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CHAPTER 4
ENVIRONMENTAL CONSEQUENCES

4.1

INTRODUCTION

4.1.1

This chapter analyzes the environmental consequences of impacts expected to
occur as a result of implementing any future actions (including but not limited to
any decisions to lease and/or develop geothermal resources) that may be taken
consistent with the three alternatives: Alternative A (the No Action
Alternative), Alternative B (the Proposed Action), and Alternative C (leasing
within 10 miles from the centerline of existing transmission lines and 15 miles
outside of the Yellowstone National Park boundary). The scope of the analysis is
commensurate with the detail of the alternatives and the availability of data, and
is at a programmatic level as discussed in Section 1.9 — Scope of Analysis.
Current conditions of the planning area, as described in Chapter 3, provide the
baseline for assessing impacts.

Methods of Impact Analysis

Issuance of a geothermal lease has no direct impacts on the environment;
however, it is a commitment of the resource for potential future exploration,
drilling operations and development, utilization, and reclamation and
abandonment, subject to environmental review and permits. Therefore, an
analysis is provided of the potential impacts of these various stages that may
follow a leasing decision along with the potential cumulative impacts throughout
the entire planning area.

The methodology for the following impact assessment conforms to the guidance
found in the following sections of the CEQ regulations for implementing NEPA:
40 CFR 1502.24 (Methodology and Scientific Accuracy); 40 CFR 1508.7
(Cumulative Impact); and 40 CFR 1508.8 (Effects). CEQ regulations require that
agencies “rigorously explore and objectively evaluate” the impact of all
alternatives. Since the action alternatives presented in this PEIS propose
allocating public and NFS lands as open or closed to geothermal leasing and
amending land use plans, none of which has any effects as explained below,
rather than project level exploration, development, and utilization of the

Final PEIS for Geothermal Leasing in the Western US 4-1
October 2008
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resource, the focus of this analysis is on the impacts of these stages, which may
follow leasing.

The Proposed Action and alternatives do not specifically propose development
of a geothermal resource. For this reason, the analysis relies on the RFDs, which
projects future geothermal leasing and development on public and NFS lands
within the western US over the next 20 years based on best professional
judgment. The RFD scenario assumes all lands are available for leasing, and
therefore, does not consider any allocations (lands open or closed to
geothermal leasing) prescribed under any of the alternatives. Its purpose is to
demonstrate the level of expected development and show where the potential
development might occur. It is important to note that the magnitude and extent
of impacts on any resource or resource use will vary depending on the amount
of land apportioned for each lease. A lease can range in size from 640 acres up
to 5,120 acres.

Allocating lands and amending land use plans, in and of itself, does not cause any
direct impacts as defined by the CEQ regulations, which state that such effects
“are caused by the action and occur at the same time and place” (40 CFR
1508.8(a)). Prior to any ground disturbance or other future actions that would
occur consistent with implementing the plan, further decision making would be
required. This decision making must take place prior to future actions and
involves consideration of a wide variety of factors, including, but not limited to,
policy initiatives about timing of actions, whether any applications are submitted,
whether funding is available, and compliance with other authorities and policies.

Similarly, lease issuance itself does not cause direct effects. The regulations
governing geothermal leasing and development provide for several decision
stages prior to any ground-disturbing activities taking place and may include
further compliance with applicable authorities during these decision stages.
Under this regulatory scheme, until BLM receives and adjudicates an application
for a permit to drill or other authorization that includes specific information
about a particular project, impacts of actual development that might follow lease
issuance are speculative, as so much is unknown as to location, scope, scale, and
timing of that development. At each decision stage, the BLM retains the
authority to approve, deny, or approve subject to conditions any permit, based
on compliance with applicable authorities and policies. Therefore, the analysis of
effects of development in this Final PEIS reflects a more general, programmatic
approach.

Any future development of geothermal resources, if and when it does take
place, would result in effects. It is reasonable, therefore, to foresee that on-the-
ground impacts would occur if the BLM issues geothermal leases. Those impacts
would not occur, however, until some point in the future and following several
decision stages. The following analysis, therefore, focuses primarily on both
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direct and indirect impacts of future development of geothermal resources
based on the foreseeable on-the-ground actions, taking into consideration the
stipulations, BMPs, and procedures outlined in Chapter 2. These impacts cannot
be analyzed site-specifically, but they can be analyzed in general terms for the
leasing area based on the RFD scenario.

Consideration of the effects of future actions that might occur under the
alternatives described in this chapter also takes into account the phenomena of
greenhouse gas (GHG) emissions, carbon sequestration, and climate change
generally. The tools necessary to quantify climatic impacts are presently
unavailable (US Geological Survey 2008). As a consequence, impact assessment
of specific effects of anthropogenic activities and specific levels of significance
cannot be determined. Therefore, climate change analysis for the purpose of this
document is limited to accounting for and disclosing GHG emissions (and other
factors that contribute to climate change) that may result from future activities
that may be taken to implement the plan amendments proposed and analyzed in
this document. Qualitative and quantitative evaluations of potential factors that
may result from the future actions that may be taken to implement each
alternative within the Planning Area are included, where appropriate and
practicable.

Some of the GHGs associated with geothermal exploration and development
will be naturally sequestered, while the balance of those emissions will
accumulate with GHG concentrations in the atmosphere. This, in turn, is
believed to contribute to further manifestations of climate change. However,
since geothermal energy is a renewable energy with low carbon output
compared with nonrenewable sources that currently dominate the US energy
landscape, the development of geothermal energy projects can result in a net
decrease in GHG emissions if the energy supplied to the grid allows fossil fuel-
based power production, and its related GHG emissions, to be reduced.

While the GHG emissions of future actions that may be taken under each of the
alternatives analyzed in this chapter can be estimated, current science does not
permit quantification (or in some cases, even articulation) of the relationship
between these emissions and the phenomena associated with global climate
change. That is, while the relationship appears on a global level, it is not possible
to make the connections between GHG emissions and global climate change on
a local or even regional level (US Geological Survey 2008).

It is projected that the Alternative A status quo approach to land use allocation
and leasing would result in the least amount of geothermal development, the
least amount of new, clean energy being brought online, and the least potential
for reducing GHG emissions. It is expected that projects developed consistent
with Alternative B would result in the greatest amount of geothermal
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4.1.2

development, the greatest amount of new, clean energy being brought online,
and the greatest potential for reducing GHG emissions. Projects developed
consistent with Alternative C are expected to result in amounts of new, clean
energy coming online and potential reductions in GHGs that are somewhere in
between Alternatives A and B. As such, as much as a relationship can be drawn
between GHG emissions and climate change, it is expected that the approach
reflected in Alternative A would have the least beneficial impact on climate
change and that the approach reflected in Alternative B would have the greatest
beneficial impact on climate change.

Alternative C was developed such that projects would occur closer to existing
transmission lines, meaning that on average, projects developed consistent with
Alternative C would generally have less of a construction footprint (when
considering transmission line length) and theoretically lower GHG emissions
during the development phase. Therefore, while the approach to development
reflected in Alternative B is expected to result in the greatest overall potential
for reduction in GHG emissions, each project developed consistent with
Alternative C may result in the greatest potential for GHG emissions on a per
project basis.

Organization of Chapter 4

Because it is not possible to identify specific impacts from the decision to
approve a geothermal lease or designate federal lands as open or closed to
geothermal leasing, the evaluation of environmental resources has focused on
those resources most likely to be affected during future geothermal
development activities. Therefore, this chapter provides a programmatic
presentation of common impacts from indirect and direct geothermal
development by analyzing the RFD scenario and assessing potential impacts
during the four sequential phases of geothermal development: (1) exploration,
(2) drilling operations, (3) utilization, and (4) reclamation and abandonment. The
discussion of impacts from geothermal development activities is general in
nature and would occur regardless of the alternative.

Following the discussion of impacts associated with the RFDs and common
impacts associated with each phase of geothermal resource development, a
programmatic analysis illustrates the nature and magnitude of the impact to the
resource that would be associated with any anticipated future action taken
consistent with each of the respective alternatives.
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4.2 LAND USE, RECREATION, AND SPECIAL DESIGNATIONS

4.2.1

4.2.2

4.2.3

What did the Public Say about Impacts on Land Use?

Comments received during the scoping period requested that development of
geothermal energy on federal lands be executed in a manner compatible with
other multiple use resource values and with BLM and FS management
objectives. Comments also requested the use of standard best management
practices to ensure minimal fragmentation of ecosystems and an analysis of
additional road and transmission line construction. Industry comments
recommended the analysis of impacts from exploration practices.

How Were the Potential Effects of Geothermal Leasing on Land Use
Evaluated?

The geothermal planning area encompasses the |2 western states, including
Alaska. Under Alternative A, the no action alternative, no geothermal leasing
areas would be identified. All BLM- and FS-managed lands would be open to
geothermal leasing unless closed in accordance with existing land use plans or
congressional designation. Under Alternative B, approximately 197,225,000
acres are identified as open to geothermal leasing (118,000,000 acres of public
land and 79,000,000 acres of NFS land), narrowing the scope of analysis down
from approximately 243 million acres of federal lands in the planning area.
Under Alternative C, fewer indirect use lands (approximately 61,200,000
indirect use acres on public land and 37,900,000 acres on NFS lands) would be
open to geothermal leasing, further narrowing the scope of the analysis.

Potential impacts on land use could occur if reasonably foreseeable future
actions were to:

e Conflict with management goals and objectives set forth by the BLM
or FS in order to sustain the health, productivity, and diversity of
these federal lands; or

e Result in proposed uses that are incompatible with existing or
adjacent land uses.

What are the Common Impacts to Land Use Associated with
Geothermal Development?

Due to the inability to predict future development scenarios, including types of
development, timing, and location, the following impact analysis provides a
general description of common impacts on land use from geothermal resource
development. Issuing geothermal leases would not create any surface
disturbances, and current activities on federal lands could continue as long as
they did not interfere with the rights of the geothermal lessee. On lands where
geothermal development is likely to occur, current uses include recreation,
mining, hunting, energy development, communication sites, and right-of-way
corridors.
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The Reasonable Foreseeable Development Scenario for Land Use
According to the RFD scenario, it is estimated that |11 power plants could be
constructed by 2015, and another 133 power plants could be constructed by
2025. The greatest development is expected to occur in California and Nevada,
with the least development occurring in Arizona, Colorado, Wyoming, and
Montana. The typical acreage of disturbance in a geothermal resource
development phase is 53 to 367 acres. Therefore, total land use disturbance
would be approximately 5,883 acres to 40,737 acres by 2015 and 12,932 acres
to 89,548 acres by 2025.

BLM and FS manage approximately 676,000,000 acres in the western US, so
these estimates would account for less than one percent of the total lands
managed by both the BLM and FS.

Exploration

The exploration phase includes surveying and drilling temperature gradient
wells. Surveying activities would impact land uses if additional roads or routes
are developed to survey the potential geothermal sites. Additional roads could
improve motorized and non-motorized access to previously inaccessible areas,
impacting activities such as grazing and recreation. The magnitude and extent of
the impact would depend on the current land use in the area. Following
surveying activities, all roads and routes would be reclaimed to BLM and FS
standards, thereby minimizing any long-term impacts on land uses.

Impacts on land uses from drilling temperature gradient wells would be short
term and minor. Similar to surveying activities, roads would be required to
access wells. Impacts from creating additional roads would be similar to those
impacts described above. Several wells could be drilled per lease, and each drill
site could disturb approximately 0.9 acres. Impacts would occur on lands
directly under the well sites; drilling well sites may involve some leveling or
grading, but impacts are primarily limited to the duration of the drilling and
reclamation activities (several weeks). The drilling sites and access routes would
be reclaimed to BLM and FS standards, thereby minimizing any long-term
impacts on land uses.

Drilling Operations

The drilling operations phase would require production wells, injection wells,
fluid sump pits, and new access roads to accommodate larger equipment. This
development would impact any land use activity that is displaced as a result of
the new roads and would affect land use activities that are sensitive to increases
in motorized traffic (e.g., grazing).

The drilling operations phase also includes drill site development, which on
average requires a 5-50 acre well pad per plant. Land under the well pad would
be impacted, eliminating all other potential uses of the 5-50 acres site while the
well pad is in operation.

4-6
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4.2.4

Utilization

Geothermal utilization would result in long-term impacts on land use. Any land
use activity such as grazing, recreation, hunting, mining, and other energy
development activity would be impacted if the land was converted for
geothermal use, displacing current activities and uses from these lands.

The utilization phase would require additional access roads for accessing the
power plant and supporting well field equipment. The well field equipment
consists of pipelines that vary from 24 to 36 inches in diameter. Where feasible,
pipelines would parallel access roads and existing roads, minimizing the impacts
on land uses. Pipelines are constructed with above-ground supports, which
would minimize surface disturbance, but could affect any land use activity
occurring above the ground. A power plant requires approximately 15 to 25
acres to accommodate all the needed equipment. Similar to other construction
required during this phase, this would result in a direct loss of land use,
displacing any current activities and uses from these lands. Installing electrical
transmission lines from the power plant would disturb approximately one acre
per mile of transmission line. Short-term minor impacts on land uses would
occur during the installation of the powerlines; however, long-term impacts
from wooden poles on land use would be minimal to negligible depending on
existing land uses.

Impacts on land uses during operations within the utilization phase of
geothermal resource development would be minimal. Short-term minor impacts
would occur from standard operation and maintenance activities such as
maneuvering construction and maintenance equipment and vehicles associated
with these activities. No additional impacts would be recognized during this
phase unless an additional drill site is required. Impacts from additional drill sites
would be the same as those discussed under the exploration and drilling
operations phases, above.

Reclamation and Abandonment

Reclamation and abandonment activities include abandoning the well after
production ceases and reclaiming all disturbed areas. All disturbed lands would
be reclaimed in accordance with BLM and FS standards, and land uses and
activities could resume.

What are the Potential Impacts to Land Use Associated with the
Proposed Action and Alternatives?

The following discussion analyzes the environmental consequences or impacts
expected to occur as a result of anticipated future actions consistent with
implementing the alternatives described in Chapter 2.

Impacts under Alternative A
Under the no action alternative, geothermal leasing for direct and indirect use
would continue to occur on a case-by-case basis. Areas closed to geothermal
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leasing by statute, regulation, or orders would remain closed, and discretionary
closed areas would be assessed based on local land use plans. The number of
acres likely to be affected under this alternative is unknown.

Issuing geothermal leases on a case-by-base basis is not expected to affect land
use. However, issuing a geothermal lease is an inherent commitment of the
resource, and it is anticipated that impacts on land use would occur during
geothermal exploration, drilling operations, and utilization phases, subject to
environmental reviews and permits. In the absence of designating geothermal
potential areas as open or closed, individual sites could be located in a number
of locations and each would result in various long- and short-term impacts on
land uses. Under this alternative, no comprehensive list of stipulations, best
management practices, or procedures would be distributed to serve as a
consistent guidance for future geothermal leasing and development. This would
result in fragmented and segregated planning for land uses, which could increase
recognized environmental impacts. Due to the uncertainty of total acreage
considered for geothermal leasing and development under this alternative, it is
not possible to quantify the total acreage affected on Federal lands.

