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Abstract

CEE Exploration Company of Portland, Oregon proposes to build and operate a geothermal pilot
project and supporting facilities capable of generating 33 megawatts of electric power in the
Deschutes National Forest in central Oregon. The facilities would include a power plant, access
roads, exploration and production wells, a power transmission line, and a switchyard. The
project would consist of four distinct phases: exploration, development, utilization, and
decommissioning. The project would be located on the west flank of Newberry Volcano on
Federal geothermal leases.

This Environmental Impact Statement analyzes three alternatives for this proposed geothermal
pilot project. Each alternative responds differently to the issues and concerns identified in the
EIS process.

Alternative A is the proposal submitted by CEE. It includes a single power plant site, 14 well
pads for drilling exploration and development wells, a transmission line, access roads and steam
pipelines to bring the steam to the power plant.

Alternative B was developed to respond to the issues and provide siting flexibility to make the
most efficient use of the geothermal resources while minimizing environmental effects. Many
components are similar to those in Alternative A. Major differences are that it proposes different
siting locations, a different transmission line route and design, and additional mitigation
measures. Alternative B is the agencies' Preferred Alternative.

Alternative C is the No Action Alternative.

Persans of any race, color, national origin, sex, age, religion, or with any handicapping candition are welcame to use and enjoy all facilities,
programs, and services of the USDA. Discrimination of any form is strictly against agency policy, and should be reportad 1o the Secrezary of
Agricubure, Washingtan, DC 20250.
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How This Environmental Impact Statement is Organized

Chapter 1.0

Purpose & Need
and Background

Chapter 2.0
Altematives Including
the Propused Action

Chapter 3.0
Affected Environment

Chapter 4.0
Effects of Implementing
Each Altemative

Chapter 5.0
List of Preparers
Chapter 6.0
References Cited

Chapter 7.0
List of Agencies to Whom
Copies of the EIS Were Seat

Chapter 8.0
Acronyms &
Glossary of Terms

Chapter 9.0
Index

Appendices

Describes the need for Federal action, the agencies involved,
and the decisions to be made. Provides background information
on geothermal energy and describes the public scoping process
and issues raised.

Discusses the range of alternatives, describes each alternative in
detail, and summarizes comparison of action alternatives and
effects.

Addresses aspects of the existing environment. This section is
divided into a discussion of 14 different environmental
parameters, for example: geology, cultural resources, and air
quality.

Provides the analysis used for comparison of the alternatives
and discusses the environmental consequences of the
alternatives. This section follows the same order of the 14
aspects of the environment as Chapter 3.0.

Provides list of people who contributed, reviewed, and/or
prepared the document.

Provides list of documents referenced to provide technical
information.

Provides list of agencies that were sent copies of the EIS.

Provides easy reference to abbreviations and technical terms
used in the document.

Shows the page numbers of key issues and topics for quick
reference.

Present additional supporting technical information. Published
separately.
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' 1.0
PURPOSE AND NEED AND BACKGROUND

1.1. INTRODUCTION

CE Exploration Company (CEE) of Portland, Oregon, submitted to the U.S. Department of
Agriculture, U.S. Forest Service, Deschutes National Forest, and the U.S. Department of Interior,
Bureau of Land Management (BLM) proposed Plans of Operations for Geothermal Exploration,
Development, Production, Utilization, and Disposal. The plans were submitted as part of the U.S.
Departnent of Energy, Bonneville Power Administration (BPA) Geothermal Pilot Program. Under
these plans, CEE proposes to build and operate a 33-megawatt (MW) electric geothermal power
plant and supporting facilities on Federal geothermal leases. These leases are located on the west
flank of Newberry Volcano within the Deschutes National Forest, Deschutes County, Oregon
(Figure 1.1-1). The power plant would be capable of generating 33 MW (gross output) of electric
power. CEE is a Portland, Oregon-based, subsidiary of California Energy Company, Inc., of
Omaha, Nebraska. California Energy Company, Inc., owns and operates six geothermal power
facilities, generating over 300 MW of power at sites located in Nevada, Utah, and California.

CEE entered into a joint development agreement with the Eugene Water & Electric Board (EWEB)
for the development and marketing of geothermal electrical power from the CEE leases. Under this
agreement, EWEB would purchase 10 MW of power produced from the project. BPA would
purchase 20 MW under a power purchase agreement. About 3 MW would be consumed in
operation of the plant and on the transmission line.

This Environmental Impact Statement (EIS) addresses the potential environmental effects of the
proposed action and alternatives.

1.2. PURPOSE AND NEED

The intent of the Newberry Geothermal Pilot Project is to demonstrate whether geothermal energy
at Newberry Volcano can provide a reliable, economical, environmentally acceptable, and
technically feasible alternative source of electricity for the public. The need for Federal action is to
decide whether to enable the development of the CEE/EWEB proposal for a geothermal power
project at Newberry Volcano. The U.S. Forest Service, BLM, and BPA have determined this to be
a major Federal action requiring an EIS under the National Environmental Policy Act (NEPA) and
its implementing regulations (40 CFR 1500-1508). The agencies will determine whether the
project, or alternatives to the project, should be permitted to proceed. The agencies may choose the
no-action alternative, thereby denying the proposed geothermal development activity. Agency
decisions will be documented in Records of Decision (ROD) for the EIS. If an action alternative is
chosen, additional mitigation measures, conditions, and stipulations may be included as part of the
decision. Any subsequent actions taken by the agencies to implement the decision must be
consistent with the RODs.

To ensure timely and efficient application of the NEPA process, and participation by appropriate
Federal agencies, lead and cooperating agencies were designated, and each has its own specific
purposes for involvement. Because the proposed project would occur on National Forest lands
subject to the legislation that established the Newberry National Volcanic Monument (NNVM)
(Public Law 101-522, November 5, 1990), the U.S. Forest Service, BLM, and BPA agree that the
U.S. Forest Service is the lead agency for the analysis and preparation of the EIS, and that BLM
and BPA are cooperating agencies for this project.

As the lead agency, as well as the agency responsible for surface management, the U.S. Forest

Service’s purpose is to decide whether to approve the proposed geothermal development activity
and take action on the following approvals and authorizations:
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. Approval of Plans of Operations for Exploration, Dcvclopmcnt Production,
Utlization, and Disposal elements of the project

. Authorization for, and approval of, specifications for surface disturbance and
occupancy

. Approval of a Plan of Utilization and Disposal for the proposed project, including
construction of a 33-megawatt (gross output) geothermal power plant and
associated pipelines and transmission lines

This EIS is tiered! to the Deschutes Forest Plan EIS, which was consulted, and it was determined
that the project is consistent with the Deschutes National Forest Land and Resource Management
Plan (U.S. Departrnent of Agriculture 1990a).2

BLM is the Federal agency responsible for management and administration of Federal mineral
leases and subsurface activities, including geothermal drilling, pursuant to the Geothermal Steam
Act of 1970 and related regulations. BLM’s purpose is to decide whether to approve the proposed
geothermal development activity and take action on the followmg permits and approvals for surface
and subsurface activities:

. Approval of Plans of Operations, Exploration, Development, Production,
Utilization, and Disposal phases of the proposed project

. Issuance of individual Geothermal Drilling Permits

. Approval of Plans of Utilization and Disposal for the proposed project, including
construction of a 33-megawatt (gross output) geothermal power plant and
associated pipelines and transmission lines

. Issuance of a two-part Geothermal Utilization Permit
. Approval of a Site License
. Approval of Lease Unitization Agreement

BPA is one of the U.S. Department of Energy’s five power marketing agencies. Congress created
BPA in 1937 to market and transmit the power produced at Bonneville Dam. Today, BPA markets
the power from 30 Federal dams and one non-federal nuclear plant in the Pacific Northwest, and
has one of the largest transmission systems in the United States. BPA sells wholesale power to
public and private utilities, as well as to some large industries. BPA also exchanges power with
utilities in California and Canada. BPA’s purposes are to:

. Assure consistency with BPA’s statutory responsibilities, including the Pacific
Northwest Power Planning and Conservation Act (Northwest Power Act) (U.S.
Congress 1980), while taking into consideration the Pacific Northwest Power
Planning Council’s (NWPPC) Conservation and Electric Power Plan and Fish and
Wildlife Program .

. Restore and enhance environmental quality and avoid or minimize potential adverse
environmental effects in its power transmission projects

1Tiering is a way to incorporate by seference a discussion of issues that have been covered in a previous EIS. It
allows an agency “to focus on issues which are ripe for decision and exclude from consideration issues already decided
or not ripe” {Council on Environmental Quality 1992).

2This is also referred to in the EIS as the Forest Plan or the Land Management Plan.
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. Test the availability of geothermal energy to provide a reliable, economical, and
environmentally acceptable alternative energy source that will help meet the region’s
power needs

Ultimately, BPA will decide whether to take the following actions:
. Execution of a contract to transmit power from the Project to EWEB
. Execution of a power purchase agreement with CEE

. Execution of a billing credit agreement with EWEB

1.3. BACKGROUND INFORMATION
1.3.1. Project Overview

CEE has submitted to the U.S. Forest Service and BLM a proposal to build and operate a 33-MW
geothermal power plant and supporting facilities on the west flank of Newberry Volcano. These
facilities would be located on Fed?m.l lands outside the NNVM.

The project would be undertaken as part of BPA’s Geothermal Pilot Program. The goal of this

program is to initiate development of the Pacific Northwest’s large, but essentially untapped,

geothermal resources, and to make sure they will be available to meet the energy needs of this

region. The primary underlying objective of this project is to provide an alternative source of

electrical power to help meet growing regional power demands and needs. More information on

léPA’s Gg,ogthermal Pilot Program can be found in (Darr 1990) and (Northwest Power Planning
ouncil 1991)

Drilling up to 4 wells at each of 14 well pad locations, for a total of 56 wells, has been proposed.
The project involves drilling and testing an adequate number of production and injection wells to
supply the 33MW power plant, as well as drilling exploration wells to define an area with a 100-
MW reserve of geothermal resources. Four small-diameter wells (temperature gradient/core holes)
would be drilled at four of the 14 pad locations. If the small diameter wells are successful, deeper
exploration or production wells could be drilled from the same location. The 100-MW reserve will
assure future availability and could be used for future power generation. However, there is no
certainty that these reserves will be found, and no power plants beyond the first 33-MW unit have
been proposed. Additional units would require further environmental analysis and are beyond the
scope of this EIS.

Wells to supply the plant would be drilled from 11 well pads located north of Paulina Creek. The
power plant is expected to initially require 8 to 10 production wells and 3 to S injection wells.
Additional replacement wells may be required over the life of the project. Above-ground pipelines
would connect the production and injection wells to the power plant. About 3.2 km (2 miles) of
new access roads would be built.

The three well pads south of Paulina Creek are for exploration purposes only and would be used to

help confirm the extent of the geothermal resource. The three well pads and the up to 12 wells that

could be drilled south of Paulina Creek would not be connected (either by roads or pipelines) to the

proposed power plant north of Paulina Creek. Additional environmental analyses would be

réqullx('ed before additional development (beyond the 33 MW) could occur north or south of Paulina
ree

About 13.1 km (8.2 miles) of overhead transmission line would connect the power plant to a
Midstate Electric Cooperative line west of Highway 97. The power would be sold to BPA and
EWEB under long-term (50-year) contracts. If a project is approved, exploration drilling could
begin as early as fall 1994, and the power plant could start operating in late 1996 or early 1997.
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Before making any major decisions regarding this project, the U.S. Forest Service, BLM, and
BPA must determine what effects the project may have on the environment. This EIS addresses the
potential environmental effects of the proposed action and alternatives.

Various types of environmental data were collected before and during the preparation of this EIS.
One purpose of the “baseline” data is to document existing conditions for the project area prior to
construction and operation for comparison with future conditions. If a project is approved, BLM
will require the developers to implement a data collection and monitoring program to help ensure
protection of the environment.

1.3.2. What is Geothermal Energy?
1.3.2.1. How Would the Project Work?

Geothermal energy is heat energy from deep in the earth. This heat is brought near the surface by
deep circulation of groundwater or by intrusion of molten magma. Geothermal systems are a
combination of three components — near-surface heat, permeable rock, and water. There are
several kinds of geothermal resources, differing in the extent to which they have each component.
The Newberry Geothermal Project hopes to tap a “hydrothermal” system, which has all three
components. An example of a hypothetical hydrothermal system is shown in Figures 1.3-1 and
1.3-2.

Water is heated through natural processes by circulating along faults in the earth’s crust or through
zones of fractured rock. Scientists have developed a mental picture of the hydrothermal system in
the Newberry Caldera based on the existing information and by analogy to other geothermal
systems. It has hot water and steam moving along fractures from the heated rocks above the
magma chamber. A small portion of the steam follows fractures upward through a cap consisting
of highly altered volcanic rocks and dense lava flows. Above this cap within the caldera, this steam
mixes with local ground water to form a shallow hydrothermal system. The shallow system
includes the warm water in the hot springs. Most of the steam does not rise through cap but
remains as part of the deep hydrothermal system. This deeper system is proposed for development
at Newberry.

Hot water and steam are discovered through geothermal exploration programs and are brought to
the surface by drilling wells. At Newberry, these wells would be relatively deep (1,830 to 2,743
meters [6,000 to 9,000 feet] or more below the surface). Many of the wells would be drilled at an
angle (directionally drilled) to get closer to the heat source under the caldera and to increase the
chances of intersecting fractures. Drilling is proposed to be done on well pads located on the
portion of the CEE leases which allow surface occupancy, and outside the NNVM and the Special
Management Area (SMA) (Figure 1.3-3). Some well bores may extend under the SMA, but not
under the Monument.

To prevent contact between thermal fluids and groundwater, wellbores are lined with steel pipe set
in concrete to below the groundwater zone. The number of wells required depends on the
temperature and quantity of fluid encountered by each well. Some of the wells would only be used
to measure the change in temperature with depth (temperature gradient holes) or to obtain a
continuous rock sample for study (core holes). From eight to ten production wells and three to ﬁvc
injection wells would initially be needed for the operation of the power plant.

Scientific drilling in the Newberry Caldera by the U.S. Geological Survey encountered
265°Celsius (C) (509°Fahrenheit [F]) fluid, so the type of power plant technology proposed by
CEE is based on the expectation of finding fluids at approximately this temperature. It is also
expected that the geothermal fluids in this resource will be a two-phase steam-water mixture, not
just steam. Experience elsewhere has shown that a “double-flash” type power plant would be the
most efficient and economical for this type of resource. Double-flash plants are based on proven
technology, and many of them operate reliably in the United States andelsewhere.
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1.3.2.2. How a Double-Flash Plant Works

In a typical double-flash power plant, hot water and steam flow under pressure up and out of the
production wells. At or near the wellhead, the pressure is allowed to drop in a wellhead
“separator,” and more of the water “flashes” to steam. The steam and remaining hot water flow in
separate pipes to the power plant. At the power plant, the steam drives the high-pressure stage of a
turbine. The hot water from the well is combined with hot water from the other wells in a low-
pressure separator, where more of the water flashes to steam. This steam drives the low-pressure
stage of the turbine. The turbine is connected to an electric generator. The power conversion
process is illustrated in Figures 2.4-20 and 4.5-2.

After passing through the turbine, the spent steam goes to a condenser, where it is converted back
to water, passed through a cooling tower (to cool the water to use in the condenser), and piped to
injection wells to replenish the geothermal reservoir. Some of the cooling water turns to steam or
“drift” in the cooling tower and is discharged to the atmosphere, where it may sometimes be visible
as a steam plume. Certain gases, such as hydrogen sulfide (the rotten egg smell associated with hot
springs), do not condense to liquid with the water and must be removed chemically and disposed.

The proposed power plant would be able to produce about 33 MW, but about 3 MW of this would

be used by the plant itself to run pumps and other equipment. The 30 MW of net generation would

meet the needs of about 15,000 households. The electricity would be transmitted over a 115-

kilovolt (kV) transmission line to a point west of Highway 97, where it would connect with an

existing Midstate Electric Cooperative line. The proposed ransmission line is sized to allow future

expansion without rebuilding the line, and would be sized to have an ultimate capacity of about 100
. Midstate’s line connects to the BPA transmission grid at LaPine.

1.3.2.3. Project Stages

The project would have four stages — exploration, development, utilization, and
decommissioning. Exploration consists of drilling wells to gain further knowledge of subsurface
geology and to determine the existence and commercial potential of the geothermal resource. If a
viable hydrothermal reservoir is not discovered, the project would be reassessed and would most
likely result in the plugging and abandonment of non-productive wells. The wells would be
plugged with concrete and the well pads returned to their natural state.

If exploration is successful, the development stage of the project would begin. Additional wells
would be drilled to supply fluid to the power plant and to inject spent fluid. Development would
also include the construction of production well pads and access roads, pipelines, the power plant,
and transmission line. Utilization (also called operation) would include power plant, pipeline, and
transmission line testing and operation. Decommissioning would consist of activities, such as
plugging wells and restoring the plant site, that take place when the project ceases operations. The
proposed project is expected to operate for at least S0 years.

1.3.2.4. Power Contracts

BPA will not make a decision whether to sign the power purchase and other agreements until after
the EIS is completed and a Record of Decision is made, so these agreements are considered to be
still under negotiation and are not available to the public at this time. However, some contract
principles may influence the environmental impacts of the project and should therefore be
mentioned in the EIS.

CEE, EWEB, and BPA have agreed that EWEB would buy 10 MW of output from the project and
BPA would take the remaining 20 MW. The contract term is 50 years. EWEB and BPA have an
option on up to 33 and 67 MW, respectively, of additional geothermal power developed on CEE’s
leases, if this power is available. Additional environmental analysis would be required before any
additional generation facilities could be approved.
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All parties want to ensure that the Newberry resource is used in a way that can be sustained over a
very long term, if not indefinitely. The degree of “sustainability” would not be known until the
reservoir had been tested for a period of time (by operating the power plant) and the amount of
natural recharge can be estimated. Evidence suggests that resource depletion that has occurred at
other geothermal power development sites — with The Geysers in northern California being the
biggest and best-known example — was due to one or more of these factors:

. Little or no natural recharge to the reservoir.

. Little or no injection of spent geothermal fluid to recharge the reservoir.

. Too rapid development — new plants were built before reservoir response to
previous plants was known.

. Uncontrolled development — multiple developers competed for the same resource.

. The steam fields and power plants had different owners, with payment to the steam

field owner based on the amount of electricity produced. This arrangement resulted
in inefficient power plants that wasted the resource.

The power contracts for the Newberry Geothermal Project attempt to address these problems by
including the following provisions:

. The entire lease block must continue to be controlled by CEE.

. Both the steam field facilities and power plant will be owned by CEE.

. CEE cannot build a second plant until they have demonstrated that the reservoir can
fuel the first plant for at least SO years. (A second plant would require additional
environmental review.)

. Large financial penalties and/or contract termination would result if output declines

due to CEE-caused reservoir depletion.

. Contract termination accompanied by large financial penalties would result if CEE
fails to comply with environmental regulations.

CEE has agreed to these provisions, some of which may be unique in the history of geothermal
development. It should also be noted that BPA conducts periodic environmental audits of its
projects to ensure compliance with mitigation measures imposed as a result of the NEPA review.
On-going monitoring by the BLM and U.S. Forest Service will also ensure compliance.

1.3.3 . Why Geothermal Energy?

Geothermal resources are thought to be abundant in some areas of the Pacific Northwest, with a
high potential for also being environmentally sound and cost-effective. Although experience
elsewhere in the United States and in other countries has shown geothermal can be a reliable
renewable energy source, it has yet to be developed in the Northwest for the commercial
production of electricity. Geothermal is promising as an alternative to fossil fuel, nuclear, and
hydroelectric energy, which have been the traditional sources of power for the region.

BPA has determined that geothermal power is a renewable, alternative source of electrical power
that could help meet future energy needs in the Pacific Northwest (Bloomquist and others 198S5).
BPA’s Resource Programs Environmental Impact Statement (RPEIS) considered the
environmental trade-offs among the various types of energy resources available and the
environmental impacts of adding these resources to its existing power system (Bonneville Power
Administration 1993d). Resources examined included conservation, hydropower, geothermal,
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wind, solar, cogeneration, combustion turbines, coal, and nuclear. The analysis in the RPEIS
showed that geothermal is a reliable source of electrical power that can help meet energy needs in
the Pacific Northwest. The alternative BPA decided to pursue included the acquisition of all cost-
effective conservation and efficiency improvements, supplemented by a mix of renewables
(including geothermal energy) and thermal resources. The acquisition of a geothermal resource is
consistent with this decision.

The NWPPC forecasts potential regional electricity shortages in the next few years unless new
energy sources are developed (Northwest Power Planning Council 1991). These shortages will be
caused by several factors, including population growth, changes in the operations of BPA’s
hydroelectric system to increase fish survival, shutdown of the Trojan nuclear plant, and other
factors. Failure to plan for the acquisition of additional resources could result in power shortages
and occasional brownouts or blackouts for some-communities and industrial customers.

The Northwest Power Act prioritized new resources for energy production to be acquired by BPA,
with renewable energy sources such as geothermal and solar having second priority after
conservation. The Northwest Power Act also authorized BPA to acquire experimental,
demonstration, or pilot projects having potential for providing cost-effective service to its
customers.

Geothermal plants, especially those installed in the last decade, have shown themselves to be one
of the most reliable energy sources available. Capacity factor — the amount of energy a unit
actually generates during a year compared to its maximum rated output — is a measure of plant
performance. Newer geothermal plants typically have capacity factors in the high 90-percent range
(Oregon Department of Energy 1994). This compares to 46 percent for hydroelectric, 20 percent
for wind, 68 percent for new coal-fired units, and 66 percent for nuclear. The average annual
capacity factor for all U.S. geothermal plants (both old and new) is 73 percent (U.S. Department -
of Energy 1991b).

1.3.4. Why Newberry Volcano?
The geothermal potential at Newberry Volcano has been recognized by past actions, including:

* A Known Geothermal Resource Area was designated by the U.S. Geological
Survey. Federal geothermal leases have been offered and issued in the area (U.S.
Departnent of Interior 1976).

. In its 1986 Power Plan, the NWPPC judged Newberry Volcano to be among the
sites with the highest potential for cost-effective development (Northwest Power
Planning Council 1986).

. Management and development of geothermal energy sources are addressed and
allowed for in the U.S. Forest Service’s land management programs. The proposed
project location is within an area recognized as a potential geothermal development
area by the 1990 Deschutes National Forest Plan (U.S. Department of Agriculture
1990a and 1990b).

. The potential for geothermal development was addressed and provided for in the
1990 legislation that created the Newberry National Volcanic Monument (U.S.
Congress 1990).

1.3.5. Who are the Proponents?

Consistent with recommendations by the NWPPC, BPA in its 1990 Resource Program agreed to
participate in up to three geothermal pilot projects with the aims of confirming the existence of
high-potential geothermal reservoirs, and of demonstrating that they can be developed for electric
power production. These projects would be joint ventures with regional utilities. In July 1991,

1-11




BPA published a Request for Proposals to solicit proposals by developers and utility partners
interested in exploring and developing geothermal resources in the Northwest.

In December 1991, BPA selected a proposal submitted by CEE (an independent company
specializing in production of geothermal power) and EWEB (a publicly-owned utility serving the
Eugene/Springfield area in Oregon) for a project at Newberry Volcano, as one of three pilot
projects. In December 1992, BPA signed a Memorandum of Understanding with CEE and EWEB,
signifying agreement on contract principles (see Appendix I). CEE and EWEB are the proponents
for this project, and CEE holds Federal geothermal leases in the area they propose to develop.
1.4. ENVIRONMENTAL LEGISLATION GOVERNING THE PROJECT
The EIS is being prepared in consultation with other Federal, state, and local government agencies
and in the context of a number of other Federal, state, and local environmental laws and executive
orders. Some of the key laws that pertain to the proposed project that must be followed if the
project is implemented include:

. American Indian Religious Freedom Act

. Archaeological Resources Protection Act

. Clean Air Act

. Clean Water Act

. Endangered Species Act

. Hazardous Materials Transportation Act

. Solid Waste Disposal Act

. National Environmental Policy Act

. National Forest Management Act

. National Historic Preservation Act

. Native American Graves Protection and Repatriation Act

. Newberry National Volcanic Monument Act

. Occupational Safety and Health Act (OSHA)

. Oregon Hazardous Waste Rules |

. Oregon Revised Statutes (Department of Environmental Quality, Water Resources
Department, and Department of Geology and Mineral Industries revisions to, or
adoptions of, the Federal laws for the environment)

. Public Utilities Regulatory Policies Act

. Geothermal Steam Act of 1970
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1.4.1. National Environmental Policy Act (NEPA)

The legislation that governs the preparation of this EIS is NEPA, enacted in 1970 to provide
information to the public about potential impacts of Federal actions. Unlike other single-topic
environmental laws, NEPA encourages the protection of all aspects of the environment. NEPA
applies to most projects which in some way involve discretionary actions by Federal govemnment
agencies, if they are deemed likely to cause environmental impacts. The purpose of NEPA is to
help Federal decision-makers take actions that protect, restore, and enhance the quality of the
human environment based on an understanding of environmental consequences. The EIS provides
the information needed for these decisions.

The EIS describes important environmental and social/economic impacts which may result from the
proposed project and alternatives to the project. The EIS focuses on cause-and-effect relationships
and provides sufficient information and analyses to identify the magnitude of those impacts,
including ways to avoid or minimize harm to the environment. The EIS also evaluates alternatives
to the proposed project, including the no-action altemative.

1.5. PERMITTING PROCESS AND APPROVALS NEEDED
1.5.1. The Environmental Analysis Prdcess

Once it was determined that this project would involve a major Federal action which may
significantly affect the quality of the human environment, the lead agency, U.S. Forest Service,
announced its intent to prepare an EIS by publishing a Notice of Intent (NOI) in the Federal
Register on December 2, 1992. The NOI announced the times and places scheduled for public and
agency “scoping” meetings. The purpose of the meetings was to ask government agencies, citizen
groups, and the public to provide input about issues that should be addressed during the
environmental review process.

According to NEPA regulations, the scoping process is used to identify significant environmental
issues deserving study in the EIS process. The issues raised during scoping for the Newberry
Geothermal Pilot Project EIS are identified in the analysis of the effects of the proposed action and
alternatives. They are summarized in Section 1.6.

An Initial Study Plan was prepared prior to scoping to determine preliminary issues to be
addressed in the EIS. After scoping (described in Appendix A), the Initial Study Plan was updated,
alternatives to the proposed action were developed, and the effects of these alternatives were
analyzed. Existing data were used, and additional necessary environmental analyses and surveys
were conducted. Analyses included review of existing data and literature, as well as new field
investigations. The Draft EIS (DEIS) was distributed for a 73-day period of public and agency
comment. Three public meetings and one agency meeting were held during the comment

Written comments and questions about the DEIS were compiled for response in the Final EIS
(FEIS). The FEIS responds to comments and questions received. The FEIS will be fully
considered by Federal decision-makers before any of the alternatives, including the proposed
action, are approved or undertaken. The decision on whether the project should proceed and
whether the required permits and approvals should be granted will be based upon the review of the
FE{&I and will be contained within the written RODs issued by the U.S. Forest Service, BPA, and
BLM.

The EIS is organized to meet all requirements of NEPA and to provide a readable document to the
public and agencies who will review the proposed project. The major sections of the EIS include:

. Project overview, purpose and need for the proposed action
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. Description of the alternatives, including the proposed action and the no-action
alternative

. Comparison of action alternatives and effects

. Description of the environment that could be affected by the proposed action or
alternatives
. Environmental consequences of the proposed action and alternatives

A planning record has been compiled throughout the EIS process. The planning record contains the
analysis and documentation for the EIS, including communication records, technical data,
references, and NEPA work products.

The cost of the EIS is expected to total approximately $1,000,000. This includes costs of -

conducting the public process, writing and distributing the draft and final EIS, and performing the
studies needed for the document. Almost all of this cost will be borne by CEE.

1.5.2. Implementation Process

If the proposed project or an alternative is approved, additional actions would have to be taken after
this EIS process is completed and prior to CEE initiating surface disturbance for any aspect of the
project. Authorization for implementation and surface disturbance would require specific approvals
from the U.S. Forest Service and BLM before on-the-ground operations commence and
throughout the implementation process. The implementation approval process would be based on
terms described in an Interagency Agreement between the U.S. Forest Service and BLM.

1.5.3. Other Permits Needed by CEE

In addition to the authorizations listed in Section 1.2 (Purpose and Need) for the proposed project,
CEE would also be responsible for acquiring permits from various Oregon agencies. For example,
the Oregon Department of Geology and Mineral Industries has regulatory authority for well drilling
and certain other activities proposed for this project, and would require a geothermal drilling permit
under ORS Chapter 632, Division 20. Some of the major permits and agencies that issue them are
listed below in Table 1.5-1.

1.6. THE SCOPING PROCESS AND THE ISSUES RAISED

One of the early steps in the preparation of this EIS was to contact citizens, government agencies,
and public interest groups to help identify issues and concerns. Additionally, issues were raised by
agency personnel and technical specialists involved with the preparation of this analysis. This
process is referred to as “scoping,” because it is designed to help establish and define the scope of
analysis for the EIS. Scoping also helps to ensure that all relevant environmental issues are
~ addressed in the EIS. Appendix A provides more information on scoping.

1.6.1. What Issues Were Raised?
The issues raised during scoping related to the EIS process, the proposed project and altemnatives,

and to the environmental aspects addressed in this EIS (e.g., air quality, recreation, etc.). A
summary of the issues raised during scoping is presented below, organized by various subjects.
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Table 1.5-1 Project Permits Required from Oregon Agencies*

Permit Agency Timing

Energy Facility Siting Centificate Energy Facility Siting Council Pre-construction
Geothermal Drilling Permit Department of Geology and Mineral Industries  Pre-construction
Air Contzmmant Discharge Permit Department of Environmental Quality { DEQ) Pme

Stormwater Discharge Permit Department of Environmental Quality Pre-construction
Hazardous Waste Identification Department of Environmental Quality | Pre-operation
Number

xantgxrt Pollution Control Facility DEQ, Water Resources Deparument Pre-construction
Water Rights Permit DEQ, Water Resources Department Pre-construction
Qualifying Facility Certification Oregon Public Utility Commission Pre~construction
Overhead Line Crossing Permit Oregon Department of Transportation Pre-construction
Overweight Hauling Permit Oregon Department of Transportation Pre-construction

* It is CEE’s responsibility to obtain and comply with these permits. Some of the pemnits listed may not be
necessary, depending upon final project design.

1.6.1.1. EIS Process

Issues and questions raised in relation to the scoping part of the EIS process included: whether
only issues raised by the public during scoping would be addressed; the observation that scoping
meetings seemed to emphasize metropolitan areas; and whether the Central Oregon Geothermal
Working Group! (COGWG) concerns would be included. There was a desire to be kept informed
about environmental impacts. Other issues were related to what the EIS would cover: Would it
address larger or more plants; would exploration and operation be addressed; would monitoring
programs and funding be included; would limits of acceptable change be identified and criteria set;
and would the EIS set threshold limits that would prevent other geothermal developers from
developing their leases. Whether or not other permits and approvals would be required was raised
as an issue. Concerns that the EIS timeline should be short to reduce cost and that a disclosure be
prepared of the cost to taxpayers were also raised.

