/1/1968 — 12/31/2010
Vernal uT Uintah 5.0 89.2 46.2 8.43 18.5 11/1/1894 —12/31/2010
Big Piney WY  Sublette 5.3 80.0 35.8 7.46 28.6 8/1/1948 — 11/30/2001
Rawlins WY  Carbon 12.6 83.8 44.1 9.03 51.9 3/6/1951 — 5/31/2008
Rock Springs WY  Sweetwater 11.2 83.4 41.8 8.69 43.6 8/1/1948 — 12/31/2010

2 “Average Monthly Minimum” denotes the monthly average of daily minimum values during the period of record, which
normally occurs in January. “Average Monthly Maximum” denotes the monthly average of daily maximum values during the
period of record, which normally occurs in July.

b NCDC 1971 to 2000 monthly normals.
Source: WRCC (2011).
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patterns will change, and climatic trends will change and influence the earth’s natural resources
in a variety of ways.

There are uncertainties associated with the science of climate change, but this does
not imply that scientists do not have confidence in many aspects of climate change science.
According to the EPA, some aspects of the science are “known with virtual certainty because
they are based on well-known physical laws and documented trends” (EPA 2011a).

Secretarial Order 3289 directs the Department of the Interior’s component bureaus,
including the BLM, to address the impacts of climate change on America’s water, land, and other
resources (Secretary of the Interior 2009). Management decisions made in the context of climate
change impacts must be informed by science and require that scientists work with managers who
are confronting this issue to evaluate impacts through the NEPA process. CEQ is crafting
guidance on addressing climate change in NEPA documents for federal agencies, which will
eventually assist the BLM (and other DOI agencies) in addressing climate change.

3.5.1.2.1 Current GHG Conditions. GHGs are compounds in the atmosphere that
absorb infrared radiation and re-radiate a portion of that back toward the earth’s surface, thus
trapping heat and warming the earth’s atmosphere. The most important naturally occurring GHG
compounds are carbon dioxide (CO3), methane (CHy), nitrous oxide (N20O), ozone (O3), and
water vapor. COp, CHg4, and N7O are produced naturally by respiration and other physiological
processes of plants, animals, and microorganisms; by decomposition of organic matter; by
volcanic and geothermal activity; by naturally occurring wildfires; and by natural chemical
reactions in soil and water. Ozone is not released directly by natural sources, but forms during
complex photochemical reactions in the atmosphere among volatile organic compounds (VOCs)
and nitrogen oxides in the presence of ultraviolet radiation (sunlight). While water vapor is a
strong GHG, its concentration in the atmosphere is primarily a result of, not a cause of, changes
in surface and lower atmospheric temperature conditions.

Human activities contribute some water vapor to the atmosphere, but their contribution is
infinitesimal compared with massive amounts of water that are naturally cycling through the
atmosphere. Tropospheric O3, which is a secondary pollutant, is short-lived, so O3 does not have
strong global climate change effects. Thus, water vapor and O3 are not included in the GHG
emission inventory.

Although naturally present in the atmosphere, concentrations of CO,, CHy, and N>O also
are affected by emissions from industrial processes, transportation technology, urban
development, agricultural practices, and other human activity. In addition to these GHGs, three
industrially generated GHGs also contribute to climate change: sulfur hexafluoride (SFy),
hydrofluorocarbons (HFCs), and perfluorocarbons (PFCs). CO, and CHy4 account for the most
significant anthropogenic GHG emissions. For instance, the BLM-authorized activities
accounting for the largest quantities of GHG emissions include fossil fuel development and
production, large wildland fires, and activities using combustion engines (such as generators and
vehicles). GHG emissions are often discussed in terms of COe, which include multiple GHG
pollutants and account for pollutant differences in contribution to global warming. A GHG’s
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ability to contribute to global warming is based on its longevity in the atmosphere and its heat-
trapping capacity. The EPA has assigned each GHG a global warming potential (GWP) that is
used to calculate aggregate emissions. The COze for each GHG is determined by multiplying the
quantity of emissions by the GWP for that GHG. Total COze emissions for all GHGs are then
determined by adding the COe emissions of each GHG. GWPs used for GHG emission
calculations and reporting are 1 for CO», 21 for CHy, and 310 for N>O.

3.5.1.2.2 Global Climate Change Trends and Predictions. The IPCC and the National
Oceanic and Atmospheric Administration (NOAA) estimated the following changes in global
atmospheric concentrations of the most important GHGs (IPCC 2007; NOAA 2010):

* Atmospheric concentrations of CO; have risen from a pre-industrial
background of 280 parts per million by volume (ppmv) to 386 ppmv in 2009;

* Atmospheric concentrations of CH4 have risen from a pre-industrial
background of about 0.70 ppmv to 1.79 ppmv in 2009; and

» Atmospheric concentrations of N>O have risen from a pre-industrial
background of 0.270 ppmv to 0.322 ppmv in 2009.

The IPCC has concluded that these changes in atmospheric composition are almost
entirely the result of human activity, not the result of changes in natural processes that produce
or remove these gases (IPCC 2007). The IPCC estimates that mean global surface temperatures
increased by 0.74°C from 1906 to 2005 (IPCC 2007). In addition, the rate of warming averaged
over the past 50 years is nearly twice that for the past 100 years.

Global and regional climatic changes have already been documented and will continue
to occur due to GHG concentrations already present in the atmosphere and ongoing global
emissions of GHGs. The global mean surface temperature has increased by approximately 1.5°F
since 1900 (USGCRP 2009). Climate models indicate that average temperature changes are
likely to be greater in the Northern Hemisphere. Northern latitudes (above 24° N) have exhibited
temperature increases of nearly 2.1°F since 1900, with nearly a 1.8°F increase since 1970 alone.
Without additional meteorological monitoring systems, it is difficult to determine the spatial and
temporal variability and change of climatic conditions, but increasing concentrations of GHGs
are likely to accelerate the rate of climate change.

Of 12 recent years (1995-2006), 11 rank among the 12 warmest years in the instrumental
record of global surface temperature since 1880 (Figure 3.5.1-2). Global surface temperatures
from 1906 to 2005 have increased approximately 0.74°C, with a range of 0.56°C to 0.92°C. The
linear warming trend of global surface temperatures over the 50 years from 1956 to 2005 is
0.13°C per decade, which is nearly twice that for the 100 years from 1906 to 2005. Increases in
sea level are consistent with warming.