Impacts under Alternative B

Under Alternative B, geothermal leasing for direct and indirect use would be
open on approximately 197,225,000 acres. In the 12 western US states, this
accounts for 54 percent of public and NFS lands (53 percent of public lands and
57 percent of NFS lands). Lands identified as open to geothermal leasing for
direct and indirect use could be open with possible moderate to major
constraints, depending on environmental conditions identified during site-specific
reviews conducted by field offices and ranger districts prior to issuing the leases.
Approximately 25,150,000 acres of public lands and 24,370,000 acres of NFS
lands would be closed to geothermal leasing for direct and indirect use because
these lands were found to be incompatible with geothermal leasing, exploration,
and development. Areas identified as incompatible to geothermal leasing for
direct and indirect use (Section 2.2.1, Allocating Lands for Leasing) include, but
are not limited to, congressional designations (e.g., Wilderness Areas, National
Conservation Areas) and administrative designations (e.g., Areas of Critical
Environmental Concern and Inventoried Roadless Areas). Under this alternative,
the BLM and FS would issue a comprehensive list of stipulations, best
management practices, and procedures to serve as consistent guidance for
future geothermal leasing for direct and indirect use. Relevant stipulations
(Section 2.2.2) designed to protect existing land uses include controlled surface
use in areas that have the potential for adverse impacts on residential areas,
schools, or other adjacent urban land uses. In addition, in accordance with the
identified BMPs (Appendix D), BLM and operators would contact appropriate
agencies, property owners, and other stakeholders early in the planning process
to identify potentially sensitive land uses and issues. It is expected that these
measures would effectively avoid or minimize impacts on land uses by identifying
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4.2.5

4.2.6

4.2.7

conflicts early in the process and requiring specific measures to maintain public
uses and values.

Impacts under Alternative C

Under Alternative C, geothermal leasing for indirect use would be open on
99,073,000 acres. All federal lands identified as open for indirect use under this
alternative are within 10 miles of the centerline of existing transmission lines.
Restricting the placement of indirect use geothermal resource development to
nearby existing transmission lines would minimize impacts on land uses by
concentrating land uses associated with energy development into designated
areas.

Areas open to direct use geothermal lease applications and impacts from their
anticipated subsequent development would be the same as identified under
Alternative B.

What did the Public Say about Impacts on Special Designations?
Comments received during scoping requested that geothermal leasing and
projects be prohibited in and adjacent to special designation areas. Requests
were also made for examination of direct and indirect impacts on special
designation areas.

How Were the Potential Effects of Geothermal Development on
Special Designations Evaluated?

Potential effects of geothermal development on special designations were
evaluated by analyzing all Congressionally designated areas in the planning area,
in addition to examining all areas identified by the BLM and FS in land use plans
as special administrative designation areas. Impacts on these areas resulting from
any future actions taken consistent with each alternative were then considered
and described.

Potential impacts on special designations could occur if reasonably foreseeable
future actions were to:

e Conflict with management goals and objectives set forth by the BLM
or FS in order to categorize, protect, and manage special
designation areas;

e Conflict with conservation goals for the area; or

e Result in proposed land uses that are incompatible with existing or
adjacent special designation areas.

What are the Common Impacts on Special Designations Associated
with Geothermal Development?

Due to the inability to predict future development scenarios, including types of
development, timing, and location, the following impact analysis provides a
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general description of common impacts on special designations from geothermal
resource development.

The Reasonable Foreseeable Development Scenario for Special
Designations

According to the RFD scenario, it is estimated that ||| power plants could be
constructed by 2015, and another 133 power plants could be constructed by
2025. The greatest development is expected to occur in California and Nevada,
with the least occurring in Arizona, Colorado, Wyoming, and Montana. Most
congressionally designated areas in the planning area are withdrawn from
leasing; therefore, it is anticipated that no reasonable foreseeable development
activities would occur in these areas. Geothermal leasing is not precluded from
administrative designations, however, and any activities that would affect the
values and resources identified for protection under these designations would
be prohibited. As such, it is anticipated that both impacts on special designations
from reasonable foreseeable development activities would be negligible.

Exploration

Congressionally-designated areas are typically withdrawn from geothermal
development, so no impacts on congressional designations are anticipated from
geothermal exploration. Administrative designations are not automatically
withdrawn from geothermal development; however, activities likely to affect the
resources and values identified for protection under these designations would
be precluded.

If exploration was permitted in either type of designation, prior to any activity
occurring resources and values identified for protection under the designation
would be analyzed for potential impacts. Activities affecting resources and values
identified for protection in these areas would be prohibited. The effects of
geothermal exploration on special designations are expected to be negligible.

Drilling Operations

Impacts on congressional and administrative designations during geothermal
drilling operations would be similar to those described above under exploration.
Drilling operations are not expected to occur in special designations. If drilling is
permitted in either type of designation, prior to any activity occurring resources
and values identified for protection under the designation would be analyzed for
potential impacts. Activities affecting resources and values identified for
protection in these areas would be prohibited. The effects of geothermal drilling
operations on special designations are expected to be negligible.

Utilization

Impacts on congressional and administrative designations during geothermal
utilization would be similar to those described above under exploration. Since
geothermal development is not expected to occur in special designations,
utilization is not anticipated. If geothermal development is permitted in either
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4.2.8

type of designation, prior to any activity occurring, resources and values
identified for protection under the designation would be analyzed for potential
impacts. Utilization activities affecting resources and values identified for
protection in these areas would be prohibited. The effects of utilization on
special designations are expected to be negligible.

Reclamation and Abandonment

Impacts on congressional and administrative designations during geothermal
reclamation and abandonment would be similar to those described above under
exploration. Since geothermal development is not expected to occur in special
designations, reclamation and abandonment activities are not anticipated. If
geothermal development is permitted in either type of designation, prior to any
reclamation and abandonment activity occurring resources and values identified
for protection under the designation would be analyzed for potential impacts.
Reclamation and abandonment activities affecting resources and values identified
for protection in these areas would be prohibited. The effects of reclamation
and abandonment on special designations are expected to be negligible.

What are the Proposed Impacts on Special Designations Associated
with Geothermal Development?

The following discussion analyzes the environmental consequences or impacts
expected to occur as a result of anticipated future actions consistent with
implementing the alternatives described in Chapter 2.

Impacts under Alternative A

Under Alternative A, geothermal leasing for direct and indirect use would
continue to occur on a case-by-case basis, which has historically occurred at a
very slow pace. Most congressionally designated areas in the planning area are
withdrawn from geothermal leasing; therefore, it is anticipated that impacts on
congressional designations would be negligible. In administrative designations,
where geothermal leasing for direct and indirect use is not automatically
precluded, field offices and ranger districts would determine if geothermal
leasing would be in conformance with the prescriptions outlined in the relevant
land use plan(s).

If geothermal leasing for direct and indirect use was permitted in either type of
designation, prior to any activity occurring resources and values identified for
protection under the designation would be analyzed for potential impacts.
Activities affecting resources and values identified for protection in these areas
would be prohibited, resulting in negligible impacts on special designations.

Impacts under Alternative B

Under Alternative B, the proposed action, the BLM and FS would designate a
geothermal potential area (approximately 530 million acres) allocating all public
and NFS lands in this area as open or closed to geothermal leasing for direct and
indirect use. Congressional and administrative designations in this area that are
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incompatible with geothermal leasing, exploration, and development activities
would be closed. As a result, approximately 25,150,000 acres of public lands and
24,370,000 acres of NFS lands would be designated as closed, excluding these
areas from future geothermal leasing for direct and indirect use. As identified in
Section 2.2.1 Allocate Lands for Leasing, congressional designations that would
likely be closed include Wilderness Areas, National Conservation Areas, and
National Monuments. Types of administrative designation closures could include
Wilderness Study Areas and some Areas of Critical Environmental Concern.
Appendices | and ] provide a list of congressional and administrative designations
and associated acreages!.

The following are exceptions for areas closed to geothermal leasing for direct
and indirect use:

Congressional Designations

e California Desert Conservation Area (25 million acres, of which half
is BLM-administered public lands) would remain open to geothermal
leasing. The California Desert Conservation Area establishes long-
term goals for protection and use of the California Desert.
However, public lands within the designation fall under one of four
multiple-use classes. Management in these classes ranges from Class
C (Controlled), where lands are managed for preservation and
protection, to Class | (Intensive Use), where lands are managed for
concentrated use to meet human needs (grazing, mining, energy, and
utility development). Over 1.67 million acres are considered to have
potential for geothermal resources within the California Desert
Conservation Area, however, the multiple-use class would
determine whether leasing would be permitted and to what extent.

Administrative Designations
e On ceither public or NFS lands, if the prescription for an
administrative designation, as described in the applicable land use
plan(s), allows for geothermal leasing, then at the discretion of the
field office or range district, these areas could remain open to
geothermal leasing.

e On NFS lands, an Inventoried Roadless Area designation would not
prohibit geothermal leasing; however, a nondiscretionary restriction
would be placed on any leases within the designation. As a result,
these areas generally may not contain geothermal development due

I The sum of acres for special designations (as identified in Appendices | and J) does not equal total acres closed to

geothermal leasing under this alternative. Federal land parcels may contain more than one special designation, so adding the

acreages for each designation would result in double counting.
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4.2.9

to restrictions on road construction and reconstruction. This
stipulation would cover about 80,596,000 acres.

Under this alternative, the BLM and FS would issue a comprehensive list of
stipulations, best management practices, and procedures to serve as consistent
guidance for future geothermal leasing for direct and indirect use. Relevant
stipulations (Section 2.2.2) designed to protect special designated areas include
(1) no surface occupancy on designated and eligible river segments for wild and
scenic river status, and on designated or eligible sites for the National Register
of Historic Places; and (2) controlled surface use for protection of National
Landmarks and National Register Districts. Under the proposed leasing
procedures (Section 2.2.2), other special management areas would be evaluated
prior to leases using existing land use plans and environmental documentation.
In addition, in accordance with BMPs (Appendix D), BLM and operators would
contact appropriate agencies, property owners, and other stakeholders early in
the planning process to identify potentially sensitive land uses and issues. It is
expected that these measures would effectively avoid or minimize impacts to
special designated areas by requiring protection and/or maintenance of the
relevant and important characteristics and values of these areas.

Impacts under Alternative C

Under Alternative C, impacts on special designations from indirect use
geothermal development would be similar to those described under Alternative
B; however, under this alternative the geothermal potential area for indirect use
is limited to areas located within 10 miles of the centerline of existing
transmission lines and 15 miles from of the Yellowstone National Park
boundary. The indirect use geothermal potential area would be 99,073,000
acres, which is a 50 percent decrease from Alternative B. Similar to Alternative
B, the list of areas closed to geothermal leasing for indirect use under this
alternative include congressional and administrative designations that are
incompatible with geothermal leasing, exploration, and development activities
within 10 miles of the centerline of existing transmission lines, in addition to all
areas outside of the transmission line buffer. As a result, approximately
81,950,000 acres of public lands and approximately 65,710,000 acres of NFS
lands would be closed to indirect use leasing.

Areas open to direct use geothermal lease applications and impacts from their
subsequent development would be the same as identified under Alternative B.

What did the Public Say about Impacts on Recreation?

Comments received during the scoping period requested that impacts on
outdoor recreation and consequences for non-mechanized, mechanized, and
motorized recreation be studied and discussed. Commentors also asked that
recreational impacts from the development of land tracts and their subsequent
uses be analyzed.
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4.2.10 How Were the Potential Effects of Geothermal Development on

4.2.11

Recreation Evaluated?

This section examines the typical short- and long-term impacts on recreation
areas and activities from geothermal development. Potential impacts on
recreation could occur if reasonably foreseeable future actions were to:

e Conflict with existing recreational uses of the area; or

e Diminish existing recreational benefits and opportunities by altering
the recreational setting or activity that is allowed in an area.

What are the Common Impacts on Recreation Associated with
Geothermal Development?

Due to the inability to predict future development scenarios, including types of
development, timing, and location, the following impact analysis provides a
general description of common impacts on recreation from geothermal
resource development. Since issuing geothermal leases would not create surface
disturbances, current recreation activities could continue until site-specific
geothermal operations begin.

The Reasonable Foreseeable Development Scenario for Recreation
According to the RFD scenario, it is estimated that ||| power plants could be
constructed by 2015, and another 133 power plants could be constructed by
2025. The greatest development is expected to occur in California and Nevada.
The BLM and FS combined manage approximately 1,500 recreation areas, with
the greatest percentage of recreation areas located in California (23 percent).
Recreation users in designated areas, as well as dispersed recreation users,
would be affected by geothermal development. The development of geothermal
resources would alter the physical, social, and operational character of the
recreation setting, thereby altering an individual’s experiences.

Exploration

Surveying and drilling activities that occur during the exploration phase of
geothermal development would result in the physical restriction of recreation
areas, temporarily reducing the amount of land available for recreational use and
accessible trails. This would displace some recreation users and limit recreation
activities. Exploration activities would be completed in one to five years, at
which time recreation activities could resume.

During exploration activities, recreation users participating in activities near
sites would realize a diminished recreation experience. Recreation users could
experience an increase in noise, vibration, and dust. Additionally, exploration
could shift the ROS setting, by varying degrees, towards an urban setting to
capture the addition of visual impacts such as wells, rigs, support equipment,
water trucks and other vehicles, and backhoes that would become part of the
landscape.
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4.2.12

New access roads required for exploration could increase public access to
previously inaccessible areas, thereby increasing recreational opportunities for
some users. However, this would also alter the experience for people seeking a
more remote experience in those same areas.

Drilling Operations
The drilling operations phase would result in long-term impacts on recreation
resources. Similar to effects described above under the exploration phase,
drilling operations could also shift the ROS setting, by varying degrees, towards
a more urban setting.

Impacts on recreation resources from new access roads required for drilling
operations would be similar to those impacts described above under the
exploration phase.

Utilization

Impacts on recreation resources during the utilization phase of geothermal
resource development would be similar to those discussed above under the
drilling operations phase. The conversion of recreation lands for geothermal
utilization would displace recreation users and limit activities in some areas.
People engaged in activities such as hiking, camping, birding, and hunting would
be most affected by construction activities within the utilization phase. During
operations within the utilization phase, recreation resources would experience
short-term minor impacts from standard operation and maintenance activities
such as maneuvering construction and maintenance equipment and vehicles
associated with these activities, which may interfere with traffic flow of
recreational visitors.

Reclamation and Abandonment

Reclamation and abandonment activities include abandoning the well after
production ceases and reclaiming all disturbed areas. Increased traffic from
reclamation and abandonment activities could affect timely public access as
described above under the utilization phase. All disturbed lands would be
reclaimed in accordance with BLM and FS standards, and recreation activities
could resume, improving recreational opportunities.

What are the Proposed Impacts on Recreation Associated with
Geothermal Development?

The following discussion analyzes the environmental consequences or impacts
expected to occur as a result of anticipated future actions consistent with
implementing the alternatives described in Chapter 2.

Impacts under Alternative A

Under the no action alternative, geothermal leasing for direct and indirect use
would continue to occur on a case-by-case basis. The number of acres likely to
be affected under this alternative is unknown; however, it is anticipated that
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minimal changes would occur in intensity to current recreational uses due to
the historically slow pace of issuing geothermal leases on federal lands.

In the absence of designating geothermal potential areas as open or closed,
individual sites could be developed in a number of locations and each would
result in various long-term and short-term impacts on recreation activities.
Under this alternative, no comprehensive list of stipulations, best management
practices, or procedures would be distributed to serve as a consistent guidance
for future geothermal leasing and development for direct and indirect use. This
would result in fragmented and segregated planning for recreational uses, which
could increase conflicts among recreation users and increase environmental
impacts.

Impacts under Alternative B

Under Alternative B, the proposed action, BLM and FS would identify all public
and NFS lands as open or closed to direct and indirect use within the
geothermal planning area (530 million acres). Under this alternative, all
designated recreation areas (Table 3-5) and lands containing dispersed
recreation opportunities would be open to geothermal leasing (direct and
indirect use). This includes all public lands allocated as either a Special
Recreation Management Area (SRMA) or an Extensive Recreation Management
Area (ERMA). National Recreation Areas, managed by BLM and FS, however are
congressional designations and would be closed to geothermal leasing for direct
and indirect use. (Please refer to Section 2.2.1 for complete listing of lands
designated as closed to geothermal leasing.)

The action of designating lands, coupled with issuing geothermal leases, would
not create any surface disturbances and therefore would not impact recreation
resources. However, issuing a geothermal lease for direct or indirect use is an
inherent commitment of the resource for potential future exploration, drilling,
utilization, reclamation, and abandonment, subject to environmental review and
permits; therefore, it is anticipated that impacts on recreation resources would
occur during the geothermal exploration, drilling operations, and utilization
phases.