1.6.1.2. Proposed Project and Alternatives

Numerous questions and comments were received about elements of the proposed project,
including operations, reclamation, location, potential alternatives, and potential mitigation.
Comments about the proposed project included requests for detailed information about its specific
location, physical and operational elements; concerns over how much land would be disturbed;
suggestions to proceed cautiously with development; questions about how pollution would be
avoided; concerns whether expansion was possible and covered in the EIS; interest in how long the

1The Central Oregon Geothermal Working Group consists of citizens from the Bend-Sunriver-LaPine area and the
Confederated Tribes of Warm Springs. The group met monthly over a two-year period beginning in early 1992 for
the purposes of learning about the proposed project and advising the project sponsors regarding issues of concern to
the-community.
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resource would last; expressions of support for geothermal energy; concerns whether the trade-offs
would be worthwhile; questions about reclamation, regulatory review, and permits/approvals; and
what the Newberry National Volcanic Monument legislation guaranteed geothermal developers.
Comments related to alternatives included requests for (1) consideration of wind and solar power,
(2) locations outside CEE leases, (3) smaller generating capacity, (4) burying the transmission
lines, (5) minimizing right of way width for transmission lines, (6) alterative power line routes,
(7 conducting a comparative analysis of other alternative energy developments, and (8) raising
rates to reduce demand.

1.6.1.3. Geology and Sojls

Questions and comments about geology and soils included requests for detailed information about
baseline conditions, the extent of project impacts on soils, proposed reclamation methods, potential
for earthquake damage, and a request from the Oregon State Department of Geology and Mineral
Industries — one agency responsible for working cooperatively with BLM for well permitting —
to be kept informed about the project.

1.6.1.4. Water Ouality/Resources

A variety of comments on water quality and hydrology were received. Questions were raised about
whether permits for water use would be needed, whether water would be made available to
wildlife, how much water would be used by the various phases of the project, and what quality of
water would be used by various phases of the project. Other questions related to whether there was
a subsurface connection between the geothermal reservoir the project proposed to tap and the hot
springs in the caldera; the potential for contamination of groundwater aquifers and water supplies;
potential for well blowouts and their impact on groundwater; impacts on groundwater availability;
and effects on water quality of the lakes within the caldera, Paulina Creek, and other surface
waters.

1.6.1.5. Geothermal Resources

Issues raised relating to geothermal resources included questions about the longevity of the
resource and concerns that the resource not be depleted by development; uncertainty about the
predictability of impacts of development, including potential effects on the hot springs and other
geothermal features in the caldera, groundwater quality, and depletion of the aquifer. There were
questions about whether there would be a monitoring program and what it would include, what the
chemical quality of the geothermal fluid would be, whether there were any potential problems that
could not be mitigated, and whether monitoring wells would be drilled. One commentator stated
that s{:&dards should be established and that if they were not met, the development should be
cance _

Other commentators.(1) asked if steam could be injected to eliminate the need for cooling towers,
(2) suggested that supplemental water injection be considered, and (3) asked whether additional
wells would be drilled if production dropped in older wells.

1.6.1.6. Air Quality

Comments and questions broadly encompassed potential emissions and air quality impacts from
construction through operation. Commentors requested detailed data on (1) existing air quality and
meteorology, (2) pollution and emissions (including odors, steam, and toxics) generated by the
proposed project during operation (3) emissions generated during construction, exploratory
drilling, and well testing, (4) an assessment of air quality impacts of the project, (5) whether
cumulative impacts would be addressed, and (6) effects of pollutants on vegetation, wildlife, and
tourism. One commentor stated that claims that carbon dioxide (CO2) emissions from combustion-
based power sources were harmful to the environment were unsupported.
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1.6.1.7. Yisual Resources

Requests for detailed information about the visibility of the project facilities from sensitive
locations in the region formed the basis for most of the comments received on this subject. The
effect of visual change on users, including tourists, was a concern. Information on what types of
visual mitigation would be proposed was also requested.

1.6.1.8. Noise

Issues related to noise impacts included concerns about noise levels and durations predicted to
result from the various aspects of the project. It was also questioned whether noise would be
audible at sensitive sites such as within the caldera, effects of noise on wildlife, and whether
mitigation would be employed.

1.6.1.9. Land Use

Comments specific to land use included concerns about intrusion of an industrial use onto
historically nonindustrial lands, effects of construction on land use, impacts to the roadless area, a
need to coordinate with the planning process for the NNVM and Monument Advisory Council, and
impacts on the eligibility of Paulina Creek for Wild and Scenic Status.

1.6.1.10. Recreational Resources

Other comments were related to recreation and tourism uses, and included concerns about having
an accurate baseline description of existing recreational use. There were questions about the
economic effects of the project on recreational use and tourism, concerns about how existing uses
such as Nordic skiing and snowmobiling could coexist with the proposed project, whether some
benefit to recreation could result from mitigation for the proposed development, effects on hunting
opportunities, and impacts on recreational and scientific use of the hot springs and lakes in the
caldera and Paulina Creek.

1.6.1.11. Transportation/Traffic

The issues raised included concerns about access restrictions, creation of additional access for
recreation, traffic impacts, hazards from waste transportation, compensation for impacts on
existing roads from project related traffic, impacts on current public and U.S. Forest Service road
needs, requests for information on traffic during all phases of the project, and a question about
what materials would be used in new roads.

1.6.1.12. Biological Resources

Comments on vegetation included questions about impacts of air pollution on plants, impacts on
vegetation in the roadless area, requests that detailed baseline information be available, concems
about impacts on old growth forest, and questions about seed mixes for reclamation.

Wildlife related comments and questions included requests for detailed baseline information on
existing wildlife species composition and movement patterns; project impacts on wildlife migration
and movement routes; concerns about habitat fragmentation, increased road kills and poaching,
magnetic fields, noise, water quality, air pollutants, use of the roadless area, avoidance of the area,
and night lighting. Other concems included questions about how impacts would be identified,
tracked, and mitigated. There were questions about seasonal limits to development. Fish and
aquatic resources concerns included questions about water quality impacts on Paulina Creek and
Paulina and East Lakes; changes to surface water distribution; and a request for full mitigation of
adverse .iﬁacts. Concerns about impacts on threatened, endangered, and special-status species
Were Voic
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General comments expressed concerns about significant ecosystem values, special wildlife

management areas, monitoring needs and funding, adequacy of baseline data and time available to

gather it, and cumulative impacts.
1.6.1.13. Archaeological, Historic, and Cultural Resources

Comments and questions focused on potential impacts to archaeological sites and potential impacts
to Native American traditional cultural properties. They included concerns about existing data on
cultural resource sites; potential impacts; facilitation of Section 106 compliance by Tribes;
disruption of traditional cultural properties; whether all appropriate Tribes were included in the
consultation process; whether cumulative impacts would be addressed; and a comment that the
project area is within land ceded to the U.S. by the Klamath Tribe.

1.6.1.14.  Human Health and Safety

Issues raised during scoping included concerns about pollution from drilling, materials used at the
plant, pollution generated from the geothermal fluid, and effects on groundwater and drinking
water supply. Concemns were raised about hazards from fire, transportation and accidental spills of
toxics, whether hunting in the area would pose a risk to workers and equipment, and whether
landowners would be compensated if their groundwater supplies were contaminated.

1.6.1.15. Socioeconomics

The chief concerns were related to whether the proposed project would benefit the project area
directly, or if it would merely generate power to serve distant areas with no benefits to the local
area. Other concerns included whether there was a secondary user for the hot water, whether the
materials used would be most economical for construction, whether jobs would go to local
workers; effects on tourism, particularly visual impacts and potential for hazardous material spills;
and loss of subsistence hunting if deer numbers declined.

Commentors expressed a need for detailed baseline information describing existing socioeconomic
conditions, potential impacts of a nonlocal work force on those conditions, and questioned whether
those impacts would be mitigated.

1.6.1.16. Power Sales and Energy Resources

Comments included questions about whether the power generated would be locally used or
exported and how much power would be contributed by the project to the region. A question was
also raised about Midstate Electric Cooperative’s (Midstate’s) expected load and growth.

Other questions included whether other energy sources and conservation would be considered and
whether cumulative impacts of new energy sources would be addressed.

There were comments supportive of geothermal power, and questions about the transmission line
size, location, and impacts.

1.6.2.  How Were the Issues Incorporated into the EIS?

Some of the issues described above were considered to be “key issues” and were used to generate
the alternatives. For example, alternatives include different power plant, road, or transmission line
locations to respond to concerns about impacts on visual quality. Other issues were addressed
through mitigation or monitoring or elsewhere in the EIS. For example, visual impacts of the
power plant and pipelines might be mitigated by constructing them of materials colored to blend in
with the background. Potential blockage of passage of wildlife and recreationists by the pipelines
could be eliminated through construction of expansion loops large enough for these users to pass
under. Issues that can be addressed through monitoring include monitoring of air quality at the
plant site and at other sites, such as within the caldera, to ensure that pollution is not a problem.
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Other issues raised were not within the scope of this EIS — such as alternative forms of energy or
alternative locations — and could not be analyzed in this document. These issues are identified in

the Scoping Report.

1.6.3. How Does the Project Relate to the Newberry National Volcanic
Monument?

The Newberry National Volcanic Monument Act (PL 101-522), approved by Congress on
November S5, 1990, established the NNVM and is the basis for future management of the lands
described in the Act. The Act is the culmination of hard work and consensus reached by a diverse
group of citizens who envisioned a National Monument at Newberry. The Act describes various
categories of land within and around the actual NNVM boundaries, including the Special
Management Area and nearby geothermal leases, which have application to this proposed
geothermal project. A considerable portion of the Legislation describes if, how, or when

- geothermal activity can occur on specified areas. A brief summary of elements of the Act that are

most pertinent to this geothermal proposal are described below. Figure 1.3-3 shows the project
location with respect to the Monument boundary and Special Management Area.

Monument. Federal lands within the Monument are withdrawn from all forms of entry or
disposition under geothermal leasing laws. This means there will be no geothermal lease activity
within the Monument boundary. This includes drilling under the Monument from locations outside
the Monument boundary.

Special Management Area (SMA). Geothermal leases issued in this area will contain stipulations
that prohibit surface occupancy. The SMA can only be entered by directional drilling from outside
the SMA boundaries. This means that although SMA lands can still be included in geothermal
leases, no surface activity can occur. Operators could reach geothermal resources under the surface
if drilling initiates on authorized leases outside the SMA.

Nothing in the Act authorizes or directs
the establishment of protective perimeters or buffer zones around the Monument or SMA for the
purpose of precluding activities outside the boundaries which would otherwise be permitted. The
fact that activities or uses outside the Monument and SMA can be seen, heard, measured, or
otherwise perceived within the Monument and SMA shall not, of themselves constitute grounds for
limiting, restricting, or precluding such activities up to the boundary of the Monument and SMA.
In other words, Monument status should not be viewed as placing additional management
constraints on adjacent Federal lands. Additionally, except as provided elsewhere in the Act,
nothing in the Act shall be construed to affect the authority of the Secretary of Interior (delegated to
the BLM) to administer geothermal leases.

The Act also has provisions covering Federal geothermal leases which were issued within the
Monument’s boundary prior to the legislation. The Act required that all existing lease holders
relinquish all rights to these leases. In exchange for relinquished leases, new leases of like value
were issued as compensation to the affected lease holders. These new leases are for lands outside
the NNVM, although some leases include lands within the SMA, and are consistent with Forest
policy and management. Specific leases are listed in the legislation, and include the leases held by
CEE and proposed in this geothermal project.

Another element affecting this geothermal proposal is that the Monument Act gives the Secretary of
Agriculture (delegated to the U.S. Forest Service) authority for regulating all surface disturbing
activities and approval of the Plans of Operation for leases issued under the Act. By this provision,
the Act ensures that the effects of the proposed operations can be considered on the values for
which the Monument and SMA were established. Without this provision, the BLM would be
solely responsible for approval of the Plans of Operation, which is the case in all other Federal
geothermal Jeases.
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2.0
ALTERNATIVES INCLUDING THE PROPOSED ACTION

This section of the EIS includes a discussion of the:
. Range of alternatives
. Altemnatives development process
. Alternatives considered but eliminated from detailed study
. Alternatives considered in detail
. Description of the alternatives
. Comparison of alternatives considered in detail {matrix and discussion)

The effects of the two “action” alternatives — Alternatives A and B — are summarized in Section
2.5. The affected environment is described in Chapter 3. The effects of implementing the
alternatives are discussed in Chapter 4.

2.1. RANGE OF ALTERNATIVES

The range of alternatives to the proposal submitted by CEE is limited to those alternatives that meet.
the purpose and need (see Section 1.2) for the proposed action. The range of alternatives is defined
by certain limitations related to the project. For example, the proposed CEE Newberry project is
being considered in order to demonstrate whether geothermal energy at Newberry Volcano can
provide a reliable, economical, environmentally acceptable, and technically feasible alternative
source of electricity for the publlc For a potential pilot project, BPA selected a proposal submitted
by CEE and EWEB for a geothermal development project at Newberry on specific leases. The
reasonable alternatives are therefore limited to geothermal projects on CEE geothermal leases at

Newberry.

To meet the purpose and need for the project, and to be within the scope of this analysis, the
alternatives need to describe a project that is:

. A geothermal exploration and development project
. Located on areas under lease to CEE on the west flank of Newberry

. Located in areas with the geologic probability of encountering the geothermal
reservoir fractures through vertical or slant (directional) drilling

. Located in areas that could accommodate the proposed facilities (wells, pipelines,
power plant, transmission line) with sound engineering and environmental practices

. Designed to use technically feasible power generation technologies

Section 2.3, Alternatives Considered but Eliminated from Detailed Study, describes some of the
alternatives (such as other power generation technologies) that are considered to be beyond the
reasonable range of alternatives.

Alternatives that are considered in this document respond to issues of concern that were raised
during the public scoping process and the environmental impact analysis process. Meeting the
purpose and need narrows the range of alternatives to those relating to alternate locations for
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project facilities (such as the power plant site and transmission line) on the CEE leases, and
modifications to the project design. This range addresses the issues raised and meets the purpose
and need.

2.2. ALTERNATIVES DEVELOPMENT

In developing alternatives to the CEE proposal (Alternative A, described in detail in Section 2.4.1),
the focus was on reasonable alternatives that would respond to identified issues, meet the purpose
and need for the project, and eliminate or reduce adverse effects of these actions upon the quality of
the environment (40 CFR 1500.2(e)). Reasonable alternatives are considered to be those that are
practical or feasible from a common sense, technical, environmental, and economic standpoint.
The alternatives were developed to be reasonable and feasible, meet the purpose and need, respond
to issues, provide siting flexibility, and minimize environmental effects.

Each key issue that was identified during the public participation and scoping process (Section 1.6)
was considered in the development of alternatives to the CEE proposal. The various elements of
the project (facility locations, design elements, etc.) were reviewed after scoping to determine if
alternatives could be developed that would respond to issues and reduce environmental effects.
Alternative B was developed to analyze:

. Other potential drilling locations

. Alternate power plant sites

. Large well pad and power plant siting areas

. Altemnate transmission line route |

. Alternate transmission line design and construction methods

Another step in the development of alternatives was to review the mitigation measures built into
Alternative A (where applicable). Additional mitigation measures identified in the analysis of
Alternative A were incorporated into Alternative B to reduce environmental effects and respond to
the issues.

Alternatives that did not meet the purpose and need for the project, that were not technically
feasible, or that did not address the issues raised during the scoping process, were eliminated from
detailed consideration in the EIS and are described in Section 2.3, Alternatives Considered but
Eliminated from Detailed Study. Each of the alternatives considered was reviewed for consistency
with the purpose and need and the issues. ‘

2.3. gLTEl;NATIVES CONSIDERED BUT ELIMINATED FROM DETAILED
TUD

The lead and cooperating agencies have considered alternatives throughout the EIS process, .

including evaluation of issues raised in the scoping process and during the development of the EIS.
CEE considered a variety of alternatives in developing its proposal. Some of the alternatives
proposed during the public scoping process were not given detailed analysis in the EIS because
they would not meet the purpose and need, would be beyond the scope of this analysis, had been
considered in another EIS or Environmental Assessment (EA) (such as the Bonneville Power
Administration’s Resource Programs EIS [Bonneville Power Administration 1993d]), would not
be technically feasible, or would have greater adverse environmental effects than would the original
proposed project. Alternatives that were considered but not given detailed study in this EIS include:

. Alternate power generation technologies
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. Alternate geothermal power generation sechnologies
. Alternate transmission technologies
; Alternate locations beyond the CEE leases
The alternatives eliminated from detailed study are summarized below.

2.3.1. Alternative Means of Increasing Available Power or Decreasing Demand

2.3.1.1. Solar and Wind Power

Solar and wind power development were suggested as an alternate technology to meet power

demand. This alternative is outside the scope of this EIS because the intent of the project is to

demonstrate whether geothermal energy at Newberry can provide a reliable, economical,

environmentally acceptable, and technically feasible alternative source of energy. A wind or solar

groject would not meet the purpose of confirming the existence and the capacity for development of
igh-potential geothermal reservoir at Newberry and is beyond the scope of this EIS.

2.3.1.2. Produce Electricity from One Small-Diameter Well/Smaller Power Plant

An alternative proposed during scoping was to use only one well that is 3 cm (1.25 inches) in
diameter, and to produce electricity from a generator that is approximately the size of a pickup
truck.

This alternative was not considered in detail in the EIS because it does not meet the intent of the
giclot project. Electricity production from one well that is 3 cm (1.25 inches) in diameter would not

adequate to determine the commercial viability of the resource, or meet the purpose and need for
the proposed action. A production well of this size would not be technically feasible, especially at
the depths (over 1,219 meters [4,000 feet]) at which the geothermal reservoir at Newberry is
expected to be encountered. '

2.3.1.3. Raise Utility Rates to Control Electricity Demand
Raising electric rates to decrease demand was suggested as an alternative to the proposed action.

This analysis is beyond the scope of this EIS and does not respond to the purpose and need for the
action. This EIS does not address alternatives involving ways to reduce demand.

2. 3 2. Alternative Locations

2.3.2.1.

A comment was submitted during the scoping period that proposed that the geothermal
development should take place on private and non-forested lands.

CEE proposes to determine the existence and-commercial viability of the Newberry geothermal
resource through drilling and operation of a 33-MW geothermal resource. Geologists have
identified Newberry Caldera and the surrounding area as being the most likely location to
encounter the geothermal resource. The private lands within the Newberry Known Geothermal
Resources Area (KGRA) are not suitable for the proposed geothermal development. Unlike
traditional power plants, geothermal development and utilization can only occur where the resource
is located. Leases have been offered and made available in these high-potential areas.

This alternative was not -considesed because it does not meet the purpose and need and is not
technically feasible.
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However, the use of non-forested lands or areas previously logged or disturbed within the CEE
leases will be considered in the EIS as potential site locations for project facilities.

2.3.2.2. Effects of Power Generation Facility that Would Be Built Elsewhere

During scoping, an interested party suggested that the comparative effects on the environment as a
whole be addressed in the EIS because the no-action alternative would result in some other
alternative form of energy development occurring at another location. This analysis is beyond the
scope of this EIS because it does not meet the purpose and need.

2.3.3. Alternative Geothermal Power Technologies

There are several different technologies for tapping the energy from geothermal resources. The
different types of geothermal power plants include binary, single-flash, double-flash, and pure
steamn technologies. Since each geothermal resource has unique characteristics, some technologies
are not technically appropriate or feasible for a given location. Certain technologies were eliminated
from further study either because they are not the most effective technology for the Newberry
project or because they are technically not feasible for the resource.

2.3.3.1. Binary Plant

Binary-cycle power plants are usually used to produce power from shallow, low temperature (less
than 177°C [350°F]) geothermal resources. Binary plants use geothermal fluids to heat a secondary
fluid (usually a hydrocarbon such as isobutane or isopentane) that vaporizes at a lower temperature
than water. Current studies (see Section 3.4, Geothermal Resources) indicate that the resource

temperature at Newberry will be above 177°C (350°F) and is expected to include both steam and .

hot water. In a binary plant, the brine would have to be kept under pressure to keep it from
flashing to steam. The additional electrical load from pumps, coupled with other considerations,
indicates that a binary plant would be a technically inappropriate and energy-inefficient use of the
geothermal resource at Newberry. Also, the hydrocarbons used in a binary plant create
environmental concemns related to fugitive emissions and the transportation and storage of
petrochemicals. Unless dry (fan-forced air) cooling is used, ground or surface water must be used
in the condenser. Dry cooling imposes an additional electrical load on the plant, and is inherently
less efficient because cooling efficiency (and therefore plant output) depends on ambient air
temperature. Therefore, a binary plant is not addressed in detail in this EIS. If, during exploration,
resources are discovered which are suited to binary technology, then a new analysis will be
prepared.

2.33.2. Single-Flash Plant

A single-flash plant would not be a technically feasible alternative because it would not optimize the
use of the geothermal resource. In a double-flash plant, as proposed, the steam and hot water are
separated at the well head, and the separated hot water is allowed to flash to steam at high pressure
and again at a lower pressure. This double-flash process increases the amount of stearn that can be
extracted from the resource and therefore maximizes the amount of electricity that can be produced
from a given vdlume of reservoir fluid. A single-flash plant would be less efficient in tapping
geothermal energy than a double-flash plant, but would be expected to result in similar
environmental effects. This alternative, therefore, will not be addressed in detail in this EIS.

2.3.3.3. Pure Steam Plant

A pure steam plant can only be used with a geothermal resource that produces only steam and no
hot water. There is currently only one known dry-steam geothermal resource in the United States,
at The Geysers in California, and only thrée other locations are known in the world. The
geothermal resource at Newberry is not expected to be a dry-steam resource so this technology is
not addressed in detail in the EIS. Dry steam plants typically “consume” on the order of 80 percent
of geothermal fluid as evaporative loss in the cooling tower (Lake County 1989). This fluid is not
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available to replenish the reservoir. If, during exploration, sesources are discovered which are
suited to pure steam technology, then a new analysis will be prepared.

2.3.4. Transmission Line Alternatives

2.34.1. Lower or Higher Voltage Transmission Line

The transmission line voltage of 115 kV was selected because it is an industry standard and is an
efficient voltage for the level of power (33 MW) proposed. This voltage would also allow the
proposed transmission line to connect directly to a Midstate Electric line (which is 115 kV). Lower
voltages were rejected because:

. Lower voltages have higher line losses of electricity.

. Midstate Electric may operate or own the transmission line, the line from the project
would connect to a 115-kV line, and a different voltage would increase operation
and maintenance costs.

The next lower voltage is 69 kV. A line of this voltage would have significantly lowercapacity
than the 115-kV voltage and would have limited capacity to carry additional power should
significantly more than 30 MW be developed. In addition, a 69-kV line would require similar size
structures as the 115 kV, with substantially similar environmental impacts.

A transmission line at 230 kV would have larger capacity, but would be more expensive and would
not be compatible with Midstate’s system. The proposed 115-kV line would accommodate the
proposed project and its foreseeable expansion. The alternative 230 kV was not considered because
it exceeds the requirements of the project as proposed as well as any foreseeable expansion as
envisioned in the contracts for power salcs between CEE EWEB, and BPA.

2.3.4.2. Alternative Transmission Line Routes

Prior to submitting, CEE evaluated eight possible transmission line routes to transmit power from
the proposed power plant to the existing transmission line grid in the region. The alternative routes
were considered but eliminated from detailed consideration because they (1) required a crossing of
Paulina Creek (which could interfere with a wild and scenic river designation), (2) cross the Peter
Skene Ogden Trail, (3) cross through the old growth area near Paulina Creek, and/or (4) require
many more new roads and more extensive road construction.

2.3.4.3. Buried Transmission Lines

The potential for using buried transmission lines has been raised by the public. Although an
underground system was not reviewed in detail, engineers concluded that underground
transmission lines were not warranted or economical. Construction-related environmental impacts
from underground transmission systems in wooded, rocky terrain would generally be greatcr than
for convcnuonal overhead systems.

The following discussion is based on internal review completed at EWEB for underground
transmission systems:

. Installation requires that a continuous path be cleared for the cable trench. This
often causes greater environmental impacts than an overhead line.

. The estimated costs for installation of approximately 13.1 km (8.2 miles) of
underground 115 kV for the Newberry project is estimated to be between $8 million
and $11 million while the estimated cost for installation of the same amount of an
above-ground system is about $2 million.
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. Operation and maintenance costs for these systems are significantly higher than for
equivalent overhead systems. Vaults for splicing and cable pulling are required
every 305 to 457 meters (1,000 to 1,500 feet) and must be kept clear for
maintenance.

. Underground transmission circuits are normally used in congested urban settings in
- larger metropolitan areas. Rural applications are rare and are not considered to be as
cost-effective as overhead.

. Cable faults on underground systems require more time to locate and repair than
with overhead circuits. The systems owner is generally required to maintain
significant surplus cable for replacement since manufacturing time is long.

. Complete installation costs for an underground 115-kV transmission circuit are
estimated at several times the cost of equivalent overhead circuits. Installation in
wooded forest areas with rocky conditions, access limitations, and additional travel
time would further increase costs.

. Highly trained personnel are required for installation, including make-up of splices
and terminations. Some utilities are beginning to use a solid dielectric cable that is
also large in diameter, limited in flexibility, and requires specially trained personnel
for installation.

Operation and maintenance costs for underground 115-kV systems are significantly higher than
equivalent overhead systems. Winter conditions at the project area would make repair and
maintenance exceptionally difficult and time consuming. Down-time would be extended and that
could significantly impact the on-line time of the power plant.

There are a variety of conductor sizes for 115-kV systems. CEE sized the conductors and facilities
to allow for the potential for incremental increase in power without the addition of a second
transmission line. An underground system does not allow for economical installation of larger
conductors or the option of reinsulating the line to convert to a higher voltage to allow for future
incremental growth.

For all of the above reasons, an underground 115-kV transmission system was not given detailed
study in this EIS.

2.4. ALTERNATIVES CONSIDERED IN DETAIL

The purpose of looking at other alternatives is to describe the opportunities and trade-offs of
different approaches to help the lead and cooperating agencies make reasoned decisions. The
alternatives considered in detail in the EIS fall into two basic categories:

. Siting variations

. " Design variations
The altematives include siting for various components of the proposed project (transmission line,
well pads, roads, pipelines, and power plant) and design altemnatives that reduce or eliminate the

environmental impacts of these roads and facilities. Alternatives also include constraints such as
construction, operation, and maintenance.

Three alternatives are presented, as follows: Alternative A, Alternative B, and Alternative C {the
no-action alternative). These alternatives are discussed below. Table 2.4-1 shows features of
Alternatives A and B. Alternative B can be considered as a modification of Alternative A.
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Table 2.4-1 Features of the Proposed Action Alternatives!

Fro'ﬁ E‘ement

Alternativ A

Pad Size X 3U.D meters (0

Temperature gradient

hole/core hole

Production/exploration sizz Up to 121.9 x 182.9 meters
(400 x 600 feet) per pad or up to
about 34 hectares (84 acres) total

Alternative B

.X

121.9 x 182.9 meters (400 x 600
feet) per pad within a 16.2-hectare
(40-acre) siting area; up to about 34
hectares (84 acres) total

Exploration Up to 28 exploration wells3 at
14 locations

2production Initially 8 to 104 (plus additional
wells over the life of the project)

ell pads (exclud 183 eters b 4 3 3 kxlometers o
l.9 kilometers [1.2 miles] (60 feet x 2.05 miles)
of existing Road 9735)

ROW along power plant access
road.)

Well pad access roads:
6.7 meters x 4.8 to 6.4 kilometers

(22 feet x 3 to 4 miles)

Total surface disturbance for new
access roads about 13.5 hectares
(335 acres)

36.6 meters x 6.1 kilometers
(120 feet x 3.8 miles) =

22.7 hectares (56 acres)’

Feeder Pipelines:
13.3 hectares (33 acres)

One possible location

(Includes part of transmission line

Up to 28 exploration3 wells at 14 of -
20 locations

Initially 8 to 104 (plus additional
wells over the life of the project)

305

18 3 meters X 3.3 kﬂometexs

(60 feet x 2.05 miles)

(Includes part of transmission line
ROW) along power plant access
road.

Well pad access roads:
6.7 meters x 4.8 to 6.4 kilometers
(22 feet x 3 to 4 miles)

Total surface disturbance for new
access roads about 13.5 hectares
(33.§. gcres)

36.6 meters x 6.1 kilometers
(120 feet x 3.8 miles) =

22.7 hectares {56 acres)’

Feeder Pipelines:
13.3 hectares (33 acres)

one ofthme 12. l-hectare (30-acre)
siting areas




Table 2.4-1 Features of the Proposed Action Alternatives! (Continued)

Pro ect EIemen(

Arernﬁivﬁ 7

-oe wet C00 ing towers

Alternative B
R RR000000REE00

2Water use Local groundwater (up to 3.08 Local groundwater (up to 3.08
million m3 [2,500 acre-feet]) per year million m3 [2,500 acre-feet]) per year
and produced geothermal fluid and produced geothermal fluid
(approximately 19 million m3 (approximately 1.9 million m3
(1580 acre-feet]) per year [1580 acre-feet]) per year

2H,S removal ‘Il.iquid redox, iron catalyst or quuid xedox, uodr:e catalyst or

drogen peroxide

orth and adjacent to Ro.

Poles Wood pole, H-frame Single wood pole with underbuild

Dishwbhance 30.5 meters x 13.1 km 22.8 meters x 13.1 km
(100 feet x 8.2 miles) = (75 feet x 8.2 miles) =
40 hectares (99 acres) 30 hectares (75 acres)

(with additional 25 to 50 feet (with additional S0 feet x 8.2 miles
feathered for 8.2 miles) feathered)

ROW clearing 30.5-meter (100-foot) width cleared  22.9 meter (75 foot) width cleared
7.6 meters (25 foot) width feathered 7.6 meters (25 foot) width feathered
on one or both sides of ROW on both sides of ROW

2 aydown/construction Existing log landings Existing log landings

areas -

IAlternative C - No Action: None of these features would be built.
2Features that are the same in both alternatives.
3some of these wells would be converted to production wells.

4Some of these wells would be converted from exploration wells to production wells.
S5This is the width required for multiple expansion loops. A more typical width would be 27 m (90 ft) or less.

Alternative B, the agencies’ preferred alternative, includes additional means of meeting the purpose
and need of the project, based on the agencies’ response to the analysis and to issues raised during
the scoping process, with additional siting flexibility designed to minimize potential environmental
effects. Alternative C is not included in the table because it would not include any of the altemate
project elements described in the table. The affected environment is described in Chapter 3. A
ncv(i:chz of pgtential impacts and mitigations for each of these proposed alternative plans is presented
in Chapter 4.

2.4.1. Alternative A

CEE proposes to build and operate a geothermal electric power plant and supporting facilities
capable of generating 33 MW (gross output) electric power. Of the 33 MW of gross output power,
30 MW would be salable at the BPA integration point at the LaPine switchyard and three
megawatts would be consumed in operation of the power plant or lost through transmission line
resistance. As described in Section 1.3.2.4, 20 MW and 10 MW would be sold to BPA and
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EWERB, respectively, under power purchase agreements. BPA and EWEB would also enter into
billing credit and wheeling agreements.