In 2007, the IPCC indicated that by 2100 the global average surface temperature would
increase by between 1.1°C and 6.4°C above 1980-1999 levels, depending on the assumptions
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FIGURE 3.5.1-2 Global Mean Land-Ocean Temperature Index, 1880 to
Present, with Base Period 1951-1980 (Source: GISS 2011)

made in the predictive model (IPCC 2007). The National Academy of Sciences has confirmed
these findings but has indicated there are uncertainties regarding how climate change may affect
different regions. Computer model predictions show that temperature increases will not be
equally distributed but will likely be accentuated at higher latitudes. Warming during the winter
is expected to be greater than during the summer, and increases in daily minimum temperatures
are likely to be greater than increases in daily maximum temperatures. Increases in temperature
would increase water vapor retention in the atmosphere and reduce soil moisture, increasing
generalized drought conditions, while enhancing heavy storms. Although large-scale spatial
shifts in precipitation distribution may occur, these changes are more uncertain and difficult to
predict. In a warmer climate, the risk of more intense and longer heat waves will increase.
Extremes of summer dryness and winter wetness will increase in most places, resulting in a
greater risk of both droughts and floods; precipitation will concentrate in heavier rain events
separated by longer dry periods (USGCRP 2009).

Climate change predictions are based on multiple modeling scenarios involving different
sets of GHG emission assumptions. Emission assumptions are primarily based on determinations
of global population growth, economic growth, fossil fuel development and use, and many other
factors. The predictions described below are not based on implementation of GHG emission
reduction programs, such as the Kyoto Protocol or EPA regulation of GHG emissions. For
example, EPA recently began to regulate GHGs, and these regulations will decrease future
U.S. GHG emissions through a variety of methods. EPA regulatory actions to date are as
follows:



Final OSTS PEIS 3-107

+ Setting GHG emission standards for new light-duty vehicles;

* Requiring mandatory reporting of annual GHG emissions from many types of
stationary sources responsible for the bulk of U.S. GHG emissions;

* Requiring air pollution control agencies to review GHG emissions when
issuing air quality construction and operating permits for stationary sources
with large quantities of GHG emissions; and

* Requiring identification and imposition of GHG emission reduction control
technologies for large GHG emission sources before constructing new
facilities or modifying or reconstructing existing facilities.

GHG emissions resulting from the above regulations have been included in past climate
change modeling. Future global modeling and climate change predictions may include
U.S. GHG emission reductions. Because of the long atmospheric lifetimes of GHGs, decreases in
atmospheric GHG concentrations resulting from these regulations will occur over decades.

3.5.1.2.3 Climate Change Impacts on Regional Resources. Projected changes are
likely to occur over several decades to a century. Therefore, many of the projected changes
associated with climate change described below may not be measurable within the reasonably
foreseeable future. However, research on climate change science is ongoing, and it is expected
that regional research projects will only be finer in scale and will be more confident over time as
the science advances. To the extent practicable, BLM management will review actions it
authorizes and the impacts on or from climate change as the state of the science advances and as
project authorization decisions are made.

Since global climate models poorly represent the complexity of the Rocky Mountain
Region’s topography, researchers are using “downscaling” and other techniques to study
processes that matter to natural resource managers. Several research projects are under way to
improve regional understanding—some use statistical “downscaling” methods, which adjust for
the effects of elevation and the mountains on snowfall and temperature; other studies involve
compiling, calibrating, and studying historical datasets; others involve enhanced climate
modeling efforts to include finer spatial resolution that better represent the region’s mountainous
terrain.

This PEIS addresses potential environmental effects of land use allocations pertaining to
potential oil shale and tar sands activities in Colorado, Utah, and Wyoming. Therefore, climate
change trends are summarized for the Great Plains Region (as identified by the U.S. Global
Change Research Program to include North Dakota, South Dakota, eastern Montana, Wyoming,
eastern Colorado, Nebraska, Kansas, eastern New Mexico, Oklahoma, and central Texas) and the
Southwest Region (which includes western Colorado, western New Mexico, western Texas,
Utah, Arizona, Nevada, and California). Activities associated with oil shale and tar sands
development, if any, would contribute to overall atmospheric GHG emissions; however, it is not
possible at this time to predict either the specifics of those GHG emissions, or how they might
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result in specific climate change related impacts. See Chapter 4, Section 4.6.1.1, Climate
Change, for more discussion on GHG emissions specific to oil shale and tar sands activities and
climate change.

Much of the information summarized below is derived from the information represented
by the color shadings on U.S. climate change maps (USGCRP 2009). Climate change predictions
are within the given range represented on these maps and may not reach the maximum or
minimum extents of the range. Past climate trends and future predictions for the region,
including northwestern Colorado, southwestern Wyoming, and northeastern Utah, are as follows
(IPCC 2007; Ebi et al. 2007; Saunders et al. 2008; EPA 2010; USGCRP 2009):

» The average temperature increased by 1 to 3°F from a 1961 to 1979 baseline
average to the average temperature measured from 1993 to 2008. By 2059, the
average temperature is predicted to increase by 3 to 5°F above the 1961 to
1979 baseline. Temperatures are expected to increase more in winter than in
summer, more at night than during the day, and more in the mountains than at
lower elevations.

* The annual number of days above 90°F and the frequency of extreme heat
events will increase.

* Annual average precipitation increased between 5 and 15% between 1958 and
2008. Based on modeling using a high emissions scenario, predicted
precipitation changes indicate increased precipitation in the winter (up to
+20%) and substantial decreases in the spring (from 0% to —20%) and
summer (0% to —15%). Fall precipitation is predicted to be within —5% to
+5%.

* End-of-summer drought has increased during the last 50 years, and drought is
expected to be more prevalent in the future.

* Annual runoff will decrease by 10 to 20% for the period 2041-2060,
compared to period 1901-1970.

* Peak streamflow from melting snow is occurring earlier. In 2002, peak
streamflow occurred up to 5 days earlier than during 1948. From 2080 to
2099, peak streamflow is predicted to occur 5 to 25 days earlier than during
the 1951 to 1980 period.

* Very heavy precipitation occurred up to 16% more often between 1958 and
2007.

* Reduced winter snowpack and earlier snowmelt result in less water flowing
into the Colorado River, less water available for downstream residential and
agricultural users, and shorter ski seasons (unless additional snowmaking is
used to prolong the season).
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* In some areas of the Colorado River basin, declines in spring snowpack and
streamflows may occur. Projections suggest continued warming, and
summertime temperatures are greater than the annual average in some parts of
the region.

»  Water supplies are projected to become increasingly scarce, which may lead
to conflicts among cities and agricultural users. Changes in stream
morphology and aquatic habitat may occur because of changes in the
magnitude, timing, and frequency of streamflows (Dunne and Leopold 1978).

+  Wildfire activity is expected to increase because of rising temperatures,
reductions in snowpack, and reductions in soil moisture.

* Earlier snowmelt means that peak stream flows occur earlier in the year,
weeks before the peak needs of ranchers, farmers, recreationists, and others.
In late summer, rivers, lakes, and reservoirs have lower flows and less
capacity, which cause the following effects:

— Less water availability for irrigating crops and watering animals;

— Reduced crop and livestock productivity if additional irrigation is not
available;

— Increased water temperatures that adversely affect coldwater fish and
reduce recreational fishing; and

— Reduced mid- and late-summer stream flows that shorten tourism and
recreation opportunities, such as whitewater rafting and boating.