Once geothermal development for direct or indirect use begins under this
alternative, there would be minor to moderate impacts on recreation resources.
As described in Section 4.1.11, What are the Common Impacts Associated with
Geothermal Leasing and Development, recreation activities could be disrupted
through the physical restriction of recreational areas and user trails.

Throughout various phases of geothermal development, users’ enjoyment of the
area could also be impacted by noise, vibration, dust, and visual impacts. Impacts
on recreation resources would occur until the reclamation and abandonment
phase, at which time recreation activities could resume.
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In areas where SRMA boundaries overlay open geothermal potential areas,
recreation users would likely be displaced to other areas. Activities related to
geothermal development would alter the recreational setting within these areas,
hindering the capability of the settings to continue to produce the desired
existing recreation opportunities and facilitate the recreation experience and
benefit opportunities. Opportunities for visitors to the SRMA would be
impacted.

Under this alternative, the BLM and FS would issue a comprehensive list of
stipulations, best management practices, and procedures to serve as consistent
guidance for future geothermal leasing for direct and indirect use. Relevant
stipulations (Section 2.2.2) designed to minimize conflicts with recreation
include (1) no surface occupancy on developed recreational facilities, special-use
permit recreation sites, and areas with significant recreational use with which
geothermal development is deemed incompatible (excluding direct use
applications), and for designated important viewsheds; and (2) controlled surface
use in areas that have the potential for adverse impacts to recreational values
(both motorized and non-motorized) and the natural setting associated with the
recreational activity. In addition, in accordance with BMPs (Appendix D), BLM
and operators would contact appropriate agencies, property owners, and other
stakeholders early in the planning process to identify potentially sensitive
recreational areas and issues.

It is expected that these measures would effectively avoid or minimize impacts
to recreation and recreational areas by protecting the most significant
recreation resources, maintaining recreational opportunities and recreational
experience, reducing user and resource conflicts, and in some instances
improving recreational opportunities (i.e., allowing access via new roads, etc.).

Impacts under Alternative C

Impacts from anticipated future actions consistent with implementation of
Alternative C related to indirect use would be similar to those impacts
described under Alternative B; impact intensity would vary depending on the
percentage of recreation areas and lands identified for dispersed recreation uses
that fall within 10-miles of the centerline of existing transmission lines.
Stipulations and BMPs would be applied with similar effects as under Alternative
B.

Areas open to direct use geothermal lease applications and impacts from their
anticipated subsequent development would be the same as identified under
Alternative B.
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4.3

GEOLOGIC RESOURCES AND SEISMIC SETTINGS

4.3.1

4.3.2

What did the Public Say about Impacts on Geologic Resources and
Seismic Setting?

The public was especially concerned with protecting and preserving the
resources of Yellowstone Park. Commentors offered the following suggestions
to protect these resources:

e Avoiding any geothermal feature or system hydraulically liked to
Yellowstone’s aquifer;

e Banning geothermal resource development within 15 miles of the
park;

e Expanding the protected area to include the Island Park Geothermal
Area and the areas defined in the Yellowstone Compact; and

e Banning development on federal land and on private lands with
federal mineral rights within the area when not absolutely sure
there would be no impact to the geothermal resources within the
park.

Other comments were received on the effects of geothermal fluid withdrawal
(e.g., subsidence) and injection (e.g., increasing seismic activity, triggering
volcanic eruptions at Yellowstone Park).

How Were the Potential Effects of Geothermal Development on
Geologic Resources and Seismic Setting Evaluated?

The potential effects of geothermal development were evaluated by assessing
the effects that anticipated future actions consistent with the alternatives would
have on the geology and unique geologic resources of the project area.
Geothermal leasing itself would have no direct impacts on geologic resources.
Indirect impacts could occur from subsequent development activities, including
large-scale surface disturbances such as mining, erosion, diversion of the heat
and energy resulting in reduction of surface thermal features, off-road vehicles,
excavation, and vandalism; damage and vandalism are usually concentrated near
roads and trails.

Specific geologic features may have value to paleontological, scenic, recreational,
or cultural resources, and impacts on these resources are discussed in their
respective sections. In this section, impacts to geologic features are evaluated
only from the perspective of scientific value. Effects are quantified where
possible; in the absence of quantitative data, best professional judgment was
used.

Seismic risk is more likely to impact geothermal facilities than operation of
geothermal facilities is to increase seismic risk. The high pressure injection of

4-18

Final PEIS for Geothermal Leasing in the Western US
October 2008



4.3 Geologic Resources and Seismic Setting

4.3.3

fluids directly into faults zones has been related to increases in seismic activity in
some cases. However, the high pressure injection of fluids from outside the
geologic system is not the same as where geothermal fluid withdrawn from the
resources is used and then reinjected back into the system for a near zero net
change. The near zero net change would represent much lower risk of
increasing seismic activity.

Subsidence can occur where groundwater is pumped from underground aquifers
at a rate exceeding the rate that it is replenished. Most of the geothermal
development includes reinjection of the geothermal fluid after the heat is
utilized. Therefore, the potential for subsidence is low.

What are the Common Impacts on Geologic Resources and Seismic
Setting Associated with Geothermal Development?

Large-scale unique geologic features (e.g., the Yellowstone area, Grand Canyon)
are protected through units of the national park and national monument
systems. Smaller-scale unique geologic features (e.g., natural arches, caves,
sources of unique geologic specimens) that are outside the park and monument
systems could be impacted by geothermal resource development activities.

The potential impacts on geologic resources from geothermal development
mainly concern physical disturbance (e.g., movement, removal or destruction).
These impacts are considered long term, as they cannot be reclaimed. In most
BLM resource management plans, and in FS policy, leasing and associated roads
and other physical disturbance must avoid sensitive geologic resources in order
to be approved. Additional indirect impacts would result from greater public
access to formerly inaccessible areas. Greater public access can result in
increased wear and vandalism of sensitive geologic features. These impacts can
be short term if roads are reclaimed.

Due to the inability to predict future development scenarios, including types of
development, timing, and location, the following impact analysis provides a
general description of common impacts on geologic resources from geothermal
resource development. The RFD scenario for geothermal resource use involves
four sequential phases: exploration, drilling operations, utilization, and
reclamation and abandonment.

The Reasonable Foreseeable Development Scenario for Geologic
Resources and Seismic Setting

According to the RFD scenario, it is estimated that ||| power plants could be
constructed by 2015, and another 133 power plants could be constructed by
2025. The most development is expected to occur in California and Nevada,
and the least is expected to occur in Arizona, Colorado, Wyoming, and
Montana. The typical acreage of disturbance in a complete buildout for
geothermal resource development is 53 to 367 acres. Therefore, total land use
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disturbance would be approximately 5,883 acres to 40,737 acres by 2015 and
12,932 acres to 89,548 acres by 2025.

Exploration

The exploration phase includes surveying and drilling temperature gradient
wells. Surveying activities would directly impact geologic resources through
disturbance at seismic survey pulse sites. Detonation of explosives would greatly
disturb a small area around each detonation. Any delicate geologic resources
(e.g., natural arches, balancing rocks, cave formations) within the blast area
would be disturbed. The use of thumper trucks would not impact sensitive
geologic resources. While the area of disturbance at each seismic pulse site
would be small, a large seismic survey could include many sites. New roads or
routes may be needed to allow survey equipment to access the potential
geothermal sites. Roads would disturb any geologic resources within the right-
of-way. The impacts of surveying activities would be short term.

The impacts to geologic resources from drilling temperature gradient wells
would be minor. The siting of the wells would not likely impact geologic
resources, as clear flat areas are preferable for drilling sites. Similar to surveying
activities, roads would be required to access wells, which would impact any
geologic resources within the right-of-way. Several wells could be drilled per
lease, and each drill site could disturb approximately 0.9 acres. Impacts would
occur on lands directly under the well sites.

By following BLM and FS guidelines, sensitive geologic resources would be
avoided. The long-term impacts would be minor. The impacts of increased
public access due to new road construction would be short term, as the roads
allowing the increased public access would be reclaimed after exploration
activities are complete.

Drilling Operations

The drilling operations phase would result in long-term impacts to any geologic
resources within the area of disturbance. The drilling operations phase would
require additional access roads to accommodate larger equipment to drill
production and injection wells and to construct sump pits. Roads to
accommodate production wells are typically between 0.5 and 4 miles long and
30 feet wide, for a disturbance of between 2 and 15 acres. The drilling
operations phase includes drill site development, which on average requires a 5-
50 acre disturbance from well pads.

Spent or used geothermal fluids may be reinjected back into the geothermal
resource, evaporated in sumps or lagoons, or used for potable and nonpotable
domestic and municipal uses depending on the water quality of the geothermal
fluid, shallow groundwater quality, and surface water conditions. If the proposed
geothermal resource development includes high-pressure reinjection, there is a
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small chance that seismic activity could increase along any faults intersected by
the injection well.

Any geologic resource within the areas of disturbance described above would
be impacted. These impacts would be long term, as they could not be reclaimed.
Impacts resulting from increased public access would also be long term for the
life of the development.

Utilization

Impacts on geologic resources during initial buildout of the utilization phase of
geothermal resource development would be greater than the other phases of
development because of the increased footprint. The utilization phase requires
construction of additional roads, wells, and structures to support full buildout of
a direct use or indirect use facility. The utilization phase would require access
roads to accommodate larger equipment, plus additional roads for accessing the
power plant. The well field equipment includes pipelines with a disturbance zone
approximately 40 feet wide. Where feasible, pipelines would parallel access
roads and existing roads. The disturbance would include the pads for pipeline
supports as well as the access and maintenance roads along the pipeline.

A power plant requires approximately 15 to 25 acres to accommodate all the
needed equipment. Similar to other construction required during this phase, this
would result in a direct disturbance of any geologic resources within the
footprint of the facility. Installing electrical transmission lines from the power
plant would disturb approximately one acre per mile of transmission line for
lengths from 5 to 50 miles. The disturbance would include the pads for
powerline support structures as well as the access and maintenance roads along
the powerline.

The initial areas disturbed during construction of the utilization phase would
continue to be used sporadically during standard operation and maintenance
activities, such as maneuvering construction and maintenance equipment and the
vehicles associated with these activities. No additional impacts would be
recognized during this phase unless an additional drill site is required. Impacts
from additional drill sites would be the same as discussed under the drilling
operations phase, above.

Reclamation and Abandonment

Reclamation and abandonment activities include abandoning the wells after
production ceases and reclaiming all disturbed areas. All disturbed lands would
be reclaimed in accordance with BLM and FS standards. If the roads are
reclaimed, the impacts resulting from greater public access would decrease.
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4.3.4 What are the Potential Impacts on Geologic Resources and Seismic

Setting Associated with the Proposed Action and Alternatives?

The following discussion analyzes the environmental consequences or impacts
expected to occur as a result of anticipated future actions consistent with
implementing the alternatives described in Chapter 2.

Impacts under Alternative A

Under the no action alternative, lease applications would continue to be
processed on a case-by-case basis. Areas closed to geothermal leasing by
statute, regulation, or orders would remain closed, and discretionary closed
areas would be assessed based on local land use plans. The number of acres
likely to be affected under this alternative is unknown.

Issuing geothermal leases for direct and indirect use on a case-by-base basis
includes avoiding potential impacts from anticipated future actions on unique
geologic resources in many BLM field offices and FS ranger districts. In addition,
unique geologic resources may receive protection through avoidance and
mitigation measures for other resources, where those resources include unique
geologic features. Examples include features that are part of a Class | visual
landscape, features of cultural importance to Native Americans, or caves with
bat populations.

Under this alternative, no comprehensive list of stipulations, best management
practices, or procedures would be distributed to serve as consistent guidance
for future geothermal leasing and development. The leasing approvals and
stipulations would continue to be varied, as would mitigation and reclamation
levels. Overall potential impacts to geologic resources from anticipated future
actions would be similar to those identified in the four phases of development in
Section 4.3.3, above, on a case-by-case basis.

Impacts under Alternative B

Under Alternative B, the Island Park Geothermal Area would be closed to
direct and indirect geothermal resource development. The BLM or FS would
apply lease stipulations (Section 2.2.2) to protect the integrity of geothermal
resource features, such as springs and geysers, in areas open to geothermal
resource development. The BLM or FS would include lease stipulations to
protect any significant thermal features of a National Park System unit that could
be adversely affected by geothermal development. In addition, any leases that
contain thermal features (e.g., springs or surface expressions) would have a
stipulation requiring monitoring of the thermal features during any exploration,
development, and production of the lease to ensure that there are no impacts
to water quality or quantity. Unique geologic resources in areas open to
geothermal leasing and development for direct and indirect use would also be
protected through avoidance and mitigation measures for other resources,
where those resources include unique geologic features (e.g., visual and cultural
resources). Alternative B includes many comprehensive closures, stipulations,
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and BMPs (Appendix D) affecting these other resources that would result in
more protection for associated unique geologic features than under Alternative
A. It is expected that these measures would effectively avoid or minimize
impacts to geologic resources and seismic settings by protecting the most
sensitive areas and monitoring for and maintaining the unique resource values of
all other geologic features.

Impacts under Alternative C

Alternative C focuses geothermal leasing and development for indirect use on
public lands and NFS lands that are within 10 miles of the centerline of existing
transmission lines and at least |15 miles outside of the Yellowstone National Park
boundary. The public and NFS lands outside of these areas would be closed to
indirect use leasing.

The comprehensive list of stipulations, best management practices, and
procedures discussed under Alternative B would be applied to those areas open
for direct and indirect use under Alternative C. Potential impacts from
anticipated future actions within the transmission line area are expected to be
minimal because of the previous disturbance to geologic resources during
construction of the existing transmission lines. Areas open to direct use
geothermal lease applications and impacts from their anticipated subsequent
development would be the same as identified under Alternative B.
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4.4

ENERGY AND MINERAL RESOURCES

4.4.1

4.4.2

4.4.3

What did the Public Say about Impacts on Energy and Minerals?

Public comments included whether to close particular types of public lands (e.g.,
National Parks, FS roadless areas) to geothermal development, consideration of
existing and proposed transmission line routes, discussion of other power sales
agreements in the proposed development areas, and the past reclamation of
subsurface minerals and energy resource claims in the area.

The discussion of other power sales agreements in the proposed development
areas is outside the scope of this PEIS. The presence of and plans for other
power generation or transmission facilities near the proposed development sites
are evaluated as part of the cumulative impacts analysis (Chapter 5).

The track record of past reclamation activities is outside the scope of this PEIS.
The status and condition of past reclamation efforts for other energy and
mineral resource developments was included in the affected environment
discussion for the various environmental resources in each specific leasing area.
The conditions associated with reclamation of the subject geothermal
developments are included in the discussions for each environmental resource.

How Were the Potential Effects of Geothermal Development on
Energy and Minerals Evaluated?

The potential effects of geothermal development were evaluated by assessing
the effects that anticipated future actions consistent with implementation of the
alternatives described in Chapter 2 would have on energy and mineral
resources. Geothermal leasing itself would have no direct impacts on energy and
mineral resources. Impacts would occur from subsequent development
activities.

Potential impacts on energy and mineral resources could occur if reasonably
foreseeable future actions were to:

e Result in the construction of transmission lines that would affect the
feasibility of other energy development along the transmission
corridor; or

e Develop roads that would encourage other energy and mineral
exploration in otherwise undeveloped areas.

What are the Common Impacts on Energy and Minerals Associated
with Geothermal Development?

Developing energy and mineral resources on federal lands is subject to location
and operational constraints resulting from national, regional, and local laws,
regulations, policies, and guidelines associated with protecting other
environmental resources (e.g., endangered species). These protections include
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withdrawing or closing lands to energy and mineral resource activities, exclusion
areas, buffer zones around sensitive areas, limitations on surface occupancy,
seasonal limitations, and other permit stipulations. Changes in these regulations
and policies have the direct effect of increasing or decreasing the land available
for energy and resource development and associated costs.