Facilities required for development of the project would include:
. A power plant at one proposed location
. chll pads and sumps
. Geothermal fluid and steam gathering system

. Steam separation vessels

. Exploration and production wells
. Access roads

. A water supply system

. Injection well system
. Noncondensable gas control system

. A power transmission line (that closely follows the north side of Road 9735)
. Switchyard

. Rebuilding of approximately 6 km (3.5 miles) of Midstate transmission line in
LaPine from 6th Street west of Highway 97

The CEE proposal, or Alternative ‘A, is described in this section under the framework of the four
phases of the project: exploration, development, utilization, and decommissioning. The phases,
their facilities, and the timing of the implementation of each phase are summarized in Table 2.4-2.
Some of the facilities and activities would continue over more than one phase. For example, well
pad construction and drilling would occur in the exploration phase, development phase, and
operation phase as CEE continues to define the geothermal resource and provide production and
injection capacity for the power plant. Figure 2.4-1 is a schematic representation of activities and
faﬁg‘iiti«lcs through the life of the proposed project. Table 2.4-3 shows the proposed project
schedule.

The dcscnpuon of the proposed features of Alternative A is based on CEE'’s Plans of Operation for
the project. The exploration, well drilling, and fluid production aspects of the project are described
in the “Plan of Operations for Exploration, Development and Production” {CEE 1992a). Power
plant construction, operation, disposal, and power transmission are described in the “Plan of
Operations for Utilization and Disposal” (CEE 1992b).

2.4.1.1. Project Location

The proposed project power plant would be located in the Newberry KGRA on Federal geothermal
leases. The proposed power plant facilities would be located in Section 21, Township 21 South,
Range 12 East, Willamette Meridian. The proposed plant site is centrally locatcd in relation ¢o the
proposed well field. The general location of the proposed project is shown in Figure 1.1-1.

~ Drilling from surface locations on these leases into subsurface locations leases with No Surface

Occupancy stipulations would also occur. Figure 1.3-3 shows additional details of the lease arca
and vicinity, highlighting the terms that are used through the rest of this EIS to describe various

specific portions of the project area.
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The terms “wansmission line area,” “lease area,” “SO lease area,” and “NSO lease area” are used to
describe locations associated with this geothermal proposal and analysis and are depicted in Figure
1.3-3. “Transmission line area” includes the general area which would connect the power plant to
existing transmission lines near Highway 97. Either of the proposed altemative transmission line
routes would be within the “transmission line area.”

Table 2.4-2 Project Phases, Facilities, and Timing

Phase Facilities/Activities Timin

moran'on This M Includes the construction Epforanon COUIG OCCur from mnal
of access roads and well pads, and  project approval until well into the
the drilling and testing of initial utilization stage, as the extent of the
exploration (temperature gradient, reservoir is defined.
core hole, and deep exploration)
wells to identify the resource and
determine its extent and physical
characteristics (location, depth,
temperature, pressure, chemical
constituents, etc.)

Development Construction of production well pads Development activities would begin
and access roads, pipelines, power  after exploration wells confirm the
plant, and transmission line; well existence of an adequate geothermal

testing and power plant testing. resource to meet the proposed
. project’s requirements.

Uulization (or Operation) Testing and operation of the wells, May occur concurrent with some 0f
pipelines, power plant, and the development operations (such as
transmission line. road, pad, and well construction).

Decommissioning Removal of surtace facilites, Expected to occur at or beyond the
plugging and abandoning wells, end of the 50-year life of the confract
reclamation. with BPA if the contract is not

extended. Some elements of the
project may be decommissioned and
replaced prior to the
decommissioning of the entire
project. The project life is not
necessarily limited by the term of the
power contract.

“Lease area” refers to Federal geothermal leases held by CEE, which are being considered for
geothermal activity in this analysis. “SO lease area” refers to that portion of the leases where
surface activity could be permitted. Such surface activity would include siting of the power plant,
well pads, roads, and pipelines. The lease area also includes Special Management Area (SMA)
lands, as identified in the NNVM legislation, where no surface occupancy would be allowed
(“NSO lease area”). There would be no facilities or surface disturbance within this NSO lease area.
However, it is important to understand that subsurface activity could be allowed to occur under the
NSO lease area, such as by slanted drilling of the wells. In these circumstances, the well pad itself
would be located within the SO lease area, but the well shaft would be drilled at an angle, so that
the bottom of the well is below the surface of the NSO lease area. At no time, however, would any
part of the underground well extend into the NNVM.

2-10




11-2

General Activities

'Roads/ Pipeline

Construction

Waell Pad

Drlling

Power Plant

Transmission Line

NEWBERRY GEOTHERMAL PILOT PROJECT ‘ Figure
General Activities During Project Phases 2.4-1
Deschutes Natlonal Forest, Oregon *
e e S S S S S o o T o o o T o —
T S
| .
: e agi R
s R s — 2
conmbrucbion | operation
|
|
l .
consbrucbion | operdbion
4 - 4 a n e |
Exploration 'Development Utilization Decofnmissioning
1994 —e 2000 1994 —= 1996 1996 — 2044 (or longer) 2044 (or later)

_Project Phase (Years Not to Scale)




Table 2.4-3
Proposed Pro ject Schedule
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Figure 2.4-2 shows the location of the plant site and proposed well locations relative to the lease
boundary and the boundary of the Newberry Special Management Area. Figure 2.4-2 also shows
(1) the proposed comidors for steam gathering facilities and the acoess roads within the

project area, and (2) the location of the proposed transmission line area. Figure 2.4-2b contains
photos of the present condition of the proposed plant site in Alternative A.

2.4.1.2. Exploration

Exploration would encompass the construction of well pads and access roads, drilling of three
types of test wells, and testing of the wells. The wells would differ in diameter, depth, and type of
drill rig used to construct the well, depending upon the specific purpose of the well. All drillings
contain essentially the same types of mechanical components, as illustrated in Figure 2.4-3. The
drill rigs differ in size depending on the depth and diameter of the well. Larger drill rigs similar to
those used in oil and gas exploration are used to drill the deep large-diameter exploration and
production wells. Smaller drill rigs are typically truck mounted and similar to water well drilling
equipment, and are typically used for the smaller diameter wells. The types of wells and their use
are listed in Table 2.4-1 and described below in Table 2.4-4.

Temperature gradient wells, core holes, and exploration wells would be drilled in this phase and
are described below. Production and injection wells would be developed under the development
phase and are described under Section 2.4.1.3.

Temperature Gradient Wells. The initial exploration of the geothermal resource would involve the
drilling of temperature gradient wells, also called slim holes or temperature gradient holes (T-GH),
to a depth of approximately 1,676 meters (5,500 feet). The drilling for each well would occur 24
hours per day over a period of 10 to 60 days. TGHs would be drilled at the same time as deeper
exploration wells and could be drilled any time in the first years of exploration. As the field is
defined, such wells could also be drilled to further define the extent of the resource.

These 20-cm (8-inch) diameter wells would be drilled with a small, truck-mounted drilling rig,
similar to those used for drilling water wells. The wells would be drilled with a rotary rig using
mud or air and foam to bring soil and rock cuttings to the surface. The cuttings and drill muds
would be discharged to a small sump or reserve pit on the pad (drill pads are discussed below).
Figure 2.4-4 shows a typical slim hole or TGH well.

Core Holes. The temperature gradient wells and similar exploration-phase core holes can also be
used to obtain cores of rock, which provide subsurface geologic information. These 11-cm (4.5-
inch) diameter wells would also be drilled with a truck-mounted rig (see Figuses 2.4-5 and 2.4-6).
Core holes are not expected to be drilled into the actual geothermal reservoir. Core holes would be
drilled to gather temperature and subsurface geologic information that would be used to determine
the best location for exploration wells.

i . These wells would be used to evaluate and define the extent and characteristics
of the geothermal reservoir within the proposed project area. The intent of the exploration phase is
also to define the potential electricity production capacity of the geothermal resources. For the
purposes of this EIS, the term “exploration wells” refers to wells capable of producing fluids to
test the reservoir and, if successful, able to produce fluids to supply a power plant. The drilling for
each well would occur 24 hours per day for 25 to 90 days. Exploration drilling would occur
concurrent with TGH and core hole drilling, and would likely continue for several years.
Exploration drilling could also occur during the development and utilization phases. Up to three
exploration wells could be drilled at one time (in addition to the concurrent drilling of a TGH well),
with an eventual total of up to 28 exploration wells.
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Figure
24-2b

Power Plant Site in Alternative A

NEWBERRY GEOTHERMAL PILOT PROJECT
Deschutes National Forest, Oregon

Plant Site 1. View is toward Paulina Peak
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Table 2.4-4 Types and Purpose of Geothermal Exploration Wells

Tzﬂf of Well Pureose of Well

Temperature gradient well Measure temperatures and temperature change at
depth

Core hole Obtain subsurface rock samples

Production-size exploration well Sample and test the geothermal reservoir

Exploration wells would be drilled using a standard, oil and gas-type rotary drill rig (see Figure
2.4-3) to a depth of approximately 2,743 meters (9,000 feet). The wells would range in diameter
from 34 cm (30 inches) at the surface to 24 cm (9.63 inches) to 18 cm (7 inches) at the bottom of
the geothermal resource (see Figure 2.4-7).

It is anticipated that all exploration wells would be drilled at an angle (from the vertical axis) or
offset (called directional dnlling) from the surface location. In general, wells would be directionally
drilled into the unoccupied, NSO lease areas adjacent to the well pad locations.

The exploration wells, if productive, would become production wells through the installation of
pipelines connecting the well to the power plant (see Section 2.4.1.3).

Well Pads. CEE has identified 14 potential areas for well pad construction. One 1.6- to 2.3-hectare
(4- to S5.5-acre) well pad could be developed at each site. Well pads would be constructed as
graded, level, and compacted surfaces with engineered cuts and compacted fill slopes. Pads would
be designed to allow for drainage from the pad to be directed to the sump. Runoff drainage from
pad areas outside of operating equipment areas would flow to natural drainages through erosion
control devices. Well pad sumps would be fenced with 1.8-meter (6-foot) fiberglass fencing.

The exact location of each pad was based on CEE’s analysis of the geological data to determine the
best surface location necessary to drill the subsurface geologtcal target. Up to four wells could be
located on each pad. These 14 well pads would be the sites for test well (exploration) development,
and for future conversion to production wells. No well pads additional to the original 14 are
proposed for the production phase of this project.

CEE has proposed the 14 locations for test well pads based on the results of initial review of the
leases, regional structural geology, and work that was performed by the U.S. Geological Survey
(USGS). The 14 locations shown in Figure 2.4-2 represent CEE’s best estimate of exploration
well locations, based on the information available at this time and the current understanding of the
Newberry KGRA. To some extent, even wells drilled during the development stage can be
considered to be exploratory in that the exact location of the fractures that would supply the
geothermal fluid can be confirmed only through drilling.

The proposed well pads located south of Paulina Creek would be for exploratory purposes only.
These wells would not become production wells under this project and no facilities would be built
across Paulina Creek. South of Paulina Creek, six wells would be drilled underexploration on the
three pads.
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NEWBERRY GEOTHERMAL PILOT PROJECT

" Typlcal Core Hole/Gradient Well
Deschutes Natlonal Forest, Oregon
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NEWBERRY GEOTHERMAL PILOT PROJECT ' Figure
Typlcal Exploration/Production Well
Deschutes Natlonal Forest, Oregon 247
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It is anticipated that temperature gradient wells/core holes would be drilled at four of the
exploration well pads. These smaller wells would be required to further delineate the boundary of
the regional heat flow in the area and to prioritize the drilling. The temperature gradient wells/core
holes would be constructed on 18 x 30-meter (60 x 100-foot) 0.06-hectare (0.14-acre) well pads.
These temperature gradient well pads would be located in the corner of what could become a deep
exploration well pad if the initial test results were successful. The layout and facilities of a typical
temperature gradient pad and core hole pad are shown on Figure 2.4-8.

Production-size exploration well pads would be at least 122 x 122 meters (400 x 400 feet), or 1.5
hectare (3.67 acres) in size. Multiple-well pads could occupy up to 122 x 183 meters (400 x 600
feet), or 2.3 hectares (5.5 acres), including the associated cut and fill slopes. The size of the pads
will be determined by the number of wells to be drilled on a pad, the size of the sump that is
needed, and the size of the drill rig (the pad must be large enough to allow the assembly of the drill
rig and the pad must be at least as long as the drill rig is high). Each exploration well pad would be
considered a potential production well pad, if the exploration well is successful (with the exception
of the three well pads south of Paulina Creek, which would not supply steam to the proposed plant
under this proposal.) The layout and facilities of a typical exploration well pad are shown on
Figure 2.4-9.

Sumps. Drilling of TGHs, core holes, and exploration wells requires a sump (or pit) to hold a
water supply for drilling muds, soil and rock cuttings produced during drilling, and fluids
produced from the geothermal resource. Each well pad would include one sump for the drilling of
the wells on that pad. The sumps for the temperature gradient wells and/or core holes would be
small pits of 3 x 7.6 meters (10 x 25 feet) surface dimensions and 2.4 meters (8 feet) deep. The 14
exploration well pads would each include a sump of approximately 122 x 46 meters (400 x 150
feet), adequately sized to hold a volume of 2,838,750 to 3,785,000 liters (750,000 to 1,000,000
gallons) of fluid and are expected to be large enough to accommodate well tests. Sumps would be
compacted during construction and lined with clay. The small sumps constructed for TGH drilling
would be reclaimed prior to construction of the larger well pad and drilling deep exploration wells
on the same pad. If sumps approach capacity, fluids would be piped to another sump or injection
well, or drilling or testing would be suspended until sump capacity became available. The on-site
storage and disposal of mud slurry and wastewater will comply with ODEQ rules for degradation
of natural surface and groundwater quality. If mud slurry or wastewater are transported off site, a
Water Pollution Control Facilities or National Pollutant Discharge Elimination System permit will
be sought. Sumps would be enclosed with 1.8-meter (6-foot) fiberglass fencing to keep wildlife
away from fluids.

The contents of well pad sumps, including clay liners, will be tested for hazardous material levels
prior to reclamation of the sump. If the contents are found to be hazardous, then the material will
be disposed of at an approved licensed disposal facility. Quantities of sediments will depend on
fluid chemistry (which is likely to vary somewhat between wells), how long wells are tested, the
number of wells using each sump, and other factors that are not known at this time, but will be
determined during the course of exploration. Multiple sump samples taken at Glass Mountain,
Coso, Desert Peak, Roosevelt, and other hydrothermal resource sites throughout the Basin and
Range and Cascade provinces have shown that sump contents are non-hazardous even after
multiple years of use. The contents of these sumps are not expected to warrant a leak detection
system or a lead detection system.

A minimum of 1 meter (3 feet) of freeboard will be required. The well pad sumps will not contain
fluid most of the time, and will be pumped down prior to winter snow, and again to remove snow
melt in the spring. Sumps will be bermed to direct storm water and snow melt away from the
surnps, and the 1 meter (3 feet) of freeboard is sufficient to withstand a 100-year storm. Storm
runoff from equipment operating areas will be directed into the sumps, whereas runoff from non-
operating areas will be directed into natural drainages. A 2,838,750-liter (750,000-gallon) sump
can accommodate 5 inches of runoff from a 5.5-acre pad, if the sump is empty at the time of the
storm (as noted above, only a portion of the pad’s runoff will be directed to the sump).
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Each production well is expected to produce approximately 180,000 kg (400,000 1b) of fluid and
steam per hour. If the entire flow is fluid (this is a worst case — about a quarter of it will actually
be steam), this will be about 190,000 liters/hour (50,000 gallons/hour). A 2,838,750-liter
(750,000 gallon) well pad sump will thus take 15 or more hours to fill. Since a well can be shut
down manually in two hours or less, the well pad sumps should be more than adequate to contain
the flow.

Fluids stored in sumps would be injected or used for other approved uses such as road watering
and construction compaction watering. These secondary (non-injection) uses will depend upon
fluid chemistry and would require approval by the U.S. Forest Service, BLM, and Oregon
Deparmnent of Environmental Quality.

. All drilling and completion operations would be in
compliance with the Federal Geothermal Resources Operational Orders (GRO Orders)! and
stipulations of Federal and state permits. The wells would include a steel casing to line the well and
prevent percolation of drilling or geothermal fluids into any fresh-water aquifers. Exploration wells
would have perforated casing or be open hole in the reservoir zone to allow geothermal fluids to
enter the well. All drlling and casing programs would have prior approval of the BLM, to ensure
that the GRO Orders and adequate safety margins are adhered to. No downhole production
equipment (such as pumps) is planned, as the geothermal fluids are expected to flash to steam in
the well bore and naturally flow to the surface.

Well testing would be expected to begin within 30 days of well completion. During this short-term
testing (1 to 3 days), all liquids would be diverted to the sump, whereas steam and noncondensable
gases would be vented to the atmosphere. Steam and produced fluid samples would be collected
for analyses of chemical constituents and noncondensable gases.

If analysis were to show that the well had satisfactory cornmercial potential, well testing facilities
would be constructed for long-term production testing. The entire test could be conducted within
30 days under ideal conditions. However, depending upon production characteristics, extended
test periods of over 90 days could be required. Up to two wells would be tested at one time. The
well testing emissions are described in Section 4.5, Climate and Air Quality.

If an exploration well did not exhibit economic production capability, it would be considered for
use as an injection/disposal/reservoir maintenance well. If the well were to be abandoned,
procedures would be in accordance with the terms of the GRO Orders and U.S. Forest Service
specialists for rehabilitation of the site.

Analysis of well testing data would help to verify and define the type of power plant and facilities
that would be appropriate for the type of geothermal resource. For example, chemical analyses
would determine the hydrogen sulfide (H2 S) content of the gases. Each geothermal resource is
unique and has its own chemical constituents. The well testing would verify assumptions made or
identify the need for project modifications.

Water Sources. Water for drilling/coring activities would be trucked from private, shallow, cold-
water wells. Where possible, water would be purchased from existing sources; however, CEE
would secure state permits and drill water supply wells on leases controlled by CEE at a site
approved by the authorized offices (the BLM and U.S. Forest Service) if necessary. All water
withdrawal would be coordinated with, and subject to, the approval of the Oregon Departnent of
Water Resources. If practical, temporary above-ground pipelines could be laid along existing roads
or other appropriate routes from the water well to the drill site and between drill sites for short
distances. Pipeline locations will require approval from Federal land managers.

1The GRO Orders were developed to provide guidelines for developing geothermal resources on federal geothermal
leases, including drilling, testing, completion, abandonment, and environmental measures. They are used by the
BLM in administering geothermal activity. BLM, as the manager of the federal geothermal resource, also reviews the
drilling and casing program to ensure efficient use of the reservoir.
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The proposed temperature gradient and core hole well drilling generally requires 11,400 to 18,900
liters (3,000 to 5,000 gallons) of water perday for 10 to 60 days for each well. Deep exploration
wells would require 34,000 liters (9,000 gallons) of water per day for 25 to 90 days. In fractured
zones, 75,700 to 151,400 liters (20,000 to 40,000 gallons) per day could be used. Fluids
produccd from successful wells would also be used, where practical and authorized by BLM and
the U.S. Forest Service.

. All drilling sites would require road access for workers and equipment.
All of the proposed drilling sites are located within 1.6 to 4.8 km (1 to 3 miles) of existing log
landings, skid roads, or otherwise previously disturbed ground, which either have or had road
access.

Access to the drilling pads north of Paulina Creek would be via Forest Service Road (Road) 9735
to Road 600 and Road 685. Approximately 4.8 to 6.4 km (3 to 4 miles) of additional roads would
be necessary to access the proposed drill pads in Sections 14, 15, and 22, T. 21 S. R. 12 E. CEE
proposes to extend the 600 Spur Road system during the exploration stage by building dirt-based
roads similar to Road 600. These new roads would be functionally classified as single-lane roads
with a design speed of 24 to 48 km (15 to 30 mph), a maximum grade of 8 to 16 percent, a travel
way width of 3.7 meters (12 feet), and a minimum 6.7-meter (22-foot) rlght of way for horizontal
clearance. Turnouts would be provided on single-lane roads for opposing traffic. Turnouts would
be spaced between 213 to 305 meters (700 to 1,000 feet) apart, as appropriate for the terrain. The
main access road and spur roads to the well pads would be snow-plowed in the winter. All roads
intended for year-round access would be surfaced with aggregate or cinder.

The well pads south of Paulina Creek would be for testing purposes only during exploration.
Access to these pads would be via Road 21 or 22 to FS 2121. No new roads or other project
facilities are proposed to cross Paulina Creek.

Project roads would be plowed as appropriate according to the Deschutes National Forest Road
Rules for Commercial Users most current report to allow access to project activities.

ation. In concentrated form, a
vanety of thc matenals typlcally used dunng geothermal exploranon are considered hazardous. As
a consequence of these characteristics, these materials require special handlmg on site. Materials
requiring special handling on site include lubricants, diesel fuels, oils, caustic soda, defoamer,
lime, scale inhibitor, sodium bicarbonate, ammonium alcohol sulfate, corrosion inhibitors,
polymers, and antifreeze. Other drilling chemicals anticipated for the project would be natural
materials (e.g., cottonseed hulls; bentonite; ground nut-shells, cellulose, salt-and lignite
dispersant). These are summanized in Table H-1 in Appendix H and are discussed in detail (e.g.,
hazardous ingredients, level of estimated hazard and incompatibility) in the transportation and
material safety data sheets (T & MSDS) (CEE letter to U.S. Forest Service dated June 25, 1993).
A copy of these T & MSDS sheets are available in the analysis file. A synopsis of these materials
is given in Table 4.14-1 (in Section 4) and in Appendix H (Table H-1, Drilling Chemicals).

Anticipated waste streams from drilling operations would include cuttings containing used drilling
mud, used engine/gear/hydraulic oil, municipal-type dry refuse, and empty drums. All hazardous
materials would be trucked offsite for disposal to a certfied hazardous waste disposal area (e.g.,
Arlington, Oregon, or other regional landfills deemed capable of accepting hazardous waste).
Drilling muds, which under Federal regulations are generally considered nonhazardous, would be
tested and if verified to be nonhazardous, would be disposed on site through filling and
revegetation of the sump.

2.4.1.3. Development

. The exploration phase is intended to provide data to
allow a geothermal project to advance to the resource evaluation phase, based on a thorough
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geological evaluation of subsurface geological data. The exploration phase would bring the
program to the point of testing the productivity and commercial development potential of the
geothermal resource on the leases.

Once a sufficient number of exploration wells were drilled to define a resource adequate to produce
33 MW, then development activities could begin. Development activities would, in addition to
supplying the initial 33 gross MW, help define the size and extent of the geothermal reservoir.
Some estimates conclude that there is a potential for at least 130 MW for this area (Black 1993).
This project could serve as an evaluation for possible future expansion. No future development
would occur without additional environmental review under NEPA and approval.

The development phase of the project would include (1) the construction of the power plant,
pipelines, and transmission lines, and (2) the development of production wells.

ilities. This section describes the types of facilities that would be
constructed at the power plant during the development phase. Operation of the facilities is
discussed under Section 2.4.1.4.

. Plant Site. The power plant would be centrally located in the well field development
area in order to minimize the cross-country piping. The power plant site would
cover a total area of approximately 7.5 hectares (18.5 acres), which includes the
equipment laydown area (for storage and operational activities), power plant pad,
water storage ponds, cut and fill areas, and additional contingency for a fire break.
The generally rectangular-shaped power plant site would be cleared of vegetation
and graded to balance cut-and-fill requirements. Temporary warehouse and
laydown areas would be located within the plant site. Any additional laydown areas
needed during plant construction would be located adjacent to the plant area, within
the 7.5-hectare (18.5-acre) area.

o  Site Grading. Grading would be preceded by clearing and grubbing as necessary.
Felled trees would be cut to commercial lengths and decked for salvage (as
appropriate), sold, or hauled away for disposal. Slash would be burned. S tumpage
charges would be paid to the U.S. Forest Service, as required. The plant pad would
be designed to balance the cut and fill. Surface gradients on the plant pad normally
would not be less than 1 percent or 0.003 meter per meter (0.01 foot per foot).
Culvert and storm drains would be graded to produce minimum flow velocities in
pipes of 0.6 meter (2 feet) per second for a mean annual rain.

The site would be excavated with conventional excavation equipment. Cut-and-fill
slopes would not exceed a 2:1 ratio (horizontal to vertical). Fill areas would be
watered and compacted using appropriate construction techniques to meet
appropriate geotechnical engineering standards (90 to 95 percent compaction).

The plant site would be gently sloped and bermed to prevent water ponding and to
direct runoff. On-site runoff would generally be directed to local topography, and
internal plant and site drains would be directed to the water storage pond. The
power plant site would be finished with gravel or asphalt. The plant site would be
completely fenced with a 1.8-meter (6 foot) chain link fence to prevent unauthorized
access. A minimum 15-meter (50-foot) fire break would be established and
maintained around the plant site perimeter. The fire break was determined in
coordination with the Oregon State Forestry Department, BLM, U.S. Forest
Service, and the National Fire Protection Association (NFPA) standards. The
NFPA standards suggest a 9-meter (30-foot) minimum fire break, with 15 meters
(50 feet) the recommended width.

. Building Description. The main building would be a rigid, steel-frame, pre-
engineered structure with steel panel walls and a steel roof. The building would
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consist of five sections, or bays, housing (1) the main equipment, (2) the H2S
abatement equipment, (3) the control room, switch gear and motor control center,
(4) a shop and warehouse, and (5) the administration offices. Final design of the
powerhouse and control building could, for safety purposes, require the H2S
abatement equipment to be housed in a separate building adjacent to the main power
house. If required, this building would be a similar design and color as the main
power house and control building. Figure 2.4-10 depicts the general layout of the
equipment and building. Figure 2.4-11 presents an artist’s conception of the
proposed plant area. Figure 2.4-6 shows a photo of a state-of-the-art geothermal
power plant.

. The selection of the optimum geothermal power plant system
is a complex process that involves judgments about proven technology, resource
characteristics, environmental constraints, and economic principles. Detailed design
and optimization studies for the proposed project would not occur until specific
reservoir data (such as temperature, pressure, and chemical composition) were
available from the initial well testing. A conceptual design has been established,
based on the resource data that are currently available for Newbemry and through
CEE'’s experience with the development of other geothermal power plants and well
field facilities. Many of the design assumptions are based on the expectation that the
geothermal resource characteristics would be similar to those found at the Medicine
Lake geothermal resource (see Section 3.4, Geothermal Resources). The power
plant is proposed as a modular “double-flash technology’’ plant with a condensing
steam turbine and wet cooling tower. The plant would be supplied with steam and
hot fluids through insulated pipelines from a network of wells located within 4.0
km (2.5 miles) of the plant.

This double-flash technology is considered a proven and commercially available
geothermal technology. The plant systems and equipment would be designed and
selected for a commercial life of 50 years.

Beyond the geothermal flash system equipment, the balance of plant equipment, in
general, would be similar to that used in utility thermal power plants, such as:

. Condensing steam turbines

. Generators

. Shell-and-tube condensers

. Cooling towers

. Pumps

. Noncondensable gas removal systems

. The condenser/cooling tower system (heat
rejection system) would be designed to remove spent steam and noncondensable
gas from the turbine exhaust while maintaining a vacuum on the unit. The system
would consist primarily of a shell-and-tube surface condenser, a seven-cell
evaporative cooling tower, and associated pumps, piping, and valves. Pumping
spent s:iam directly to the injection wells is not feasible because of the inefficiencies
involv
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condensed steam (condensate) would be pumped into the cooling water return
pipeline to provide additional cooling water. Excess cooling water would flow by
gravity from the cooling tower basin to the plant water storage pond and then to the
injection wells.

The cooling tower would be an evaporative (wet) tower and would be constructed
of treated wood. The structure would be approximately 15.2 meters wide by 106.7
meters long and 15.2 meters high (50 feet wide by 350 feet long and 50 feet high).
The tower is proposed to be slightly oversized (seven instead of four cells) in order
to minimize the visibility of the plume. Before passing through the condenser again,
the temperature of the cooling water must be lowered. This is accomplished by
spraying the water through an upward-moving flow of air in a cooling tower. Some
water is lost in this process, mainly through evaporation and partly because a small
amount of water escapes as “drift” in the air soream. Depending upon ambient air
temperature and humidity, the evaporated water may be visible as a plume. The
higher the humidity and lower the temperature, the more visible the plume.

During most of the year, there would be a positive water balance (i.e., the plant
would produce more water than required for cooling) due to geothermal condensate
used as the primary make-up water system.! The cooling tower is expected to
evaporate approximately 1.9 million cubic meters (1,580 acre-feet) of water per
year. Secondary make-up water would be provided from shallow water wells
located in the area. After use in the power plant and cooling towers, this water
would be injected into the geothermal reservoir to maintain reservoir pressures and
to dispose of excess geothermal fluids. The longitudinal axis of the tower would be
oriented in an east-west direction to take advantage of the prevailing westerly winds
to minimize recirculation. The reason for placing the longitudinal axis of the cooling
towers parallel to the predominant wind flow is to minimize the amount of warmed
(by hot water in the cooling tower) air rc-entermg the bottom of the cooling tower.

A certain amount of warm air will be trapped in a downflow on the leeward side of
the tower and will recirculate through the tower, reducing its efficiency. When the
longitudinal axis of the tower is parallel to the wind, most of the air enters at the
sides of the tower, and recirculation is largely limited to the leeward cell. When the
cooling tower operates efficiently, the steam plume is minimized.

. A 1.4 million-liter (360, OOO-gallon) water

- storage and sump pond would be located at the ﬂgower plant site adjacent to the
e

cooling tower to collect flows from the steam muftler, cooling tower overflow, rain
and snowmelt runoff, equipment drains, and various spill containment areas. The
pond would be approximately 42.7 meters long by 18.3 meters wide and 2.4
meters deep (140 feet long by 60 feet wide and 8 feet deep). The capacity of the
pond (454,000 liters [120,000 gallons]) would be sufficient to hold more than half
of the volume of the cooling tower basin while maintaining a 0.6-meter (2-foot)
freeboard. The pond embankment would be constructed using 2:1 horizontal-to-
vertical slopes. The pond would be lined with a minimum of 15.2 cm (6 inches) of
a compacted clay and a high-density polyethylene liner, or other suitable liner.
Fiberglass fences would be constructed around the pond to keep wildlife out of the
fluids. The pond would provide a collection and temporary storage area for the
various plant drainage systems. The pond pumps would transfer these fluids to the
injection wells for disposal.

The power plant water storage pond will contain mainly excess condensate and
cooling tower overflow. This fluid is essentially condensed steam (distilled water)

1Make-up water is the water that must be supplied to the condenser to replace water lost in the cooling tower. It will
normally be supplied by condensed steam from the turbine.
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containing small amounts of dissolved gases, and is low in dissolved solids.
Excess condensate and cooling tower blowdown can also be sent directly to the
injection wells. Water stored in this pond will be used for fire control protection and
as make-up water for the cooling tower during high evaporation periods (which
also occur during fire season). The fluids in the power plant water storage pond are
not expected to have high amounts of dissolved solids, and will therefore have only
minor sedimentation. If the ponds are cleaned to remove sediment build-up, these
sediments will be tested to determine if they are hazardous. It is not known at this
time how often this will be, if ever. If the contents are found to be hazardous, then
the material will be disposed of at an approved licensed disposal facility.