* More frequent, more severe, and longer-lasting droughts are occurring and are
expected to become more prevalent.

*  Warmer and drier conditions will stress ecosystems and wildlife due to the

following effects:

— Shrinkage of coniferous forests and replacement with larger savannas and
woodlands;

— Greater pest infestations in pine forests, such as the pine beetle infestation
in Colorado’s lodgepole pine forests;

— Contraction of aspen forests due to sudden aspen decline linked to reduced
snowpack and drought; and

— Grassland and rangeland expansion into previously forested areas.

* Land will have increased susceptibility to fire with more frequent, larger, and
more intense fires.

*  Geographic flora and fauna will shift to the north or to higher elevations.
Some species may be at greater risk of extinction if they cannot successfully
migrate or adapt.
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» Longer growing seasons may increase productivity for some crops, decrease
productivity for others, and increase agricultural pest populations, including
weeds and insects.

*  Warmer and drier conditions will adversely affect air quality due to the
following effects:
— Increased ambient concentrations of particulate matter because less-
vegetated soils are more susceptible to wind erosion;
— Increased ozone formation; and
— Reduced visibility due to increased particulate matter and wildfire smoke.

» Climatic changes may have the following effects on human health:

— Heavy precipitation increases frequency and severity of flooding and may
contaminate water supplies;

— Heat waves stress some individuals, particularly older adults and young
children; and

— Increased concentrations of 0zone, particulate matter, and smoke stress
some individuals, particularly those with asthma or other lung disease and
those who exercise strenuously during poor air quality episodes.

It should be noted that uncertainty remains about the precise nature, timing, and severity
of these effects in a given area. In addition, because the climate change models predict shifts in
multiple climatic variables (e.g., the seasonal distribution, amount, and intensity of precipitation
in addition to temperature regime), the precise relationship of these variables may profoundly
influence the specific outcomes of climate change. It is also possible that some currently
unknown future factors could result in different outcomes from those currently anticipated. Some
of the predicted effects—particularly those involving shifts in plant and animal communities—
may occur over a period of centuries due to the adaptability of the community and component
species to changing conditions. Some community types may occur across an elevational or
latitudinal range that represents a greater range of climatic conditions than the changes predicted
by climate models. Existing communities may persist in conditions no longer favorable for their
establishment. Therefore, elevational or latitudinal shifts in composition and structure may be
discernible at the upper and lower margins of the community type while intermediate areas show
less or no change.

3.5.2 Existing Emissions

Table 3.5.2-1 presents annual emission inventory data for criteria pollutants and volatile
organic compounds (VOCs) for 2008 for counties within and around the study area in Colorado,
Utah, and Wyoming (CDPHE 2012c; EPA 2012a; UDEQ 2012b). Source categories for
emissions inventories are different from state to state because of different sources and
assumptions.

In Colorado, the point source category accounted for most of the sulfur oxides (SOy)
emissions (about 91%) due to high levels of coal-fired power generation. The point source



TABLE 3.5.2-1 Annual Air Pollutant Emissions for Counties within and around the Study Area, 2008

County Contains

Emission Rate (tons/yr)

il Tar

State County Shale Sands SOy NOy CO VOC PM;q PM; 5
Colorado Chaffee No No 24 827 9,521 12,044 1,852 724
Delta Yes No 48 1,572 12,132 18,106 2,504 1,102
Dolores No No 9 781 4,905 14,601 1,941 420
Eagle No No 80 3,769 21,709 14,948 4,256 1,319
Garfield Yesb No 279 13,546 35,464 55,727 6,338 2,341
Grand No No 75 1,695 9,565 19,315 2,429 714
Gunnison No No 44 1,421 13,470 22,306 2,544 1,110
Jackson No No 5 509 4,527 20,996 608 226
La Plata No No 68 10,454 30,009 24,153 4,416 1,458
Lake No No 10 345 3,692 6,386 635 205
Mesa Yes No 2,879 9,048 40,688 39,828 8,050 2,838
Moffat Yes No 4,031 19,855 25,876 32,503 7,401 4316
Montezuma No No 71 2,077 16,605 23,923 3,062 1,057
Montrose No No 1,358 3,665 19,533 21,220 5,823 2,316
Pitkin No No 10 882 7,379 11,566 967 254
Rio Blanco Yesb No 67 4,615 15,446 33,647 5,358 2,056
Routt No No 2,582 8,732 10,777 26,362 4,856 1,449
San Miguel No No 9 1,093 5,548 13,065 1,504 370
Subtotal 11,649 84,886 286,846 410,696 64,544 24,273
Utah Carbon Yesb Yes 5,672 5,733 11,811 17,006 1,931 460
Daggett Yes No 3 946 4,284 14,341 327 108
Duchesne Yesb Yes 20 3,096 12,784 24,689 2,877 684
Emery Yes Yes 9,484 32,327 16,613 32,545 4,362 1,136
Garfield No Yes 33 649 18,822 46,533 1,465 660
Grand Yes Yes 129 3,749 19,816 37,309 3,277 780
Kane No No 40 656 17,684 49,719 1,412 517
Piute No No 10 114 7,340 13,470 326 93
San Juan No Yes 47 1,521 24,839 66,066 2,962 993
Sanpete No No 98 853 10,593 19,416 1,361 301
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TABLE 3.5.2-1 (Cont.)

County Contains

Emission Rate (tons/yr)

Oil Tar

State County Shale Sands SOy NOy CO VOC PM;q PM; 5
Utah (Cont.)  Sevier No No 119 1,893 14,529 19,678 1,926 428
Summit Yes No 239 5,380 19,646 20,894 2,912 546

Uintah Yesb Yes 28 1,250 19,302 31,653 3,779 1,081

Utah Yes Yes 406 11,645 80,904 33,132 10,184 2,094

Wasatch Yes Yes 20 1,141 10,251 18,424 1,712 331

Wayne No Yes 42 183 7,035 24,930 625 159

Subtotal 16,389 71,135 296,252 469,805 41,437 10,374

Wyoming Carbon Yes No 1,627 7,720 21,428 47,012 16,261 2,179
Fremont Yes No 3,354 4,307 25,997 59,494 37,903 4,248

Lincoln Yesb No 23,322 17,921 26,555 38,107 31,671 8,065

Sublette Yesb No 751 9,094 102,821 62,013 19,069 8,449

Sweetwater Yesb No 31,369 45,067 52,482 72,947 32,287 10,057

Uinta Yesb No 285 4,304 11,421 20,799 17,203 2,232

Subtotal 60,707 88,413 240,704 300,373 154,394 35,230

Region Total 88,745 244,434 823,801 1,180,873 260,376 69,878

2 PMj; 5 emissions for Colorado were not available, so their emissions were estimated based on typical PM, 5/PM ratios by

source category.

b Counties with the most geologically prospective areas: >25 gal/ton and >25 ft thick for Colorado and Utah, and >15 gal/ton
and >15 ft thick for Wyoming.