The impacts on energy and mineral resources from potential geothermal
exploration and development activities would be greatly dependent on the local
presence and characteristics of energy and mineral resources. Due to the
inability to predict future development scenarios, including types of
development, timing, and location, the following impact analysis provides a
general description of common impacts on energy and mineral resources from
geothermal resource development.

Common impacts from geothermal energy development include vegetation loss,
air quality impacts from fugitive dust and diesel exhaust, noise emissions, soil
erosion and compaction, and hazardous waste generation.

The Reasonable Foreseeable Development Scenario for Energy and
Minerals

In general, any infrastructure improvements (e.g., roads, transmission lines,
pipelines) associated with the exploration and development of geothermal
resources would have a minor to major advantage for the exploration and
development of other energy and mineral resources within the immediate area.

Any land being used for exploration and development activities would become
unavailable for developing other mineral resources (e.g., aggregates, solid
minerals).

Exploration

Improving existing roads and constructing new roads for geothermal resource
exploration would have a negligible to minor impact on the exploration for
other energy and mineral resources in the immediate area. The degree of
impact would depend on the existing limits to access in the area and the
distance of the roads to the other mineral resources.

Drilling Operations

The cost of improving roads would be less for later developments because
roads accessing the general area will have already been developed. These
impacts would be reduced with increased distance from the new roads. Drilling
operations would preclude developing any other energy or mineral resources
on the same land.

Utilization
Introducing new transmission lines would encourage developing other energy
resources along the transmission line. Mineral resource developments would be
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4.4.4

encouraged due to the new availability of power for their operations. These
impacts would be reduced with increased distance from the power plant, roads,
and transmission lines.

During the utilization phase, other operations in the immediate area of the
power plant might be able to take advantage of the downstream heat from the
power plant. Utilization of the geothermal resources would have minor or no
impact on other energy or mineral resources.

Reclamation and Abandonment

Upon reclamation and abandonment of geothermal operations, any other
ongoing operations in the area would have to take over maintenance of shared
facilities (e.g., roads, transmission lines). Reclamation and abandonment of
geothermal resources would have minor or no impact on other energy or
mineral resources.

What are the Potential Impacts on Energy and Minerals Associated
with the Proposed Action and Alternatives?

The following discussion analyzes the environmental consequences or impacts
expected to occur as a result of anticipated future actions consistent with
implementing the alternatives described in Chapter 2.

Impacts under Alternative A

Under the no action alternative, lease applications would continue to be
processed on a case-by-case basis. Areas closed to geothermal leasing by
statute, regulation, or orders would remain closed, and discretionary closed
areas would be assessed based on local land use plans. Geothermal resources
are managed by BLM and FS as fluid leasable minerals, which includes oil and gas.
Therefore, policies on closure of land to fluid minerals leasing or restrictions on
the fluid minerals activities apply to both geothermal and oil and gas resources.

Some of the land classifications listed in Section 2.2.1 (e.g., ACECs, roadless
areas) do not include automatic closure to fluid minerals leasing and therefore
do not include closure to geothermal leasing for direct or indirect use. Other
lands have exclusion or buffer zones (e.g., National Historic Trails) that vary
from field office to field office based on local conditions. VWhere these
constraints vary, they are applied or expanded at the discretion of the individual
field offices. No surface occupancy/no ground disturbance constraints and other
mitigation and reclamation requirements are applied on a case-by-case basis and
are often dependent on site-specific conditions. The number of acres likely to
be affected under this alternative is unknown.

Impacts under Alternative B

Under Alternative B, the amount of land closed to geothermal leasing for direct
and indirect use would increase compared to Alternative A. Some lands
currently open, or open with stipulations, to fluid minerals leasing would be
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closed to geothermal leasing for direct and indirect use. Buffer zones around
other features would increase as they are applied to geothermal resource
leasing for direct and indirect use. These restrictions would be applied uniformly
throughout the western states.

Under Alternative B, the stipulations listed in Section 2.2.2 and the BMPs listed
in Appendix D would be required, with exceptions granted on a case-by-case
basis. Under Alternative A, stipulations and BMPS are applied only on a case-by-
case basis, as there are no consistent guidelines across field offices.

There would be less land available for exploration and development of
geothermal resources for direct and indirect use under Alternative B when
compared to Alternative A. The increased restrictions would result in increased
operational costs.

These increased constraints would not apply to fluid minerals leasing other than
geothermal resources (e.g., oil and gas leasing) or to other energy developments
(e.g., solar and wind). The amount of land available to other fluid minerals
leasing would not change. Those constraints that are applied on a case-by-case
basis at the discretion of the field offices would not be changed to general
restrictions.

There would be no immediate impact on the availability of lands for exploration
and development of other energy and fluid mineral resources under Alternative
B. There would be no associated increase in operational costs. However, there
is potential that these additional closures and higher levels of restrictions would
establish new precedents and would subsequently affect the policies and
practices guiding all energy resource development and fluid minerals leasing on
federal lands. Should this occur, the amount of land available to other energy
resource development and fluid minerals leasing would decrease to the same
degree as geothermal leasing. The increased restrictions would increase the
associated operational costs.

Impacts under Alternative C

Under Alternative C, only those lands within 10 miles of the centerline of
existing transmission lines and at least |5 miles outside of the Yellowstone
National Park boundary would be available for indirect use geothermal resource
development. The standardized stipulations and constraints discussed under
Alternative B would be applied to these lands. The lands outside of the existing
transmission line buffer would be closed to indirect use geothermal
development.

There would be less land available for exploration and development of
geothermal resources for indirect use than under Alternatives A or B. The
increased restrictions would result in increased operational costs within the
existing transmission line buffer.
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These increased constraints would not apply to other energy resource
development and fluid minerals leasing other than geothermal resources (e.g., oil
and gas leasing). The amount of land available to other energy resource
development and fluid minerals leasing would not change. There would be no
associated increase in operational costs.

Areas open to direct use geothermal lease applications and impacts from their
subsequent development would be the same as identified under Alternative B.
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4.5 PALEONTOLOGICAL RESOURCES

4.5.1

4.5.2

What did the Public Say about Impacts on Paleontological Resources?
No comments pertaining to impacts on paleontological resources were
received.

How Were the Potential Effects of Geothermal Development on
Paleontological Resources Evaluated?

The loss of any fossil that could yield information important to prehistory, or
that embodies the distinctive characteristics of a type of organism, environment,
period of time, or geographic region, would be an impact on paleontological
resources. Paleontological resource impacts primarily concern the potential
destruction of nonrenewable fossil resources and the loss of information
associated with these resources. This includes destruction as the result of
surface disturbance and the unlawful or unauthorized collection of fossil
remains.

Paleontological resources are preserved in sedimentary geologic units of
Precambrian to Pleistocene age. Geothermal resources are, by nature, located in
tectonically active areas with topographic and structural complexities that are
typically characterized by extensive formational exposures that may include
fossiliferous rocks. The potential for impacts on both surface and subsurface
paleontological resources is directly proportional to the amount of surface
disturbance associated with a proposed action. At this programmatic level of
analysis, it is not possible to identify and evaluate areas of higher paleontological
sensitivity with respect to locations of proposed surface disturbance. Therefore,
potential impacts on paleontological resources under each alternative can only
be generally estimated, and they correlate directly to the amount of anticipated
surface disturbance proposed under each alternative.

To the extent possible at this level of analysis, potential impacts on
paleontological resources were evaluated using the recently revised Potential
Fossil Yield Classification system (PFYC, BLM 2008-009). This evaluation of
potential effects on paleontological resources assumes that geothermal leasing
alternatives associated with the largest acreage of disturbance correlate with the
greatest likelihood of impacts on paleontologically sensitive (PFYC Class 3-5)
geologic formations. This assumption may prove to be inaccurate once lease-
specific analyses are undertaken, but it is appropriate for a programmatic level
of analysis.

Potential impacts on paleontological resources could occur if reasonably
foreseeable future actions were to result in the following:

e Result in the disturbance of paleontologically sensitive geologic
formations (PFYC Class 3-5); or
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e Conflict with paleontological resource management objectives and
guidelines established by the BLM and FS.

4.5.3 What are the Common Impacts on Paleontological Resources

Associated with Geothermal Development?

Due to the inability to predict future development scenarios, including types of
development, timing, and location, the following impact analysis provides a
general description of common impacts on paleontological resources from
geothermal resource development.

Impacts on nonrenewable surface or subsurface paleontological resources result
from destruction by breakage and crushing during surface-disturbing actions.
Surface disturbance related to geothermal development has the potential to
impact an unknown quantity of fossils that may occur on or underneath the
surface in areas containing paleontologically sensitive geologic units. Without
mitigation, these fossils, as well as the paleontological data they could provide if
properly salvaged and documented, could be destroyed, rendering them
permanently unavailable. Impacts can typically be mitigated to below a level of
significance by implementing paleontological mitigation. Mitigation also results in
the salvage of fossils that may never have been unearthed as the result of natural
processes. With mitigation, these newly exposed fossils become available for
scientific research, education, display, and preservation into perpetuity at a
public museum.

Impacts also result from the continuing implementation of management
decisions and associated activities. For paleontological resources, impacts most
commonly occur as the result of management actions that increase the
accessibility of public lands, increasing the potential for loss of paleontological
resources by vandalism and unlawful collecting (poaching). These impacts are
difficult to mitigate to below the level of significance, but they can be greatly
reduced by increasing public awareness about the scientific importance of
paleontological resources through education, community partnerships, and
interpretive displays, and by informing the public about penalties for unlawful
destruction or unlawful collection of these resources from public lands.

Cumulative impacts result from individually minor but collectively significant
actions taking place over a period of time. In general, if previously unrecorded,
scientifically significant paleontological resources are present within the Planning
Area, the potential cumulative impacts would be low, so long as mitigation was
implemented to salvage the resources. The use of stipulations, best management
practices, and paleontological resources management plans as described under
Alternative B in this section would effectively recover the value to science and
society of significant fossils that would otherwise have been destroyed by
ground-disturbing actions.
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Because paleontological resources are nonrenewable, impacts that result in their
loss are considered to be long term.

The Reasonable Foreseeable Development Scenario for Paleontological
Resources

The four RFD phases of geothermal development include exploration,
development, production, and closeout. According to the RFD scenario, it is
estimated that | | | power plants could be constructed by 2015, and another 133
power plants could be constructed by 2025. The greatest development is
expected to occur in California and Nevada, with the least occurring in Arizona,
Colorado, Wyoming, and Montana. The typical acreage of disturbance in a
geothermal resource development phase is 53 to 367 acres. Therefore, total
geothermal surface disturbance would be approximately 5,883 acres to 40,737
acres by 2015 and 12,932 acres to 89,548 acres by 2025.

Exploration

Geothermal exploration is anticipated to last from one to five years and involves
first surveying and then drilling for temperature gradient wells. Surface
disturbance resulting from geothermal surveys is primarily the result of access
road construction and seismic and resistivity surveys. Drilling for temperature
gradient wells results in surface disturbance during construction of wells and
access roads.

Impacts on surface and subsurface paleontological resources could occur
wherever grading for access roads and drilling sites takes place in
paleontologically sensitive geographic areas or geologic units. Seismic and
resistivity surveys have the potential to impact surface occurrences of
paleontological resources where these activities take place in paleontologically
sensitive areas/geologic units. Additional impacts could occur as the result of
increased public access to previously remote paleontologically sensitive areas.

Drilling Operations

This phase requires grading for additional access roads, developing drill sites
(average of two acres per well pad), and constructing pipelines, additional wells
(production and injection), and sump pits.

As previously stated, impacts on surface and subsurface paleontological
resources could occur wherever surface-disturbing actions related to
geothermal development take place in paleontologically sensitive geographic
areas or geologic units. Additional impacts could occur as the result of increased
public access to previously remote paleontologically sensitive areas.

Utilization

Construction within the drilling operations phase involves assembling the
infrastructure needed to use the underground geothermal reservoir and would
last from two to ten years. Construction within the drilling operations phase
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4.5.4

involves the greatest amount of surface disturbance and therefore has the
greatest potential for impacting paleontological resources. This phase requires
grading for access roads, developing drill sites (average of 5-50 acre well-pad
disturbance per plant), and constructing pipelines, transmission lines, and power
plants (approximately |5 to 25 acres per plant site).

Operations within the utilization phase lasts from ten to thirty years and
involves the ongoing operation and maintenance of the geothermal field,
including developing new drilling sites, as needed.

Reclamation and Abandonment

Reclamation and abandonment activities include reclamation of all disturbed
areas after production ceases. Assuming that no new surface disturbance occurs
during the closeout phase, no new impacts on surface or subsurface
paleontological resources would be anticipated.

Following the reclamation and abandonment phase, paleontologically sensitive
areas that are reclaimed and that become less accessible to the public would
lower the future likelihood of loss through vandalism and unlawful collection,
thus lowering future impacts associated with these activities to pre-geothermal
leasing levels.

What are the Potential Impacts on Paleontological Resources
Associated with the Proposed Action and Alternatives?

The following discussion analyzes the environmental consequences or impacts
expected to occur as a result of implementing the alternatives described in
Chapter 2.

Impacts under Alternative A

Under the no action alternative, areas closed to geothermal leasing by statute,
regulation, or orders would remain closed, and discretionary closed areas would
be assessed based on local land use plans. The number of acres likely to be
affected under this alternative is unknown.

Due to the uncertainty of the total acreage and specific locations considered for
geothermal leasing and development for direct and indirect use under this
alternative, it is not possible to quantify the total acreage of potentially affected
paleontologically sensitive formations. However, issuing geothermal leases on a
case-by-base basis is not expected to result in different effects on
paleontological resources than Alternatives B and C. In the long term, if case-by-
case leasing for direct and indirect use results in a larger cumulative geographic
area of surface disturbance than Alternatives B and C, then Alternative A may
have a greater likelihood of impacts on paleontological resources using the
assumptions made in Section 4.5.2.
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Impacts under Alternative B

Under Alternative B, the proposed action, approximately 118,000,000 acres of
public land and 79,000,000 acres of FS land would be designated as open to
geothermal leasing for direct and indirect use.

As stated above, due to the uncertainty of total acreage and specific locations
considered for geothermal leasing and development for direct and indirect use
under Alternative A, it is not possible to quantifiably compare the potential for
paleontological resource impacts between anticipated future actions consistent
with each of the alternatives. However, due to the Alternative C proposal that
indirect use geothermal leasing be further restricted to within a 10-mile distance
of the centerline of existing transmission lines, Alternative B has a higher
likelihood of anticipated future actions with impacts on paleontological
resources than Alternative C using the assumptions made in Section 4.5.2.

Under this alternative, the BLM and FS would issue a comprehensive list of
stipulations, best management practices, and procedures to serve as consistent
guidance for future geothermal leasing for direct and indirect use. In accordance
with BMPs (Appendix D), operators would determine whether paleontological
resources exist in a project area on the basis of the sedimentary context of the
area, a records search of past paleontological finds in the area and/or, depending
on the extent of existing information, paleontological survey. If paleontological
resources are present at the site, or if areas with high potential have been
identified, a paleontological resources management plan would be developed
that identifies appropriate monitoring and protection measures. Unexpected
discovery of paleontological resources during geothermal development would
be brought to the attention of the responsible BLM authorized office
immediately and work would be halted in the vicinity of the finds to avoid
further disturbance while the finds are evaluated and appropriate mitigation
measures are developed. It is expected that these measures would effectively
avoid, minimize or mitigate impacts on paleontological resources by protecting
and conserving significant paleontological resources as they are discovered on
public lands.

Impacts under Alternative C

Under Alternative C, approximately 61,200,000 acres of public land and
37,900,000 acres of NFS land would be designated as open to geothermal
leasing for indirect use. Alternative C differs from Alternative B in that the BLM
and FS would only consider indirect use leasing within 10 miles from the
centerline of existing 60 kV to 500 kV transmission lines.