Systems with drainage to the water storage pond would include the following:

. Stormwater Runoff. Rain and snowmelt runoff from the equipment areas on
the plant pad would flow to storm drains and through an oil/water separator
prior to draining to the water storage pond.

. Miscellaneous Equipment Drainage. Various and periodic drainage from
equipment would be sent to the water storage pond either directly (such as
the steam muffler drainage, steam trap drainage, etc.) or indirectly through
the storm drainage system (such as maintenance water, drainage during
condenser cleaning operations, etc.).

. Spill Containment Areas. Clean water removed from containment areas
would be directed to the water storage pond. The plant water storage pond
would have an emergency outflow through an overflow pipe which allows a
controlled flow rate to natural drainage. Sediment would remain in the
bottom of the pond and would be cleaned out and disposed periodically on
an as-needed basis.

A% . Noncondensable gases (such as carbon
dioxide, H2S, nitrogen, and methane) are expected to be present in the steam. The
largest constituent in the gas stream is expected to be carbon dioxide (CO2),
generally comprising 95 to 98 percent of the total gas, with smaller amounts of
other gases such as H3S, nitrogen (N2), and methane (CHy). HS is the primary
concern because at high concentrations it can have adverse health effects. The
majority of these gases are separated into the steam phase during the flashing and
steam separation operations. These gases would be separated from the produced
geothermal fluids in the steam operations and would pass with the water vapor
through the turbine and be removed from the condenser. The gases would then be
routed to the H2S control system, which would be a liquid redox system (see the
discussion under Section 2.4.1.4, Utilization).

Plant Site Access Roads. The plant would need to be accessible on a year-round
basis. The main year-round access road to the power plant would be surfaced with
aggregate or cinder. Forest Service Road 9735 would be the main access road from
Highway 97 (see Figure 2.4-2). Spur Road 9735-600 would be rebuilt and
surfaced from Road 9735 to the power plant. The main access road and the local
spur roads to production well pads would be plowed in the winter.

. Although production wells would have additional instrumentation and

would be connected to pipelines, they would be essentially the same as exploration wells.
Approximately eight to ten production wells and three to five injection wells may be required to
supply steam to the 33 MW power plant. Additional replacement wells would be required to
support the power plant for the proposed SO-year life of the project. These replacement wells
would be drilled on the proposed 14 pads. Figure 2.4-12 presents the layout of a multiple well
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production pad, and Figure 2.4-13 shows the artist’s conception of a well pad. Production wells
are discussed under Section 2.4.1.4, Utilization.

Injection Wells. Injection wells are likely to be non-commercial exploration wells with adequate
permeability to accept fluids in a location that would not interfere with production. These wells
would be used to dispose of excess brine (that is too low in temperature to flash to low-pressure
steam), excess steam condensate, excess cooling tower water, and some noncondensable gas for
control of scale formation in the wellbore. These injection wells would be similar in size to
exploration and production wells.

Pipelines. Each commercial production well would be connected to one of several high-pressure
separators and steam supply pipelines that transport steam to the turbine. Figures 2.4-14 and 2.4-
15 depict a typical pipe corridor. Production (steam-supply) pipelines would be 91 cm (36 inches)
in diameter, including insulation to maintain steam temperatures.

Injection lines would carry excess brine, condensate, and cooling tower blowdown to the injection
wells. Injection lines would be 30 to 61 cm (12 to 24 inches) in diameter and would be located on
the same pipe supports as the steam supply pipelines. Injection lines would be smaller in diameter
as they may not require insulation. The remaining liquid that would flow out of the high and low
pressure separators would be diverted to injection pipelines, and then to the injection wells.
Pipeline corridors would also include electrical conduit pipelines (10 cm [4 inches] in diameter) for
well head instrumentation.

Pipeline thermal expansion would be accommodated by a series of sliding pipe supports,
expansion loops, and anchor pipe supports. The expansion loops would be primarily horizontal
(see Figure 2.4-14, pipeline corridor), although vertical loops would be used in some locations,
such as at the power plant, road crossings, wildlife, or recreation use areas.

The steam gathering and injection pipeline corridors would be routed through existing cleared areas
and along existing logging roads, to the extent practical. Pipelines and support structures would be
painted to blend with surrounding colors. Permanent access roads approximately 3.7 meters (12
feet) wide along pipeline routes are generally required for maintenance purposes. The pipeline
construction corridor would be up to 36.7 meters (120 feet) wide but would more typically be 27
meters (90 feet) wide or less. After construction, the corridor would be allowed to revegetate,
where practical, with approximately 25 percent of the pipeline corridor dedicated to pipeline piers,
footings, and access roads.

Transmission Lines. The project would require building a new transmission line in order to deliver
power to the existing BPA switchyard near LaPine, Oregon. CEE proposes to construct a 115-kV
line with H-frame, wood-pole construction (Figures 2.4-15, 2.4-16 and 2.4-17). Figure 2.4-17
shows a typical cross section of the western portion of the transmission line for this alternative
with an H-Frame-type structure. The line would be owned by CEE or Midstate Electric. The
transmission line would be designed to allow future expansion to about 100 MW without
rebuilding the line.

The proposed route proceeds westward from the power plant site paralleling Road 9735 (on the
north side of the road) to the BPA transmission line right-of-way (Figure 2.4-2). The proposed
route would cross under the BPA 230-kV power line and proceed west across U.S. Highway 97
near the junction with the LaPine State Park Road, then parallel that road on the south side to
Midstate Electric’s existing 115-kV transmission line. CEE believes the proposed route would be
the most direct and cost-effective route of all the alternatives considered (CEE, 1992b). The route
would parallel Road 9735, which would be the main access route for the project and would allow
easy access for winter transmission-line maintenance.

The proposed transmission line would require a new switchyard to be built at the interconnection
point with the Midstate Electric’s 115-kV line in Section 7, T.21 S., R.11 E. on BLM lands. This
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switchyard would require a secure, fenced-in area of approximately 15.2 meters by 15.2 meters
(50 feet by 50 feet) and would be located on BLM lands. The switchyard would consist of:

. Gas circuit breaker

. Motor-operated disconnect switches
. Protective relays

. Revenue meters

The revenue meters would be housed in a prefabricated enclosure. This transmission line would be
tied into the local Midstate Electric Cooperative line. All equipment would be compatible with
Midstate’s existing system.

Transmission line construction would begin with preparation of the right-of-way, which includes
clearing for permanent and temporary access roads, staging areas, and the laydown areas at each
pole site. CEE proposes that a 30.5-meter (100-foot) wide right-of-way be cleared for this line.
Generally, a 5.5-meter (18-foot) wide permanent access road would be needed for the length of the
transmission line to provide access for maintenance. Forest Service Road 9735 would serve as the
access road for much of the line length. New access road construction would be necessary near the
plant site. Existing logging roads would be used to the extent practical for this new section and for
temporary access roads during construction.

An overhead grounding wire would be provided for lightning protection. Guy wires would be
installed and tightened before conductor or overhead ground wires were strung.

2.4.14. Utilization

Utilization consists of three main activities: steam production and injection, power plant operation, .

and maintenance. Activities described in Utilization are those that involve the ongoing operation of
the plant. All operations would be conducted, and wells would be plugged and abandoned, in
accordance with the Federal GRO Orders and stipulations of the Deschutes National Forest and
BLM.

. Examples of production wells are shown in Figures 2.4-13 and 2.4-18. Figure
2.4-19 depicts the typical wellhead configuration for a production well. The production wells

would flow naturally to the surface. Chemical additives would likely be used to reduce the potential

for build-up of scale-like mineral precipitates in the well. These additives would be injected into the
production wells via a tube on an as-needed basis. The appropriate types and amounts of additives
would be determined after testing and might not be needed until after several years of operation.
Downhole chemical inhibitors would be used only after prior approval by BLM.

Separators. Each production well is expected to produce steam and hot water. Steam would be
separated from the hot water in several high-pressure (HP) separators which would be located in
the well field (See Figures 2.4-12 and 2.4-13). High-pressure steam separators would be located
on the well pads and interconnected to several wells. Steam from the HP separators would be
interconnected to a common steam supply pipeline to the power plant. Liquid from the HP
separators would be piped to a low-pressure steam separator on the well pads where the remaining
steam would be flashed, separated from the liquid, and transmitted to the power plant via the low-
pressure steam pipelines. Liquid from the low-pressure separators would be sent to the injection
wells.
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Power Plant. The power plant facilities would include a steam turbine that would produce 33-MW
gross output by driving an air-cooled generator. The generator would be provided with a solid-
state automatic voltage regulator, a main generator circuit breaker, current and voltage
transformers, and protective relaying. The generator would produce electrical power at 13.8 kV,
which would be stepped up by the main transformerto 115 kV for efficient transmission.

Electrical power for the plant auxiliary equipment would be supplied through three auxiliary step-
down transformers. An auxiliary transformer would provide 4.16-kV power for major motors,

‘such as those for the main circulating water pumps. The next step-down transformer would

provide 480-V power for the majority of the plant auxiliary equipment, such as the cooling tower
fans, condensate pumps, and vacuum pumps. The third would provide 120-V power for utility and
lighting for the plant and buildings. A conceptual illustration of the power production process for
the proposed project is presented in Figure 2.4-20.

isions. The project area is anticipated to have an average snow accumulation of 12.7 to
15.2 cm (5 to 6 inches) per month during the winter months of November through March.
Cumulative snow depths up to 1.2 meters [4 feet] have been measured at the project site. As such,
special winter provisions would be needed for the fluid gathering and injection systems. It is
proposed that removable enclosures be provided to protect certain equipment and to provide clear
access to the equipment areas. Heat tracing (heated wires to prevent freezing) would also be
provided on all piping that has the potential to freeze (such as sight-level gages, chemical-injectian
piping and tubing, etc.).

Well heads would be insulated (see example in Figure 2.4-18) for heat retention and may be
covered with a prefabricated metal building similar in shape as a small grain silo. Prefabricated
metal buildings, which can easily be removed in the summer months, would be provided to cover
well pad equipment such as well heads, injection pumps and chemical injection skid areas.

Winter access into the project area would be improved by snow-plowing and would be negotiated
with the U.S. Forest Service.
Waste Disposal.

. Waste Disposal/Pressure Maintenance Facilities. The Plan of Disposal (CEE 1992b)
addresses waste disposal methods that would be used for the power plant and the
well field, including water-handling systems, solid waste, noncondensable gases,
and excess geothermal fluids. It is expected that excess geothermal fluids would be
injected back into the geothermal reservoir, in locations away from production
zones in order to maintain reservoir pressures. This injected fluid would consist of
excess brine and cooling tower blowdown. The composition of the fluid cannot be
determined exactly until samples of the resource fluids are available for analysis.
However, it is expected that the injected fluids would be similar in chemical
composition to produced fluids (i.e., fluid drawn from the geothermal reservoir)
but would be more concentrated in total dissolved solids. This is because a portion
of water from the produced fluid would be lost to steam, thus concentrating the
brine left over after electrical production and evaporation in the cooling tower. The
anticipated chemical composition of the produced fluid is shown in Table 2.4-5,
where it is compared with the chemistry of campground supply wells in the
vicinity, of Paulina Creek, and of sea water. A further comparison is made in
Section 3.4, Geothermal Resources, with the Paulina and East Lake Hot Springs.
The predicted chemical composition of Newberry geothermal fluids is based on
geothermal research at Newberry, experience at other geothermal fields, and the
fluid composition of the Medicine Lake, California, geothermal reservoir (which is
believed to be most similar to Newberry and is located in the southern Cascade
Range). Composition of the injected fluid would be reviewed by BLM and ODEQ.
Any necessary permits required for injecting the fluid would be obtained.
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Deschutes National Forest, Oregon

Production Wellhead Photo

Figure
2.4-18

Example of a production wellhead
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Table 2.4-5 Fluid Chemistry Comparison

Component

Cl

SiO2
Total
Dissolved
Solids

Pb
Hg

NH4

mg/l
(ppm)
mg/l
(ppm)
mg/l
(ppm)
mg/l
(ppm)
mg/l
(ppm)
mg/l
(ppm)
mg/l
(ppm)
mg/l
(ppm)

mg/l
(ppm)
mg/l
(ppm)
mg/l
(ppm)
mg/l
(ppm)
mg/l
(ppm)

mg/l-|-

(ppm)

Newberry Newberry
Geothermal | Geothermal | Paulina Guard
Project Project Station Well?
Brine! Condensate!
.- - ——JdJ——— - ]|
4.0-5.5 6.9
15-45 0.1 -0.2 19
<2.0 01-10 2.7
900 - 2300 0.5- 7.0 6.5
140 - 600 03-25 1.6
1600 -4100| 1.0-1.5 7.4
1.5-8.0 <1.0 0.7
600 - 850 1.5-5.0 43
3000-7600 10 - 50 87
6.0-9.5 <0.3 0.003
<0.0005 <0.0005 <0.0005
10- 100 02-17 0.020
<0.1 <0.1 <0.010
<0.02 <0.011 <0.0001
..<1.0 <2.0 0.020

Hot Springs

Campground
Well2

6.5
9.9

4.2
9.1
25
12
0.1
44

124

<0.001
<0.0005-
0.10
<0.010
<0.0001

0.020

39

47

5.6

4.6

0.6

41

376

0.015

<0.0005

0.880

<0.010

<0.0001

0.020..

Sea Water®

8.1

1350
10,500
380
19,000
1.3
NA

NA

0.003
0.0000006
4.6
0.00003

0.00003

1 Assumed range for Newberry Geothermal Pilot Project
2Source: U.S. Geological Survey 1994.
3 Average composition of surface waters (Goldberg 1963)

NA - Not Analyzed
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. Geothermal Fluid and Waste Water Disposal Wells. All spent geothermal fluid
remaining after flash steam separation and cooling tower blowdown would be
disposed through injection wells back to the geothermal reservoir. Exploration and
production test wells with poor production characteristics would be considered
candidates for injection wells. Waste water from cooling tower overflow and plant
drains would also be routed to the injection wells. A detailed Plan of Injection
would be submitted prior to construction of facilities after well field drillin g and
testing had been partially completed. The plan would consider the composition of
the various wastewater streams and options for separating the streams should that
be necessary to preclude the degradation of natural water quality as defined by OAR
340-40-010. Injection of residual fluids from plant operations would be used as a
reservoir pressure maintenance tool, and injection wells could be located along the
perimeter of the well field as well as in the production areas. The injection wells
would be drilled to include injection capacity in excess of 100 percent of plant
operating requirements.

. Injection System. The liquid remaining after steam is separated {i.e., brine) would
flow out the bottom of the low-pressure separator to the suction side of the brine
injection pumps. Three vertical turbine-type brine injection pumps (two running and
one on stand-by) are proposed to pump the spent brine through 30.5- to 61-cm (12-
to 24-inch) diameter piping to the injection wells for disposal. Cooling tower
blowdown (i.e., the fluid in the cooling tower that “washes out the basin’>) and
other plant efﬂuents would also be injected into the reservoir for disposal. Fluids
would be injected at low pressure (less than 200 psi). These fluids would be
included in the Plan of Injection which would consider their composition and origin
to preclude the degradation of natural water quality as defined by OAR 340-40-010.
Injection of these fluids would help maintain reservoir pressure and replenish the
reservoir, thereby prolonging the commercial life of the geothermal resource.
Injecting additional fluid to mine the heat more rapidly would be counter to the
“sustained use” goal of the project.

The heat rejection at the outflow end of the turbine would create a vacuum, which
enhances turbine efficiency. The cooling towers would be used to reduce the temperature of
condensed steam in order to provide cooling water for the condenser. The cooling system would
consist primarily of a side-mounted surface condenser, an evaporative cooling tower, three cooling
water pumps, two condensate pumps, two component cooling water pumps, and associated piping
and valves. The condensed steam would be routed through the cooling tower, where the

condensate would be subject to evaporative air cooling. The condensate would be pumped from the
cooling tower basin, through the condenser, and back to the top of the cooling tower by three
cooling water pumps (two pumps would operate continuously while the third pump is on hot
stand-by). Excess cooling water would flow by gravity from the cooling tower basin to the plant
water storage pond. Biocides used in the cooling tower to prevent algae buildup would
occasionally be allowed into the water storage pond for the same purpose. CEE will use biocides
that break down rapidly in sunlight, that require high concentrations and long exposures to be toxic
to fish and wildlife, and that have been approved by the Oregon Department of Environmental
Quality. Cooling tower treatment generally occurs once per month in summer and once every three
months in winter. During the winter and during periods of cooling tower treatment, coolmg tower
overflow is sent directly to the injection system.

. A variety of naturally occurring gases would be entrained
in the geothermal fluids produced from the production wells. The majority of these gases would
enter the steam phase in the separators. All of the steam (low and high pressure) and gas would
pass through the turbine to the condenser, where the steam would be condensed back into water
that would flow to the cooling towers. The remaining gases that did not condense back into water
(i.e., noncondensable gases) would collect in the condenser and be removed by a series of steam-
driven ejectors and vacuum pumps. The largest constituent in the gas stream is expected to be
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carbon dioxide (COp), generally comprising 95 to 98 percent of the total gas, with smaller armounts
of other gases such as H3S, nitrogen (N2), and trace amounts of methane (CHg). There may also
be trace amounts of mercury (Hg), boron (B), and arsenic (As) present in both the gas and liquid
phases of the geothermal fluids. The gas composition estimate is based on the type of volcanic
reservoir rocks in the area and the gas content at the Medicine Lake, California, geothermal field.
This estimate is shown in Appendix F-2. These gases, in addition to air (from the turbine gland
seals and general air in-leakage), would collect in the condenser and would need to be removed in
order to maintain proper condenser vacuum. The gases would then be routed to the liquid redox
system for H2S removal. H;S is the gas of primary concern and is expected to require abatement
(see Section 4.5, Climate and Air Quality).

There are several types of liquid redox systems commercially available for H2S removal. CEE
expects to evaluate several types of removal systems. In a liquid redox system, the noncondensable
gases (removed from the condenser) are brought into contact with a “redox solution.” The solution
selectively oxidizes the H2S to form elemental sulfur. The elemental sulfur is filtered from the
solution to form sulfur cake and is collected in a covered container and shipped off-site to be sold
as a product for agricultural fertilizer or chemical processes. The redox solution is continuously
regenerated by exposing the liquid to air. The expected H2S removal efficiency for these systems is
over 98 percent.

H32S is the only emission that would be abated by the liquid redox system. Mercury, if present with
the noncondensable gas, would be removed upstream from the system in a.carbon filter. The filter
would prevent mercury from concentrating in the sulfur cake. The gas remaining after the liquid
redox system would consist primarily of carbon dioxide and would be vented through a stack
approximately 14 to 18 meters (45 to 60 feet) tall.

. Potential hazardous materials which
would be used or generated during operations include petroleum products (e.g., gasoline, diesel
fuel, oils, greases, brake fluid, transmission fluid/oil), acids/bases/oxidizers (e.g., battery acid,
sodium bicarbonate, liquid bleach, polymaleic acid, silica inhibitors, biocide, caustic flake),
solvents (e.g., kerosene, antifreeze, liquid gasket remover, starting fluid, degreaser, cleaning
solvent), miscellaneous cleaners (e.g., detergents, soaps, disinfectant, furniture polish, floor wax
stripper), and a biocide that will be used to prevent algae growth in the cooling towers. Welding
gases (e.g., acetylene, oxygen, argon, nitrogen) are also potential materials to be used in
operations.

Plant maintenance equipment includes turbines, compressors, trucks, cranes and road maintenance
equipment. Materials expected to be used in this area are included in Table 3.14-2 and in
Appendix H (Table H-2, Chemicals Used and Waste Generated: Plant Mamtenance) Anticipated
waste streamns are the same as for drilling operations, excluding cuttings.

Chemicals which may be used during production/field gathering include oxidizers. Anticipated
waste streams include: paper waste, used chemicals, and excess geothermal fluids. These are
described in greater detail in Appendix H (Table H-3). Sample Material Safety Data sheets
(MSDSs) for chemicals associated with the production/field gathering system are also included.

The H2S abatement system would potentially use acids/bases/oxidizers and natural material
(activated carbon) types of chemicals (see Appendix H, Table H-4). This process converts
chemicals present in the noncondensable gas into elemental sulfur and water, which are considered
nonhazardous.

Potentially hazardous materials may also be used in the facility’s laboratory (see Appendix H,
Table H-5). These chemicals would be stored in relatively small quantities. Proposed di sposal
methods include dilution and injection into wells with the brine A hazardous maternials plan would
be prepared and sent to the ODEQ for approval. The plan would identify all waste soeeams and the
selection of management schemes which would minimize these streams and identify specific but
appropriate disposal methods. Before injecting fluids that contain contaminants-of-concemn, a

2-47



quantitative analysis of the fluids would be completed where design and/or engineering controls are
not feasible and sent to ODEQ for approval.

24.1.5. Decommissioning

Decommissioning is expected to take place S0 years or more after commencement of the project
operations. Although there could be component parts of the project that could be decommissioned
sooner, the main power project is planned for at least a 50-year project life. Factors which could
extend the life of the project include an increase in the selling price of the geothermal energy,
modifications to the proposed facility which would increase the production capacity of the wells,
the ability to access geothermal fluid with existing wells, or a decrease in the cost of production.
Other factors that could extend the operational life of the project include continued demand for
power, extension or renewal of the power contract, and reservoir longevity. It is possible that the
facility may continue operating while some of the wells may be shut down. Closure of the facility
itself may, therefore, be deferred to some other point in time.

The closure activities considered in this section must be viewed as preliminary since they are
subject to change over time as environmental engineering techniques evolve and more definitive
information is developed during the life of the project. A final plan for permanent closure of the
. project would be submitted to BLM and the U.S. Forest Service at least two years prior to the
anticipated cessation of operations. These plans would describe whether any of the facilities would
continue to be used, how impacts to the geothermal resource, surface water, groundwater, and
other resources, would be minimized, how the materials would be recycled, and how the site
would be restored to acceptable conditions.

During decommissioning, all structures and equipment would be dismantled and removed, and the
environment would be restored to pre-project conditions, or to conditions acceptable to the U.S.
Forest Service and BLM. Transmission lines and support poles might also be dismantled and
removed. The substation at LaPine would likely continue to service the area. The recycling or reuse
of materials such as scrap metal would depend on the market and existing technology. Installed
piping, well casings, well heads, and valves would probably be unsuitable for reuse and would
require disposal.

Plugging and abandonment of all geothermal wells must comply with GRO Order No. 3.
Basically, this order states that CEE must plug and abandon any well that is not in use and no
longer demonstrates a capacity for further profitable production. The order outlines the manner in
which the wells are to be abandoned and the surface area is to be restored.

Both the BLM and the Oregon Depanment of Geology and Mineral Industries (DOGAMI) requ'e a

bond to be posted prior to commencement of drilling operations. If the bond posted for the BLM
meets DOGAMI’s requirements, it does not have to be duplicated. The bond will ensure
compliance with the terms and conditions of the lease, including plugging and abandonment of
wells and site restoration (43 CFR 3206; ORS 522.145). If the developer goes bankrupt, the BLM
can draw on the bond.

As a condition for obtaining a license for an electrical generating facility, CEE must furnish and
maintain a bond of at least $100,000. The bond will be large enough so that, “Upon the
relinquishment, expiration, or termination of the license, the licensee shall, if directed by the
authorized officer, remove all structures, machinery, and other equipment from the land covered by
the license. Removal of such property shall be at the licensee’s expense” (43 CFR 3250.9.c).

“Where land covered by a license has been disturbed, the licensee shall within one year following
the relinquishment, expiration, or termination of a license issued under this part restore the land in
accordance with the terms and conditions of the license. The bond ...shall not be released until the
reclamation has been completed to the satisfaction of the authorized officer [the BLM]”
(43CFR3250.9.¢).
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The amount of the bond covering power plant decommisioning will be determined by the BLM
when the final project design has been completed. A more accurate cost estimate for removal and
site restoration can be made at that time. The BLM can adjust the bond amount at any time in the
future if conditions warrant.

The Oregon Energy Facility Siting Council (EFSC) may also establish requirements for
decommissioning as part of the state permitting process. These requirements are developed on a
project-specific basis, and are not known at this time.

Further details regarding unit bonds and other bonding requirements can be found in 43 CFR Part
3200, available from the BLM. State regulations are available from DOGAMI and EFSC.

2.4.1.6. Project Schedule

The proposed project schedule is shown in Table 2.4-3. If approved, the proposed project would
begin in September 1994, or after the Records of Decision are finalized. The initial project work
would involve exploration activities such as construction and/or improvement of roads, well pad
construction, drilling, and well testing.

In the initial drilling season (September through December 1994), one deep exploration drilling rig
and one truck-mounted drilling rig (for drilling temperature gradient wells and core holes) would
be in the field. Project activities would be expected to be restricted by winter weather from
December to March on the initial well drilling. Drilling would continue as long as weather permits.
The first pads would be constructed at locations north of Paulina Creek. N
Project activities would resume in the spring of 1995, possibly March, depending on snow depth.
A second deep exploration drill rig and a core hole rig would resume drilling in June 1995,
depending on weather. Exploration drilling would continue into the field operation stage (through
approximately the year 2000) as wells are drilled to define the extent of the resource.

Development activities — pad construction, drilling, and construction of the power plant,
pipelines, and transmission line — would begin after a sufficient number of productive wells were
drilled to define the characteristics of the resource. Power plant construction (site excavation and
grading) could begin as early as October 1995. Depending on weather conditions and access to the
project area, plant site excavation might occur in the spring of 1996.

Operation of the power plant would begin as early as late 1996, depending on the schedule of
exploration and development activities. The plant would operate over the 50-year life of the power
sales contract, although, there is the possibility that the plant would continue to operate under an
extended contract or a new contract.

Decommissioning of the plant would occur at the end of the contract, after SO years, depending on
the life of the contract, the need for power, and the other factors discussed under decommissioning
(see Section 2.4.1.5). Decommissioning would not necessarily occur at S0 years, but would occur
at the end of the life of the project.

2.4.1.7.

The following mitigation measures to reduce environmental effects are included as an integral part
of Alternative A’s project design. These measures are based on CEE’s operating experience and the
environmental issues they recognized at Newberry. The measures are grouped by topic in the order
in which the environmental topics are addressed in Chapters 3 and 4.
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Geology and Soils

All grading of the sites would result in a balanced cut and fill, with no soil import or
export required.

If required, additional lay down areas would not be graded, and vegetation would
be crushed or cropped and would be rehabilitated upon completion of construction.

Where possible, drill sites would be confined to minimize ground disturbance.
Well testing facilities would be constructed on previously cleared areas (well pad).

Cut and fill slopes would be engineered and terraced according to height and
compacted and maintained to minimize erosion and provide slope stability.

Geotechnical studies would be performed prior to plant construction to ensure site
stability; recommendations of the studies would be incorporated into plant and
facility design.

Facilities would be designed to meet or exceed Uniforrn Building Code design
methods for the local seismic zone.

Project construction would include culverts, berms, and ditches to direct runoff and
minimize erosion potential.

Surface disturbance would be minimized by limiting operations to designated areas
approved by the U.S. Forest Service.

Sites posing potential geologic hazards (e.g., landslides) would be identified and
avoided during facility siting.

Facilities would be located near or within existing clear-cut areas when practical.
Fluids produced after separation and cooling tower blowdown would be reinjected

to (1) maintain reservoir pressure, (2) reduce surface discharges and disposal, and
(3) reduce the potential to induce seismic activity from fluid withdrawal.

Upon site abandonment, grades would be contoured and revegetated to their

original conditions, where practicable.

Gravel or other road materials necessary for improvement or repair of existing
roads or construction sites would be obtained from existing road material pits, with
concurrence of the U.S. Forest Service.

Water Resources

All water withdrawal requirements (e.g., water for drilling/coring activities,
watering roadways) would be coordinated with and subject to approval by the
Oregon Departrent of Water Resources.

Temporary above-ground pipelines would be laid along existing roads or other
appropriate routes, from the well to the drill site, and between drill sites, to
minimize surface disturbance.

If a sump is filled during drilling, additional drilling fluids would be routed to
another sump, piped to an injection well, or drilling would be suspended until
additional fluid could be properly disposed of.
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The power plant and production well pads and pipelines for the proposed project
would be sited to preclude the need for routing pipelines or roads across Paulina
Creck (the three wells south of Paulina Creek are for exploration only under the
project and would not require pipelines to the power plant site).

The transmission line route would be sited to avoid Paulina Creek

The power plant design would allow for the produced fluids to provide most of the
required operating water.

Portable sanitary facilities would be used during construction to avoid impacts to
water quality.

Sanitary facilities for the plant site would include an engineered septic system,
including a septic tank and leach field, to avoid impacts to groundwater.

All production and injection wells would be sealed and cased to at least 610 meters
(2,000 feet) depth to avoid impacts to groundwater.

Drilling wastes would be contained in sumps lined with clay to prevent percolation
of fluids into groundwater.

Excess geothermal fluids would be contained in lined ponds at the power plant site
prior to injection into the geothermal reservoir. .

Pads and facilities would be designed to direct drainage to sumps and to contain any
spills on site, especially around the drill rig operating area.

Stormwater runoff from curbed or bermed equipment areas in the power plant
operating area would be collected in storm drains and routed to an oil/water
separator. After oil is removed, the stormwater would be routed to the water storage
pond at the plant site. The storm drain system would be designed to contain runoff
from the 100-year return frequency storm. Storm runoff from other nonoperating
areas (such as parking lots and equipment storage areas) would be directed to
appropriate drainage channels through energy dissipaters.

The power plant pond would be engineered such that the pond would overflow
through an engineered overflow structure to a natural drainage way. B
All tanks containing materials such as diesel fuel, lubricating oils, scaling and
corrosion control chemicals, cleansers, solvents, and any other hazardous
substances or chemicals would be installed above ground and provided with
secondary containment (such as curbs or berms around tanks). The secondary
containment would have a capacity equal to 100 to 150 percent of the maximum
spill volume.

All drilling fluids would be formulated from non-toxic components and drilling
effluent would be below the EP A end-of-pipe toxicity limit.

Geothermal fluids produced during well production and drilling would be injected
into the geothermal reservoir, evaporated in sumps, or disposed of at suitable
offsite locations.

An Emergency Contingency Plan would be established for accidental spills or
discharges. It would be submitted to state officials for review and approval.
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. Withdrawal of shallow groundwater would be down gradient from, and is not
expected to interfere with, the groundwater table in the caldera. Geothermal fluids
would be produced from a depth (approximately 1,829 to 2,743 meters [6,000 to
9,000 feet]) that would have no impact on shallow groundwater.

. W astewaters from operations would be evaporated, injected, or otherwise disposed
of in a manner approved by the ODEQ.

. No site runoff would drain to Paulina Lake; no site runoff would drain directly to
Paulina Creek.

. CEE will continue hydrology monitoring.

Geothermal Resources

. The project would be designed to allow for return of produced geothermal fluids to
the geothermal reservoir to maintain reservoir pressures and fluid production

volumes.

. Groundwater from water wells may be used to supplement injection of produced
fluids, enhance production, and maintain reservoir pressures.

. Proper well drilling and casing programs and the use of blowout prevention
equipment would be used to minimize the potential for uncontrolled blowouts.