Sources: CDPHE (2012¢); EPA (2012a); UDEQ (2012b).
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category also contributed about 32% of the NOy emissions. Oil and gas point and area sources
combined contributed about 30% of the NOy. For carbon monoxide (CO), the onroad category
was the primary contributor (about 36%) and biogenic (e.g., naturally occurring emissions from
vegetation and soils) and forest/agricultural fires were secondary contributors (about 16% each).
The biogenic category accounted for most of the VOC emissions (about 83%). For PM1
(particulate matter with a mean aerodynamic diameter of 10 um or less), road dust was the
primary contributor (about 43%) and construction was a secondary contributor (about 20%). For
PM, 5 (particulate matter with a mean aerodynamic diameter of 2.5 um or less), the point source
category was the primary contributor (about 28%) followed by construction (about 23%), road
dust (about 17%), and woodburning (about 13%).

In Utah, point sources accounted for most of the SOy emissions (about 95%) due to high
levels of coal-fired power generation, and they were the primary contributors to NOyx emissions
(about 57%), due primarily to fossil fuel-fired power generation. Onroad sources were primary
contributors to total CO emissions (about 46%) and secondary contributors to total NOy
emissions (about 30%), total PM1( emissions (about 37%), and total PM> 5 emissions (about
16%). Biogenic sources were primary contributors to total VOC emissions (about 95%). Area
sources were primary contributors to total emissions of both PM ¢ (about 52%) and PM> 5
(about 63%).

In Wyoming, the fuel combustion category accounted for most of the SOx emissions
(about 92%) due to high levels of coal-fired power generation and was a primary contributor of
NOy emissions (about 56%). Industrial activities accounted for about 17% of the NOy. For CO,
miscellaneous sources (such as fires, agricultural activities, road dust, non-industrial processes,
etc.) were primary sources (about 42%), and were followed by biogenic sources (about 19%).
For VOCs, the biogenic category was the primary contributor (about 59%), while industrial
activities were secondary contributors (about 30%). Miscellaneous sources were the primary
contributors to both PM ¢ (about 82%) and PM; 5 (about 58%).

3.5.3 Air Quality

Under the Clean Air Act (CAA) which was last amended in 1990, the EPA has set
National Ambient Air Quality Standards (NAAQS) for pollutants considered harmful to public
health and the environment (EPA 2012b). NAAQS have been established for six criteria
pollutants—sulfur dioxide (SO3), nitrogen dioxide (NOy), CO, ozone (O3), PM1g and PM3 5, and
lead (Pb), as shown in Table 3.5.3-1. The Clean Air Act established two types of NAAQS:
primary standards to protect public health, including sensitive populations (e.g., asthmatics,
children, and the elderly), and secondary standards to protect public welfare, including protection
against degraded visibility and damage to animals, crops, vegetation, and buildings. Any
individual state can have its own State Ambient Air Quality Standards (SAAQS), but SAAQS
must be at least as stringent as the NAAQS. If a state has no standard corresponding to one of the
NAAQS or the SAAQS is not as stringent as the NAAQS, then the NAAQS apply. Colorado has
more stringent standards than the NAAQS for SO, (CDPHE 2012d). In Utah, the standards are
equivalent to the NAAQS for each pollutant (Utah Administrative Code Rule R307-101-1). In



TABLE 3.5.3-1 National Ambient Air Quality Standards (NAAQS), State Ambient Air Quality Standards (SAAQS), and
Prevention of Significant Deterioration Increments for the Study Area

NAAQSP SAAQS PSD Increment
(ug/m*)f
Averaging Standard
Pollutant® Time Standard Value Type© Colorado Utahd Wyoming® Class I Class II
SO,8 lh 75 ppbg P —h 75 ppb - - -
700 pg/m?3 1,300 pg/m?3
3h 0.5 ppm S (0.267 ppm) 0.5 ppm (0.50 ppm) 25 512
~ ~ B B 260 pg/m3
24 h (0.10 ppm) 5 91
B B B B 60 ug/m3
Annual (0.02 ppm) 2 20
NO, lh 100 ppb P - 100 ppb - - -
B 100 pg/m3
Annual 53 ppb P, S 53 ppb (0.05 ppm) 2.5 25
40 mg/m?3
CcO lh 35 ppm P - 35 ppm - -
pp PP (35 ppm)3
10 mg/m
8h 9 ppm P - 9 ppm - -
PP PP (9 ppm)
05l 8h 0.075 ppm P, S - 0.075 ppm 0.08 ppm - -
PM,, 24h 150 pg/m? P,S - 150 ug/m3 150 ug/m3 8 30
Annual —! - - - 50 pg/m3 4 17
PM, 5 24 h 35 ug/m3 P,S - 35 ug/m3 35 ug/m3 2 9
Annual 15 pg/m3 P,S - 15 pg/m3 15 pg/m3 1 4
Pbl Rolling3mo  0.15 pug/m3 P, — 0.15 ug/m 0.15 pug/m3 — —

Footnotes on next page.
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TABLE 3.5.3-1 (Cont.)

2 CO = carbon monoxide; NO; = nitrogen dioxide; O3 = ozone; Pb = lead; PM, 5 = particulate matter < 2.5 pm; PM;( = particulate matter
<10 pum; SO, = sulfur dioxide.

b Refer to 40 CFR Part 50 and EPA (2012b) for detailed information on attainment determination and reference method for monitoring.

¢ P = primary standards, which set limits to protect public health, including the health of “sensitive” populations such as asthmatics, children,
and the elderly; S = secondary standards, which set limits to protect welfare, including protection against decreased visibility, and damage to
animals, crops, vegetation, and buildings.

d" In Utah, the standards are equivalent to the NAAQS for each pollutant.

¢ In addition, the State of Wyoming has adopted standards for hydrogen sulfide (H,S), suspended sulfates, fluorides, and odors, as well as more
stringent standards for SO,.

f All NEPA analysis comparisons to the Prevention of Significant Deterioration (PSD) increments are intended to evaluate a threshold of
concern and do not represent a regulatory PSD Increment Consumption Analysis.

& Final rule signed June 2, 2010. The 1971 annual and 24-hour SO, standards were revoked in the same rulemaking. However, these standards
remain in effect until 1 year after an area is designated for the 2010 standard, except in areas designated nonattainment for the 1971 standards,
where the 1971 standards remain in effect until implementation plans to attain or maintain the 2010 standard are approved.

h A dash indicates that no standard exists.

i Final rule signed March 12, 2008. The 1997 ozone standard (0.08 ppm, annual fourth-highest daily maximum 8-hour concentration, averaged
over 3 years) and related implementation rules remain in place. In 1997, EPA revoked the 1-hour ozone standard (0.12 ppm, not to be
exceeded more than once per year) in all areas, although some areas have continued obligations under that standard (“anti-backsliding”).