Due to the uncertainty of the total acreage and specific locations considered for
geothermal leasing and development for direct and indirect use under
Alternative A, it is not possible to quantifiably compare the potential for
paleontological resource impacts from anticipated future actions consistent with
Alternative A and those anticipated future actions consistent with Alternatives B
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and C, respectively. However, due to the Alternative C proposal that
geothermal leasing for indirect use be further restricted to within 10 miles from
the centerline of existing transmission lines and at least 15 miles outside of the
Yellowstone National Park boundary, Alternative C has a lower likelihood of
anticipated future actions with potential impacts on paleontological resources
than Alternative B using the assumptions made in Section 4.5.2. Impacts within
the transmission line area are expected to be minimal because of the previous
disturbance to paleontological resources while constructing the existing
transmission lines.

Areas open to direct use geothermal lease applications and impacts from
anticipated future actions consistent with Alternative C would be the same as
identified under Alternative B.
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4.6 SoIL RESOURCES

4.6.1

4.6.2

4.6.3

What did the Public Say about Impacts on Soil Resources?
Commentors requested that direct and cumulative impacts on steep, unstable,
easily eroded, and saline soils be assessed. Other commentors requested that
the analysis include spill prevention, planning, and cleanup measures for
geothermal resource development activities.

How Were the Potential Effects of Geothermal Development on Soil
Resources Evaluated?

Chapter 3 discussed the types of soil resources (orders) and their general
characteristics present in the areas with potential for geothermal development.
Impacts on soil resources are discussed in generic terms of amount of
disturbance typically associated with geothermal resource development. Impacts
on specific soil types, including prime and unique farmlands and farmlands of
statewide importance, are discussed for each proposed lease. The amount of
disturbance that would be associated with the reasonably foreseeable
development scenario was assessed for the soil resources present in each
specific lease area.

Potential impacts on soil resources could occur if reasonably foreseeable future
actions were to result in the following:

e Remove prime farmlands from production;

e Take place on slopes of greater than 40 percent;

e Increase the mid- to long-term erosion of soil resources in the area;
e Cause soil resource compaction where soil crusts are present; or

e Result in spills of hazardous materials.

¢ Remove forest land from production

The potential impacts of the alternatives were evaluated on the basis of amount
of area that would be open for exploration and development and the general
presence of soil crusts, easily eroded soils, and prime farmlands.

What are the Common Impacts on Soil Resources Associated with
Geothermal Development?

The potential impacts on soil resources from geothermal development include
physical disturbance (e.g., movement or removal), compaction, changes to
erosion patterns, and changes in current use as farmland. Any development or
infrastructure (e.g., wells, roads, or pipelines) on steep slopes would increase
erosion and could increase risk of landslides.
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Due to the inability to predict future development scenarios, including types of
development, timing, and location, the following impact analysis provides a
general description of common impacts on soil resources from geothermal
resource development. This RFD scenario involves four sequential phases:
exploration, drilling operations, utilization, and reclamation and abandonment.

The Reasonable Foreseeable Development Scenario for Soil Resources
According to the RFD scenario, it is estimated that ||| power plants could be
constructed by 2015, and another 133 power plants could be constructed by
2025. The most development is expected to occur in California and Nevada and
the least is expected to occur in Colorado, Arizona, Wyoming, and Montana.
The typical acreage of disturbance in a complete geothermal resource
development is 53 to 367 acres. Therefore, total land use disturbance would be
approximately 5,883 acres to 40,737 acres by 2015 and 12,932 acres to 89,548
acres by 2025.

Exploration

The exploration phase includes surveying and drilling temperature gradient
wells. Surveying activities would impact soil resources through disturbance at
seismic survey pulse sites. Detonation of explosives would greatly disturb a
small area around each detonation. The soil resources beneath each thumper
truck site would be compacted. While the area of disturbance at each seismic
pulse site would be small, a large seismic survey could include many sites. New
roads or routes may be needed to allow survey equipment to access the
potential geothermal sites. The impacts of survey activities would be short term.
Following surveying activities, all roads and routes would be reclaimed to BLM
and FS standards, thereby minimizing any long-term impacts on land uses.

The impacts on soil resources from drilling temperature gradient wells would be
minor. Similar to surveying activities, roads would be required to access wells.
Several wells could be drilled per lease, for an area of disturbance of
approximately 0.9 acres. Impacts would occur on lands directly under the well
sites; however, impacts last only the duration of the drilling and reclamation
activities (several weeks). The drilling sites and access routes would be
reclaimed to BLM and FS standards, thereby minimizing any long-term impacts
on soil resources.

Drilling Operations

The drilling operations phase of development would result in short-term
impacts on soil resources. The drilling operations phase would require access
roads to accommodate larger equipment. Roads for the production wells are
typically between 0.5 and 4 miles long and 30 feet wide, for a disturbance of
between 2 and |5 acres. New roads would impact any soil resources within
their rights-of-way.
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The drilling operations phase also includes drill site development, which on
average requires a two-acre well pad. Soil resources under each well pad would
be impacted.

Utilization

The utilization phase of development would result in long-term impacts on soil
resources. The utilization phase would require additional access roads to
accommodate larger equipment and for accessing the power plant. Well field
equipment and support structures would be constructed. The well field
equipment includes pipelines with a disturbance zone approximately 40 feet
wide and typically one to four miles in length. Where feasible, pipelines would
parallel access roads and existing roads, minimizing the impacts on soil
resources. Pipelines are constructed on supports above ground, which would
minimize surface disturbance. The disturbance would include the pads for
pipeline supports and the access and maintenance roads along the pipeline.

A power plant requires approximately |5 to 25 acres to accommodate all the
needed equipment. Similar to other construction required during this phase, this
would result in a direct disturbance of the soils within the footprint of the
facility.

Installing electrical transmission lines from the power plant would disturb
approximately 24-240 acres with a 40-foot-wide disturbance area along
transmission line for lengths from 5 to 50 miles long. The disturbance would
include the pads for powerline support structures and the access and
maintenance roads along the powerline.

Impacts on soil resources during the operation of the geothermal power plant
would be minimal. The initial areas disturbed during construction would
continue to be used sporadically during standard operation and maintenance
activities, such as maneuvering construction and maintenance equipment and the
vehicles associated with these activities. No additional impacts would be
recognized during this phase unless an additional drill site is required. Impacts
from additional drill sites would be the same as those impacts discussed under
the exploration and drilling operations phases, above.

Reclamation and Abandonment

Reclamation and abandonment activities include abandoning the wells after
production ceases and reclaiming all disturbed areas. All disturbed lands would
be reclaimed in accordance with BLM and FS standards.

What are the Potential Impacts on Soil Resources Associated with
the Proposed Action and Alternatives?

The following discussion analyzes the environmental consequences or impacts
expected to occur as a result of implementing the alternatives described in
Chapter 2.
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Impacts under Alternative A

Under the no action alternative, lease applications would continue to be
processed on a case-by-case basis. Areas closed to geothermal leasing by
statute, regulation, or orders would remain closed, and discretionary closed
areas would be assessed based on local land use plans. The number of acres
likely to be affected under this alternative is unknown.

Issuing geothermal leases for direct and indirect use on a case-by-base basis is
not expected to affect soil resources. Impacts on soil resources would occur
during subsequent exploration, drilling operations, and utilization phases. These
activities at each individual site would incur various long- and short-term
impacts on soil resources. Under this alternative, no comprehensive list of
stipulations, best management practices, or procedures would be distributed to
serve as consistent guidance for future geothermal leasing and development.
The leasing approvals and stipulations would continue to be varied, as would
mitigation and reclamation levels.

While all disturbed lands would be required to be reclaimed in accordance with
BLM and FS standards, these standards may be applied in a varied manner for
individual field offices and ranger districts. Due to the uncertainty of total
acreage considered for geothermal leasing and development for direct and
indirect use under this alternative, it is not possible to quantify the total acreage
affected on federal lands.

Impacts under Alternative B

Under Alternative B, the proposed action, geothermal leasing for direct and
indirect use would be open on | 18,000,000 acres of public lands and 79,000,000
acres of NFS lands in the western US and Alaska. Lands identified as open to
geothermal leasing for direct and indirect use could include moderate to major
constraints to reduce potential impacts on soil resources, depending on the
environmental conditions identified during site-specific reviews conducted by
field offices and ranger districts prior to issuing the leases. Approximately
25,150,000 acres of public lands and 24,370,000 acres of NFS lands would be
closed to geothermal leasing for direct and indirect use because the lands are
incompatible with geothermal leasing, exploration, and development. Additional
lands could be closed to geothermal resource leasing for direct and indirect use
due to local conditions at the discretion of the individual field offices and ranger
districts.

Under this alternative, the BLM and FS would issue a comprehensive list of
stipulations, best management practices, and procedures to serve as consistent
guidance for future geothermal leasing for direct and indirect use. Relevant
stipulations (Section 2.2.2) designed to minimize impacts on soil resources
include 1) no surface occupancy on slopes in excess of 40 percent and/or soils
with high erosion potential; and 2) controlled surface use on slopes greater that
30 percent and/or erosive soils as defined as severe or very severe erosions
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classes based on Natural Resources Conservation Service mapping. In
accordance with BMPs (Appendix D), operators would identify unstable slopes
and local factors that can induce slope instability. Special construction
techniques would be used where applicable in areas of steep slopes, erodible
soil, and stream channel crossings. Operators would also be required to adhere
to a plan of development that includes spill prevention and cleanup provisions. It
is expected that these measures would effectively avoid and/or minimize impacts
on soil resources by protecting the most sensitive areas, minimizing erosion,
maintaining soil productivity, and minimizing surface disturbance from
authorized activities.

Impacts under Alternative C

Under Alternative C, geothermal leasing for indirect use would be open on
61,200,000 acres of public lands and on 37,900,000 acres of NFS land in the
western US and Alaska. Geothermal resource development for indirect use
would be encouraged within 10 miles of the centerline of existing transmission
lines and at least |5 miles outside of the Yellowstone National Park boundary.

The comprehensive list of stipulations, best management practices, and
procedures discussed under Alternative B would be applied to those areas
within the transmission line buffer areas. Areas open to direct use geothermal
lease applications and impacts from their subsequent development would be the
same as identified under Alternative B.
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WATER RESOURCES AND QUALITY

4.7.1

4.7.2

What did the Public Say about Impacts on Water Resources and
Quality?

Commentors asked that the impacts on surface water resources from
geothermal development activities be discussed in the PEIS, including changes to
drainage in development areas, discharges, onsite containment, water additives,
stormwater discharge permits, 404 permits and waters of the US in the
development areas, and impacts on water hydrology and stream channel
morphology, water quality, pools, and hot springs.

Commentors asked that the impacts on groundwater resources from
geothermal development activities be discussed in the PEIS, including preventing
the accidental discharge of geothermal fluids with toxic chemical properties into
the environment, water needs for geothermal resource development, impacts
on water quantity and quality, methods of water discharge, and differences with
shallow groundwater.

How Were the Potential Effects of Geothermal Development on
Woater Resources and Quality Evaluated?

Leasing land does not involve ground-disturbing activities or any type of
construction, so there would be no direct impact on water resources. Impacts
would result from activities pursued after leasing.

This section discusses the potential impacts of anticipated future actions
consistent with each of the alternatives on the water resources in the Planning
Area. Potential impacts on water resources could occur if reasonably
foreseeable future actions were to result in the following:

¢ Involved surface disturbance such as building roads or preparing drill
sites or plant sites that could increase erosion and sedimentation;

e Substantially depleted groundwater supplies or interfered
substantially with groundwater recharge such that there would be a
net deficit in aquifer volume or a lowering of the local groundwater
table level;

e Uses or facilities that would substantially degrade surface or
groundwater quality; or

e Changing conditions such that the geothermal resource itself was
degraded.

Water quality and quantity is of interest to other resources as well. Biological
resources, cultural resources, and recreation may be impacted by changes to
water quantity and quality. In this section, impacts on water resources are
evaluated only from the perspective of changes to water availability and quality.
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Impacts from the perspective of other values (e.g., impacts of water quality on
livestock, or reduced flow from a sacred spring) are discussed in sections for the
other resources. Effects are quantified where possible; in the absence of
quantitative data, best professional judgment was used. While the development
of geothermal resources would be intricately linked with groundwater and
surface water rights, those rights are very specific to individual locations,
aquifers, landowners, and local jurisdictions.

What are the Common Impacts on Water Resources and Quality
Associated with Geothermal Development?

Geothermal fluids can be steam or fluid or a mixture under pressure. The
geothermal fluids are extracted from the resource, and the heat is used either
directly to heat air or water or indirectly to generate electrical power. Once
the heat in the geothermal fluid has been used, it is considered “spent.” Direct-
use systems are smaller and have less impact than indirect uses. Indirect uses are
discussed below.

Direct-use geothermal systems use low- to moderate-temperature fluids. Binary
power systems use higher temperature geothermal fluids or use heat
exchangers with lower boiling point working fluids. The steam and flash steam
power plants use the mixed geothermal fluids and pure steam.

The spent geothermal fluid is usually reinjected into the geothermal resource,
but it may be evaporated in lagoons or discharged to surface water depending
on the relative water quality and temperature. In rare cases, the spent
geothermal fluid may be potable and used for agricultural or domestic purposes.
The dry steam power plants emit the steam after it has been used and reinject
any condensed fluids.

Developing geothermal resources includes using surface water or groundwater
for operations, mostly as cooling water. The US Environmental Protection
Agency estimates that each megawatt-hour of electricity generated from
geothermal resources consumes approximately 200 to 300 gallons of water (US
EPA 2008f). This water is primarily used for cooling the operating steam (used
to turn turbines) back into a liquid state so that it can be reinjected into the
geothermal reservoir. For a given amount of electricity generated, geothermal
power plants require less cooling water than fuel combustion boilers and
nuclear boilers for the following reasons:

e Geothermal power plants have lower steam temperatures and
therefore require less water to bring the steam (used to turn turbines)
back into a liquid state.

e Cooling water from geothermal power plants is injected into the
geothermal reservoir at a much higher temperature than cooling water
from fuel combustion and nuclear boilers, which is typically discharged
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into surface water bodies that often support aquatic ecosystems. This
additional cooling of water for power facilities discharging to natural
surface water bodies is necessary to minimize impacts on the
ecosystems supported by those water bodies. To achieve this additional
cooling to temperatures that are usually only slightly above that of the
receiving water, combustion- and nuclear-based power plants often use
larger volumes of cooling water.

The amount of cooling for each geothermal plant depends on the temperature
and type of geothermal fluids, the methods used to generate power, the
throughput, and the type of cooling used. Air cooling uses very little water.
Most binary power plants do not use any water.

The chemical and thermal properties of the geothermal fluid can pose potential
threats to surface water and groundwater quality. Geothermal water can
contain a variety of dissolved compounds, including silica, sulfates, carbonates,
metals, and halides. Any mixing of geothermal fluids with surface or
groundwater where the chemical and thermal qualities of the geothermal fluids
would degrade the other water in the area would potentially damage aquatic
ecosystems and contaminate drinking water supplies.

Due to the inability to predict future development scenarios, including types of
development, timing, and location, the following impact analysis provides a
general description of common impacts on water resources from geothermal
resource development. The degree of impact would vary greatly depending on
local conditions including presence of sole source aquifers, hot springs, and the
existing water quality.

The Reasonable Foreseeable Development Scenario for Water Resources
and Quality

In general, any ground disturbance activities associated with geothermal
resource development (roads, transmission lines, pipelines) would have a minor
to negligible impact on surface water and groundwater resources within the
immediate area. However, if an area is already heavily impacted due to existing
operations or conditions, even these minor impacts could be substantial.

Exploration

Survey activities would have little to no impact on surface or groundwater.
Exploration drilling would involve some ground-disturbing activities such as road
and drilling pad construction. This could lead to an increase in soil erosion, with
the result that more soil might be transported in surface runoff. Best
management practices (see Appendix D) to reduce sediment erosion and to
prevent sediment from being transported to surface water areas would be
implemented in compliance with stormwater pollution prevention requirements
of the Clean Water Act. By following BLM and FS guidelines, impacts on water
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resources would be avoided. The long-term impacts would be minor. The short-
term impacts would be moderate and mitigable.