. Brine and excess condensate would be injected into the geothermal reservoir.

. Production wells would be spaced to minimize interference between wells and to
sustain reservoir production. :

. Geothermal reservoir monitoring would be maintained during production to monitor
any changes induced by the project.

Cli { Air Ouali
. Construction sites would be watered to minimize construction-related dust.
. Road watering, dust abatement, surfacing, and paving (if necessary) of facilities

would reduce fugitive dust emissions. With the approval of the authorized officer,
produced fluids would be used for dust control.

. Well testing and geothermal steam emissions would occur using the minimum time
necessary to gather the required data on potential geothermal steam and
noncondensable gas constituents.

. The power plant design would include control of noncondensable gases through the
gas treatment system. This treatment system would include a liquid redox system to
abate H3S.

. CEE would continue to monitor existing meteorological stations and monitor for

H3S at the power plant site.

. Recirculation of cooling tower waters would be controlled to minimize build-up and
' emission of chemical constituents.

. Cooling towers would be orien¢ed at the plant site to maximize the dispersion of
cooling tower emissions.
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Condensers which provide maximum separation of H2S gas from the steam would
be utilized. The use of surface (rather than direct contact) condensers would
minimize emissions of chemical constituents from the cooling towers.

Electronic well field controls would minimize the duration of venting when the
power plant was not operating.

An emissions control plan would be developed for the power plant which would
include procedures for upset and breakdown conditions.!

In the event of steam venting from upset of plant operations, steam production
would be trimmed back to reduce H2S emissions S0 percent within the first hour
and 25 percent of full flow after 6 hours. If after the second reduction other air
quality problems persist, the wells would be shut back further to prevent further
problems. _

H3S concentrations would be monitored near the plant site and at an appropriate site
near Paulina Lake or Paulina Lake Lodge.

Plant operations would be logged to document actual frequency and duration of
upset conditions. This information would be used in conjunction with monitoring
of meteorology and H,S concentrations to evaluate the effectiveness of HzS
abatement systems. If significant impacts are measured, additional mitigation would
be required that is acceptable to the agencies.

Yisual Resources

2

The proposed power plant site was sited to minimize its visibility from Newberry
Caldera and from Highway 97.

The cooling towers would be designed to minimize the size and duration of the
steamn plume.

Well pads and plant facilities were sited in clear-cut areas where possible.
Facilities would be painted to blend with surrounding colors.

The transmission line was sited along Road 9735 to minimize clearing and the need
for new access roads.

The proposed power plant site was selected to use topographic shielding of the
facilities.

Well testing (which results in steam plume) would be kept to the minimum time
necessary to gather required data.

Power plant facilities would be contained inside of a building which would reduce
noise impacts in the surrounding areas.

Mufflers would be installed on exhaust stacks of all diesel or gas-driven vehicles.

Vehicle operations would be restricted to established roads.

1 An upset or plant trip is a rapid, unscheduled power plant shutdown. It could be caused by mechanical problems or
equipment failure in the plant, or by a transmission outage.

A
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. Noise levels would not exceed 65 dBA at the lease boundary, or 0.8 km (0.5 miles)
from the source, whichever is greater (in compliance with GRO Order No. 4).

. Project characteristics would be consistent with the Deschutes Forest Plan and
Newberry National Volcanic Monument Management Plan to the extent required by
the Monument legislation.

. There would be no project facilities in the Special Management Area.
Recreational Resources

¢ Facilities were sited to avoid conflicts with recreational facilities, minimize the
visibility of project facilities, and avoid crossing Paulina Creek.

. CEE would provide tours of the facilities.
. CEE would provide expansion loops, bridges, or assistance with trail rerouting, to
avoid conflicts with snowmobile or Nordic ski use.
Traffic and Transportation
. Facilities were designed to take advantage of as many existing roads as possible to

minimize construction of new roads.

. The transmission line was sited to be as close to Road 9735 as possible to minimize
new spur roads and minimize maintenance requirements in the winter.

. To the extent practicable, well pads would be located along existing logging roads.
. A road maintenance agreement would be made with the U.S. Forest Service.

. Roads would be located on approved slope and land types.

. Project-related roads would be recontoured and restored at the time of field closure,
as required by the U.S. Forest Service.

e - Roads would be restored to a natural setting according to U.S. Forest Service
standards once the project is decommissioned or if individual roads are deemed
unnecessary.

Yegetation

. Gathering and injection system pipeline corridors would be routed through existing
cleared areas, where practical. After construction, these corridors would be allowed
to revegetate, where practical.

. Facilities would be sited on existing logged ‘areas where possible to minimize
disturbance.

. Brush and topsoil would be stockpiled for later restoration efforts.

Wil
. The transmission line would be designed to avoid hazards for raptors.
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Operations would be confined to designated areas to minimize unnecessary surface
disturbance.

Drilling fluids would be confined to steel tanks or lined sumps.

Brush and topsoil will be stockpiled, where practical, for later restoration efforts.

Sumps would be fenced to prevent wildlife from contacting toxic substances.

Cultural Resources

Identified cultural resource sites would be avoided for siting well pads, power
plant, roads, pipelines, or other surface disturbance. If previously undocumented
sites are discovered during construction, activities would be halted until the
resources are examined by a professional archaeologist and direction is given on
how to proceed.

Human Health and Safety

Removable winter enclosures would be provided to protect certain equipment and to
provide clear access.

Heat tracing equipment would be provided on piping that has the potehtial to freeze.

Upon completion of temperature gradient holes, the wellhead gate valves would be
chained and locked to prevent unauthorized access.

Wellhead cellars would be covered with heavy-duty timber and nailed shut.

All drilling operations would be conducted in compliance with the Federal GRO
Orders Nos. 1-5.

All wells would have blowout prevention equipment installed during drilling.

All wells would have H2S detection equipment and alarms to protect drilling
personnel.

All chemical injection systems ipstalled at the well pads would be placcd_i_n a
concrete or asphalt bermed area to contain potential spills. o '

Hazardous materials would be handled according to all applicable regulations and
requirements to minimize hazards to workers and the environment.

Hazardous materials would be stored in areas with secondary containment features.

The power plant buildings would be constructed of nonflammable or flame
retardant material.

The Plans of Utilization would incorporate the general fire protection and
suppression of the U.S. Forest Service Region 6.

Spark arresters would be used on all potential spark-emitting equipment.
CEE would provide and maintain fire-fighting equipment at the project facility.

A 15-meter (50-foot) fire break would be cleared around the plant site perimeter
(fence).
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. Restricted areas (e.g., hard hat areas) would be identified throughout the project
site.

. Thermal expansion loops would be provided on all pipelines.

. The power plant facility would have an emergency shut-in program in the
distributed control system which would allow the operator to shut-in a single well
or all wells simultaneously in an emergency situation.

. An emergency diesel generator would be provided to supply emergency power
when the unit was shut down.

. The plant perimeter would be bermed and secured with a chain link fence to prevent
access from fauna and recreationists in the local area.

€

. The main access road and local spur roads to the production well pads would be
plowed in the winter to remove snow.
E ic and Social CI .
. CEE proposes no mitigation at this time.
2.4.2. Alternative B

As described in Section 2.2, the range of alternatives for this project is limited and defined by the
purpose and need for the én'oject. Alternative B was designed to respond to the issues, minimize
environmental effects, and ensure that all potential effects due to the siting of project facilities are
addressed. Alternative B would include the same mitigation that is described in Section 2.4.1.7
above as being part of Alternative A, plus other specific mitigation measures that would further
reduce potential adverse effects. .

Alternative B was designed to address the following issues:

. Provide siting flexibility for most efficient use of the geothermal resource

. Provide siting flexibility for limiting surface resource disturbance

. Reduce visibility of the transmission line to the public )
. Be compatible with any future modifications to Road 9735

Alternative B is similar to Alternative A in that it includes a 33-MW power plant on CEE leases at
Newberry, with a 115-kV transmission line to bring the power to the existing grid. Development
would occur according to the same project phases and schedule as described in Alternative A.

The primary differences between A and B are summarized in Table 2.4-6.
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Table 2.4-6 Differences Between Alternatives B and A

Alternative B Alternative A

Drilling could occur at 14 of 20 possible sites. Drill  Drilling could occur at 14 of 14 proposed sites. Drill

pads would be specifically sited at a later date within pads would be located at the specific site proposed.
a 16.2-hectare (40-acre) siting area.

Power plant would be constructed at one of three Power plant would be located at the specific site
potential siting areas 12 hectares (30~acres) in size.  proposed.

Transmission line route south of Road 9735; single- Transmission line route adjacent to the north side of

pole structures. 22.8-meter (75-foot corridor) Road 9735; H-frame structures. 30-meter (100 -
feathered to 38 meters (125 feet). foot) corridor.

Underbuild feature to supply power to the plantand No underbuild.

potentially to areas in the caldera.

2.4.2.1. Well Pads and Sumps

)

The same type of well pads and sumps would be constructed under this alternative as under
Alternative A. However, Alternative B proposes six additional locations to analyze and consider
for the siting of the 14 well pads (Figure 2.4-21). Thus, although the number of pads actually
constructed is still 14, the agencies and CEE would have 20 potential locations from which to
choose the 14 sites. This would allow for greater flexibility in the designation of the 14 permitted
pads, would increase the likelihood of avoiding any sensitive areas, and would help the operator
place wells at locations to make best use of the geothermal resource. In addition, the pads would be
located within larger siting areas ranging in size from approximately 8.1 to 16.2 hectares (20 to 40
acres). The larger siting areas are shown in Figure 2.4-21. The portion of each siting area actually
available for a well pad is limited to the part within the SO lease area. Well pads will not be
permitted in the NSO lease area (the SMA), which is shown on Figure 2.4-21. The larger siting
areas, shown as squares on Figure 2.4-21, represent the probable zone of influence of a developed
well pad on wildlife species sensitive to disturbances (such as noise, human presence) that were
identified by the U.S. Forest Service and ODFW wildlife biologists who provided substantial input
into the design of the baseline study. This is why some well pad siting areas extend into the NSO
lease area (SMA). The pads’ being located in the larger siting area would allow for minor shifts in
pad locations to accommodate resource constraints and engineering and environmental concems.
The rationale for this siting flexibility is described below.

Geothermal Well Siting. The well pad locations initially proposed by CEE were chosen based on- - -

initial drilling targets determined through geologic mapping, geophysical studies, existing well
data, and other research. The locations of the pads (and attendant roads and pipelines) are
determined by:

. Geologic drilling targets

. Temin -
. Sound engineering practices

. Environmental concemns

. Plume dispersion

. Results of exploration and production drilling
. Lease stipulations
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Frequently in geothermal exploration and development, the subsurface geologic information about
rock type, fractures, permeability, and porosity that is gathered during the drilling of each well
provides strong rationale for siting the next well pad and drilling location. The drilling targets
(subsurface fracture zones) can change after exploration begins (and even during development
drilling), because real, site-specific information becomes available to supplement pre-project
assumptions and estimates. This often results in requests from the developer to shift or relocate
pads to access the new drilling target.

Requests for shifts in pad location can also result from site-specific engineering or resource
concemns that may emerge during the project. For example, the pad construction contractor could
suggest a somewhat different pad orientation or location to minimize cut and fill or to ensure
balanced cut and fill (which eliminates the need for additional movement of soil and rock). In the
future, requests to shift pad locations could be based on minimizing site-specific disturbance or
effects on biological or other resources.

jon. Under Alternative B, prior to constructing each well pad, CEE would submit
the location of the well pad to the U.S. Forest Service and BLM for their review and approval.
CEE would base the specific location of the drill pad on geologic targets (i.e., the predicted
locations of subsurface fractures that would produce steam), data from previous drilling,
engineering constraints, and environmental considerations. The agencies would then review the
proposed location to determine if there are. any environmental-or siting considerations and, §f
acceptable, approve the location. If the proposed location was not acceptable, the agencies woutd
idendfy an alternate location (within the maximum 16-hectare [40-acre]-siting area) that-would e

acceptable.
2.4.2.2. Power Plant Location. Structures and Facilities

This element of Alternative B would differ from the corresponding elements of Alternative A in
terms of where they would be located or “sited.” The actual structures and facilities that would be
developed under this alternative would be the same as those described under Alternative A. The
differences from Alternative A are described below.

Power Plant Location. Altemnative B includes two changes related to power plant siting. This
alternative addresses two alternate power plant sites, in addition to the plant site location proposed
in Alternative A (see Figure 2.4-21). In addition, each of the three plant sites (i.e., the proposed
location plus the two alternate locations) could be located within 12-hectare (30-acre) siting areas at
each location. Only one plant site would be developed. The final location would depend on
engineering concerns, location of the productive well pads, and environmental considerations of
the three sites.

These plant siting alternatives were designed to provide greater flexibility in siting the power plant
after the geothermal resource is defined. Greater flexibility in siting would be desirable to minimize
potential environmental effects. This flexibility would also be advantageous to the agencies since it
would allow another site-specific review of facility locations and the opportunity to further
minimize environmental effects before approval is granted.

The alternate plant sites were selected to allow for the possibility that the productive wells could be
located primarily at the northern end of the lease. Plant locations farther to the north, and hence
potentially closer to the productive wells, could minimize pipeline length and the amount of surface
disturbance needed.

. The final location of the power plant would be proposed by CEE within
one of the three plant siting areas analyzed under this alternative. CEE would base this proposal on
the location of the productive wells, the engineering at the site, dispersion modeling, economic
viability, and other factors. The agencies would then consider the proposed location and review the
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environmental constraints as identified and addressed in this EIS. The agencies would have to
approve the final plant location before construction could begin.

ilitics. The power plant structures and facilities under Alternative B would be the
same as those described in Alternative A.

2.4.2.3. Access Roads

The access roads required for Alternative B would be similar to those described in Alternative A.
The primary difference in Altemative B is in the road from the power plant to Road 9735; and the
route paralleling Road 9735 to Highway 97. Under this alternative, Spur Road S00 and the
transmission area road would be used as the main access road to the power plant (if Plant Site 1
were selected) from Road 9735. The main access road and the transmission line corridor would be
located in the same corridor to the extent practical until the transmission line corridor intersects
Spur Road 500 and then the main access road would follow Spur Road S00 to Road 9735 (Figure
2.4-21). (Under Alternative A, the transmission line access road follows Road 9735 and then
follows Road 600 to the plant.)

For the transmission line under Alternative B, an access road would be built within the
transmission line area. Access to the area from Road 9735 would be via short access spurs across
existing logging units. Existing logging access spur roads could require extensions of about 0.4
km (0.25 miles) to the transmission line area. Final locations of roads would be based on ﬁ:'?l
engineering design of the transmission lme and the road locations would be -approved by

agencies. x

2.4.24. Pipelines

This aspect of Alternative B would be very similar to that of Altenative A. Under this alternative,
however, alternative pipeline corridors would be evaluated to address the six additional potential
well pad locations. The total length of pipelines would be very similar to that of Alternative A, with
shght differences in length that would be determined with the final locations of the well pads.

2.4.2.5. Power Transmission Line

There are several elements of this aspect of the project that would differ from Alternative A. Under
Altemative B:

. The transmission line location would be an average of 122 to 152 meters (400 to
500 feet) south of Road 9735, and would be screened from view from the road by
trees.

. Transmission line poles would be 21- to 24-meter (70- to 80-foot) single wooden
poles (approximately 3 meters [10 feet] in the ground) rather than H-frame wooden
poles (see Figures 2.4-15, 2.4-16, and 2.4-17) and would be less visible. A typical
Ccross sect%on of single pole transmission line design is shown in Figures 2.4-22
and 2.4-23.

. The surface disturbance for the transmission line area would result in a 22.9-meter
(75-foot) wide area with trimming (“feathering’) of trees in a 38.1-meter (125-foot)
corridor. -

. Spur 500 would be used as the main access to the proposed power plant site 1
from Road 9735.

. The transmission line could include a 25-kV underbuild to allow Midstate to
provide the project with start-up and €mergency power, as well as provide a future
opportunity to provide electrical service to the Newberry Caldera.
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Altemative B includes an alternative transmission line design and route to minimize environmental
effects and to respond to the issues. The transmission line altemative was specified to:

. Move the transmission line away from Road 9735

o Reduce the visual impact of the pole structures
. Reduce the width of the cleared arca

Route. The altemate transmission line route would be located between approximately 120 and 150
meters (400 to 500 feet) south of Road 9735, and farther from the road than the proposed
Alternative A transmission line route. This alternate route would minimize the visibility of the line
from Road 9735, which is expected to experience increased use. The route of the Alternative B line
from Highway 97 to the switchyard would be as described in Alternative A.

Pole Design. The design of the line for Alternative B is single wooden poles, rather than the H-
frame design proposed in Alternative A. The single-pole design would reduce the visibility of the
poles and would require less surface disturbance to erect. These poles would be approximately 18
meters (60 feet) above ground. Figures 2.4-22 and 2.6-24 show this design of the transmission
line poles. H-frame structures could still be used at angle points in the line where greater strength
would be required. : : - ' k]

ild. The transmission line under Alterative' B would-be 115 kV, as-would the
proposed line under Alternative A. Under Alternative B, however, the transmission line would
include an “underbuild” feature (see Figure 2.4-24) The underbuild would be a second string of
wires (underneath the 115-kV wire) that would carry electricity at a lower voltage. The 25-kV line
would allow Midstate Electric to supply start-up and emergency power to the geothermal power
plant. The underbuild line could be extended (in the future and after a separate environmental
analysis) to provide power to the Newberry caldera area of the NNVM. This EIS only addresses
the environmental effects of constructing the transmission line with the underbuild as far as the
geothermal power plant. As in Alternative A, the transmission line would be designed to allow
future expansion to about 100 MW without rebuilding the line.

~

Clearing. Under Altemative B, the clearing of transmission line corridor vegetation would be
reduced to 22.8 meters from 30 meters (75 feet from 100 feet) proposed under Alternative A. Trees
would be trimmed to increasing heights and feathered back 7.6 meters (25 feet) from the 22.8
meter (75-foot) wide corridor 38 meters (125 feet) (7.6 meters [25 feet]) on each side of the
corridor). The construction corridor would be less than Alternative A; the reduced corridor size is a
result of changing the transmission line poles from H-frame (Figures 2.4-15 and 2.4-17) to single-
pole (Figures 2.4-22 and 2.4-23) design.

In some areas, the minimum safe clearing area would be 15 meters (50 feet) (7.6 meters [25 feet])
on each side of the centerline), with an additional 7.6 meters (25 feet) of tree feathering on each
side of the corridor. The wider corridor would be in areas of greater fire danger and in higher
elevation areas with more snow. The greater fire danger is in the higher elevations with lodgepole
pine.

Feathering would consist of topping of trees, and complete removal of large trees that could pose a
danger if they were to fall and hit the transmission line. The feathering would be maintained over
the life of the power line. The agencies would approve the feathering plan, based on final design.

. The voltage of the transmission line under Alternative B would be

115 kV. The switchyard would be located in the same place and include the same features
described under Alternative A.
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2.4.2.6. Mitigation Included in Alternative B

Altemative B would include all of the mitigation that is included in Alternative A (see Section
2.4.1.6), with the exception of the measure relating to siting the transmission line as close to Road
9735 as possible. Alternative B would also include the following mitigation measures that are
designed to further reduce environmental effects of this alternative.

Geology and Soils

. Exposed areas would be landscaped (including recontouring and revegetating) to
stabilize soil and improve aesthetics, as appropriate.

. Construction traffic would be restricted to designated roads and areas to help reduce
the potential for erosion and to reduce the amount of site disturbance.

Water Resources

. Storage facilities for fuel and construction equipment, lubrication oils, and the
I fueling area would be within a curbed or bermed area to contain any spilled

material, and would be paved for permanent facilities.

. "The septic system would be designed to have sufficient capacity for public touss
and other wisitors. , &«

Geothermal Resources

. For elements related to water, water quality, geothermal features, etc., mitigation
would be added that includes a hydrology monitoring program that has been
established and would be continued, or a similar program that would be
implemented by some other entity.

i { Air Ouali

. Lichens would be monitored at points up to 1,500 meters (0.9 mile) from the plant
site as indicators of air quality and potential impacts to vegetation.

. Establish an H2S monitoring program at an appropriate site near Paulina Lake or
Paulina Lake Lodge. This information would be used in conjunction with
monitoring of HS emissions at the plant site to evaluate the effectiveness of H2S

abatement procedures.

. Weather data at the two existing meteorological monitoring stations would continue
to be monitored to better define and predict weather and wind patterns and their
effects.

. Lichen tissue would be monitored and studied by U.S. Forest Service and
compared to baseline information to test the prediction that air quality impacts to
lichen and other vegetation is not anticipated.

. Chemical composition of the reservoir steam will be assessed to determine whether
significant levels of mercury would be emitted by the power plant. If significant
levels of mercury emissions are found, emission control system(s) will be added to

' the power plant.

. Plant operations would be monitored for actual frequency and duration of upset
conditions.
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Yisual Resources

Trees would be planted in strategically grouped and selected locations to help break
up or screen out visibility of the plant or other facilities.

During construction of transmission lines and pipelines, land clearing for project

- facilities or structures would use curvilinear boundaries where practicable instead of

straight lines.

Brush or small trees cleared and not otherwise disposed of would be spread to
provide cover habitat for small mammals, reptiles and birds. Woody materials
would be randomly placed in areas to conform to adjacent vegetation patterns. All
timber and other vegetation material without market value would be mechanically
chipped and spread in a manner that would aid seedling establishment and soil
stabilization.

The use of the basic landscape elements for facility planning and design would be
considered. This measure would be one of the most effective techniques to reduce
visual impact of the project. Simplified structures and coverings would be used to

enhance the overall appearanoe of the project area fac1ht1es

Creanve landscapmg wouldbe apphed in v1s1ble or sensitive areas to enhance the
appearance.of project.facility-installation. Selection -of trees-and -other plants f
landscaping would be based on their ability to blend with existing vegctatlo%E
utilizing native species where possible.

Night lighting would be selected and designed to reduce potential visual impacts
due to disturbance of the night sky. Exterior lights would be adequate for safe
working conditions and security of the facilities.

Colors of the facility would be chosen to blend with the surrounding landscape.

Recreational Resources

A new Snow Park would be constructed at a location which would not conflict with
operations and maintenance of the geothermal facilities but would take advantage of
vehicle access to this area in the winter time. Additional trails could be developed
from this location. Site selection, size, design, maintenance, and management
would be determined by the Deschutes National Forest, in cooperation with
representatives of local Nordic ski and snowmobile clubs and the operator.

The facility would be available for public tours by appointment.

Displays or other interpretive avenues would be developed in cooperation with the
U.S. Forest Service to provide information to the local population and visitors to
the area about the geothermal resource at Newberry, the geothermal project and its
facilities, and the management of geothermal on the Deschutes National Forest.
These would be available for display at existing facilities (interpretive centcrs,
visitor sites, etc.).

Snowmobile Trail No. 64 would be rerouted as needed to assure continuity of
travel.

Any recreation trails which may be planned in the future would be located to avoid
possible conflicts with the geothermal facilities.
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2.4.3.

The amount of vegetation removed would be minimized by limiting travel routes,
parking areas, and other site disturbance to as small an area as practical.

Disturbed areas would be revegetated with natural or assisted revegetation,
including the use of native or local grass, shrub, and tree species.

Construction activities at well pads A-11, B-14, and 0-14 would avoid disturbing
larger mixed conifer trees to the extent possible.

- Lichens would be monitored at points up to 1,500 meters (0.9 mile) from the plant

site as indicators of air quality and potential impacts to vegetation.

Active raptor nests located during the exploration and development phases would be
protected in compliance with in compliance with the Forest Plan direction.

Monitoring would be performed during the exploration and development phases to
determine location of active nests, to track nesting success, and to protect nests
fromdisturbance. : - _ o i

Where-possible in-the mixed conifer-habitat-along-the-transmission line, live trqu
30.

would not be felled if greater than 51 cm (20 inches) and snags greater than
cm (12 inches) dbh!.

Where possible, stumps would be at least 3.6 meters (12 feet) tall to provide
foraging habitat for insect-gleaning birds.

Large trees would be topped instead of felled as a way to keep them from falling
onto transmission lines. Topped trees would continue to provide suitable foraging
and nesting habitat for birds.

Vegetation would be feathered along the transmission line area both vertically and
horizontally, to avoid long straight edges and the appearance of a cleared swath.
The area would be revegetated with grasses and acceptable shrubs which would not
impose a safety hazard to line maintenance, but would provide forage for wildlife.

Larger size, downed woody material would be left in the transmission line area for
wildlife use.

Fencing would be constructed around the plant perimeter and around well pad
sumps to keep out deer and other large animals.

Water sources would be provided for wildlife at locations away from the power
plant and well pads to help deter the animals from being attracted to the facilities.

Alternative C: No-Action Alternative

Under this alternative, no facilities would be developed, and the following Federal actions for
authorizing geothermal activities or purchasing power would not occur for this project:

1Diameter at breast height (a measure of tree density)
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. BLM and U.S. Forest Service approval of the Plans of Operations for exploration,
development and production
. BLM issuance of individual Geothermal Drilling Permits
e U.S. Forest Service issuance of authorization for surface occupancy
. BLM and U.S. Forest Service approval of the Plan of Utilization and Disposal,

including construction and operation of the geothermal generating facility or
construction of associated pipelines and transmission lines

. BLM issuance of a two-part Geothermal Utilization Permit

. BLM approval of -a Site License

. BPA execution of a contract to wheel power from the project to EWEB
. BPA power purchase contract with CEE

. BPA billing credit agreement with EWEB

Under this alternative, CEE could still propose another gesthermal development project on
leases, and another analysis and NEPA document would need to be prepared to evaluate -th#t

proposal. #

However, design modifications to the existing proposals could be considered, which might lead to
geothermal development at Newberry under different construction and operation scenarios. Since
geothermal is one of the energy resource options that BPA is considering, other locations for
geothermal development would likely be considered. A discussion of these resource types and
other meggns of meeting the required power load is found in the BPA Resource Programs Final EIS
(BPA 1993).

2.5. COMPARISON OF ACTION ALTERNATIVES

This section summarizes the impacts of Alternatives A and B in comparative form, based on the
information and analyses presented in Section 3, Affected Environment; and Section 4, Effects of
Implementing Each Alternative. Table 2.4-1 shows the features of Alternatives A and B. Table
2.5-1 compares the environmental effects of Alternatives A and B. Alternative C is not described in
a separate column on the table because the effects associated with construction and operation of the
proposed project would not occur.

For a total of eight environmental disciplines, the potential impacts and mitigation measures of
Alternatives A and B are identical, or nearly so, and are reported as such in Table 2.5-1. Those
dlsaphncs with very similar or identical impacts are water resources, geothermal resources, climate
and air quality, land use, recreation, human health and safety, cultural resources, and economic
and social characteristics.

There are differences, however, in impacts and mitigation between Alternatives A and B in the
disciplines of geology and soils, visual resources, noise, traffic and transportation, vegetation,
wildlife, cultural resources, and siting flexibility. These differences are summarized below in Table
2.5-1.
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Overall, the effects of Alternatives A and B would be similar. The major differences are
summanzad below:

. Under Altemnative B, the transmission line would not be as visible from Road 9735.

. Under Alternative B, there would be increased potential for avoidance of sensitive
areas in well pad placement and to reduce the amount of pipeline and access roads
needed.

. Under Alternative B, there would be increased potential for minimization of visual

impacts of the power plant site.

. Under Alternative B, siting flexibility would allow for the most efficient use of the
geothermal resource while minimizing environmental effects.

- min e G ‘mb
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Table 2.5-1 Comparison of Effects of Action Alternatives

Discipline Type and Magnitude of
Alternative A Impacts

Geology and Soils Grading on gentle slopes during
construction over 91 hectares (225 acres)
for plant site, well pads, pipeline and
roads; and 28.1 hectares (69.5 acres) for
the transmission line area.

Soil disturbance is minimized along
transmission line owing to proximity of
Road 9735 for much of its length.

Type and Magnitude of
Alternative B Impacts

Grading area may be larger for gathering
system, if well pads chosen are more
distant than those under Altemative A, or
less if pads are closer.

Larger soil disturbance along |
transmission line for access where
existing roads do not cross the line, and

for new access to Plant Site 3.

Water Resources  Withdrawal of up to 3.08 million cubic =~ Same as A, except that potential changes
meters (2,500 acre-feet) per year from in water quality and hydrologic patterns
shallow groundwater aquifers, could be more widely distributed,
representing approximately 1 percent of ~ depending on choices for power plant and
total groundwater recharge on the west well locations.
slope of Newberry Volcano.

Geothermal -Effects-on hot springs in the caldera Siting flexibility would improve efficient i

Resources should be slight, subtle, and long use of the geothermal resource. Other
delayed, if they-oceur at all..Maximum. -effectssameas A. ‘ s
net fluid loss from reservoir estimated to :
be 1 to 2 percent per year, which should
be at least partially made up by natural
recharge.

No siting flexibility. If test drilling results Additional power plant and well pad sites

indicate that proposed well pads and/or  provide more flexibility in siting facilities

other facilities are at inappropriate to avoid sensitive areas, and based on the

locations, additional environmental results of the test drilling, reducing

review and consequent potential delays  chances of additional delays owing to the

could occur to the development process.  need for additional environmental review
of new facilities locations.

Climate and Air Emissions for all regulated pollutants Same as A, except that impacts at the

Quality during the worst-case scenario and typical NNVM boundary would be greater for

operations are expected to be well below
applicable state and Federal standards set
to protect human health and welfare.

Plant Site 3, which is closer than Plant
Sites 1 and 2
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Table 2.5-1 Comparison of Effects of Action Alternatives (Continued)

Discipline Type and Magnitude of Type and Magnitude of
Alternative A Impacts Alternative B Impacts

Visual Resources  Except for the power plant steam plume Steam plume, well venting, pads south of
and well venting, facilities willnotbe ~ Road 21 effects similar. Power Plant Site
visible from any key observation point 2 is slightly more visible from Paulina
(KOP), except for Paulina Peak and the Peak (KOP 3) due to lack of visual
Rim Trail. Plume will draw visual screening in logged areas; this site is 0.8
artention from Paulina Peak and Rim km farther from the KOP, which
Trail From more distant KOPs, plume  compensates some for lack of screening.
will be visually subordinate to Power Plant Site 3 is less visible from
surrounding landscape and not generally Paulina Peak than Plant Sites 1 and 2.
noticed. :
Well padss located south of Paulina The six additional well pads would have
Creek would be partially visible from visual impacts similar to the 14 in
Road 21. Altemnative A.
Transmission line would be visible in Transmission line corridor will not be as
clearcuts along Road 9735 and briefly  visible from Forest Road 9735, reducing
from Highway 97. Night glow of power potential impacts to a road corridor that
plant would be visible from Paulina .. may feceive increased use.in the future. |

- Peakand its access road; dim night glow Night-glow-would-beess than 3

may be visible from more distant KOPs. Alternative A. %«

Noise Impacts from slightly elevated noise Lower power plant noise at potential noise
levels and occasional sounds associated receptors owing to more distant location of
with drilling. Plant Sites 2 and 3. Other differences

imperceptible.