3 Final rule signed October 15, 2008. The 1978 lead standard (1.5 pg/m3 as a quarterly average) remains in effect until 1 year after an area is
designated for the 2008 standard, except that in areas designated nonattainment for the 1978, the 1978 standard remains in effect until
implementation plans to attain or maintain the 2008 standard are approved.

Sources: 40 CFR Part 50; 40 CFR 52.21; 75 FR 64864; Utah Administrative Code Rule R307-101-1; CDPHE (2012d); EPA (2012b);
WDEQ (2012c).
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addition, the State of Wyoming has adopted standards for hydrogen sulfide (H»S), suspended
sulfates, fluorides, and odors, as well as more stringent standards for SO, (WDEQ 2012c¢).

Except as noted below, existing air quality within the study area is relatively good. EPA
designated areas within the study area are classified as in attainment or as unclassifiable/
attainment (40 CFR 81.306, 81.345, 81.351; EPA 2012c). A minute portion of tar sands
resources are located in the southeastern corner of Utah County, which is currently designated
as a nonattainment area for PM g and PM» 5 and a maintenance area for CO. The entire Utah
County is a nonattainment area for the PMjg. However, the PM; 5 nonattainment area is limited
to the Utah Valley, which is the western half of the county, while the CO maintenance area is
limited to the City of Provo. On April 30, 2012, the Upper Green River Basin, which includes
Sublette County and parts of Lincoln and Sweetwater Counties, was designated as a marginal
nonattainment area for 8-hour ozone based on high wintertime ozone levels (40 CFR 81.351).

For most criteria air pollutants, ambient concentrations are relatively low compared with
applicable ambient air quality standards, as shown in Table 3.5.3-2 for each state in the study
area. However, recent ozone data acquired at relatively new monitoring sites indicate high ozone
concentrations in some portions of the study area.

Ozone is primarily known as a summertime pollutant. The conditions conducive to high
ozone concentrations typically include high temperature, low wind speeds, intense solar
radiation, and an absence of precipitation (NRC 1992). However, high ozone concentrations
have recently been observed in several western rural areas during winter months, even when
temperatures are below freezing. Sublette County, Wyoming, is the area that wintertime high
ozone levels were first identified, where daily maximum 8-hour ozone levels have frequently
exceeded the NAAQS level of 0.075 ppm in wintertime, mostly during January to March. In
contrast, ozone exceedances during the summer ozone season (lasting from spring to early fall)
are rare in this area.

Individual days with ozone concentrations above 0.075 ppm do not necessarily indicate a
violation of the 8-hour ozone NAAQS. The standard is violated only when quality-assured
monitoring data indicate that the 3-yr calendar-year average of the annual fourth-highest daily
maximum 8-hour average ozone concentration exceeds 0.075 ppm at a specific monitoring
location. Table 3.5.3-2 provides the multiyear O3 fourth-highest 8-hour daily maximum ozone
values for comparison with the NAAQS. Because of insufficient data (less than three years), no
Colorado or Utah ozone monitors that are nearest to the study area indicate potential ozone
violations. However, recent Wyoming ozone concentrations in and near the study area indicate a
potential violation of the ozone NAAQS.

Table 3.5.3-3 provides a summary of rural monitor daily maximum values in areas in or
near the study area. As shown in the table, maximum daily 8-hour average ozone concentrations
above 0.075 ppm have been monitored within the study area at one site in Colorado, and at
multiple sites in Utah and Wyoming. For example, monitored daily maximum 8-hour ozone
concentrations exceeded 0.075 ppm on 29 days in Boulder within Sublette County, Wyoming,
between February 2, 2005, and June 30, 2011; 27 of these days occurred in winter months. The
greatest monitored 8-hour ozone concentration of 0.123 ppm was observed in March 2011, along
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TABLE 3.5.3-2 Monitored Concentrations Representative of the Study Area?

Averaging Applicable

State Pollutant Time Standard® Concentration® Noted
Colorado SO, 1h 75 ppb —e —

3h 0.267 ppm  — (See Murphy Ridge, WY)
24 h 0.14 ppm - (See Murphy Ridge, WY)
Annual 0.03 ppm - (See Murphy Ridge, WY)

NO, 1h 100 ppb - (See Redwash, UT)
Annual 0.053 ppm - (See Redwash, UT)

CO l1h 35 ppm 6.8 ppm (19%)f Grand Junction, Pitkin (2008-2010)
8h 9 ppm 2.3 ppm (26%)f Grand Junction, Pitkin (2008-2010)

03 &h 0.075 ppm 0.064 ppm (85%)8 Rifle (2009—2010)

0.066 ppm (88%)¢  Palisade (2009-2010)
0.063 ppm (84%)¢  Colorado NM (2008-2009)

PMq 24h 150 ug/m3 67 pug/m3 (45%) Grand Junction, Powell Bldg.
(2008-2010)

PM; 5 24h 35 ug/m3 34.5 ng/m3 (99%) Grand Junction, Powell Bldg.
(2008-2010)

Annual 15 Hg/m3 93 Hg/m3 (62%) Grand Junction, Powell Bldg.
(2008-2010)

Utah SO, lh 75 ppb - -
3h 0.5 ppm - (See Murphy Ridge, WY)
24 h 0.14 ppm - (See Murphy Ridge, WY)
Annual 0.03 ppm - (See Murphy Ridge, WY)
NO; 1h 100 ppb 34 ppb (34%)8 Ouray (2009-2010)!

30 ppb (30%)8 Redwash (2009-2010)i
Annual 0.053ppm  0.010 ppm (19%)?  Ouray (2009-2010)
0.012 ppm (23%)"  Redwash (2009-2010)

CcO lh 35 ppm 3.9 ppm (11%)F Provo urban area (2008-2010)
8h 9 ppm 2.6 ppm (29%)f Provo urban area (2008-2010)
03 8h 0.075ppm  0.117 ppm (156%)¢  Ouray (2009—2010)%J

0.083 ppm (111%)¢  Redwash (2009-2010)
0.064 ppm (85%) Dinosaur NM (2007-2009)
0.069 ppm (92%) Canyonlands NP (2008-2010)

PMjo 24h 150 pg/m3 - (See Grand Junction, CO Powell
Annual 50 pg/m3 - Bldg.)
PM; s 24h 35 ugm’ - (See Grand Junction, CO Powell

Annual 15 Hg/m3 - Bldg. and Rock Springs, WY)
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TABLE 3.5.3-2 (Cont.)