Drilling Operations

Geothermal fluids in the resource can be under high pressures. Drilling can
create pathways for these fluids into the groundwater at shallower depths or
commingling between aquifers of differing quality. The impacts of these pathways
can alter the natural circulation of the geothermal fluids and impact the
usefulness of the resource. Subsurface pathways also can allow the natural
contaminants in the geothermal fluids to impact the shallow groundwater quality
if mixing were to occur. The degree of impact depends on aquifer
characteristics and whether special conditions (e.g., sole source aquifers) are
present. Proper drilling practices and closure and capping of the wells can
reduce this potential.

During normal operations, liquid wastes from drilling activities are stored in
lined sumps before being properly disposed of in accordance with state
regulations. Geothermal fluid production and associated waste production is
likely to occur for short periods as wells are tested to determine reservoir
characteristics. If geothermal fluids are discovered in commercial quantities,
development of the geothermal field is likely. During the initial stages of testing,
one well is likely to be tested at a time. If testing is successful and the well and
reservoir are sufficient for development, well heads, valves, and control
equipment would be built on top of the well casing to prepare for the utilization
phase.

Release of geothermal fluids during well testing can cause temporary impacts on
surface waters within the immediate area of the test wells if not contained.
These impacts include thermal changes and changes in water quality depending
on the differences in the geothermal fluid and the surface waters. Accidental
spills of geothermal waters may occur due to well blowouts during drilling,
leaking piping or well heads, or overflow from sump pits.

BLM and FS guidelines and state regulations for maintaining and plugging and
capping wells to prevent blowouts and mandating proper well casing and drilling
techniques would minimize the risk of impacting surface water and groundwater
in the immediate area.

Groundwater extraction and injection wells are installed and pumped to cycle
geothermal fluids within the geothermal reservoir to remove heat energy. To be
effective, it is desirable to create an efficient circulation system where the
injected (cool) fluid is resident in the formation long enough to heat up to the
maximum temperature without significantly altering subsurface pressures. This
requires a highly permeable geothermal aquifer that is preferably isolated from
any shallow cool water or potable water aquifer above it. High injection
pressures can fracture rock, with resultant leakage of geothermal fluids.

Final PEIS for Geothermal Leasing in the Western US 4-43
October 2008



4.7 Water Resources and Quality

Typically these fluids are highly mineralized, so geothermal production systems
could contaminate shallow freshwater aquifers and heat could be lost to the
surface.

Extracting geothermal fluids could result in drawdowns in connected shallower
groundwater aquifers, with the resulting potential to affect streams or springs
that are in turn connected to the water table aquifer. The potential for these
types of adverse impacts is reduced through extensive aquifer testing, which is
the basis for designing the geothermal plant and for locating, designing, and
operating the extraction and injection wells. Combined with the requirement to
comply with state and federal regulations that protect water quality and with
limitations imposed by water rights issued by the state engineer, the impacts on
water quality and the potential for depleting water resources is expected to be
minimized. There is a medium risk for moderate to high impacts on
groundwater supplies from the use of groundwater for geothermal activities.

Utilization

During construction, ground-disturbing activities such as road and foundation
pad construction and utility installation could lead to an increase in soil erosion,
with the result that more soil might be transported in surface runoff.
Construction activities may also increase the risk of fire which could also result
in increased erosion. Best management practices to reduce sediment erosion
(see Appendix D) and to prevent sediment from being transported to surface
water areas would be implemented in compliance with nonpoint (stormwater)
pollution prevention requirements of the Clean Water Act.

Geothermal resource utilization could affect groundwater resources because of
consumption of water by evaporation and the need to reinject water to
replenish the geothermal reservoir. The magnitude of the effects would vary
depending on groundwater conditions and availability within the basin and on
the type of geothermal plant. Availability of water resources could be a limiting
factor, affecting the expansion of geothermal resource development in a given
area.

During normal operations and when production wells are tested, geothermal
plants produce wastewater from cooling tower blowdown. This is the spent
water that is periodically discharged from the cooling system. Makeup water is
used to replace or make up for the evaporative losses and blowdown in a
water-cooled system. The quantity of cooling tower blowdown depends on the
size of the power plant, the quality of the makeup water (lower quality water
requires more frequent cycling), the nature of the additives to prevent mineral
scale, and the number of times the water is cycled. The source of cooling water
could be either surface water or groundwater.

Production of geothermal fluids could be expected to vary from Ito 6 million
gallons per day per well. Assuming 5 million gallons per day per well as an
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average production figure, a lease with two producing wells would produce 10
million gallons of fluid per day.

Once a plant is operational, most geothermal fluids produced are reinjected
back into the geothermal reservoir via reinjection wells. In flash steam facilities,
about |5 to 20 percent of the fluid would be lost due to flashing to steam and
evaporation through cooling towers and ponds. Binary power plants are non-
consumptive and use a closed loop system. Fluids could also be lost due to
pipeline failures or surface discharge for monitoring and testing the geothermal
reservoir. In dry steam facilities, where steam is the only geothermal fluid, very
little of the steam can be cooled for reinjection.

The cooling water could be discharged either to the ground or to an
evaporation pond. Discharging cooling tower blowdown or water from testing
geothermal production wells could affect shallow groundwater quality if the
discharged water percolated to a shallow aquifer. Discharging cooling tower
blowdown water would be subject to a National Pollution Discharge Prevention
System permit issued by the appropriate state oversight agency, which would
require testing to ensure that the water met the discharge requirements and did
not degrade groundwater quality. The state would likely require that the cooling
water be discharged to a lined pond to prevent infiltration. Therefore, the
potential for water quality impacts on surface water from operational discharges
of a geothermal plant are expected to be minor or mitigable.

The original coolant water and the replenishment water contain salts that
become concentrated in the cooling system over time, requiring that the
coolant be periodically replaced. The cooling water may also contain metals or
other constituents introduced from corroding pipes or from chemical additives
used to inhibit corrosion or microbial growth in the system. Low-toxicity
additives are available that could be used in the cooling towers to lower the
potential for impacts from this source.

Air-cooled systems use less cooling water and are more common in arid
regions. Air-cooled systems would have fewer impacts associated with cooling
water.

During operations, geothermal fluids are kept as part of a closed loop until they
are reinjected into the geothermal resource. However, small amounts of these
contaminants can be accidentally released into the surface environment from
venting steam to eliminate excessive pressure or through mechanical
breakdowns like broken pipes. The temporary release of fluids from tests and
accidents would have minor impacts on any surface waters in the immediate
area.

Hot springs are surface features that indicate the presence of geothermal
features deep within the earth. These springs can be part of sensitive
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4.7.4

ecosystems, recreation areas, or traditional cultural properties. The geothermal
resources that would be developed are usually at greater depths than the
shallow groundwater associated with the hot springs. However, withdrawing
shallow groundwater or surface water for cooling water purposes could affect
nearby springs.

Reclamation and Abandonment

The reclamation and abandonment phase would involve plugging and capping
production and injection wells. Improper abandonment could allow the wells to
serve as pathways for geothermal fluids to migrate to other aquifers, affecting
both the geothermal resource and other groundwater quality. Proper well
closure and capping would reduce the risk of these impacts.

What are the Potential Impacts on Water Resources and Quality
Associated with the Proposed Action and Alternatives?

The following discussion analyzes the environmental consequences or impacts
expected to occur as a result of implementing the alternatives described in
Chapter 2.

Impacts under Alternative A

Under the no action alternative, lease applications would continue to be
processed on a case-by-case basis. Areas closed to geothermal leasing by
statute, regulation, or orders would remain closed, and discretionary closed
areas would be assessed based on local land use plans. The restrictions and
stipulations on geothermal exploration and development activities for direct and
indirect use would also be determined by the individual field offices and ranger
districts on a case-by-case basis. The number of acres likely to be affected under
this alternative is unknown.

Issuing geothermal leases for direct and indirect use on a case-by-base basis
includes avoiding impacts on water resources in many BLM field offices and FS
ranger districts. In addition, water resources may be protected through
avoidance and mitigation measures for other resources where those resources
include water resources. Examples include wetlands, designated wild and scenic
rivers, endangered species habitat, and springs of cultural importance to Native
Americans.

Under this alternative, no comprehensive list of stipulations, best management
practices, or procedures would be distributed to serve as consistent guidance for
future geothermal leasing and development. The leasing approvals and stipulations
would continue to be varied, as would mitigation and reclamation levels.

Impacts under Alternative B

Under Alternative B, Designated Wild Rivers under the Wild and Scenic River
Act and The Island Park Geothermal Area (includes NFS lands in Idaho and
Montana) would be closed to geothermal leasing for direct and indirect use.
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Geothermal leasing for direct and indirect use would be open on 118,000,000
acres of public lands and on 79,000,000 acres of NFS land in the western US and
Alaska. Lands identified as open for geothermal leasing for direct and indirect
use could have moderate to major constraints related to potential impacts on
water resources, depending on environmental conditions identified during site-
specific reviews conducted by field offices and ranger districts prior to issuing
the leases. Approximately 25,150,000 acres of public land and 24,370,000 acres
of NFS land would be closed to geothermal leasing for direct and indirect use
because these lands were found to be incompatible with geothermal leasing,
exploration, and development. Additional lands might be closed to geothermal
resource leasing for direct and indirect use due to local conditions at the
discretion of the individual field offices and ranger districts.

Under this alternative, the BLM and FS would issue a comprehensive list of
stipulations, best management practices, and procedures to serve as consistent
guidance for future geothermal leasing for direct and indirect use. Relevant
stipulations (Section 2.2.2) designed to minimize impacts on water resources
and water quality include (I) no surface occupancy on water bodies, riparian
areas, wetlands, playa, and 100-year floodplain; and (2) controlled surface use
within 500 feet of riparian or wetland vegetation to protect the values and
functions of these areas. In accordance with BMPs (Appendix D), operators
would be required to gain a clear understanding of the local hydrology and
would avoid creating hydrologic conduits between aquifers. Operators would
also develop a storm water management plan for the site to ensure compliance
with applicable regulations and to prevent off-site migration of contaminated
water or increased soil erosion. It is expected that these measures, along with
the measures outlined to protect soil resources, would effectively minimize
impacts on water resources and quality by protecting sensitive surface and
ground water resources, protecting wetland and riparian habitats, reducing
water quality degradation (i.e., contamination and sedimentation), and meeting
applicable water quality standards.

Impacts under Alternative C

Under Alternative C, approximately 61,200,000 acres of public land and
37,900,000 acres of NFS land would be identified as open to geothermal leasing
for indirect use. Alternative C differs from Alternative B in that the BLM and FS
would only consider indirect use leasing within 10 miles from the centerline of
existing 60 kV to 500 kV transmission lines and at least |15 miles outside of the
Yellowstone National Park boundary.

The comprehensive list of stipulations, best management practices, and
procedures discussed under Alternative B would be applied to those areas
within the transmission line buffer.

Areas open to direct use geothermal lease applications and impacts from their
subsequent development would be the same as identified under Alternative B.
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4.8

AIR QUALITY AND ATMOSPHERIC VALUES

4.8.1

4.8.2

What Did The Public Say About Impacts on Air Quality and
Atmospheric Values?

Comments received during scoping requested that BMPs such as emissions
monitoring, diesel exhaust abatement, dust control, and a requirement for
Equipment Emissions Mitigation Plans be incorporated into lease terms.
Comments included requests for the PEIS to discuss the criteria pollutants
expected to be emitted from the various sources typically associated with
geothermal projects as well as the timeframe for these emissions over the
various project phases. From a regulatory standpoint, commentors requested
that the PEIS discuss the applicability of General Conformity, New Source
Review, and Operating Permits to geothermal projects. Commentors also
requested that the PEIS address the reduction of regional air emissions that
would be expected by expanding geothermal energy use.

How Were the Potential Effects of Geothermal Development on Air
Quality and Atmospheric Values Evaluated?

Methodology

Potential effects of geothermal development on air quality were evaluated by
examining the typical air emissions associated with the various stages of
geothermal development, and comparing those emissions with areas of
nonattainment across the planning area (shown in Table 3-13, Counties within
the Planning Area that are Designated Nonattainment or Maintenance Areas for
Criteria Pollutants). While geothermal leasing itself would not impact air quality,
the impacts of development on leased areas could affect air quality in the future.
These potential effects on air quality are those that may result from pollutants
that are typically generated by geothermal development.

Other regulatory requirements that would likely be required at the project-
specific phase of analysis and permitting are examined here and were considered
in determining both the impact criteria and in developing the impact analysis.

A secondary analysis was conducted to estimate the carbon dioxide emissions
that would be generated by geothermal power development, compared with
conventional, fossil-fuel based energy production. This analysis was conducted
using the estimates of mass of carbon dioxide generated per kilowatt hour by
geothermal, natural gas, petroleum, and coal power production, as shown in
Table 3-14.

Conformity Requirements

Section 176(c) of the Clean Air Act, 42 USC § 7506(c), requires federal agencies
to ensure that actions undertaken in nonattainment areas are consistent with
the Clean Air Act and with federally enforceable air quality management plans.
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The EPA has promulgated separate rules that establish conformity analysis
procedures for transportation-related actions and for other (general) federal
agency actions. The EPA general conformity rule applies to federal actions
occurring in nonattainment areas when the total direct and indirect emissions of
nonattainment pollutants (or their precursors) exceed specified thresholds. The
emission thresholds that trigger requirements of the conformity rule are called
de minimis levels.

At project level analysis and permitting, the BLM and FS would need to ensure
that any proposed action, including construction emissions subject to state
jurisdiction, conform to an approved State Implementation Plan (SIP). Emissions
authorized by a Clean Air Act permit issued by the state or by the local air
pollution control district would not be assessed under general conformity but
through the permitting process.

Air Permitting

The Clean Air Act and its subsequent amendments require the permitting of
stationary sources. Permitting requirements for major air sources are contained
in two different programs. The first program is the New Source Review
program, which consists of two preconstruction programs: The Prevention of
Significant Deterioration program for permitting sources in attainment areas,
and the nonattainment area permitting program. The second program is the
Operating Permits Program, for permitting a source once it is in operation.

New Source Review

Congress established the New Source Review permitting program as part of the
1977 Clean Air Act Amendments. New Source Review permitting is a
preconstruction permitting program that:

e Ensures that air quality is not significantly degraded from the
addition of new and modified factories, industrial boilers, and power
plants. In areas with unhealthy air, New Source Review permitting
assures that new emissions do not slow progress toward cleaner
air. In areas with clean air, especially pristine areas like national
parks, New Source Review permitting assures that new emissions
do not significantly worsen air quality.

e Assures people that any large new or modified industrial source in
their neighborhoods will be as clean as possible, and that advances
in pollution control occur concurrently with industrial expansion.

New Source Review permitting permits are legal documents to which facility
owners/operators must abide. The permits specify what construction is allowed,
what emission limits must be met, and often how the source must be operated.
They may contain conditions to make sure that the source is built to match
parameters in the application that the permit agency relied on in their analysis.
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For example, the permit may specify stack heights that the permit agency used
in their analysis of the source. Some limits in the permit may be there at the
request of the source to keep them out of other requirements. For example,
the source may take limits in a minor New Source Review permitting permit to
keep the source out of Prevention of Significant Deterioration permit. To assure
that sources follow the permit requirements, permits also contain monitoring,
recordkeeping, and reporting requirements.

The New Source Review permitting process includes a public involvement
component. Members of the public can use the New Source Review permitting
program to ensure that sources are complying with the requirements that apply
to them. New Source Review permitting gives the public the opportunity to:

e Comment on and request a public hearing on permits before they
are issued.

e Appeal permits issued pursuant to the State Implementation Plan.
The appeal procedures will depend on the state the source is
located in.

e Appeal EPA-issued permits or permits issued by state or local
agencies that are issuing the permit on behalf of the EPA to the
Environmental Appeals Board and the federal courts.