Land Use Reduction of North Paulina Roadless Same as A, except that Plant Site 3 would
Area by 6 percent. (This is the gross also be in roadless area.
lease area, not the amount of surface
disturbance.)
Removal of 119 hectares (295 acres) Removal of approximately 123 hectares
from the timber base in the Project Area. (303 acres) from the timber base

: depending on plant site and well pad
selection.
Recreation Changes to recreation experience to Same as A, except that Plant Site 3 would

hunting and snowmobiling would be
consistent with the Roaded Modified or
Semi -Primitive Motorized (winter only)

ROS designations assigned to the

Project Area. Recreation experience
could be affected at times when elements

of the proposed project would be
(infrequently) seen, heard, and/or

smelled.

intrude into the currently roadless area.
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Table 2.5-1 Comparison of Effects of Action Alternatives (Continued)

Discipline

Traffic and
Transportation

Type and Magnitude of
Alternative A Impacts

Rebuild main entrance to project area by
following Forest Road 9735 to Spur
500, connecting Spur 500 to Spur 600
along proposed transmission line
comidor; requiring 1.6 km (1 mi) of new
road along transmission line, extensive
rebuilding of Spur 600; widening of
Spur 500; new roads for well pads,
access road along entire length of
transmission line provided by Forest
Road 9735.

Type and Magnitude of
Alternative B Impacts

Dunng development. Spur Road 500
would be resurfaced and become main
access road to Plant Site 1 or 2 requmng
1.6 km (1 mile) of new road along
transmission line and improving Spur 600
for exploration activities. Plant Site 3
would require about 3 km (2 miles) of
new road construction along exploration
roads. Additional length of road may be
required if more distant well pads are
chosen. Separate transmission corridor
from Forest Road 9735 would be
constructed, possibly needing additional
access from Road 9735 at intervals along
eastemn portion of line via short spurs
across existing logging units.

Vegetation

Removal of 7.5 hectares (18.5 acres) of

. lodgepole pmregenemuon habitat at

Plant Site 1.

For gathering system, removal of 36
hectares (89 acres) of vegetation,
including 5.5 hectares (13.7 acres) of
lodgepole-mixed conifer, 3.2 hectares
(7.8 acres) oflodgepole/clearcut, 26.7
hectares (65.9 acres) of lodgepole, and
0.53 hectares (1.4 acres) of mixed
conifer.

For access roads, loss of lodgepole-
dominated areas with portions of open
ponderosa pine and mixed conifer
habitats.

. regeneration-habitat for Plant Site 2.

Plant Site 1 is same as Altenative A.
Removal of 7.5 hectares.(18.5.acres) of 4
lodgepole pine and lodgepole pine -
Removal of 7.5 hectares (18.5 acres) of hal
lodgepole pine for Plant Site 3.

Approximately the same as Alternative A,
depending on which well pad and plant
site combination is used.

For access roads, removal of potentially
slightly more vegetated area for access to
the transmission line corridor if existing
roads are not present.

- - I 4
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Table 2.5-1 Comparison of Effects of Action Alternatives (Continued)

Discipline

Vegemtion

Type and Magnitude of
Alternative A Impacts

For the transmission line area, removal
of 28.1 hectares (69.5 acres) of
vegetation, including 1.2 hectares (3
acres) of lodgepole/clearcut, 0.2
hectares (0.5 acres) of lodgepole pine,
8.1 hectares (20 acres) of mixed conifer
habitat, 13.7 hectares (34 acres) of open
ponderosa pine, 3.2 hectares (8 acres)
of lodgepole pine regeneration, and 1.6
hectare (4 acres) of mixed conifer partial
cut habitat. Partial removal (feathering)
would affect approximately 9.4 hectares
(23.2 acres) of vegetation, including
0.45hectares (1.1acres) of
lodgepole/clearcut, 0.08 hectares (0.2
acres) of lodgepole pine, 2.5 hectares (6
acres) of mixed conifer habitat, 4.7
bectares (11.8 acres) of open ponderosa

. pine, 1.1 hectares (2.8 acres) of

lodgepole pine regeneration, and 0.53
hectare (1.3 acres).of mixed conifer
partial cut habitat. ‘

For well pads, removal of 34 hectares
(84 acres) of habitat, including 3.7
hectares (9.2 acres) of lodgepole/mixed
conifer, 1.4 hectares (3.5 acres) of
lodgepole/clearcut, 24.6 hectares (60.8
acres) of lodgepole, 0.2 hectare (0.4
acre) of mixed conifer, and 4.1 hectares
(10.1 acres) of clearcut.

No discemible effects on vegetation
beyond 500 meters (1600 feet) of the
power plant except for the areas
immediately adjacent to wells.

Type and Magnitude of
Alternative B Impacts

Forthe transmission line, removal of 31.6
hectares (78.2 acres) of vegetation,
including 1.5 hectare (3.6 acres) of
lodgepole/clearcut, 2.2 hectare (5.5 acre)
of lodgepole pine, 5.5 hectares (13.7
acres) of mixed conifer, 17.3 hectares
(47.2 acres) of open ponderosa pine, and
3.3 hectares (8.2 acres) of lodgepole pine
regeneration. Partial removal (feathering)
would affect approximately 19.9 hectares
(49 acres) of vegetation, including 0.97
hectare (2.4 acres) of lodgepole/clearcut,
1.5 hectare (3.6 acre) of lodgepole pine,
3.7 hectares (9 acres) of mixed conifer,
11.5 hectares (28.5 acres) of open
ponderosa pine, and 2.2 hectares (5.5
acres) of lodgepole pine regeneration.

Removal at well pads could be of different
vegetation composition, depending on pad
sites chosen. Some shrub and mixed
conifer habitat could be avoided.

Same as A.

Better avoidance of sensitive areas and
mixed conifer vegetation through project

~ design and siting flexibility.
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Table 2.5-1 Comparison of Effects of Action Alternatives (Continued)

Characteristics

Jjobs at peak would be 227 (60 local
hires), during utilization 25 permanent
jobs (12 local hires) would be created.
Up to 60 additional students would be in
Bend/LaPine School District during
peak of construcsion. Royalties
(approximately $240,000) and property
taxes (approximately $1.2 million)
would be raised annually.

Discipline Type and Magnitude of Type and Magnitude of
' Alternative A Impacts Alternative B Impacts
Wildlife Total 119 hectares (295 acres) of direct  Habitat losses and modification similar to
habitat loss or modification due to A but more or less could occur in mixed
facility placement. (well pads, plant, and conifer type under this altemative,
roads equal habitat loss. Transmission ~ depending on well pads chosen.
line and pipeline equal habitat
modification.) Impacts from development of well pad O-
14 could result in an additional loss of up
to 2.4 hectares (1 acre) of deer/elk high
use area, not including access road .
Clearing width of transmission line is 7.6
meters (25 feet) narrower than
Altemative A.
Loss of approximately 7.5 hectares (18.5
acres) potentially suitable habitat for black-
backed woodpecker (MIS) at Plant Sites 2
and 3.
Cultural Resources  Known resources can be avoided. Same as A. <
Fiuman Fealth and _ Probability of accidents during transport_ Same as A. *
Safety of hazardous materials during
exploration estimated at 0.238 percent.
During utilization over SO-year project
life, approximately 1 accident during
transportation of hazardous materials
estimated.
Probability of project personnel-caused
fires over 50-year life of project
conservatively estimated at 8; this would
be offset by benefits of personnel
present 24 hours a day to spot, report,
and assist in extinguishing fires.
Economic and Peak population increase of 447 persons Same as A.
Social during height of construction, and 50
persons during utilization. Construction
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3.0
AFFECTED ENVIRONMENT

3.1. INTRODUCTION

This section describes the environment that could be affected by the proposed Newberry
Geothermal Pilot Project. It serves as the basis for discussion of environmental consequences of
Alternative A, Alternative B, and Alternative C — the no-action alternative — which are presented
in Chapter 4.0.

For purposes of this report, the terms project area and project vicinity are used to describe specific
areas of central Oregon potentially influenced by the proposed project. Project area refers to that
area encompassing CEE geothermal leases and the alternative plant sites, well pads, gathering
systems, transmission lines, and access roads (i.e., those areas potentially directly impacted by
project construction). Project vicinity refers to the project area, the entire Newberry National
Volcanic Monument (NNVM) and north to the City of Bend (Figure 3.1-1). In addition, the term
study area is that portion of those areas listed above which was included for investigation for each
technical section or discipline. The extent of the study area can differ between disciplines (i.e.,
geology and soils, water resources, etc.) and thus is defined in each section. Study areas defined
for each discipline were those areas in which impacts could reasonably be expected to occur. The
lease area is divided into an SO lease area (where surface occupancy is allowed) and NSO lease
area (No Surface Occupancy) or SMA, (Special Management Area) where no surface occupancy is
allowed (see Figure 1.3-3).

3.1.1. General Description and Overview

Newberry Volcano is a broad, gently-sloping, shield-like, forested landform that rises
approximately 1,100 meters (3,600 feet) above the surrounding terrain. The proposed Newberry
Geothermal Pilot Project is located on the west flank of Newberry Volcano, on Deschutes National
Forest land, adjacent to (but not within) the NNVM (Figure 3.1-2). The proposed project facilities
would be located on undeveloped Federal land used mainly for timber production. The western end
of the project area is the lowest in elevation at approximately 1,280 meters (4,200 feet) on level
terrain, just west of Highway 97 where the proposed sransmission line would connect to an
exissing Midstate Electric line. The highest portion of the project area is in the extreme northeast
corner at 2,133 meters (7,000 feet). The northeast comner of the SO lease area is currently roadless.

The range of nearly 914 meters (3,000 feet) in elevation and 9.6 km (6 miles) between the eastern
and western ends of the project area accounts for differences in weather, vegetation, and wildlife.
Soils and rocks in the project area and vicinity are derived from volcanic materials and are generally
very permeable. Most rain and snowmelt percolates directly into the ground. There are no surface
drainages, permanent waters, or wetlands within the project area. Paulina Creek, a perennial
stream eligible for Wild and Scenic River status, flows between (but is not included in) the
northern and southern portions of the SO lease areas (Figure 1.3-3). The SO lease area is thought
to be located above a fresh groundwater aquifer separated from and underlain by a deep
hydrothermal system which this proposed pilot project has been designed to usilize.

Air quality in the project vicinity is affected by wind-blown dust, pollen, and fires but is in
attainment of state and Federal air quality standards. The climate is typical of the semi-arid high
desert environment east of the Cascades. Precipitation comes mostly during the winter; summers
tend to be warm and dry. The western end of the project area is lower, warmer, and drier than the
eastern end which is comparatively higher, colder, and wetter. This difference is reflected in the
vegetation. The western end of the project area is mostly ponderosa pine and lodgepole pine forest,
and the eastern and higher elevation end within the SO lease area is lodgepole pine-dominated, with
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the highest elevation areas of the NSO lease area dominated by lodgepole pine, fir, hemlock, and
western white pine. The vegetation throughout the project area, particularly the areas of mature
lodgepole pine, has suffered from an extended drought and insect infestations and many trees are
dead. Much of the project area has been or will be harvested in the next few years. Wildlife species
composition and populations are typical of those found in the pine forests of the High Lava Plains
Province of central Oregon (Franklin and Dymess 1988). No threatened or endangered species of
plants or animals are known to exist within the project area. Several sensitive w1ldhfe species do
occur within the project area.

The project area is visible from the top of Paulina Peak as well as other sites, including LaPine,
Highway 97, and Bend. The vegetation and terrain reduce the visibility or screen some parts of the
project area from these viewpoints. Ambient noise levels are relatively low. Recreational use of the
project area is low but increasing nearby within the NNVM. Traffic in the project area is currently
low.

There are a relatively small number of prehistoric and historic cultural resources sites within the
project area; most are either scattered obsidian flakes left from tool-making or artifacts related to the
historic logging railroad grade within the area. Aside from wildfires, there are no existing hazards
to human health and safety in the project area. There are a few existing residences located on the
extreme western end of the project area, but none of these will be the site of any proposed project
facilities.

3.2. GEOLOGY AND SOILS
3.2.1. Geology

3.2.1.1. Regional Setting

The proposed geothermal plant site is located on the west flank of Newberry Volcano which lies in
the High Lava Plains Province of Oregon near the boundary with the Cascade Range Province to
the west (Figure 3.2-1). The High Lava Plains Province is also bounded gradationally on the south
by the Basin and Range Province. Geologically, Newberry Volcano shares tectonic and
compositional characteristics with all three provinces and it is this interplay of geologic processes
that has much to do with the formation of the volcano and the associated geothermal potential.

Newberry Volcano is near the intersection of three major fault systems (Figure 3.2-2). The
northeast trending Walker Rim Fault Zone and the northwest trending Sisters-Tumalo Fault Zone
come together at Newberry Volcano forming a broad arcuate structural zone which has offset the
early Newberry lavas. Alignments of cinder cones and fissures on Newberry Volcano suggest a
continuation of these systems under the volcano. The Brothers Fault Zone trends west and
northwest and extends across the northeastern flank of Newberry Volcano where it apparently has
not offset the Newberry lavas. These three fault systems are believed to intersect at depth. The
presence of intersecting faults and silicic volcanism has created favorable conditions for high-
temperature hydrothermal systems.

3.2.1.2. Newberry Volcano

Newberry Volcano was first visited and named by Russell in 1905, and the first full study was
prepared by Williams in 1935. Since the mid-1970s, Newberry Volcano has been the subject of

extensive scientific investigation by earth scientists and geothermal resource explorers (Fitterman .

1988 and MacLeod et al. in press).

3.4

HE B D A D e ek U o oo am B e o e 5 e ==



NEWBERRY GEOTHERMAL PILOT PROJECT
Deschutes National Forest, Oregon

Physlographic and Geological Provinces of Figure
Oregon and Washington and Approximate
Newberry Geothermal Project Study Area

) o
\gc iy

~

3y
N .~ ~~_,~’\\ -3 4 ,f Cos
[ (N /ﬁ f\;\{&{—‘\—w ’ . o

NS
s
N Soh

- Approximate Project Location *

N

6 LAVA PL&N}?’ R
\ ¥ Y

) S g “‘ G ' Pt S
- QL L
: S )
~. - .
s por > :f ‘
B . lj‘..'.i\ .

' N Vn-_',“.‘. ”:&tﬁ‘ii\' ‘.\

\\

SN \u

~'BASH MHp RANGE ;g
N el A oy T

Y

Source: Franklin and Dymess 1988

3-5




NEWBERRY GEOTHERMAL PILOT PROJECT
Deschutes Nationai Forest, Oregon

Generalized Fault Map

Figure
3.2:2

R11E

RISE

0~

Rim of Newberry Calders

) Newbprry National
i/Volcag bic Monument

o~

LAKE COUNTY

Ghtaams 1 Aeeasat o setests ah Aeanes)

==

o~
]
I
|
3
4+
KLAMATH COUNTY l
~ ;r--
1
I

AN
NN
N

LEGEND

R~

4 uﬂm]-ﬂ]]]]l Potential Groundwater Barrier
N

\
/<
I\ N
N\
¢’ |
I \.
Fauit, Location Approximate \_\

Ring Fracture, Location Approximate

0 8km ‘\
T
25 Scal \ Q
s 0 @€  5miles

NOTE: Geologic Structures modified from:

. Om, etal, 1992, ‘Geology o/ Oregon.*

[ SUY 2 VR

. Walker & Macleod, 1991, "Geologic Map of Oregon,* USGS.

e B 4

. Frink, 1968, "Groundwater Resources of the Central Deschutes Basin,” U.S. Bureau of Raclarmation Report.
. Macleod & Sherrod, in-press, “Geologic Map of Newberry Volcano, Deschutes, Klamath & Lake Counties, OR,” USGS MG/ Map.
. Miller, 1986, “Groundwater-Conditions in the Fort Rock Basin, Northem Lake County, OR,"OWRO, Groundwater Report No. 31.

Peterson, et al, 1976, "Geology and Mineral Resources of Deschutes County, OR, " Oregon Dept. ofGeology & Mineral Industries Bulletin 89.

»!
T

o




Located in central Oregon approximately 60 km (40 miles) east of the axis of the Cascade Range
(Figure 3.2-1), Newberry Volcano is one of the largest volcanoes in the Cascades and has a
complex eruptive history. As a topographic feature, it covers an area of 1,300 square km (500
square miles) extending 60 km (37 miles) north-south and 30 km (19 miles) east-west, with a 6-
by 8-km (3.7- by 5-mile) diameter summit caldera rising to 1,100 meters (3,600 feet) above the
surrounding terrain.

Volcanic activity at Newberry began at least 500,000 years ago (Feibelkorn et al. 1983). Its
flanks, which are covered with more than 400 cinder cones and fissure vents, are composed of
volcanic rocks from lava flow, ash flow, and air-fall eruption and from sediments accumulated
from erosional processes. The numerous flows overlap and vary considerably in thickness and in
lateral extent. The generalized geology of the area is shown in Figure 3.2-3. Newberry Volcano
has erupted at least 25 times in the past 10,000 years, most recently 1,350 years ago when the
Big Obsidian Flow erupted. Numerous recent silica-rich (“silicic”’) domes, breccias, and flows are
present within Newberry Caldera. Those less than 6,700 years old are all chemically similar
(MacLeod and Sherrod 1992).

It appears likely that a small shallow magma chamber is present, providing a continuing source of
heat to the hydrothermal system beneath the volcano as shown in Figure 3.2-4. Large volumes of
young silica-rich volcanics, high geothermal gradients (MacLeod and Sherrod 1988), and seismic
survey evidence (Achauer and Evans 1988) indicate that a magma chamber of a few to a few tens
of cubic km in volume is present beneath Newberry Caldera at a depth of about 3 km (2
miles) (MacLeod and Sammel 1982). However, other studies do not confirm the presence of this
shallow magma body. Catchings and Mooney (1988) conducted a deep seismic refraction survey
across Newberry Volcano and reported the absence of a low seismic velocity zone that would
indicate the presence of a magma chamber. They concluded that a large magma chamber does not
exist in the upper crust at Newberry Volcano, at least along their line of measurements. They noted
that the weakening of the seismic signals they observed may be consistent with either small
partially-melted magma chambers or other phenomena. One possible model that is consistent with
these conflicting observations was proposed by Lingeman (1990), who suggested that Newberry
Volcano was formed by repeated small-volume mafic (iron-magnesium rich) magma injections into
the crust from very deep magma chambers beneath the earth’s crust, followed by partial melting of
the upper crust, generating the bimodal (basalt/rhyolite) volcanic style that distinguishes Newberry
Volcano.

Newberry Volcano is in a period of quiescence (little or no volcanic activity) since the last eruption
1,350 years ago. This also suggests the probability. of future volcanic activity (Fitterman 1988).
Seismic studies at Mount St. Helens (Lees 1992) and ground deformation studies at four active
volcanoes (DeNatale and Pingue 1993) indicate that shallow magma chambers are commonly
accompanied by ground deformation and seismic activity, which have not been reported at
Newberry. The geologic cores recovered from the USGS Newberry 2 drill hole show that in the
past, periods of quiescence have lasted for 2,000 to 3,000 years (MacLeod and Sherrod 1988).

The summit of Newberry Volcano is distinctive in its steep-walled, basin-like forn. It is
interpreted by geologists as a volcanic caldera. Calderas form when a volcanic edifice collapses
into its magma chamber, usually accompanied by a voluminous pumice eruption. Several sets of
semicircular “ring” fractures encompass Newberry’s summit, suggesting that caldera collapse took
place in several stages (MacLeod and Sammel 1982). At least two episodes of large pumice
eruptions have been identified that are large enough to be the products of caldera collapse
(MacLeod and Sherrod 1992). The earliest collapse event occurred approximately 500,000 years
before present and the latest collapse event approximately 200,000 years before present. The
present caldera is interpreted as several nested calderas of different ages, the result of sequential
collapse totaling 500 to 800 meters (1,640 to 2,625 feet). Subsequent volcanic and sedimentary
processes have filled the caldera with approximately 490 meters (1,600 feet) of deposits.
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Drilling in Newberry Caldera has been described by Keith and Bargar (1988) for the USGS
Newberry 2 drill hole and by Keith et al. (1986) for Sandia Labs RDO-1 drill hole. Both wells
were located near the toe of the Big Obsidian Flow. The drill cores from Newberry 2 reveal two
episodes of silicic volcanism separated by a group of basaltic andesite eruptions. Also, well-sorted
sedimentary rocks between 305 and 325 meters (1,000 to 1,065 feet) suggest that a single large
caldera lake existed in the past. The Newberry 2 drill hole was drilled to a depth of 932 meters
(3058 feet) and the RDO-1 hole to 424 meters (1391 feet). From the top down, both drill holes
penetrated about 110 meters (360 feet) of silicic volcanic ash and obsidian, 200 meters (650 feet)
of basaltic tuff (compacted volcanic fragments), 20 meters (65 feet) of lake sediments, and about
100 meters (300 feet) of hard silicic ash (lithic tuff). Newberry 2 was drilled below this depth
through another 250 meters (820 feet) of silicic volcanic rock underlain by 240 meters (790 feet)
of basaltic andesite lava flows.

Rock type changes abruptly from mainly fragmental and air-fall volcanics (e.g., ash, pumice, tuff)
to volcanic flow rocks (e.g., obsidian, rhyolite, dacite) below S00 meters (1,650 feet) and to
another lithologic change of basaltic andesite flow rocks below about 700 meters (2,200 feet).
The beginning of caldera formation and the precaldera surface could be represented by the change
from flow- to air-fall volcanic styles at 500-meter depth, or alternatively to the change from basaltic
andesite to silicic eruptions at 700 meters. Below the precaldera surface, the volcanic sequence
may be similar to that encountered in the project area.

Ring fractures around the caldera rim may extend vertically into the earth, or they may dip ata
fairly steep angle. Dip angle is of interest, because geothermal drilling will target the ring fractures
as likely pathways connecting to a geothermal reservoir. Many published caldera cross-sections
show ring fractures dipping toward the center of the caldera, although geologic evidence is limited
about the direction that ring fractures dip. Some recent experimental studies (Komuro 1987) and
seismic evidence from the actively subsiding Rabaul caldera in New Guinea (Mori and McKee
1987) suggest that collapse-caldera ring fractures form in response to magma withdrawal and that
the mechanics of rock failure cause ring fractures to dip outward from the volcanic summit at steep
dip angles.

At the time they are formed during caldera collapse, ring fractures probably extend from the surface
down to the magma chamber, providing pathways for magma toward the surface. Dikes (cooled
magma in fractures) may later seal the ring fractures. Geophysical studies indicate the possible
presence of dikes or highly mineralized fractures. The intruded/mineralized zone extends upward to
an elevation of approxrmately 1, 300 feet and is open to the west.

As the caldera settles and adjusts over time, seismic activity may fracture the dikes, pesultmg in
relatively high permeability (open connected spaces) along the ring fracture system, providing a
pathway for geothermal fluids to circulate. The Newberry ring fractures cut across the dense,
massive basaltic andesite lava flows that have been observed in core holes. These lava flows
appear to have almost no vertical permeability (Keith and Bargar 1988). Thus, ring fractures (and
other geologic faults, fractures, and volcanic vents that may be present at Newberry Volcano)
provide the most likely vertical pathways for circulation of hydrothermal fluids (Sammel et al.
1988).

Numerous valued volcanic features are located on Newberry Volcano and the surrounding area,
including the Lava Butte Cinder Cone, the Lava Cast Forest, the Lava River Cave, and the
Newberry Caldera. In 1990, the U.S. Congress established the Newberry National Volcanic
Monument as part of the National Forest System to preserve these unique features. The Monument
and special designated areas comprise 24,119 hectares (59,600 acres) of the Newberry Volcano.

Additional geologic information is given under Section 3.4 Geothermal Resources.
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3.2.1.3.  Project Area Geology

The upper western flank of Newberry Volcano consists primarily of late Quaternary ash-flow
deposits (mostly non-welded), basaltic lava flows, and cinder cones and ridges. The ash-flow
deposits occur south of an unnamed cinder cone in section 28, T. 21 S., R. 12 E,, and the lava and
cinders occur to the north. The lava flows are variously rubbly, blocky, and dense, and are not
significantly eroded. Cohesionless, uncompacted, easily excavated, windblown soil and Mazama
ash fill the low areas in these flows. Permeability of the soils and lava is high. Even during high
intensity storms or rapidly melting snow, surface water infiltrates soils and lava at such a rapid rate
that no flowing or standing surface water has ever been reported anywhere on the upper flanks of
Newberry Volcano (except for Paulina Creek).

The ash-flow deposits, which occur both north and south of Paulina Creek, consist mostly of
cohesionless, somewhat compacted, easily excavated ash and lapilli sizes (sand and gravel sized
grains). In the lower elevations of the project area, the ash-flow deposits have been eroded in a
series of shallow, parallel, west-draining valleys several tens of feet deep. Soils overlying the ash-
flow deposits thicken and thin depending on their position on valley ridges, slopes, and floors.
The soils consist of reworked ash-flow deposits and Mazama ash, and, like those among the lava
flows, are cohesionless, uncompacted, easily excavated, and highly permeable.

Slopes in areas of proposed facilities are mostly gentle (7 to 11 percent). Potential for mass
movement within the project area is very low. No evidence exists of surface faulting or landslide
events. However, faulting in the subsurface is highly probably based on projections of faults in the
Walker Rim and Tumalo-Sisters fault systems.

3.2.2. Soils

Soils development is based on parent material, climate, organisms, topography and time. Soils in
the project vicinity are primarily created and influenced by volcanic eruptions and are
characteristically coarse-textured, light-colored, excessively drained, and have low bulk densities.
Typically, the soils are rich in potassium, calcium, and magnesium content but are poor in
nitrogen, phosphorus, and sulfur content. The soils exhibit low thermal conductivity and can
experience wide ranging daily fluctuations in surface temperature which can contribute to frost
heaving when soils are moist or saturated.

Soils at Newberry are derived primarily from the eruption of Mount Mazama (Crater Lake, about
7,600 years ago). The pumice and ash mantle ranges from 50 to 100 cm (20 to 40 inches) and
supports forested areas. Other soils derived from pumice, ash and cinders underlie, overlie, and
are mixed with the Mazama ash soils. Scattered thicker deposits typically consist of materials that
have been redeposited after eroding from upslope positions. In addition, there are nurmerous
deposits of volcanic ejecta near cinder cones.

Surface soils in the project area are typically dark brown to yellowish brown, sandy, and consist of
pumice ash and small glassy fragments (lapilli). These are underlain by older brown-sandy to
loamy soils. Surface and subsurface soils may include gravel, cobbles and stones. Depth to
bedrock, where bedrock is basalt and andesite, is from 76 to 113 cm (30 to 45 inches). The soils
are slightly acid to neutral. See Appendix K for more detailed soil and land type information for the
project area.

Soil erosion in the project area occurs primarily from wind and as soil creep, sheet erosion, and
dry ravel; erosion potential is considered to be low to moderate. Erosion and dustiness are cormmon
on unsurfaced roads. Surface runoff seldom occurs for more than a short distance due to the rapid
infiltration into the soil. Surface layers of the coarse-textured pumice soils are easily displaced by
mechanical activity. Soil compaction occurs with heavy activity and with displacement of the
surface soils. Soils beneath nearly all of the project area and the transmission routes are mapped as
having low susceptibility to compaction. Mass failures are rare except in a few higher elevation
areas.
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3.2.3. Geologic Hazards and Risks
3.2.3.1. Seismicity

Seismicity is attributed to fault movement and magmatic activity. The project area is located near
major faults, and could potentially be affected by renewed movement or activity of these features.
However, from a historical standpoint, central Oregon — including the project.area — is
considered to be of low risk for serious damage from seismic activity. Seismic risk and earthquake
intensity maps (Ben-chieh Liu et al. 1981) indicate this region of Oregon has experienced only a
few minor earthquakes and should one occur, only minor damage would be expected. The vicinity
of Newberry Volcano is located in Seismic Zone 2B.

No surface faults or signs of ground rupture are known to exist within the project area. Buried
faults are suspected beneath the project area based on the projection of the nearby fault zones. The
most recent faulting and ground rupturing occurred approximately 6,700 years ago along the
Northwest Rift zone of Newberry Volcano.

3.2.3.2. Liguefaction

The soils in the region are coarse, well drained, rarely saturated, and not considered to be
susceptible to liquefaction.

3.2.3.3. Yolcanism

The area is characterized by geologically recent silicic and mafic volcanism. Volcanic activity began
in the region at least 500,000 years ago and is very likely to continue into the future. During the
past 12,000 years, eruptions have occurred at more than 25 sites within the project vicinity; the
most recent was about 1,300 years ago. Dormant periods between eruptions are generally 2,000 to
3,000 years. The life of this project is quite small compared to the expected length of dormant
periods.

3.2.3.4. Subsidence

Localized subsidence in the project area is unlikely due to the competent nature of the bedrock.
General subsidence around the volcano has occurred in the past as evidenced by caldera
development and associated ring fractures. Caldera subsidence is related to large magma chambers
and major volcanic activity. Recent geophysical studies have demonstrated that no large magma
chambers currently exist under Newberry Volcano. Renewed movement along existing fault planes
or general subsidence can occur where large volumes of formation fluids are removed causing
changes in formation pressure. Subsidence is covered in the environmental baseline requirements
of the GRO Orders.

3.2.3.5. Slope Stability/Landslides

The project area shows no signs of recent ground rupture or displacement. Slopes in the region are
generally quite gentle and considered to be stable.

3.2.3.6. Frost Action

Frost action in different forms can result when water in soil freezes. Ice lenses can render the soil
impervious, and growing ice crystals can lift soil vertically upwards 30 cm (1 ft) or more. Frost
action is greatly enhanced where surface organic material {duff) is removed. The soils in such areas
become highly susceptible to movement and flow when they become saturated above ice lenses.
Frost heave impairs plant establishment and growth.
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In the project area, frost action is limited and confined to the growth of needle ice in the upper few
inches of bare soil. During thaw, the collapse of the needle ice enhances surface soil creep and
does not present a risk to either structures or sumps. "

3.2.4. Mineral Resources

The geothermal resource at Newberry Volcano appears to be the only significant mineral resource
in the project area. There are no known commercial deposits of precious, strategic, or base metals
in the project region. However, cinders and lava continue to be quarried from the flanks of
Newberry Volcano for use as road construction material.

3.3. WATER RESOURCES

The study area for this section is defined as an'.area 64 km (40 miles) wide (east/west) by 80 km
(50 miles) long (north/south), and it includes portions of Deschutes, Crook, Lake, and Klamath
Counties.

In 1991, the USGS began a baseline hydrologic and water-quality data collection program for
BPA, BLM, and the U.S. Forest Service in order to help identify and assess the potential impacts
of proposed geothermal development (Morgan 1991a, 1991b, and 1992). Types of data collected
include groundwater levels, lake levels, streamflow, water quality, and meteorological
measurements. Data were collected from June 1991 through September 1993. If development were
to be approved, long-term monitoring would continue in order to detect physical and chemical
changes in the hydrologic system in Newberry Caldera that could be caused by exploration,
development, or utilization of geothermal resources.