Averaging  Applicable

State Pollutant Time Standard® Concentration® Noted
Wyoming SO, 1h 75 ppb - -
3h 0.5 ppm 0.006 ppm (1%)f Murphy Ridge (2007-2008)
24 h 0.10 ppm 0.006 ppm (6%)f Murphy Ridge (2007-2008)
Annual 0.02 ppm 0.001 ppm (5%)P Murphy Ridge (2007-2008)
NO, lh 100 ppb 21 ppb (21%)8 Murphy Ridge (2007-2008)
Annual 0.05 ppm 0.007 ppm (13%)P Murphy Ridge (2007-2008)
CO 1h 35 ppm 1.6 ppm (5%)f Murphy Ridge (2007-2008)
8h 9 ppm 1.5 ppm (17%)f Murphy Ridge (2007-2008)
O3 8h 0.075 ppm  0.067 ppm (89%)8 Murphy Ridge (2007-2008)
PM; 24 h 150 pg/m3 81 pg/m?3 (54%)8 Murphy Ridge (2007-2008)

64 ug/m3 (43%) Rock Springs (2008-2010)
Annual 50 pg/m3 25 pg/m3 (50%)h Rock Springs (2008-2010)

PM, 5 24h 35 ug/m3 14.5 pg/m3 (42%)  Rock Springs (2008—2010)
Annual 15 pg/m3 6.2 pg/m?3 (41%) Rock Springs (2008—2010)

2 Monitored concentrations are the second-highest for 3-h and 24-h SO,, 1-h and 8-h CO, and 24-h PM (3-yr
average); 3-yr average of the annual 4th highest daily maximum for 8-h O3; 3-yr average of the
98th percentile for 24-h PM, 5 and 1-h NO,; 3-yr average of the 99th percentile for 1-h SO,; and arithmetic
mean for annual SO,, NO,, and PM; s.

b Most restrictive national or state standard.

¢ Values in parentheses are monitored concentrations as a percentage of the applicable standard.

d  Representative concentrations are based on recent, reasonably complete data in or near the study area.
¢ A dash indicates that no monitoring data are available.

£ The value shown represents the greatest annual second-maximum monitored value during the data years
included for the site.

g In some cases, less than three calendar years of recent data were available for pollutants for which the
NAAQS format is a 3-yr average. In these cases, data typically reflect complete calendar years. Data sets
with complete 2-yr averages for 2009—2010 include Palisade and Rifle, Colorado, and Redwash, Utah.
Colorado National Monument data represent complete 2-yr averages for 2008—2009. Murphy Ridge,
Wyoming, site data are based on nearly two full calendar years of data from January 1, 2007 through
November 12, 2008.

b The value shown represents the greatest annual average monitored value during the data years included for
the site.

i The air quality monitors at Redwash and Ouray are located on Bureau of Indian Affairs land and are operated
by Golder Associates as part of a site-specific compliance action (UDEQ 2010b).

' In some cases, less than three calendar years of recent data were available for pollutants for which the
NAAQS format is a 3-yr average. In these cases, data typically reflect complete calendar years. Data sets
with complete 2-yr averages for 2009-2010 include Palisade and Rifle, Colorado, and Redwash, Utah. Data
for Ouray, Utah, were limited to calendar year 2010. Colorado National Monument data represent complete
2-yr averages for 2008—2009. Murphy Ridge, Wyoming, site data are based on nearly two full calendar years
of data from January 1, 2007, through November 12, 2008.

Source: EPA (2011b).



Final OSTS PEIS

3-119

TABLE 3.5.3-3 Highest Daily Maximum 8-Hour Ozone Concentrations and the Total Number of

Exceedance Days at Selected Monitoring Sites within and around the Study Area

Highest Daily
Maximum §-Hour
Concentration Total Number of

State County Station Name (ppm) Exceedance Days Time Period
Colorado  Garfield Rifle 0.076 2 (0)® 6/21/08 — 6/30/11
Mesa? Colorado NM 0.071 0(0) 4/19/07 - 9/30/10

Palisade 0.077 1 (0) 5/31/08 — 06/30/11

Rio Blanco  Meeker 0.073 0 (0) 1/9/10 - 7/31/11

Rangely 0.088 303) 8/8/10 - 7/31/11

Utah San Juan Canyonlands NP¢ 0.078 2 (0) 1/1/05 - 7/31/11
Uintah Dinosaur NM¢ 0.071 0(0) 4/20/07 — 9/26/10
Ouray 0.139 61 (61) 7/31/09 — 6/30/11
Redwash 0.125 51(51) 7/30/09 — 6/30/11
Wyoming  Fremont® South Pass 0.093 10 (7) 3/15/07 — 6/30/11

Sublette Big Piney 0.072 0(0) 4/1/11 — 6/30/11

Boulder 0.123 29 (27) 2/2/05 — 6/30/11

Daniel South 0.084 44) 7/1/05 - 6/30/11

Jonah 0.102 13 (13) 1/1/05 —4/22/08

Juel Spring 0.094 44 1/1/10 - 3/31/11
Pinedale 0.089 44 7/29/09 — 6/30/11

Wyoming Range 0.083 3(3) 1/1/11 — 6/30/11
Sweetwater ~ Moxa 0.075 0(0) 5/29/10 — 6/30/11

OCI #4 Sited 0.094 2(2) 1/2/07 — 9/30/09

Wamsutter 0.087 1(1) 3/7/06 — 6/30/11

Uinta Murphy Ridge® 0.075 0(0) 1/1/07 — 6/30/11

2 Not in but near the study area.

b Numbers in parentheses denote ozone exceedance days in winter months, from December to March. Of total
wintertime exceedances in three states combined, about half of the exceedances have occurred in February,
along with about a quarter of the exceedances each in January and March. There was only one ozone

exceedance in December.

2 Not in but near the study area.

¢ NP = National Park; NM = National Monument.

d The site is located about 25 mi west-northwest of Rock Springs, Sweetwater County, Wyoming.

¢ The site is located near the Utah—Wyoming border, approximately 9 mi north-northwest of Evanston in

Uinta, County, Wyoming.

Source: EPA (2011b).
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with the second highest of 0.122 ppm in February 2008 (EPA 2011b). High wintertime ozone
levels have also been observed at some monitoring sites in neighboring Fremont and Sweetwater
Counties. However, the Big Piney, Moxa, and Murphy Ridge monitors show no daily maximum
8-hour averages above the ozone standard.

On March 12, 2009, the Governor of Wyoming submitted a recommendation to the EPA
requesting designation of the Upper Green River Basin in southwest Wyoming as an ozone
nonattainment area, based on monitoring results from 2006 through 2008.10 The proposed
nonattainment area includes the entire Sublette County and east-central Lincoln and
northwestern Sweetwater Counties, within which a small portion of the study area is situated.
As of October 12, 2011, the EPA has made no determination concerning this request.

Air quality modeling indicated that these high-ozone incidents during wintertime result
from several factors: high solar radiation due to high elevation enhanced by high albedo!! caused
by snow cover; shallow mixing height below temperature inversion; no or few clouds; stagnant
or light winds; and abundant ozone precursors (such as NOy and VOC) from existing oil and gas
development activities (Kotamarthi and Holdridge 2007; Morris et al. 2009). In particular, snow
cover plays an important role in UV reflection and insulation from the ground, which reduces the
surface heating that promotes the breakup of temperature inversions.