Authority to Construct and Permit to Operate

For a specific project, the local air district would issue an Authority to
Construct permit during the drilling operations stage of a project to address air
emissions from stationary sources, which at that stage of development would be
the production wells. For a power plant, an Authority to Construct is usually
initially acquired for the power plant, including the wells. Once the power plant
is operational and any initial operational problems have been worked out, the
air district then issues a Permit to Operate. Depending on the type of project
and the amount and type of air emissions, abatement systems may be required
by the local air district during this phase of permitting.

The EPA’s Operating Permits Program was established through Title V of the
Clean Air Act Amendments of 1990 and is considered to be the most important
procedural reform in the amendments and the centerpiece for compliance with
the entire act. Title V requires the establishment of an operating permit
program for major stationary sources that would ensure compliance by industry
with all applicable requirements of the act, enhance EPA’s ability to enforce the
Clean Air Act, generate state and tribal revenue to administer the program,
enhance the ability of a permitting agency to track compliance and evaluate a
source’s air quality, ensure public involvement by allowing review and comment
of draft permits, and increase certainty for industry by providing all source
requirements in one permit document.
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Impact Criteria
Potential impacts on air quality could occur if reasonably foreseeable future
actions were to result in the following:

e Conflict with or obstruct implementation of the applicable air
quality attainment plan;

e Violate any stationary source air quality standard or contribute to
an existing or projected air quality violation; or

e Expose sensitive receptors (e.g., concentrations of children, elderly,
or persons with respiratory conditions) to major pollutant
concentrations.

4.8.3 What are the Common Impacts on Air Quality and Atmospheric
Values Associated with Geothermal Development?
Due to the inability to predict future development scenarios, including types of
development, timing, and location, the following impact analysis provides a
general description of common impacts on air quality from geothermal resource
development.

The nature and extent of geothermal-related development activities that would
affect air quality would vary by project, depending on several factors: |) whether
the project is for direct use or indirect use; 2) the size of the project; and 3) for
indirect projects, which type of power plant technology is used. Potential air
quality impacts would be evaluated on a project-specific basis, as NEPA would
be conducted for each of the potential phases of geothermal development
activity: exploration, drilling operations, utilization, and reclamation and
abandonment. Air permits would also be obtained, as necessary, for each
individual phase, and activities at all sites would need to be carried out in
conformance with the applicable SIPs. This section will qualitatively address the
air quality impacts typically associated with each phase of development, and then
examine the role the development of geothermal energy applications is likely to
play in air quality nationwide.

Some activities resulting in air quality emissions are common to all phases of a
geothermal project lifecycle, while others are specific to certain phases.
Table 4-1 summarizes the activities and the criteria pollutants of concern related
to those activities. Emissions from each phase of development are discussed in
the following text.

The Reasonable Foreseeable Development Scenario for Air Quality and
Atmospheric Values

As stated in the RFD scenario, it is estimated that ||| power plants would be
constructed across the |2-state project area by 2015, and a further 133 power
plants would be constructed by 2025. The average capacity of these power
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Table 4-1
Activities and Related Pollutants from Geothermal Project Phases
Activity Pollutant Project Phase Factors
Exhaust from vehicular Carbon monoxide, All Vehicle-miles traveled

traffic

carbon dioxide,
oxides of nitrogen,
volatile organic
compounds,
particulates, sulfur
dioxide, air toxics

(VMT)

Fugitive dust from Particulates All VMT, road conditions
vehicle traffic on paved

and unpaved roads

Fugitive dust from earth-  Particulates All Acres disturbed, soil
moving activities conditions

Exhaust from Carbon monoxide, All Volume of fuel used,

construction equipment

carbon dioxide,
oxides of nitrogen,

engine/abatement
technology

volatile organic
compounds,
particulates, sulfur
dioxide, air toxics

Release of geothermal carbon dioxide, Exploration, drilling Chemical composition of

fluid vapor hydrogen sulfide, operations, utilization  geothermal resource,
mercury, arsenic, duration and volume of
boron flow testing, frequency,
duration, and volume of
well blow-outs, type of
power plant
plants is estimated to be 50 megawatts. For direct use, it is estimated that by
2015, applications could be developed in the amount of 1,600 thermal
megawatts; by 2025, applications could be developed in the amount of 4,200
thermal megawatts. For indirect use, the RFD scenario estimates that up to
40,737 acres of land would be disturbed by 2015, and up to 89,548 acres of land
would be disturbed by 2025. Such disturbances would be spaced both
temporally across approximately 15 years, and spatially across the [2-state
project area.
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Exploration

Air quality impacts associated with exploration are short term and generally
limited to the release of fugitive dust from surface disturbance and emissions
from vehicles and construction and drilling equipment. Initial exploration
activities such as surveying and sampling would have minimal air quality impacts
from accessing exploration sites in roadless areas and from disturbing small
areas of land for the placement of surveying equipment. Secondary exploration
activities, specifically site clearing, exploration well pad development, and the
drilling of temperature gradient wells would have more intensive exhaust-
related emissions and would last for longer periods of time. Total time for
exploration activities typically ranges between one and five years.

Drilling Operations

Air emissions during the drilling operations phase of a geothermal project
include fugitive dust and emissions from combustion engines, as described
above, but as successful wells are drilled, the new source of potential air
pollution is from the venting of geothermal fluids to the atmosphere. Well
venting introduces the potential for release of hydrogen sulfide, carbon dioxide,
mercury, arsenic, and boron when these compounds are contained in the
geothermal resource. The local air district may require establishing an air
monitoring program, particularly if the well is proposed as a power generation
project. Hydrogen sulfide is generally the primary pollutant of concern for air
districts considering permitting a geothermal well.

The following specific activities during the drilling operations phase would result
in emissions of fugitive dust and exhaust from combustion engines:

e Vehicle traffic on access roads (worker vehicles, equipment,
watering trucks, materials delivery trucks);

e Removing vegetative cover;

e Constructing roads, well pads, lay-down areas, and landscaping
involving excavation, moving soils, and grading;

e Drilling production wells — Drilling times vary considerably with the
type of rock and depth of resource. Drilling rates of approximately
I50 feet per day have been reported (Finger and Hoover 2003),
bringing drill rig operating times into an estimated range of 10 days
for a 1,500 foot well to nearly 70 days for a 10,000 foot well;

e Drilling injection wells; and

e Constructing fluid sump pits.
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Utilization

Constructing a geothermal power plant and its associated infrastructure during
the onset of the utilization phase would create the greatest amount of fugitive
dust and exhaust from combustion engines.

By the onset of operations within the utilization phase, particularly for indirect
use applications, an air monitoring system is usually already in place from the
drilling operations phase. Such a monitoring system has typically been collecting
pertinent baseline data about the nature of the emissions from the wells and
later, for indirect uses, the power plant(s) over the course of development and
construction.

Direct use applications likely have very few wells (typically one or two) and no
emissions. Similarly, for a binary power plant, no emissions are realized during
operations in the utilization phase, except for during well venting during
maintenance activities, or leaks in the heat exchangers, which could result in the
release of volatile organic compounds. Flash and dry steam power plants emit
geothermal vapors to the atmosphere, potentially releasing the range of
pollutants listed above under the drilling operations phase.

Fugitive dust and exhaust from combustion engines during operations within the
utilization phase would be generally limited to worker and maintenance vehicle
traffic.

Table 4-2 shows the carbon dioxide emission estimates from the projected
2015 and 2025 geothermal power plant electricity generation detailed in the
RFD scenario, and compares it with estimated emissions for the same power
generation from traditional fossil fuel sources. Calculations were based on the
rate of carbon dioxide production per kilowatt-hour shown in Section 3.8, Air
Quality for the various energy sources, derived from Bloomfield et al. (2003).

As shown in Table 4-2 it is estimated that development of the number of
geothermal power plants estimated in the RFD scenario would result in
emissions of approximately 554 tons of carbon dioxide per hour in 2015, and
1,216 tons of carbon dioxide per hour in 2025. Were the same electrical
capacity to be produced by natural gas, petroleum, or coal, carbon dioxide
emissions would be six-fold, nine-fold, and ten-fold, respectively.

Direct use applications are also expected to reduce carbon dioxide emissions
through energy consumption offsets; however, it is difficult to quantify such
offsets since in some cases, access to geothermal resources for direct use
applications may actually stimulate economic growth around the resource and
result in other types of emissions in a location that would otherwise not have
the same degree of development and emission-generating activities.
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Table 4-2
Hourly Carbon Dioxide Emissions at 2015 and 2025
Geothermal Coal Petroleum Natural Gas
(0.20 Ibs. (2.095 Ibs. (1.969 Ibs. (1.321 Ibs.

CO,/kWh) CO,/kWh) CO2/kWh) CO,/kWh)
2015 emissions per hour 554! tons 5,760 tons 5,410 tons 3,630 tons
(5,540 MW)
2025 emissions per hour 1,216 tons 12,670 tons 11,910 tons 7,990 tons
(12,160 MW)

ISample calculation:

(5,540 MW) x (1,000 kW/MW) x (0.2 Ibs CO2/kW-h) x (0.0005 ton/Ib) = 550 tons

4.8.4

Reclamation and Abandonment

Air quality impacts during reclamation and abandonment activities would be
generally limited to emissions from vehicles and construction equipment and to
fugitive dust from the movement of vehicles. Depending on the flow and
temperature of the geothermal fluids or steam at the well heads at the time of
abandonment, well capping could result in the potential release of the range of
pollutants listed above under the drilling operations section.

What are the Potential Impacts on Air Quality and Atmospheric
Values Associated with the Proposed Action and Alternatives?

The following discussion analyzes the environmental consequences or impacts
expected to occur as a result of anticipated future actions consistent with
implementing the alternatives described in Chapter 2.

The relationship between GHG emissions and climate change is discussed
earlier, under Section 4.1. The discussion here is limited to a comparison in
terms of possible GHG emissions and the potential for offsets between the
respective approaches to development reflected in each of the alternatives.

Impacts under Alternative A

Under the no action alternative, lease applications would continue to be
processed on a case-by-case basis. Areas closed to geothermal leasing by
statute, regulation, or orders would remain closed, and discretionary closed
areas would be assessed based on local land use plans. Under Alternative A, the
pace of development of geothermal power plants or direct use projects would
be lower than under Alternatives B and C, making it more likely that fossil-fuel
based power plants would continue to be developed and that emissions at 2015
and 2025 would more closely resemble the estimates in the fossil-fuel based
columns than in the geothermal column of Table 4-2. Compared with the other
alternatives, Alternative A is expected to have the least beneficial effect on
reducing GHG emissions.
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Impacts under Alternative B

Alternative B would be expected to provide larger-scale and longer-term
opportunities for improvements in air quality and reductions in greenhouse
gases than Alternative A. At the project-level NEPA analysis, Clean Air Act
conformity requirements would apply only to those lease areas within
maintenance and nonattainment areas.

The large-scale development of geothermal energy applications for direct and
indirect use across the western US has the potential to offset substantial
emissions of criteria pollutants at the national level. Such development would
help individual states meet their renewable portfolio standards and their
increasing energy needs, while maintaining or improving air quality. The air
quality impacts of geothermal exploration, drilling operations, utilization, and
reclamation and abandonment are considered to be much less than the impacts
associated with the alternative—development of nonrenewable energy sources
such as oil, natural gas, and coal.

The wide-scale development of geothermal energy applications for direct and
indirect use would at the least decrease the need for future development of
more-polluting energy-generating applications, such as oil, natural gas, and coal,
and would slow the increase in greenhouse gases being generated by the US. At
best, the wide-scale development of geothermal energy applications for direct
and indirect use would be an integral part of a shifting energy landscape in the
US to renewable energy sources that would result in an overall decrease in
greenhouse gas emissions.

Under Alternative B, emissions resulting from development at 2015 and 2025
would more closely resemble the estimates in the geothermal columns than in
the fossil-fuel columns of Table 4-2. Compared with the other alternatives,
anticipated future actions consistent with Alternative B are expected to have
the greatest beneficial effect on reducing GHG emissions because of the greater
potential for GHG offsets, as described in Section 4.8.3.

Under this alternative, the BLM and FS would issue a comprehensive list of
stipulations, best management practices, and procedures to serve as consistent
guidance for future geothermal leasing for direct and indirect use. In accordance
with BMPs (Appendix D), operators would be required to minimize air quality
impacts from fugitive dust, vehicle exhaust, and equipment operations.
Operators would prepare and submit to the BLM an Equipment Emissions
Mitigation Plan. Requirements for emissions controls would be incorporated
into the terms of individual geothermal leases. It is expected that these
measures would effectively minimize impacts on air quality and atmospheric
values by reducing sources of air quality degradation including particulates and
hydrocarbons.
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Impacts under Alternative C

Impacts from anticipated future actions consistent with Alternative C would be
greater than those consistent with Alternative A, but less than those consistent
with Alternative B, since smaller land areas would be available for indirect use
development, and less development would be likely to occur. While Alternative
C would allow for a more expeditious achievement of offsets than Alternative A
for states within the project area, Alternative C would be inferior to Alternative
B in this regard.

Under Alternative C, emissions at 2015 and 2025 would likely be somewhere
between the estimates in the geothermal columns and in the fossil-fuel columns
of Table 4-2. Compared with the other alternatives, anticipated future actions
following leasing under Alternative C are expected to have a greater beneficial
effect on reducing GHG emissions than Alternative A, and a lesser beneficial
effect than Alternative B.

Areas open to direct use geothermal lease applications and impacts from their
subsequent development would be the same as identified under Alternative B.

At the project-level NEPA analysis, Clean Air Act conformity requirements
would apply only to those lease areas within maintenance and nonattainment
areas.
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4.9

VEGETATION

4.9.1

4.9.2

What did the Public Say about Impacts on Vegetation and Important
Habitats and Communities?

Comments collected during scoping relating to vegetation and important
habitats requested that the analysis of impacts address riparian and wetland
habitat, important sagebrush habitats, winter range habitat, important terrestrial
and aquatic plant and animal habitat, and the potential for introduction of
invasive species. The effects of fragmentation and removal on these areas were
the main concern addressed during scoping.

How Were the Potential Effects of Geothermal Development on
Vegetation and Important Habitats and Communities Evaluated?
Leasing geothermal resources would not affect vegetation or important habitats
and communities. These resources would be affected only by development of
specific geothermal development projects that occurred subsequent to the
leasing action. Potential impacts of geothermal development were evaluated
based on the typical disturbance of geothermal projects for the various stages of
development and then assessed based on projected location and intensity, as
described in the RFD. The types of vegetation and important habitats and
communities that could be affected by geothermal development on public and
NFS lands depend on the ecoregions they exist and the specific location of the
proposed project.

Figures 3-10 through 3-13 show the distribution of public and NFS lands with a
potential for geothermal development, relative to ecoregion divisions and
provinces that occur in the |12 western states. The types of vegetation, habitats,
and communities that could be affected by geothermal development depend on
the ecoregion in which the project is located (Appendix G provides more
information on ecoregions). Specific impacts of a project depend on the types of
vegetation and habitats present at the project location within the ecoregion
province. The ecoregion provinces with the greatest extent of areas with
medium to high potential for geothermal development are the Intermountain
Semi-Desert and Desert and the American Semi-Desert and Desert (Figure 3-12
and 3-13). The vegetation communities in these ecoregions are largely arid and
semiarid grass and shrub lands, including sagebrush (Figure 3-14). There is a
notable decrease is distribution of sage brush obligate species, including sage
grouse (Figure 4-1), which highlights the importance of the sagebrush
community. Appendix G presents descriptions of the vegetation found within
public and NFS lands with a potential for geothermal development across
ecoregions of the |12 western states.
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Impacts discussed are associated with the elimination and degradation of habitat
occurring at project sites, in immediately adjacent areas, or within the individual
project watershed(s). Potential impacts on vegetation and important habitats
could occur if reasonably foreseeable future actions were to result in the
following:

e Affect a plant species, habitat, or natural community recognized for
ecological, scientific, recreational, or commercial importance;

o Affect a species, habitat, or natural community that is specifically
recognized as biologically significant in local, state, or federal
policies, statutes, or regulations;

e Establish or increase noxious weed populations;

e Destroy or extensively alter habitats or vegetation communities in
such a way that would render them unfavorable to native species;
or

e Conflict with BLM or FS management strategies.