The following description is primarily based on a recent report written by Dames & Moore (1994).
The 1994 Dames & Moore report includes a review of all published water resources and water
quality data. A primary source was the STORET data management system administered by EPA
and the Oregon Department of Environmental Quality (DEQ). Data obtained by a number of state
and Federal agencies are stored in the STORET system. The agencies include DEQ, EPA, Oregon
Department of Water Resources (WRD), U.S. Forest Service, USGS, and the U.S. Bureau of
Reclamation. STORET has data on Paulina Creek, Little Deschutes River, Deschutes River,
Tumalo Creek, Paulina Lake, East Lake, Wickiup Reservoir, and water wells in the following
areas: Newberry Crater, LaPine subbasin, Deschutes River watershed, and Tumalo Creek
watershed.

Published data contained in past USGS hydrologic studies of Newberry Caldera were also
reviewed (Ingebritsen 1986; Phillips 1968; Sammel 1983; Sammel 1988). The USGS Newberry
Caldera data includes information on Paulina Lake, East Lake, caldera groundwater, Paulina Lake
thermal springs, East Lake thermal springs, caldera geothermal steam, and Paulina Creek.

3.3.1. Studies Performed

Two studies have been performed to characterize the hydrology in the vicinity of Newberry
Volcano. The first study — begun in 1991 by the USGS at the request of BPA, BLM, and the
U.S. Forest Service — collected hydrologic, water-quality, and meteorologic data at approximately
21 sites (sampling points were added and dropped as the study progressed). The purpose of the
study was to provide baseline data for identifying and assessing impacts of geothermal
development. The study was limited to data collection, which is ongoing, with only limited
interpretation of the data. Data collected will be published in a USGS open-file report in mid-1994
(Crumrine and Morgan 1994). The monitoring program is summarized below.

- A second study was done by Dames & Moore of Portland, Oregon, in 1993. This study collected

and interpreted available hydrogeologic data for the Newberry area, but generated no new data. A
Hydrology Baseline Report was prepared, which included:
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. A compilation of existing data

. Collation of pertinent publicly available data inkerpretations

. Results of field review and ground &uthing of existing data

. Identification of key environmental issues

. Tables and maps of reviewed geological and hydrological information

. Data analysis and interpretation, including both existing and potential for interaction

between the cold groundwater and geothermal systems resulting from geothermal
development, and the potential impact of interaction on environmental issues

3.3.2. Geological Survey Hydrologic Monitoring Program

After performing a literature search and other preliminary investigations, the USGS initially
selected 17 monitoring sites. These were later expanded to 21 sites, listed in Table 3.3-1. These
sites include: (1) 12 wells, (2) two piezometers in hot springs areas, (3) lake gauges on East and
Paulina Lakes, (4) water-quality vertical profiles and water-quality sampling sites on the lakes, (5)
a streamflow data site on Paulina Creek, and (6) a strearnflow measurement and sampling site on
Paulina Creek 13 km (8 miles) downstream from the lake. The locations of monitoring sites within
Newberry Caldera are shown in Figure 3.3-1.

Data collection was based on the “Guidelines for Acquiring Environmental Baseline Data on
Federal Geothermal Leases” and USGS recommendations. Over SO water quality parameters were
measured, including water temperature, pH, specific conductance, dissolved oxygen, common
anions and cations, nutrients, trace elements, radio-chemicals, and isotopes. These parameters are
listed in Table 3.3-1. Meteorological data were also collected, including wind velocity, air
temperature, humidity, solar radiation, and precipitation.

If the proposed geothermal project were to be approved, hydrologic monitoring would continue.
3.3.3. Regional Hydrology

The project vicinity falls within two major watersheds, the Deschutes Basin and the Fort Rock
Basin (Figure 3.3-2). A watershed is generally defined as the area which receives surface runoff
from snow and rain and drains to a particular watercourse. The Deschutes River and a major
tributary, the Little Deschutes River, drain the Deschutes Basin and flow to the Columbia River,
225 km (140 miles) to the north. Therefore, the Little Deschutes River is within the Deschutes
River watershed, and the Deschutes River is within the Columbia River watershed. There are no
major surface streams and no surface outlet in the Fort Rock Basin. The Fort Rock Basin is a
closed watershed.

Soils and rocks in both the Deschutes and Fort Rock basins are very permeable, and most rain or
snowmelt percolates directly into the ground. Groundwater in the upper Deschutes Basin, south of
Bend, moves primarily northward within permeable volcanic rocks and unconsolidated silt, sand,
and gravel deposited during the past 2 million years. It is estimated that about 135 million cubic
meters (1.1 million acre-feet) of water recharges the upper Deschutes Basin groundwater basin
annually, coming primarily from the eastern slope of the Cascade Range (King 1991). The
Deschutes Formation north of Bend is the principal aquifer in the Deschutes Basin, although
groundwater also occurs in other smaller geologic units. These units are being evaluated in a
current USGS study. Groundwater flow in the region is generally toward the north.
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Table 3.3-1 Newberry Hydrologic Monitoring Sites
and Sampling Program - 1994

“Cinder Hill CG No. 7

Paulina Cr. nr outlet

Monitoring
Site Name

Location

Monitoring Frequency!

Chemistry?

Stage/
Water
Level

Temperature/
Conductance

Climate?

Geo-Newberry

Hot Springs CG No. 1
East Lake CG No. 1
Sandia

Little Crater CG No. 3
Newberry Group Site CG
Paulina Guard Station
Paulina Lake Lodge No. 1
LaPine High School
China Hat Guard Station

Paulina Cr, nr bridge

21S/12E-26aabl

21S/13E-29aac
21S/13E-29dcal
21S/13E-32abb
21S/13E-32bbb
21S/13E-31cdb
21S/12E-36baa
21S/12E-35dcb

21S5/12e-34acc
21S/12E-34acbl
22S/10E-10da
22S/14E-22bbc
21S/11E-28cba

21S/12E-34acb
21S/11E-28bca

SM,I
A SM,I
A SM,I

SM.,I
S C
S C
A SM,I
A SM,I
A SM.I
B I
B I

I I

wwm
——

ww>>>ununnl» X

-
—

‘Paulina Lake
1Explanation of frequency codes:
A Annually
B Biannually
C Continuously
I Intermittenty
M Monthly
Q Quarterly
SM Semimonthly
S Semiannually
20y jaa includes;

Wind
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3.3.4. Hydrology of Newberry Volcano

Newberry Volcano caldera rim is located near the boundary of the Deschutes and Fort Rock
Basins. The northeast, northwest, and southwest sides of the volcano (and its caldera) slope
toward the Deschutes River. The southeast side of the volcano slopes toward the Fort Rock Basin.
About 90 cm (35 inches) of precipitation fall on the caldera annually, much of it in the form of
snow (Sammel 1983; Phillips 1968). This is considerably higher than precipitation amounts in
adjacent areas, roughly three times that falling at the City of Bend, located 40 km (25 miles) to the
northeast.

3.34.1. Surface Water

Newberry Volcano has three primary surface water features: East Lake, Paulina Lake, and Paulina
Creek, which drains Paulina Lake. Paulina Lake and East Lake lie within the caldera. Paulina
Creek drains into the Little Deschutes River and is the only surface water outlet for the caldera.
There are no other perennial surface streams on the Newberry Volcano, and no reported
intermittent streams.

East Lake is approximately 55 meters (180 feet) deep and covers approximately 4.1 square km
(1,000 acres). East Lake is 12 to 15 meters (40 or S0 feet) higher than Paulina Lake; groundwater
appears to flow from East Lake to Paulina Lake. There is no surface outlet for waters draining East
Lake. However, water levels remain relatively constant, varying by about 4.9 meters (16 feet),
suggesting that inflow (runoff) and outflow (evaporation/groundwater recharge) tend to balance
one another (Phillips 1968; Dames & Moore 1994).

The elevation of Paulina Lake’s water surface is controlled by a dam at its outlet to Paulina Creek.
Paulina Lake levels have been manipulated since 1899. It has an area of 6.1 square km (1,500
acres) and is approximately 76.2 meters (250 feet) deep. Sarnmel (1983) estimated the lake outflow
(Paulina Creek discharge) to be about 16 million cubic meters (13,000 acre-feet) per year.

Average precipitation in the caldera totals about 39 million cubic meters (31,900 acre-feet) per year,
most of which infiltrates into the ground. Loss of water through evaporation from lakes, surface
water, and vegetation and average annual flow from the caldera through Paulina Creek is estimated
at 80 percent of total average precipitation. The total annual discharge of Paulina Creek near LaPine
(from October 1991 to September 1992) was 11,744,100 cubic meters (9,520 acre-feet). Between
3,085,000 to 8,020,000 cubic meters (2,500 and 6,500 acre-feet) per year is estimated to percolate
into the regional groundwater reservoir from the caldera (Sammel 1983).

The quality of water in the two lakes appears to be fairly stable during the year. Both lakes contain
water with low concentrations of dissolved substances. East Lake waters have a total dissolved
solids content of about 200mg/1. Nutrient and chloride levels are very low in both lakes and heavy
metals concentrations are below the detection limit of USGS analytical tests. Both lakes exhibit
temperature stratification at most of the periods and stations sampled. Dissolved oxygen content is
generally high, except near the lake bottom. (Crumrine and Morgan 1994).

Well and spring water quality in the caldera is quite variable, although water quality is generally
similar to that of the lakes. Some wells contain waters with a very low dissolved solids content,
less that 100mg/1. Others exhibit total dissolved solids contents of about 800mg/1, about twice the
highest level measured in Paulina Lake.

3.3.4.2. Groundwater

Groundwater flow in the shallow aquifer within the project vicinity generally conforms to the
surface watersheds. Dames & Moore estimated that 553,000,000 cubic meters (448,000 acre-feet)
per year of water percolates into the ground on the flanks of Newberry Volcano and that half of it
flows into the upper Deschutes Basin. This represents about 20 percent of the estimated quantity of
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water flowing through the basin. As noted above, 3,085,000 to 8,020,000 cubic meters (2,500 to
6,500 acre-feet) per year are estimated to recharge into the regional groundwater from the caldera
itself.

The movement of groundwater in the shallow aquifer system at Newberry Volcano is complex and
only partially understood. The volcano’s flanks are underlain by complexly interbedded lava flows
and sediments. Most subhorizontal groundwater flow is probably along the rubble zones at the top
and bottom of each flow. Subvertical flow probably occurs between rubble zones where the zones
overlap or are cut by fractures. Temperature measurements in boreholes on the west flank indicate
that isothermal conditions exist above depths of 600 meters (2,000 feet). These conditions are
interpreted to indicate the maximum depth of fresh water circulation in the shallow aquifers. The
lower boundary of the aquifer system is believed to represent a major decrease in permeability
(Blackwell, 1993) as shown in Figure 3.2-4. Groundwater flow within the caldera is complex and
poorly understood. Precipitation inflitrating the permeable soils percolates to a shallow water table
at depths of 6 to 15 meters (20 to 50 feet) below ground surface, which probably slopes inward
toward the lakes. Under the influence of the water table, shallow groundwater flows laterally
toward the lakes into which it discharges. The surface of East Lake is about 13.7 meters (45 feet)
higher than that of Lake Paulina, and groundwater must flow westward from East Lake to Lake
Paulina and then outward through the breach in the caldera wall through which Paulina Creek
flows (Dames & Moore, 1994).

Deeper groundwater flow within the caldera is controlled by the subvertical ring fractures and
subhorizontal rock layers as shown in Figure 3.2-4. As noted by Macleod and Sammel in 1982,
vertical permeability in the caldera fill and in the collapsed caldera block is low, and any vertical
connection would be limited to faults, ring fractures, and brecciated intrusion contacts. Horizontal
flow would be limited to permeable zones (rubble zones) with good hydrological connections to
water-bearing fractures. These water-bearing zones are likely to be perched above the regional
water table. In the deep Newberry 2 test hole, cold water perched aquifers were encountered at
depths of 273 meters (896 feet) and 541 meters (1,776 feet), and warm water aquifers were
encountered at depths of 341 meters (1,120 feet) and 439 meters (1,440 feet) (Fig. 3.4-3). Below
739 meters (2,425 feet), few permeable zones were encountered.

3.3.4.3. Hot Springs and Geothermal Fluids in Newberry Caldera

There are two distinct components of the hydrothermal system at Newberry Caldera: a shallow
hydrothermal system consisting of hot springs and a deep geothermal system consisting of
geothermal resources at higher temperatures and depths greater than 396 meters (1,300 feet) below
ground surface (Dames & Moore 1994). The high-temperature deeper fluids are described in
Section 3.4, Geothcrmal Resources.

The thermal springs within the caldera are located along Paulina Lake’s northwest shore and East
Lake’s southeast shore. The springs extend from the shoreline a short distance beneath the lake,
where their locations are marked by rising columns of CO, bubbles. On land, cemented sand
deposits along Lake Paulina and altered volcanic rock along East Lake indicate that thermal activity
once occurred at higher elevations. The springs are considered to be fumeroles (gas vents) covered
by the lakes (Mariner and others 1980). The presence of only steam in the bottom of the deep test
hole, Newberry 2, is consistent with this hypothesis.

The degree of direct connection between the shallow and deep hydrothermal systems is probably
slight. The Newberry 2 test hole encountered low permeability, hydrothermally altered rock at
depths below 213 meters (700 feet) and dense lava flows below 700 meters (2,300 feet )as shown
in Figure 3.2-4. Below approximately 700 meters (2,300 feet), the temperature curve in Newberry
2 becomes conductive or linear with depth (Figure 3.4-3), which indicates that most of the
permeability in the lower part of the hole has been lost. Additional supporting evidence comes from
a comparison of fluid chemistries.
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The chemistry of the fluids in the deep hydrothermal system is not known. However, it is assumed
that the chemistry of the fluids from the Medicine Lake Highlands in Northern California is similar,
because the two volcanos are similar in many other respects (Dames & Moore, 1994). Chemical
analyses indicate that certain constituents from the Medicine Lake geothermal fluids, such as
chloride, silicon dioxide, sodium, potassium, and lithium, occur at much higher concentrations
than in the shallow thermal waters at Newberry Caldera. Of particular interest is the lack of sodium
chloride in the waters at Newberry Caldera; sodium chloride is a common element of geothermal
fluids. Newberry Caldera’s thermal waters do have elevated concentrations of calcium carbonate
and sulfates compared to the Medicine Lake geothermal waters. These elevated concentrations
support the interpretation that the thermal waters are being heated by steam enriched with
carbonates and sulfate and do not represent deep geothermal fluids such as the Medicine Lake
geothermal fluids (Mariner 1980, Carothers 1987 and Dames & Moore 1994). In other words, the
shallow geothermal system in the caldera does not appear to be receiving large quantities of
groundwater from the deeper hydrothermal system. In this sense they are isolated from each other.

A review of regional water quality data indicates that the cold water systems outside of the caldera
have no measurable interaction with the deep geothermal system at Newberry Volcano. Geothermal
fluids have distinct chemical properties. There is no evidence that regional groundwater quality has
been altered by contact with the deep geothermal system (Dames & Moore 1994).

3.3.5. Hydrology of the Project Area

There are no stream flows, except for Paulina Creek, and no standing surface waters (e.g., ponds,
lakes) along the western flanks of the Newberry Volcano. Because of permeable soils, virtually all
snow or rain runoff percolates into the ground before reaching the creek. Fresh groundwater in the
project area flows west toward the Little Deschutes River.

3.35.1 Current Water Use

Surface water resources for Deschutes County, including Paulina Creek, are fully “appropriated,”
and the Oregon Water Resources Department (WRD) no longer grants new surface water rights.
Concem has been raised by the WRD that groundwater resources may become depleted with
continued population growth and associated development. A comprehensive groundwater
resources study for the county and surrounding areas is being undertaken by the USGS and the
WRD.

Water users within the upper Deschutes Basin include the communities of Bend, LaPine, and
Sunriver; Avion Water Company; Roats Water Company; and users of private wells and golf
courses. The City of Bend already fully utilizes its surface water appropriations from the Deschutes
River and expects to develop one water well per year that would produce 3.8 million liters
(1 million gallons) per day to accommodate anticipated growth. Other water users rely exclusively
on groundwater wells. The closest wells to the project area, other than geothermal exploration
wells, are non-community, transient wells in the campgrounds 0.8 km (0.5 mile) to the east and in
the caldera, and domestic wells about 8 km (S miles) to the west.

3.4. GEOTHERMAL RESOURCES

3.4.1. Introduction

A geothermal resource can generally be defined as a geologic accumulation of thermal energy
potentially exploitable for human purposes (Anderson et al. 1988). Newberry Volcano exhibits

many characteristics common to productive geothermal reservoirs elsewhere in the world.
However, it is important to understand the following points in relation to this section:
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. All geothermal resources have some things in common, but also have differences
that profoundly affect how they can be employed and what impacts are likely to
occur.

. No one yet knows enough about the specifics of this Newberry resource to

accurately describe all of the impacts that are of interest. Accordingly, the
environmental review and permitting process includes certain prudent checks and
balances that are designed to minimize down-side consequences but still allow some
demonstration-scale resource exploration, testing, development, monitoring, and
evaluation.

This section describes the geothermal resource that is believed to exist at Newberry Volcano, based
on publicly-available sources of information listed in the References section of this report.
Geologic and hydrologic information necessary to understand the geothermal system is included in
this section. More detailed regional discussions of geology and hydrology are included in separate
sections of the EIS.

3.4.2. Study Area

Electric power production at Newberry Volcano would use hot water (geothermal fluids) from a
deep natural reservoir to generate steam for electric power production and would inject the residual
water and condensed steam back into the same deep reservoir (CEE 1992). Therefore, the
geothermal resources study area includes the areas of fluid withdrawal and injection (the Project
Area), the geothermal system itself (probably centered beneath Newberry caldera), and a suitable
buffer zone around those areas. Based on these considerations, the appropriate geothermal
resources study area is shown Figure 3.4-1. The Newberry Known Geothermal Resources Area
(KGRA) is shown in Figure 3.4-2. Alternatives under consideration would be located on the west
flank of the Newberry Volcano within the Project Area.

3.4.3. Geologic Description of Newberry Volcano

3.4.3.1. Regional Setting and Volcanism

Newberry Volcano was first visited and named by Russell in 1905, and the first full study was
prepared by Williams in 1935. Since the mid-1970s, Newberry Volcano has been the subject of
extensive scientific investigation by earth scientists and geothermal resource explorers (Fitterman
1988 and MacLeod et al. in press).

Located in central Oregon approximately 60 km (40 miles) east of the axis of the Cascade Range
(Figure 3.4-1); Newberry Volcano is one of the largest volcanoes in the Cascades and has a
complex eruptive history. As a topographic feature, it covers an area of 1,300 square km (500
square miles) extending 60 km (37 miles) north-south and 30 km (19 miles) east-west, with a 6-
by 8-km (3.7- by S5-mile) diameter summit caldera rising to 1,100 meters (3,600 feet) above the
surrounding terrain. Volcanic activity at Newberry began at least 500,000 years ago (Feibelkom et
al. 1983). Newberry Volcano has erupted at least 25 times in the past 10,000 years, most recently
1,350 years ago when the Big Obsidian Flow and pumice-fall deposit were erupted. Numerous
recent silica-rich (“silicic”’) domes, breccias, and flows are present within Newberry caldera. Those
less than 6,700 years old are all chemically similar (MacLeod and Sherrod 1992).
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Large volumes of young silica-rich volcanics, high geothermal gradients (MacLeod and Sherrod
1988), and seismic survey evidence (Achauer and Evans 1988) indicate that a magma chamber of a
few to a few tens of cubic km in volume is present beneath Newberry caldera at a depth of about
3 km (2 miles) (MacLeod and Sammel 1982). Young volcanic flows and a shallow magma
chamber, which can serve as a heat source for a geothermal system, are encouraging signs to
explorers that a developable geothermal resource may be present. However, reports from other
studies do not indicate the presence of a shallow magma body. Catchings and Mooney (1988)
conducted a deep seismic refraction survey across Newberry Volcano and reported the absence of a
low seismic velocity zone that would indicate the presence of a magma chamber. They concluded
that a large magma chamber does not exist in the upper crust at Newberry Volcano, at least along
their line of measurements. They noted that the weakening of the seismic signals they observed
may be consistent with either small partially-melted magma chambers or other phenomena.

One possible model that is consistent with these conflicting observations was proposed by
Linneman (1990) who suggested that Newberry Volcano was formed by repeated small-volume
mafic (iron-magnesium rich) magma injections into the crust from very deep magma chambers
beneath the earth’s crust, followed by partial melting of the upper crust, generating the bimodal
(basalt/rhyolite) volcanic style that distinguishes Newberry Volcano. Considering the various
studies together, it appears likely that a small shallow magma chamber is present, providing a
continuing source of heat to the hydrothermal system beneath the volcano. It also suggests the
probability of future volcanic activity (Fitterman 1988). Seismic studies at Mount St. Helens (Lees
1992) and ground deformation studies at four active volcanoes (DeNatale and Pingue 1993)
indicate that shallow magma chambers are commonly accompanied by ground deformation and
seismic activity, which have not been reported at Newberry. This suggests that Newberry Volcano
is in a period of quiescence (little or no volcanic activity) since the last eruption 1,350 years ago.
The geologic cores recovered from the USGS Newberry 2 drill hole show that in the past. periods
of quiescence have lasted for 2,000 to 3,000 years (MacLeod and Sherrod 1988).

3.43.2. Newberry Caldera

The summit of Newberry Volcano is distinctive in its steep-walled basin-like form, interpreted by
geologists as a volcanic caldera. Calderas form when a volcanic edifice collapses into its magma
chamber, usually accompanied by a voluminous pumice eruption. Several sets of semicircular
“ring” fractures encompass Newberry’s summit, suggesting that caldera collapse took place in
several stages (MacLeod and Sammel 1982). At least two episodes of large pumice eruptions have
been idenufied that are large enough to be the products of caldera collapse (MacLeod and Sherrod
1992).

Ring fractures around the caldera rim may extend vertically into the earth, or they may dip ata
fairly steep angle. Dip angle is of interest because geothermal drilling will target the ring fractures
as likely pathways connecting to a geothermal reservoir. Many published caldera cross-sections
show ring fractures dipping toward the center of the caldera, although geologic evidence is limited
about the direction that ring fractures dip. Some recent experimental studies (Komuro 1987) and
seismic evidence from the actively subsiding Rabaul caldera in New Guinea (Mori and McKee
1987) suggest that collapse-caldera ring fractures form in response to magma withdrawal and that
the mechanics of rock failure cause ring fractures to dip outward from the volcanic summit at steep
dip angles.

Atthe ime they are formed during caldera collapse, ring fractures probably extend from the surface
down to the magma chamber, providing pathways for magma toward the surface. Dikes (cooled
magma in fractures) may later seal the ring fractures. As the caldera settles and adjusts over time,
seismic activity may fracture the dikes, resulting in relatively high permeability (open connected
spaces) along the ring fracture system that provide a pathway for geothermal fluids to circulate.
The Newberry ring fractures cut across the dense, massive basaltic andesite lava flows that have
been observed in core holes. These lava flows appear to have almost no vertical permeability
(Keith and Bargar 1988). Thus, ring fractures (and other geologic faults, fractures, and volcanic
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vents that may be present at Newberry Volcano) provide the most likely vertical pathways for.

circulation of hydrothermal fluids (Sammel et al. 1988).
3.4.3.3. The Lease Area

Geologic logs of geothermal drill holes show that the project area is underlain by thick sequences
of basaltic andesite lava flows interbedded with volcanic cinders, scoria, and tuffs. Interlayered
with the basaltic andesite sequences are silica-rich (silicic) volcanics composed of black glass flows
and pyroclastic debris. Volcanic mudflows and other sedimentary rocks are occasionally present,
representing periods of quiescence between eruptive events (Wermiel pers. comm. 1993).

3.4.3.4. Exploratory Drilling

Table 3.4-1 summarizes maximum temperature and depth data for five drill holes in and adjacent
to the project area, and one inside the caldera. Drill hole locations are shown on Figure 3.4-1, and
temperature profiles are shown on Figure 3.4-3. A conceptual cross section of Newberry Volcano
is shown in Figure 1.3-2. Four drill holes located inside the project area are identified on
Table 3.4-1. Temperature and heat flow data are available for these and other wells outside the
project area (Blackwell 1993; Davis et al. 1990).

Table 3.4-1 Geothermal Drill Hole Data

‘Name - Elevation  Depth Tempmax Gradient Heat Flo;v
(m) (m) (Deg C) (Deg C/km) (mW/m2

INSIDE NEWBERRY CALDERA

USGS Newberry 2 1,914 932 265 1,092 1,594
OUTSIDE NEWBERRY CALDERA

CECI NB-41 1,756 1,131 73 115

GEO N-21 1,832 1,336 164 129 200
GEO N-s! 1,731 988 69 126 198
Santa Fe NC-01! 1,832 1,220 171 138 221
Santa Fe NC 72-03 1,986 1,372 154 137 222

IDrill holes located within the Project Area.
2Gradient and heat flow data from Blackwell (1991) and Black (1991).

3.4.3.5. Drilling in the Project Area

Drilling in the project area encountered maximum temperatures in drill hole Santa Fe NC-01 of
171°C (338°F), at total depth of 1,220 meters (4,000 feet). The thermal gradient (the rate of
increase of temperature with depth) was about 138°C per km (85°F per 1,000 feet) in the lower
portions of the drill hole. The temperature profile of Santa Fe NC-01 is similar to that of thsee
other wells in the project area, as described by Blackwell (1993).

Isothermal conditions extend some distance below the water table depending on local geologic
conditions or possibly due to water circulation in the drill hole itself during temperature
measurement (Swanberg et al. 1988). This region has been called the “rain curtain” (Swanberg et
al. 1988). Blackwell (1993) examined the rain curtain effect in detail and has suggested that
intrahole flow is responsible for isothermal conditions below the water table. He has stated that the
bottom of the rain curtain is at most S00 to 600 meters (1,600 to 2,000 feet) deep. On the basis of
constantly increasing temperatures below the rain curtain, Blackwell has concluded that the bottom
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of the rain curtain represents a major permeability change. Below that depth thermal conditions
would be governed by conduction, not convection.

Below the rain curtain, temperature increases linearly in all drill holes in the SO lease area to total
drill hole depth at a high rate compared to generally accepted crustal heat-flow values in the
Cascades. The temperature gradient in Santa Fe NC-01 projected to depths below the bottom of
the drill hole indicates temperatures exceeding 290°C (SS0°F) below 1,800 meters (6,000 feet).
These temperatures would be suitable for geothermal production, provided the reservoir has
adequate fluid flow.

3.4.3.6. Drilling in Newberry Caldera

Drilling in Newberry Caldera has been described by Keith and Bargar (1988) for the USGS
Newberry 2 drill hole, and by Keith et al. (1986) for Sandia Labs RDO-1 drill hole. Both wells
were located near the toe of the Big Obsidian Flow. The drill cores from Newberry 2 reveal two
episodes of silicic volcanism separated by a group of basaltic andesite eruptions. Also, well-sorted
sedimentary rocks between 305 and 325 meters (1,000 to 1,065 feet) suggest that a single large
caldera lake existed in the past. The Newberry 2 drill hole was drilled to a depth of 932 meters
(3058 feet) and the RDO-1 hole to 424 meters (1391 feet). From the top down, both drill holes
penetrated about 110 meters (360 feet) of silicic volcanic ash and obsidian, 200 meters (650 feet)
of basaltic tuff (compacted volcanic fragments), 20 meters (65 feet) of lake sediments, and about
100 meters (300 feet) of hard silicic ash (lithic tuff). Newberry 2 was drilled below this depth
through another 250 meters (820 feet) of silicic volcanic rock underlain by 240 meters (790 feet)
of basaltic andesite lava flows.

There is an abrupt change of rock type from mainly fragmental and air-fall volcanics (e.g., ash,
pumice, tuff) to volcanic flow rocks (e.g., obsidian, rhyolite, dacite) below 500 meters
(1,650 feet) and another lithologic change to basaltic andesite flow rocks below about 700 meters
(2,200 feet). The beginning of caldera formation, and the precaldera surf ace, could be represented

to the change from basaltic andesxte to._silicic eruptions at 700 meters (2,200 feet) Below the
_precaldera surface, the volcanic sequence may be similar to that encountered in the project area.

Drill Hole Newberry 2 encountered a maximum temperature of 265°C (509°F) (Sammel 1981) ata
total depth of 932 meters (3,058 feet). Lithology and rock alteration due to circulating geothermal
fluids for Newberry 2 are described by Keith and Bargar (1988), who offer two alternative
interpretations of the Newberry 2 temperature bulge between 425 and 547 meters (1,400 to
1,800 feet): (1) an influx of thermal water at about 425 meters (1,450 feet), or (2) an influx of
cold water between 500 and 697 meters (1,650 to 2,300 feet) superimposed on an already
increasing temperature gradient below 300 meters (1,000 feet). Sammel (1988) noted that there
were cool water zones at 120 meters (393 feet), 275 meters (902 feet), SSO meters (1,804 feet),
and 625 meters (2,050 feet) in Newberry 2. No hot water aquifers were recorded during drilling.

Drill hole Sandia RDO-1, located 500 meters (1,640 feet) southeast of Newberry 2 toward a
caldera ring fracture, penetrated a shallow hot water aquifer between 380 and 397 meters (1,247 to
1,302 feet). Underground flow from this hot water aquifer could spread as far as Newberry 2 and
be responsible for the temperature bulge in the upper S00 meters (1,640 feet) of Newberry 2.
The inner caldera ring fracture and feeder dikes (volcanic vents) located along it, particularly the
feeder dike to the 1,350-year-old Big Obsidian Flow, are possible upflow channels for thermal
waters rising from a geothermal system below the caldera floor (Sammel et al. 1988, Black et al.
1984, Keith et al. 1986).
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Lake sediments discovered in the USGS Newberry 2 drill hole at 300 meters (985 feet) suggest
that the caldera was initially much deeper than it is today and that the central area subsided 500 to
800 meters (1,640 to 2,625 feet) as measured from the present day caldera rim. Volcanic flow
rocks in drill cores suggest that the precaldera land surface is at about 500 meters (1,640 feet)
depth (MacLeod and Sherrod 1988) although it could be somewhat deeper. The sharp increase in
temperature gradient at 700 meters (2,200 feet), which corresponds to the base of silicic flow
rocks, the top of the basaltic andesite flows, and the absence of further fluid entries into the drill
hole, may represent the precaldera surface. Thus, the geology and drilling results show that the
caldera is SO0 to 700 meters (1,600 to 2,200 feet) deep.

3.4.4. Hydrogeology
3.44.1. Regional Hydrogeology

Regional groundwater flow is generally to the north (for details, see Section 3.3, Water
Resources). Groundwater flow occurs in the permeable volcanic strata of the Deschutes Formation
and overlying layers of basalt with interstratified sedimentary and other volcanic deposits. The
Clarno and John Day Formations that underlie the Deschutes Formation include stratigraphic units
with low permeabilities that probably inhibit horizontal and vertical flow of regional groundwater.
The depth to groundwater in the Deschutes Basin ranges from about 6 meters (20 feet) in the
LaPine Subbasin to over 365 meters (1,200 feet) northeast of Newberry. The upper Deschutes
Basin (also called the LaPine Subbasin) along the Little Deschutes and Deschutes Rivers west and
northwest of Newberry and the underlying yolcanic bedrock in the Deschutes Basin have good
groundwater recharge. Due to the large annual precipitation on the eastern slope of the Cascade
Range and the relatively high permeability of the area’s surficial rocks and sediments, a significant
amount of water infiltrates into the ground and is available to recharge the groundwater. Dames &
Moore (1994) report that annual recharge to the upper Deschutes Basin groundwater is 1.4 billion
cubic meters (1.1 million acre-feet) per year. Studies performed by the USGS (Sammel et al.
1988, Sammel 1983, and Phillips 1968) indicate that the net contribution from Newberry Caldera
precipitation to recharge the groundwater is 3 to 8 million cubic meters (2,500 to 6,500 acre-feet)
per year. Recharge on the volcano’s flanks can be estimated using the surface area (approximately
1,600 square km or 600 square miles), annual precipitation (approximately S1 cm or 20 inches
per year), and applying evaporative loss rates observed at Wickiup Reservoir (approximately 30
percent of annual precipitation). Based upon the above assumptions, 552 million cubic meters
(448,000 acre-feet) per year seeps into the ground on the flanks of Newberry Volcano.
Approximately one-half or 276 million cubic meters (224,000 acre-feet) per year would seep into
the western half of the volcano and potentially flow into the upper Deschutes Basin west of
Newberry (Dames & Moore 1994).