Topographic and meteorological conditions in the study area in Colorado and Utah are
quite similar to those in Sublette County, Wyoming. Thus, the elevated wintertime ozone
problem is highly likely once ozone precursor emissions are available. Recently, ozone
monitoring has begun in Garfield, Mesa, and Rio Blanco Counties, Colorado, and Uintah County
in Utah.

Within rural western Colorado, the greatest monitored daily 8-hour maximum ozone
concentrations were 0.076 ppm at Rifle, 0.077 ppm at Palisade, and 0.088 ppm in Rangely. Only
one day at Palisade and two days at Rifle, which occurred in July, showed monitored
concentrations above 0.075 ppm in three years. However, Rangely recorded concentrations
exceeded the standard on three days in just under one year. In February 2011, daily maximum
8-hour ozone levels exceeded the NAAQS level for three days in a row, with the highest of
0.088 ppm at Rangely (EPA 2011b).

Within Utah portions of the study area, ozone monitors at the Ouray and Redwash sites in
Uintah County and the Canyonlands National Park (NP) site in San Juan County have individual
days above 0.075 ppm. In fact, wintertime high ozone is more significant in Uintah County,
Utah, compared to Colorado or Wyoming. The Canyonlands NP site has only 2 daily
exceedances in more than six years, occurring only in summer months. In contrast, the Ouray
and Redwash monitors have 61 and 51 exceedance days, respectively, above the standard in

10 Nonattainment status for any area is determined when the 3-year average of the fourth-highest daily maximum
8-hour average ozone concentrations measured at each monitor within an area over each year is 0.075 ppm.

11 Albedo is defined as solar reflectivity of the earth’s surface. Typical values range from 0.1 for thick deciduous
forests to 0.9 for fresh snow. When the ground is highly reflective (e.g., snow cover), solar ultraviolet energy is
almost doubled.
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approximately three years (though only two complete calendar years have been monitored), all of
which occurred in winter months. The greatest monitored maximum daily concentrations were
0.139 ppm at the Ouray monitor and 0.125 at the Redwash monitor.

Of total wintertime exceedances in three states combined, about half of the exceedances
have occurred in February, along with about a quarter of the exceedances each in January and
March. There was only one ozone exceedance in December.

The Prevention of Significant Deterioration (PSD) regulations (40 CFR 52.21), which
are designed to limit the growth of air pollution in “clean” areas, apply to all major new and
modified sources within attainment and unclassifiable areas. PSD regulations limit increases in
ambient concentrations above legally established baseline levels for criteria pollutants as shown
in Table 3.5.3-1. Incremental increases in PSD Class I areas are strictly limited, while those in
Class II areas allow for moderate emission growth. Most of the oil shale and tar sands resource
areas are classified as PSD Class II, except for the tar sands area in or around Arches,
Canyonlands, and Capitol Reef NPs in Utah, and the oil shale area immediately upwind of the
Flat Tops Wilderness Area (WA) in Colorado. The PSD Class I and Colorado Class I SO;
increment areas located within 50 mi of the study area are listed in Table 3.5.3-4.12 Predominant

TABLE 3.5.3-4 PSD Class I and State Category I Areas Located within 50 mi of the Study Area

Managing Area Distance
Classification Sensitive Receptor Name Agency? (Acres) State (mi)®
PSD Class I Arches National Park DOI-NPS 65,098 UT 32
Areas Bridger Wilderness Area USDA-USFS 428,169 WY 30
Bryce Canyon National Park DOI-NPS 35,832 UT 47
Canyonlands National Park DOI-NPS 337,570 UT 0
Capitol Reef National Park DOI-NPS 221,896 UT 0
Flat Tops Wilderness Area USDA-USFS 235,230 CO 27
Fitzpatrick Wilderness Area USDA-USFS 198,525 WY 48
Maroon Bells-Snowmass Wilderness Area  USDA-USFS 71,060 CO 45
Colorado Colorado National Monument DOI-NPS 20,500 CO 34
Class 1 SO,  Dinosaur National Monument DOI-NPS 210,000 CO/UT 7
Increment
Areas®

2 DOI = U.S. Department of the Interior; NPS = National Park Service; USDA = U.S. Department of
Agriculture; USFS = U.S. Forest Service.

Shortest distance between the potential lease area and the sensitive area.

¢ Federal Class II area under the CAA, but it has been designated a State of Colorado Class I SO, Increment
Area.

12 Although the area is not a designated PSD Class I area, it has been designated as a Category I area by the State
of Colorado, with SO, increments equivalent to those applicable in a federal Class I area.
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wind direction aloft is from the west and southwest in the region; thus, potential air quality for
the Class I areas located east and northeast of the study area would be affected.

Federal departments and agencies are prohibited from taking actions in nonattainment
and maintenance areas unless they first demonstrate that the actions would conform to the State
Implementation Plan (SIP) as it applies to criteria pollutants. Transportation-related projects are
subject to requirements for transportation conformity. General conformity requirements apply to
stationary sources. Conformity addresses only those criteria pollutants for which the area is in
nonattainment or maintenance (e.g., VOCs and NOy for O3). If annual source emissions are
below specified threshold levels, no conformity determination is required. If the emissions
exceed the threshold, a conformity determination must be undertaken to demonstrate how the
action will conform to the SIP. The demonstration process includes public notification and
response and may require extensive analysis. The EPA proposed new general conformity
regulations on January 8, 2008 (58 FR 1402). Subsequently, a substantial revision to Subpart B
and a deletion of most of subpart W were promulgated (75 FR 17254, “40 CFR 51 and 93
Revisions to the General Conformity Regulations,” April 5, 2010).13

The CAA gives Federal Land Managers an affirmative responsibility through the New
Source Review permitting process to protect the “air quality related values” (AQRVs), such as
visibility and acid deposition, from the adverse impacts of air pollution. The Interagency
Monitoring of Protected Visual Environments (IMPROVE) monitoring program was established
in 1985 to aid in the creation of federal and state implementation plans for the protection of
visibility in mandatory federal PSD Class I areas (CIRA 2006). Continuous visibility-related data
representative of PSD Class I areas (e.g., Canyonlands National Park and Flat Tops Wilderness
Area) have been collected within the oil shale and tar sands study area. Visibility in the region is
currently the best of the contiguous United States (2004 annual standard visual range of 185 to
220 km [114—137 mi]).