4.9.3 What are the Common Impacts Associated with Geothermal

Development?

Due to the inability to predict future development scenarios, including types of
development, timing, and location, the following impact analysis provides a
general description of common impacts on vegetation and important habitats
from geothermal resource development.

The nature and extent of geothermal-related development activities that would
affect vegetation and important habitats and communities would vary by project,
depending on several factors: |) whether the project is for direct use or indirect
use; 2) the size of the project; 3) the geographic location; and 4) for indirect
use, the type of plant. Potential vegetation and important habitat impacts would
be evaluated on a project-specific basis, as NEPA would be conducted for each
of the potential phases of geothermal development activity: exploration,
development, operation, and closeout. This section will qualitatively address the
impacts on vegetation and important habitats and communities.

The Reasonable Foreseeable Development Scenario for Vegetation and
Important Habitats and Communities

The RFD scenario estimates | || power plants would be constructed across the
|2-state project area by 2015, and an additional 133 power plants would be
constructed by 2025. The average capacity of these power plants is estimated to
be 50 megawatts. This estimate assumes that up to 40,737 acres of land would
be disturbed by 2015, and up to 89,548 acres would be disturbed by 2025 as
part of indirect use geothermal projects. For direct use, it is estimated that
applications could be developed in the amount of 1,600 thermal megawatts by
2015 and 4,200 thermal megawatts by 2025. Disturbance from development
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would be spaced both temporally across approximately |5 years, and spatially
across the |2-state project area.

Regardless of the location of geothermal development projects, the nature of
the impacts from exploration and development to vegetation and important
habitats and communities would be similar in all ecoregions. Vegetation would
be affected by direct destruction and removal, fugitive dust, exposure to
contaminants, and the introduction of invasive species. The extent of the
impacts is typically associated with the size of the area that is disturbed and the
types of vegetation habitats and communities present. The ability of an area to
recover from disturbance also affects the extent of the damage.

Impacts common to all vegetation and important habitats are discussed below,
followed by an analysis of how those impacts might affect important habitats and
communities within the planning area. Finally, any impacts that are specific to a
certain stage of geothermal development (exploration, development, operation,
or closeout) are discussed. Geothermal activities can cause the following
stressors and associated impacts on vegetation and important habitats. Table
4-3, Potential Impacts of Vegetation and Important Habitats, provides a
breakdown of the likelihood for impacts to occur during each phase of
geothermal development (exploration, development, production, and closeout).

e Habitat disturbance - Site clearing, well drilling, constructing access
roads and geothermal facilities, and maintenance and operational
activities would disturb habitat, which would cause mortality and
injury, increase the risk of invasive species, and alter water and seed
dispersion and wildlife use, which can further affect vegetation
communities.

e Direct Removal and Injury - Vegetation would be cleared for
roadways, vehicle staging, buildings, pipelines, and transmission lines.
Activities could result in loss of soil, loss of seed bank in soil,
deposition of dust, and destruction of biological soil crusts.
Maintenance around project components such as drill pads,
buildings, pipelines, or other facilities would involve mowing,
herbicide treatment, and other mechanical or chemical means of
removal and control. This would result in a net loss of important
habitats and communities throughout the planning area.

e Invasive Vegetation - Disturbance and access by vehicles and human
foot traffic may expose areas to colonization by invasive and
nonnative species, making it more difficult for endemic species to
reestablish in disturbed areas and threatening the continued
existence of endemic species (BLM 2007c).
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Table 4-3

Potential Impacts of Vegetation and Important Habitats

Potential Level of Impact

Ecological
Stresgsor Geothermal Activity Impact - Reclamation
Exploration O::':It?fns Utilization and
Abandonment
Habitat Site clearing and grading; well Loss of vegetation, increase Moderate Moderate Moderate to Low
disturbance drilling and construction; risk of invasive species, alter high
pipelines, access road, and water and seed dispersion
ancillary facility construction;
construction and maintenance
vehicle travel
Direct removal Site clearing and grading; well Direct destruction of Moderate to Moderate to High Low to
and Injury drilling and construction; vegetation, increase of high high moderate
pipelines, access road, and invasive species
ancillary facility construction;
construction and maintenance
vehicle travel
Invasive Site clearing and grading; well Change species composition, Low to Low to Moderate to Low to
vegetation drilling and construction; increase risk of fire, moderate moderate high moderate
pipelines, access road, and eliminate native species
ancillary facility construction;
construction and maintenance
vehicle travel
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Table 4-3

Potential Impacts of Vegetation and Important Habitats

Potential Level of Impact

Ecological
Stresgsor Geothermal Activity Impact - Reclamation
Exploration O::':It?fns Utilization and
Abandonment
Fire Site clearing and grading; well Direct mortality to Low Low Moderate to Low
drilling and construction; vegetation, loss of seed bank, high
construction and maintenance erosion, increased potential
vehicle use; cigarette smoking for invasive species, loss of
species diversity
Erosion Site clearing and grading; well Reduced habitat quality, Low to Low to Moderate Moderate
drilling and construction; direct loss of vegetation, loss  moderate moderate
pipelines, access road, and of topsoil and seed bank,
ancillary facility construction; increased risk of invasive
construction equipment species
travel
Exposure to Accidental spill during Growth impairment, direct Low Low Low Low
contaminants  equipment refueling; mortality, changes in species
accidental release of stored = composition
fuel or hazardous materials;
drilling mud spill or accidental
spill of geothermal fluids and
working fluids; accidental spill
of herbicides
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The assessment of impact level is based on the RFD; and activities and projected disturbance associated with each stage geothermal
development, as well evaluation of the efficacy of BMPs, stipulations and procedures available to eliminate or mitigate the potential impacts.
Duration of the impact as well as potential for accidents factor into the assessment.

Low- The activities involved in geothermal development do not present a risk or have effective precautions, stipulations and BMPs, that would
minimize the potential, intensity, and duration of impact associated the prospective ecological risk factor.

Moderate- The activities involved in geothermal development have a greater potential for impacts on wildlife, including accidents, unavoidable
removal of habitat, and indirect disturbance. Impacts may be unavoidable and may endure beyond the conclusion of the activity.

High- The activities involved in geothermal activities would have direct and unavoidable impacts. BMPs and stipulations are not available to
eliminate impacts. Additionally, the risk of accident may be higher or the duration of the impact may be last well beyond the conclusion of the
geothermal activities.
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e Fire — Equipment operation, increased vehicular and human traffic,
using drilling muds, and extracting geothermal fluids can increase the
risk of fires. Vehicles, electrical lines, and smoking can all result in
accidental fires. Fires destroy vegetation and can aid in the
establishment of invasive species.

e Erosion - Containment basins, site clearing, grading, constructing
access roads, site runoff, and vehicle and human foot traffic cause
erosion. The effects of erosion include top soil removal, seed bank
loss, native vegetation loss, invasive species establishment, stream
sedimentation, and flooding (which can affect riparian vegetation and
riparian habitats).

e Exposure to Contaminants - Vehicle fuel, hydraulic fluid, solvents,
cleaners, and geothermal fluids can all be harmful to vegetation and
important habitats. Accidental spills can contaminate soils and water
and directly harm vegetation. Licensed herbicide use would control
vegetation around geothermal facilities and support structures. Spills
of herbicides or acute exposure to herbicides can have adverse
effects on non-target vegetation.

Riparian and Wetland Habitat

Riparian and wetland habitats are of high value to fish and wildlife and perform
critical environmental functions such as flood control and water purification
(NRC 1995). These habitats may be affected by activities associated with all
phases of geothermal projects. Impacts on wetlands are regulated under the
River and Harbors Act and Section 404 of the Clean Water Act. US Army Corp
of Engineers permitting would be required for each project that disturbs
wetlands under its jurisdiction, both within and outside of corridors. In addition,
Executive Order 11990, Protection of Wetlands, requires all federal agencies to
minimize the destruction, loss, or degradation of wetlands and to preserve and
enhance the natural and beneficial values of wetlands.

Riparian and wetland habitat may be cleared to provide access to geothermal
sites, and water may be extracted from groundwater sources to support
geothermal exploration, production, and operation. Habitat removal may result
in increased stream temperatures, reduced wildlife presence, increased erosion,
and sedimentation. Water extraction may result in lowered groundwater tables,
which can affect stream flows and duration and can dewater wetland and marsh
habitat. Changes in riparian and wetland hydrology can affect vegetation species
assemblages and may eventually alter the wildlife species composition.
Accidental spill of fuel, solvents, or geothermal working fluids could degrade
water quality and affect riparian vegetation.

Riparian and wetland habitat can be adversely affected by invasive species such
as salt cedar and Russian olive, which can be introduced during disturbance. Salt
cedar is highly tolerant of high salinity soils, low water tables, wildfires, livestock
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browsing, and conventional weed controls. Native plant species are damaged by
unusually large guilds of insects and plant pathogens, but salt cedar has few
natural insect or plant pathogens in the planning area. Salt cedar and other
invasive riparian plants can lower water tables, and they often establish soon
after disturbance.

Riparian and wetland habitat in California, Nevada, and Idaho would be more
susceptible to geothermal development than other states based on projections
for geothermal development on public and NFS lands (Section 2.4, Reasonably
Foreseeable Development Scenario). This would include ecoregions provinces in
the Mediterranean, temperate desert, and tropical/subtropical desert divisions
(Figures 3-11 and 3-13). However, geothermal development in California,
Nevada, and Idaho would likely occur in drier areas where the riparian and
wetland habitats are less abundant. Therefore, geothermal projects are less
likely to be located directly adjacent to these habitats. Riparian and wetland
habitats are relatively scarce throughout the west and are very important in
drier ecoregions, thus should be avoided. The BLM and FS have best
management practices intended to limit the impacts of actions that occur on
public and NFS lands. Additionally, wetlands and riparian habitat are protected
under the Clean Water Act and regional land use and forest plans.

Sagebrush

Sagebrush habitat is spread across almost the entire project area (with the
exception of Alaska) and covers approximately 93 million in the western US, of
which about 66 percent is on public and NFS lands (Connelly et al 2004). Within
the planning area about 36 percent of the lands have sagebrush habitat.
Sagebrush habitat is found throughout and is almost exclusive to the temperate
desert ecoregion division, although sagebrush within the planning area is also
found in the temperate steppe ecoregion division. The states with the greatest
sagebrush cover within the planning area are Idaho (23 percent), Nevada (38
percent), Oregon (23 percent), and Wyoming (27 percent). The RFD scenario
forecasts that by 2025 geothermal development would affect up to 89,548 acres
over the |2-state planning area. If all geothermal development were to occur on
sagebrush habitat, it would affect approximately 0.1 percent of the sagebrush
habitat in the planning area. If geothermal development were to occur
proportionately within all habitats, then forecasted development would affect
0.04 percent of sagebrush habitat within the planning area. Based on RFD
scenarios, the amount of sagebrush habitat that would be disturbed is likely
somewhere between the two forecasted estimates, as a greater proportion of
development is forecasted to occur in states with a greater percentage of
sagebrush habitat in areas of geothermal potential (Connelly et al. 2004).

Sagebrush habitat would be cleared for roadways, drill pads, buildings, and other
infrastructure. Sagebrush is susceptible to fire and can take from |5 to 30 years
to reestablish to pre-burn density and cover following a fire (Miller and Rose
1999). Invasive species increase the incidence and intensity of fires in sagebrush
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habitat (Connelly et al. 2004). Native sagebrush communities may not
reestablish after intense or frequent fires, and conditions favorable to native
sagebrush species may not be available in the future in these areas (BLM 2004e).
Frequently repeated fires reduce or prevent reestablishment of sagebrush
seedlings from nearby unburned plants. Fires may kill some seeds of native
grasses in upper soil layers, significantly reducing seedling emergence in burned
areas (BLM 2004e).

Both the BLM and FS maintain a list of best management practices meant to
protect important habitats such as sagebrush during development. The BLM has
developed specific guidance for managing sagebrush communities meant to
protect and conserve sagebrush habitat during land use and development
projects (BLM 2004e). More information on the compatibility of geothermal
development with sagebrush communities and sage grouse can be found in Text
Box 4.10-1 in Chapter 4.10, Fish and Wildlife.

Old Growth Forests

Geothermal projects occurring in old growth forests would require forest
clearing. Old growth forests on federal lands are managed under FS and BLM
forest plans. Both the FS and BLM have shifted their management of forested
lands away from resource extraction and toward ecosystem management to
protect old growth forests (Thomas et al. 2006). Old growth forests on public
lands are found predominately in the Pacific Northwest (the marine ecoregion
division), the Southern Sierra Nevada Mountains (Mediterranean and temperate
desert ecoregion divisions), the Rocky Mountains (temperate desert division),
and scattered areas through the southwest.

Old growth forests, which may have never been physically disturbed by activities
such as logging, typically contain centuries-old trees or other plants that cannot
be reestablished and would be permanently lost. Loss of such habitat would be
considered a greater impact than loss of previously disturbed habitat. Most
sensitive and high quality habitats, such as old growth forests, are found in the
areas being excluded under the proposed action such as roadless areas,
wilderness areas, and ACECs. Based on the RFD scenario, many of the areas
within the planning area containing old growth forests are not expected to see
development. Should development occur in areas with old growth forests, the
development would not conflict with the applicable forest management plan and
would undergo site-specific analysis prior to site development. In most cases,
old growth forests would be avoided during development. In all cases, site-
specific NEPA evaluation would occur to assess the impacts of projects within
old growth forests. This would include compliance with the Endangered Species
Act, which protects habitat for listed species such as the spotted owl, for which
old growth forests are considered critical habitat.
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Exploration

Exploration would disturb small areas of vegetation and habitat during the
construction of access roads and drill pads. Habitat would be removed, and
vegetation would likely be destroyed. Surveying and drilling activities could
result in impacts from weed infestation. If the area is not used for development
and production, it would be reclaimed within three years. Native species would
be used to revegetate the area.

Drilling Operations

Large areas of vegetation would be cleared for expanded well pads, (to
accommodate production wells, injection wells and sump pits), roadways, and
other critical infrastructure. This would destroy vegetation, create erosion
potential, and increase incidence of invasive weed infestation. Drilling operations
would require increased vehicle traffic, which would require staging areas and
parking areas. Increased traffic would create more fugitive dust and pollutants
and would increase the potential for fuel spills and other contaminants
associated with vehicle use.

Water used for drilling activities could affect wetland and riparian areas in
surrounding areas, depending on how it is accessed. Drilling requires large
amounts of water, and local drawdown of water tables can have a direct effect
on wetlands and groundwater flows, which can directly affect riparian
vegetation.

Utilization

The greatest amount of disturbance, vegetation clearing and injury would occur
during the initial construction within the utilization phase. Large areas of
vegetation would be cleared for well pads, power plants, pipelines, roadways,
and other critical infrastructure. This would destroy vegetation, create erosion
potential, and increase incidence of invasive weed infestation. Drilling operations
would require increased vehicle traffic, which would require additional staging
areas and parking areas. Increased traffic would create more fugitive dust and
pollutants and would increase the potential for fuel spills and other
contaminants associated with vehicle use.

Drilling operations could increase the spread of invasive species that can
outcompete and alter the plant species assemblages in surrounding habitat
through direct and indirect effects. The dispersal of invasive plant seeds by
vehicles may affect native plant communities. In such cases, plant communities
dominated by native vegetation may be replaced with plant communities
dominated by invasive species. Other adverse impacts from the spread of
invasive species may include the following:

e A decrease in biological diversity of ecosystems;

e A reduction in water quality and availability for wildlife species;
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e A decrease