When deposited on snow, dust may shorten snow cover duration by as much as a month
(Painter et al. 2007). Earlier spring snowmelt has broad implications for water resources and
recreation-based tourism in states where water is scarce (USGCRP 2009). The problem of
disturbed desert dust causing regional climate change and early snowmelt is discussed in
numerous recent scientific articles. Neff et al. (2008) documented how the phenomenon of dust
causing snowmelt is largely coincidental with increased settlement of the American West. The
deposition of this disturbed desert dust on snow leads to early snowmelt (Painter et al. 2007). In
the Colorado River Basin, these effects are significant. Painter et al. (2010) estimated that
disturbed desert soils, traceable to settlement of the American West, landing on mountain
snowpack in the Upper Colorado River Basin has resulted in a net loss of approximately 5% of
the annual flow of the Colorado River as measured at Lees Ferry, Arizona. It is likely that most

13 Subpart W required states to develop SIPs for conformity. In August 2005, Congress eliminated this
requirement. Because the two subparts were essentially identical, the EPA deleted all of Subpart W except for
§51.851, making 40 CFR 93 Subpart B the single regulation for conformity. (The remaining §51.851 deals
with requirements for states that choose to submit general conformity SIPs.) The revisions to 40 CFR 93
and 40 CFR 51, Subpart W became effective on July 6, 2010. The rule changes were promulgated at
75 FR 17254-17279, April 5, 2010.
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of this dust on mountain snowpack is coming from nearby lands where soil-disturbing activity
makes lands susceptible to wind erosion; activities such as energy development, off-road vehicle
use, and grazing serve to destabilize soils, making them more susceptible to wind erosion
(Belnap et al. 2009).

While climate change could affect dust generation in arid and semi-arid regions, airborne
dust also interacts with other atmospheric gases, clouds, and radiation to modify climate as well.
Dust enters the atmosphere from natural sources, such as wind erosion or volcanic action, and
anthropogenic sources, such as agricultural activities, industrial activities, and traffic on
unpaved/paved roads. The amount of airborne dust is variable in space and time and has a wide
spectrum of particle sizes, shapes, and chemical compositions. Because of this variability,
mineral dust particles can both scatter and absorb incoming and outgoing solar radiation
(Seinfeld and Pandis 1998). In the visible part of the spectrum, the light-scattering effect
dominates, and mineral dust exerts an overall cooling effect; in the infrared region, mineral
dust is an absorber and acts like a greenhouse gas. This leads to a range of possible impacts on
the earth’s energy budget, commonly expressed in terms of radiative forcing (RF).!4 The
anthropogenic dust RF is estimated to be in the range of —0.3 to +0.1 Wm~2. This range includes
all the dust’s direct radiative effects reported above, assuming a maximum 20% anthropogenic
dust fraction (IPCC 2007).

The Clean Air Status and Trends Network (CASTNET), operating since 1987, is a
national long-term environmental monitoring program operated by the EPA and the NPS
(EPA 2011c). CASTNET collects air pollutants in the form of gases and particles, such as sulfur
and nitrogen species, metal cation, particulate chloride ion, and ozone. Sulfur and nitrogen
species along with the meteorological measurements are used to estimate dry deposition fluxes
using the numerical model. These data provide information for evaluating the effectiveness of
national and regional air pollution control programs. Currently there are a total of 86 operational
CASTNET sites located in or near rural areas and sensitive ecosystems collecting data on
ambient levels of pollutants where urban influences are minimal. Sample stations around the
study area include Gothic, Gunnison County, Colorado; Canyonlands National Park, San Juan
County, Utah; and Pinedale, Sublette County, Wyoming.

The National Atmospheric Deposition Program (NADP) is a nationwide network
monitoring precipitation, deposition chemistry, and atmospheric mercury species (NADP 2011).
The program is a cooperative effort among many groups, including federal, state, tribal, and local
governmental agencies; educational institutions; private companies; and non-governmental
agencies. The NADP consists of five networks:

14 The IPCC (2007) defined radiative forcing (RF) as a measure of the influence that a factor has in altering the
balance of incoming and outgoing energy in the earth-atmosphere system and is an index of the importance of
the factor as a potential climate change mechanism. Positive forcing tends to warm the surface, while negative
forcing tends to cool it. In the IPCC report, RF values are for 2005 relative to pre-industrial conditions defined at
1750 and are expressed in watts per square meter (Wm2). For reference, using the global average of 379 ppm
for CO, in 2005 gives an RF of 1.66 + 0.17 Wm™2.
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» National Trends Network (NTN): provides a long-term record of the acids,
nutrients, and base cations in precipitation. This network began operations in
1978 and currently has 250 sites.

*  Mercury Deposition Network (MDN): provides data on the geographic
distributions and trends of mercury in precipitation. This network joined
NADP in 1996 and currently has over 100 sites in the United States and
Canada.

* Atmospheric Integrated Research Monitoring Network (AIRMoN): reports
daily measurements of the acids, nutrients, and base cations in precipitation
for studying and modeling atmospheric processes. This network joined the
NADP in 1992 and currently has seven sites.

» Atmospheric Mercury Network (AMNet): reports atmospheric mercury
concentrations for determination of mercury dry deposition. This network
joined the NADP in 2009 and currently has 21 sites.

* Ammonia Monitoring Network (AMoN): reports atmospheric ammonia
concentrations to determine ammonia dry deposition. The network was
approved as an official NADP network in October 2010 and currently has
about 50 sites.

The NADP sampling sites (all NTN sites) within and around the study area include Sand
Spring (Moftfat County), and Sunlight Peak and Four Mile Park (Garfield County) in Colorado;
Green River (Emery County) and Canyonlands NP (San Juan County) in Utah; and Gypsum
Creek and Pinedale (Sublette County) in Wyoming. None of the other network sites are located
within or around the study area except a couple of nearby MDN sites. In addition, the USGS also
measures individual lake chemistry throughout the study area.

3.6 EXISTING ACOUSTIC ENVIRONMENT (NOISE)

Any pressure variation that the human ear can detect is considered as sound, and noise is
defined as unwanted sound. Sound is described in terms of amplitude (perceived as loudness)
and frequency (perceived as pitch). Sound pressure levels are typically measured with a
logarithmic decibel (dB) scale.!> To account for human sensitivity to frequencies of sound
(i.e., less sensitive to lower and higher frequencies, and most sensitive to sounds between 1 kHz
and 5 kHz), A-weighting (denoted by dBA) (Acoustical Society of America 1983, 1985) is

15 The decibel scale is logarithmic. Scales for measuring most familiar quantities such as length, distance, and
temperature are linear. Logarithmic scales compress the values of the measurements and are useful for
measuring quantities such as sound levels that can vary over a large range. For example, two linear
measurements of 10 units and 1,000,000,000 units might correspond to values of 1 and 9, respectively, on a
logarithmic scale. Logarithmic units also add differently than do linear units. For example, if one object is 6 ft
long and a second is twice as long, the second object is 12 ft long. For sounds, however, if one sound level is
50 dB and a second is twice as loud, the second sound level will be 60 dB, not 100 (50 + 50) dB.
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widely used, which is a good correlation to a human’s subjective reaction to sound. Most noise
standards, guidelines, and ordinances use the A-weighted scale.

To account for variations of sound with time, several sound descriptors were developed.
Lo is the sound level exceeded 90% of the time, called residual sound level (or background
level), a fairly steady lower sound level on which discrete single events are superimposed. The
equivalent-continuous sound level (Leg), if continuous during a specific time period, would
contain the same total energy as the actual time-varying sound. In addition, human responses to
noise differ depending on the time of the day; for example, humans may be more annoyed by
noise during nighttime hours wi