3.4.4.2. Hydrothermal System at Newberry Caldera

As indicated in Section 3.3.4, the hydrothermal system at Newberry Volcano has been extensively
studied. Sdll, the system is poorly understood. Available concepts are simplifications of a complex
hydrogeological situation. Experts agree there are three components to the groundwater system
“model”: (1) a limited shallow system largely confined by the caldera walls (ring fractures) and
caldera floor (volcanic flows), (2) an extensive deeper system beneath the caldera floor and above
the underlying magma heat source laterally connected to the regional aquifer, and (3) a sy stem of
faults and fractures and feeder dikes that provides a limited connection between the shallow and
deep systems. The potential geothermal resource at Newberry Volcano for the purpose of electrical
energy production is the deeper hydrothermal system that is proposed to be tested using wells
drilled at the project area, located outside Newberry caldera (and outside Newberry National
Volcanic Monument) on the west flank of the volcano.

A great deal of information from drilling and geophysical studies has been combined into a mental -
picture or “conceptual model” of the Newberry hydrothermal system described by Sammel et al.
(1988). _

219




The model proposes a high-level water table in the caldera, maintained by precipitation. Water in
the caldera fill is heated by conduction from below as well as by small amounts of thermal fluid,
probably mostly steam, rising through fractures and volcanic vents. Below the relatively permeable
caldera-fill deposits, at depths greater than 500 meters (1,650 feet), permeabilities are extremely
low in thick strata of lava flows and tuffs. These rocks form a relatively tight confining layer that
isolates the shallow hydrothermal system from the deeper system of high-temperature convective
flow at depths greater than 1 km (3,000 feet). In limited areas near ring faults and volcanic vents,
high vertical permeabilities allow exchange of fluid between caldera fill and the deep high
temperature zone. Little of the meteoric water in the caldera makes its way directly downward.
Most of the water flows laterally as groundwater out of the Caldera region and into the flanks of
the volcano through permeable flow tops and basal breccias such as those observed in the
GEO N-1 drill hole (Swanberg 1988) and the Newberry 1 drill hole (MacLeod and Sammel
1982).

Chemical studies on different types of oxygen atoms (isotopes) by Carothers et al. (1987) from
fluids produced during the Newberry 2 flow test show that some mixing of shallow and deep
waters occurs. No other chemical evidence of geothermal reservoir fluids is reported in
Newberry 2 production fluids (Ingebritsen et al: 1986) and the Paulina and East Lake hot springs.
Hot spring waters at Paulina and East Lakes contain dissolved bicarbonate, sulfate, and sodium.
The deep geothermal reservoir fluid is expected to have a different suite of dissolved ion
concentrations, particularly chloride, as is found at most other hot-water geothermal areas.
Chloride is only present in very low concentrations at Paulina and East Lake hot springs. The weak
fumarolic activity along the toe of the Big Obsidian Flow consists mainly of carbon dioxide gas,
with no reports of hydrogen sulfide gas. Thus, there is no appreciable evidence for mixing of deep
and shallow geothermal fluids based on surface water chemistry. No fluid from the deep reservoir
has been detected on the flanks of Newberry Volcano or in nearby streams (Sammel et al. 1988).

3.4.4.3. Project Area

Geothermal conditions in the project area differ significantly from conditions in the caldera. No
surface manifestations of hydrothermal activity are present in the project area. No shallow
hydrothermal system has been detected in the project area. On the contrary, the regional aquifer is
estimated to be about 490 meters (1,600 feet) deep and isothermal conditions near atmospheric
temperature above that depth.

No productive geothermal wells have been drilled in the project area, thus the-existence of a
geothermal resource is questionable. On the other hand, the project area lies immediately west of
the inner caldera ring fault and may be traversed by other ring faults and fractures having little
surface expression that are hydraulically connected to a geothermal reservoir beneath Newberry
Caldera. Bottom hole temperatures and temperature gradient data from the core holes in the project
area indicate the proximity of a geothermal system. Geophysical data, particularly electrical
resistivity soundings (Fitterman et al. 1988) and mineral alteration in drill hole cores (Wermeil
1993), suggest that elevated temperatures and hydrothermal fluid movement is occurring at depth
beneath the project area. Seismic studies of compression waves have indicated a zone of high
attenuation under the proposed project area that has been interpreted as a region of boiling water
(Zucca and Evans, 1992). '

3.4.5. Geothermal Potential

Using two different sets of assumptions, potentially sustainable geothermal energy production at
Newberry Volcano has been recently estimated by Black (1993) at either 20 to 200 megawatts
(MW) or 200 to 2,000 MW.

The lower range (20 to 200 MW) results from assuming that Newberry Volcano shares the
characteristics of other Cascade Range volcanoes, expected to have very low recovery factors

2 7N

o Gl 'mi =



(0.01 to 0.1) relative to total thermal energy. The recovery factor is the ratio of geothermal energy
available at the surface to geothermal energy originally in the reservoir.

The upper range of potential energy production (200 to 2,000 MW) results from assuming that
Newberry Volcano has a recovery factor of 0.25 based on an effective porosity of 20 percent
(Brook et al. 1978) which Black (1993) points out may be valid for the hydrothermal convection
systems for which it was designed, but is not valid (too high a recovery factor) for Cascade Range
volcanoes in general.

At Newberry Volcano, where a hydrothermal convection system and magmatic heat source are
apparently present, a recovery factor of 0.25 may be valid for portions of the volcano (Black,
1993). Thus Newberry’s geothermal potential is estimated to be in the range of 200 to 2,000 MW,
probably toward the lower end of the range.

The assumptions and calculations used by Black (1993) and Brooke et al. (1978) do not take into
account an abandonment temperature for power generation. They are based on the total geothermal
fluid heat content. Over time, the temperature of water-dominated geothermal reservoirs may drop
to a point where power generation is economically not feasible with the installed technology. At
this temperature, facilities would have to be replaced or modified, or power generation must be
abandoned. Such a drop in temperature generally would be due to an intrusion of cooler water into
the reservoir. At the abandonment temperature, which will vary depending on the type of heat
extraction technology, production well depth and other factors, the geothermal fluid would retain a
certain amount of unrecoverable energy. Thus, the theoretical energy estimates stated above are
higher than the actual recoverable energy by an unknown amount (Chitwood 1993; McClain
1993).

3.4.6. Geothermal Resource Fluid Composition Assumptions

Newberry Volcano and Medicine Lake Volcano in northern California have several notable
geologic similarities (Linneman 1990). The Medicine Lake highlands are situated in a caldera
similar to Newberry (Dames & Moore 1994). Both volcanoes probably have small shallow magma
chambers heating hydrothermal systems beneath their summit areas. Whereas geothermal drilling at
Newberry has discovered a limited hydrothermal system in the caldera fill, drilling at Medicine
Lake has tapped a deeper reservoir. Table 3.4-2 illustrates the chemical differences between the
thermal springs at East Lake and Paulina Lake, and geothermal fluids analyzed from geothermal
test wells located in the Medicine Lake Highlands in northeast California. Chemical analyses show
that certain constituents from the Medicine Lake geothermal fluids (i.e., chloride, silicon dioxide,
sodium, potassium, and lithium) exhibit much higher concentrations than the thermnal waters at
Newberry. Of particular interest is the lack of sodium chloride at Newberry, which is a common
element of geothermal fluids. The low concentration of these constituents supports the
interpretatdon that Newberry’s thermal waters do not represent deep geothermal fluids. Newberry’s
thermal waters do have elevated concentrations of calcium carbonate and sulfates compared to the
Medicine Lake geothermal fluids. These elevated constituents support the interpretation that the
thermal waters are being heated by steam enriched with carbonates and sulfate.

3.5. CLIMATE AND AIR QUALITY
3.5.1. Study Area

The study area for the discussion of air quality includes the project region and extends to the
closest Class 1 (air-quality sensitive) area. The closest Class 1 area is the Three Sisters Wildemess
Area and is located to the north-northwest of the CEE leases. The distance from the proposed
project to the closest boundary of the Class.] area is approximately 43.5 km (27 miles). This study
area was selected to include areas that were considered because of their sensitivity to air quality
impacts. The study area also includes the cities of Bend, Sunriver, and LaPine. Figure 3.5-1
shows the study area.
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Table 3.4-2 Chemical Analyses of Thermal Waters

Constituent East Lake! Hot Paulinal Hot  Medicine Lake Test
Springs Springs

pH 6.4 6.8 8.4
Concentrations in mg/l (Parts per Million)3
Silica (Si0?) 100 205 690
Sodium (Na) 53 140 980
Potassium (K) 3.8 17 158
Calcium (Ca) 70 56 25.9
Magnesium (Mg) 34 60 1.7
Bicarbonate (HCO3) 547 856 27
Sulfate (SO4) S8 <1.0 46
Chloride (CI) 1.7 6.0 1,759
Lithium (Li) 0.04 0.22 6.3
Notes:

All values in mg/l (parts per million); highest reported values shown.
1Source: Mariner, 1980
2Source: CE Exploration Company, 1994

3Highest reported values shown
3.5.2. Existing Conditions
3.5.2.1. Setting

The proposed project is located in a rural setting, absent of substantial air pollutant emissions.
Much of the project vicinity is managed either by the BLM or the U.S. Forest Service for forest
products, rangeland, or recreational uses. Principal regional man-made sources of air pollution are
wind-blown dust from exposed soils (forestry and development), road dust, vehicular exhaust
emissions, and smoke and particulate matter from infrequent slash burning, which has been on the
decline with recent market demands for wood and better utilization technology. Deschutes County
is estimated to be responsible for a small portion (approximately 2 to 3 percent) of Oregon'’s total
regulated air pollutant emissions (see Appendix F-1).

Natural sources such as wind-blown dust, pollen, and intermittent forest fires can occasionally
contribute to local levels of pollutants in the atmosphere. Forest fires emit air pollutants such as
nitrogen oxides, particulates, and unburned organic compounds. Together with natural sources,
human activities such as dirt road travel and infrequent forest slash burning can contribute to
occasional locally elevated air pollution levels. This situation is not unique; it is typical of most
rural semi-arid and arid areas of the U.S. Although no ambient air monitoring has been done in the
project area, the Oregon Department of Environmental Quality considers the area to be in attainment
of all state and Federal ambient air quality standards. In addition, based on the characteristics of
local emission sources and the geographical area, the area is unquestionably in attainment of all air
quality standards.
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3.5.2.2. Climate and Meteorology

Climate in the project region is typical of a semi-arid high desert, which experiences cold, moist
winters and warm, dry summers. The average annual precipitation within the Newberry caldera is
approximately 89 cm (35 inches) (Appendix F-5). Meteorological data were collected from
September 26, 1992 to August 13, 1993, near the proposed project site for use in air quality
modeling. Wind speed, wind direction, and a measure of atmospheric stability data were collected
by CEE. Wind roses for the data are contained in Appendix F-4. The wind data revealed a diumal
pattern in wind direction, with east and southeast winds occurring most frequently at night and
winds from the west most frequently occurring during the day. Because of the elevation and
surrounding topography, stagnation events in the project vicinity are uncommon (Branig 1993).

3.5.2.3. Air Quality Standards/Guidelines

Air quality standards have been set by the U.S. EPA under the Federal Clean Air Act (most
recently amended in 1990) and by the state of Oregon DEQ. These standards fall into two general
categories: emission standards that apply to direct sources and ambient standards that limit air
pollution levels in a given area. For a more detailed discussion of air quality regulations, see
Appendix E.

Pollutants for which ambient air quality standards have been established are kmown as “Federal
Criteria” pollutants. The Clean Air Act defines six criteria pollutants for which national ambient air
quality standards have been established. Ambient standards and guidelines are listed in Table 3.5-1
for Criteria pollutants and air toxics that the project is expected to emit.

The national ambient air quality standards (NAAQS) are defined as levels of specific air pollutants
above which detrimental effects on human health and welfare may result. The standards are
expressed in terms of different averaging times; for example, annual, 24-hour, and 3-hour. An area
that is found to be in violation of NAAQS is called a “nonattainment area.” Pollution sources
contributing to nonattainment areas are subject to tighter restrictions. This project is not within and
would not significantly affect a nonattainment area.

Another provision of Federal and state regulations is “Prevention of Significant Deterioration”
(PSD). The premise behind PSD regulations is to prevent areas that currently have clean air from
being polluted to the maximum allowed by NAAQS (see Appendix E). Three air quality classes
were established, Class I, Class II, and Class III. Class I areas are subject to the tightest
restrictions on how much additional pollution (usually called an increment) can be added to the air.
The proposed project is located in a Class II area. The two closest Class I areas to the proposed
project are the Three Sisters Wildemness Area and Crater Lake National Park. There are no Class I1I
areas in existence today.

The Three Sisters Wildemess Area is the nearest Class 1 area (Figure 3.5-1). Its boundary is
located approximately 43.5 km (27 miles) north-northwest of the project area. Other sensitive areas
(Class II) considered for air quality baseline and impact analysis include locations within the
Newberry National Volcanic Monument boundary at a closest distance of 1,700 meters (5,600
- feet), a bald eagle nesting area in the Monument at a distance of 7 km (4.3 miles), and the City of
Bend at 30 km (19 miles). A total of 18 sensitive receptors were evaluated for air quality impacts.
These are identified in Appendix F-4, Table 4.

The project region is in compliance with Federal and state air quality standards. The closest area
which has occasionally exceeded NAAQS for particulates is Klamath Falls, Oregon, located
approximately 170 km (105 miles) south of the project area. The air quality conditons in Klamath
Falls have improved dramatically due to both a wood buming curtailment program and an
aggressive public education program. Klamath Falls had only one exceedance in fine particulates in
1992 as compared to 22, 28, 45, 18, and 7 exceedances for years 1987-1991, respectively. This
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single exceedance was associated with wind-blown dust (Oregon Department of Environmental
Quality 1993).

Any new air contaminant source that emits “significant” levels of air pollutants (and thus is
considered a “major source”) must undergo a New Source Review. “Significant” emission levels
are defined in DEQ regulations. As part of this review, PSD applicability is determined. New air
pollution sources (including minor sources that do not trigger impact modeling requirements) are
not allowed by state and Federal air laws/regulations to cause or contribute to violations of the
state/Federal ambient air quality standards or allowable PSD increments.

Hydrogen sulfide (H2S), although not regulated under Federal or state AAQS, as a Criteria
pollutant, or under Oregon’s Interim Air Toxic Program, is the principal air pollutant associated
with the geothermal industry, in large part due to its low olfactory (odor) threshold. Since Oregon
does not have an ambient standard for H;S, the California standard has been used for this baseline
evaluation (see Table 3.5-1). These standards were established to protect against nuisance odors
that may occur, and also protect against health effects that occur at much higher concentradons.

Oregon has an established policy for air toxics. It is known as the Interim Toxic Air Pollutant
Policy. The policy defines significant air toxic sources in the state of Oregon by establishing
Significant Emission Rates (SERs). Oregon’s SERs are based on human health effect levels. The
Acceptable Ambient Levels (AAL) shown in Table 3.5-1 are based on these SERs.

3.5.2.4. Baseline Air Quality Data

Air quality monitoring data are not available tor the project vicinity. A baseline study has e stimated
background concentrations for Federal and state criteria pollutants and air toxics which are
associated with the geothermal industry and which would be regulated by DEQ. A copy of this
study is contained in Appendix F-1. Because existing data for Newberry were not available, mean
background levels from other locations were used to estimate the air quality conditions at
Newberry. Mean background levels of PM;jq ( respirable particles smaller than 10 microns), SO;
(sulfur dioxide), and Pb (lead) were utilized from Crater Lake data. Ozone measurements made by
the U.S. Forest Service for the Three Sisters Wilderness Area were used. Unpolluted back ground
levels typical of the western United States were used for the CO (carbon monoxide), NO2
(nitrogen dioxide), H2S (hydrogen sulfide), NH3 (ammonia), and VOC (volatile organic
compounds) values. These data are believed to typify the ambient concentrations for these
pollutants in the project region.

Background air quality estimates from Appendix F-1 are summarized in Table 3.5-1, along with
applicable ambient air quality standards and PSD increments, and air toxic guidelines.

H2S is present in the atmosphere within the caldera from existing natural geothermal vents. The
odor of H5S is occasionally detectable near the fumaroles near the Big Obsidian flow and at the
East Lake Hot Springs. These localized sources of H3S do not contribute a substantial armount of
H>S in the atmosphere, and have only localized odor effects.

Boron, ammonia, and volatile organic compounds are also associated with the geothermal
industry, although to a lesser degree than H3S, and were included in the background ambient air
quality analysis. In addition, volatile organic compounds are responsible in part for low elevation
atmospheric ozone production and may contain some air toxics.
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TABLE 3.5-1
Background Air Pollutants

Estimated Mcan

Pollutant Chemical Symbol Category Background Standards or Guidelines and PSD* Increments
or Abbreviation Concentration
Particles less than 10 microns PM,y Criteria Pollutant 945 pg/mi? 50 pg/m annual arithmetic mcan
150 pg/m? 24-hour max.
5 pg/m?*. Class I, increment For annual gecometnc mean
10 pg/m? Class 1, increment for 24-hour maximum
19 pg/in 3 Class Il, annual increment for annual
geomelric mcan.
37 ug/m? Class 11, increment for 24-hour maximum!
Sulfur dioxide SO, Criteria Pollutant 0.457 pg/m? 0.02 ppm annual arithmetic mean
(1.75 x 104 ppm)  0.10 ppm 24-hour max.
0.5 ppm 3-hour max.
2 pg/m3 Class |, increment for annual arithmetic mcan
5 pg/m3 Class 1, increment for 24-hour maximum
w 25 pg/m?3 Class 1, for 3-hour maximum
'3 20 pg/m3 Class 11, increment for annual arithmetic mcan
91 ,,lg/m3 Class I, increment for 24-hour maximum
512 pg/m? Class 1L, for 3-hour maximum
Carbon monoxide (00 Criteria Pollutant 0.1 ppm 9 ppm 8-hour
_ 35 ppm |-hour
Ozone O, Criteria Pollutant 0.025-0.030 ppm !¢ 0.12 ppm 1-hour
Nitrogen dioxide NO, Criteria Pollutant 0.002 pg/m3 0.053 ppm annual arithmetic mecan
(0.001 ppm) 2.5 pg/m? Class |, increment for annual arithmetic mean
) N 25 pg/m3 Class I1, increment for annual arithmetic mean
Lead Pb Critcria Pollutant and Air 12x 103 pgm? 1.5 pg/m? calendar quaner
loxic
Antimony S Air loxic <9 x 107 ug/m3 1.7 pg/m? AAL!
Arsenic As Air (0xiC 6 x 100 pg/m? 0.7 pup/m? AAL!
Beryllium Be Air toxic 6x 106 up/m3  0.007 pp/m? AAL !
Cadmium d Air toxic <3 x 107 ppg/m?  0.033 pg/m} AALY
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TABLE 3.5-
Background Air Pollutants (Continued)

Estimated Mcan

Pollutant Chemical Symbol Category Background Standards or Guidelines and PSD* Increments
or Abbreviation Concentration
Chromium Cr Air toxic 2x 104 ug/m? 1.7 pg/md AAL!
Cobalt Co Air toxic 7x 103 pg/m? 017 pup/m? AAL'
Manganesc Mn Air toxic 2 x 103 pg/m? 17 up/m3 AAL!
Mercury He Air toxic 0.01 pg/m? 0 17 pg/m? AAL .2
Nickel Ni Air toxic 2x 10 pg/m3 3.3 up/in? AAL!
Selenium Se Air toxic <4 x 100 pp/m? 4 ug/m3 AAL!
Radon-222 222Rp Air toxic 0.13 pCi/l 4 pCin}
Boron B Geothennal pollutant 7 x 10-5 pg/m3 33 ug/m3 AAL!Y
Hydrogen sulfide H,S Geothermal pollutant 0.2 ppb (0.28 30 ppb 5 (4 1.7 pg/m?)
pg/m’)
Anunonia NH, Geothennal pollutant 0.01 ppm 3.1 ppm® (0.129ppm) !
Volatile organic compounds vOoC Many air toxics are VOC 200 ppb NA
& O;-producing
Total suspended particles TSP Oregon State and PSD air 13.1 pg/m? 60 pig/m3annual geometric mean’
pollutant 150 p1g/m+24-hour max.?
5 pg/m-Class I, increment for annual gecometric mean?
10 pg/m3Class I, 24-hour increment
19 pg/m3Class I, incremient for annual geomctric mean
37 pg/m Class 11, 24-howr increment
Sourcc SAIC 1993. See Appendix F-1. |

Acceptable ambient levels (AAL) determined from Occupational Threshold Limit Values (TLV) per Oregon's Hazardous Air Pollutant Interim Program

Mercury vapor
Boron oxide

Alaska |-hour standard
Oregon standard
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*Nole: PSD increments are not an ambient standard but rather an incremental amount of change in background concentration of a given pollutant which cannot be

cxceeded.

Federal indoor air standard; not considered an outdoor air toxic hazard.

California 1-hour standard, an odor-based standard that is used as an impact indicator in this EtS, since an ambicnt standard docs not exist in Oregon




Another existing source of ambient air pollutants is soil. On a local level, fugitive dust on windy
days contributes to atmospheric concentrations of air toxics. Native soils naturally contain trace
amounts of metals and other elements. The predominant soil type in the project area is composed of
Mazama ash. Compositional data for this ash combined with Crater Lake particulate monitoring
data allowed for the calculation of estimated average S, As, Be, Cd, Cr, Co, Mn, Ni, Se, and B
atmospheric levels in the project area. Average TSP levels were estimated from the Crater Lake
PM o monitoring data and the size distribution typical of local soils (see Appendix F-1).

Soil gas measurements have been made for mercury (Hg) and radon-222 (Rn-222) as part of the
geothermal exploration that has been conducted at Newberry Volcano. Soil gas sampies have a
median value for Hg around 75 parts per billion (ppb) with a range from 21 to 1,293 ppb. These
values are low when compared to the 500 ppb for Hg background levels in soils in the western
U.S. Soil gas samples for Radon-222 have a mean value of 50.8 picocurties per liter (pCi/l) of soil
gas. This value is low when compared to the worldwide average of 80.2 pCi/l. From the soil gas
measurements, typical atmospheric Hg and Rn-222 estimates were developed to provide an
estimated atmospheric value. Since mercury is a volatile metal, vapor emanating from subsurface
geothermal features in the project region can be a more significant fraction of total airbormne mercury
than solid-phase mercury contained in soil particles. Radon is only a gas at ambient conditions, and
is a decay product of uranium in natural soils and rock.

Except for Pb, Rn-222, and Hg, the atmospheric concentrations of air toxics are primarily
influenced by the amount of soil dust in the air. Even in a rural airshed, the primary source of
atmospheric Pb is commonly exhaust from vehicles using leaded gasoline, especially when
measurements are taken in the vicinity of roads.

3.5.2.5. Visibility

Regulations have been promulgated for visibility protection of PSD Class 1 areas
(OAR 340-20-047). Considerable visibility monitoring has been conducted by DEQ in the
Cascade wildemness areas and at Crater Lake National Park. Forest fires and local fugitive dust on
windy days mentioned above are expected to have infrequent impacts on visibility.

Most relevant to the project are data for the Three Sisters Wildermess Area, because this is the
nearest Class 1 area. The 90th percentile value is used in both the visibility modeling and the
quantitative determinations of human perceptibility of visibility impairment. The 90th percentile
represents the visual range that is equalled or exceeded 10 percent of the time. The 90th percentiie
value for the time period 1986 through 1990 averaged 234 km (146 miles) at the Three Sisters
Wildemess Area, indicating very high quality visibility conditions (Appendix F-3).

3.5.2.6. Global Warming

Throughout the world, energy is obtained and goods and services produoed primarily through the
bumning of fossil fuels. These combustion processes, while providing a practical energy source,
emit CO3 and increase the amount present in the earth’s atmosphere. Many experts within the
scientific community believe that the increase in CO; is leading to a global temperature increase, or
global warming, because CO7 and other greenhouse gases trap heat in the earth’s atmosphere.
There is presently some controversy over the scale and timing of these effects, but many people
believe that global warming could have adverse effects on life on earth.

Over the past century, the mean global temperature has been estimated to have increased
0.5 degrees Celsius (Schneider 1989). While there is some debate in the scientific community as
to whether this temperature increase can be attributed to the greenhouse effect vs. natural causes
(e.g., variability in solar activity), the greenhouse effect and its potential effect on global climate
are of concern. The extent to which climatic changes caused by global warming may prove
significant in the future depends on the rate of release of carbon dioxide and other greenhouse
gases into the atmosphere.
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The United States contributes about 20 percent of the world average of carbon emissions per
capita; Oregon adds only a fraction of one percent (Oregon Department of Energy 1990). Oregon'’s
contribution is mostly from the buming of fossil fuels, which creates carbon dioxide.

3.5.2.7. Additonal Regulatory Aspects

Meteorological conditons have been monitored and reported at the plant site since October 1992.

A baseline air quality monitoring program would be implemented by the applicant prior to
operation of the proposed geothermal facilities as required by the GRO Order No. 4. Program
plans would be reviewed and approved by DEQ, the U.S. Forest Service, BLM, and other

agencies prior to implementation.

3.6. VISUAL RESOURCES
3.6.1. Introduction

The objectives of the visual resource baseline inventory were to identify, describe, and map all
significant visual resources which may be affected by the construction and operation of the
proposed geothermal project and ancillary facilities. The baseline data were recorded in sufficient
detail for assessment of direct and indirect impacts of the project. The visual resource study was
conducted in compliance with Federal guidelines established by the U.S. Forest Service Visual
Management System. The visual analysis reflects information from the 1990 Deschutes National
Forest Land and Resource Management Plan, and describes the Visual Quality Objectives currently
applied to management of the area. The terminology used in this section is consistent with that used
in the Visual Management System. Chapter 8 is a glossary of terms commonly used in this section.

3.6.2. Study Area

effects of the proposed project are estimated to encompass an area along the western ed ge of the
High Lava Plains of central Oregon and approximately 2.1 km (13 miles) east of the Deschutes
River along the western edge of the Paulina Mountains (Franklin and Dymess 197 3). This
constitutes the project study area for the visual resources analysis. The borders of this study area
were based on an area of visual influence or potential view shed containing the proposed project
facilities and construction and operation activities. The study area was refined by means of a
generalized visual analysis of the relationship of the proposed project to the surrounding
topographic and vegetative patterns.

3.6.3. Scenic Value Designations

The U.S. Forest Service conducted a visual resource inventory in 1976 which includes the study
area. The U.S. Forest Service Visual Management System (VMS) inventory included mapping-
variety classes broken down into “Common,” “Distinctive,” and “Minimal” sensitivity levels for
travel routes, and visual quality objectives (VQO) (standards by which visual and aesthetic
resources in the U.S. Forest are managed). The inventories of existing visual condidon (EVC) and
visual absorption capability (VAC) (defined as the relative ability of a landscape to withstand land
manipulation without affecting its visual character or integrity) were developed using aerial
photography, USGS quadrangle sheets, and orthophotos. The VQO inventory was refined by
orthophoto interpretation and limited field verification. A summary of the visual resources
inventory for the proposed project facilities is presented in Table 3.6-1.

3.6.4. Existing Conditions
The study area, known for volcanic activity, is visually evident by numerous landforms, volcanic

cones, and lava buttes rising from the surface of the surrounding lava plateau, and by the presence
‘of lava flows. The Newberry Caldera contains two large lakes, Paulina and East lakes.
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Homogenous vegetative patterns present in the study area are dominated by mature stands of
lodgepole pines, which are broken by areas of clearcuts.

The project lease area is located in two VQO categories as shown in Figure 3.6-1. The proposed
power plant and wells would be located in a VQO allocation of Partial Retention where visual
quality standards require proposed project facilities and activities to remain visually subordinate to
the characteristic landscape. Most of the transmission line area would be located within the
Modification VQO where project activities and facilities may dominate the landscape. Eighty
percent of the SO lease area would be in the Partial Retention allocation and 20 percent in the
Modification allocation. Ten percent of the transmission line area, 1,810 hectares (4,472 acres)
would be in the Partial Retention allocation and 16,287 hectares {40,244 acres) or ninety percent,
would be in the Maodification allocation.

Table 3.6-1 Summary of Existing Conditions for Visual Resources

Proposed Project Facility vQo! VAC? EVC3 Visibility4
Plant Sites PR M-H D-MAJ L-M
Well pads PR M-H UNN-MAJ L
Access Roads PR/M M-H MIN-MAJ L
Gathering System .PR H UNN-MAJ L
Transmission Line Area PR/M M-H UNN-MAJ L-M

Source: U.S. Forest Service, field reconnaissance, and color aerial photography.

1VQO - Visual Quality Objective: PR - Partial Retention, M - Modification
2VAC - Visual Absorption Capability: H - High, M - Moderate, L - Low
3EVC - Existing Visual Condition: UNN - Unnoticeable, MIN - Minor Disturbance, D - Disturbed,

MAJ - Major Disturbance
L - Low, M - Moderate, H - High
(The Visual Quality Objectives in the Forest Plan Standards and Guidelines refer 1o the Visual Quality Standards
Map published with the Forest Land Resource and Management Plan. These are considered as inventory maps and do
not provide direction unless specifically referred to for specific Management Areas. The Management Areas of the
project areaare not included in this group.)

The lease area is located over several EVC zones (Figure 3.6-2). The Forest Plan has classified the
project area into two management areas (MA). The proposed power plant site, well pads, and
gathering system would be in MA9 - Scenic Views. The transmission line area would be in MAS -
General Forest (see Figure 3.8-1).

The VAC for the proposed lease area ranges from moderate to high. The vegetation type over this

area is predominantly even-aged stands of lodgepole pine averaging 18 to 21 meters (60 to 70 feet)
in crown height. Some variation in topography adds to a higher VAC.
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3.7. NOISE
3.7.1. Noise and Its Measurement

Noise is commonly defined as unwanted sound that disrupts normal human activities or diminishes
the quality of the human environment. Some authorities suggest that noise also diminishes the
quality of animal habitat. However, whether the effect on animals is due to human presence and its
noise, to the noise alone, or the human presence alone, has not been demonstrated. The total noise
level is composed of a typical mix of transient (i.e., passing aircraft, vehicles) and stationary (i.e.,
machinery, pumps) noise sources, both distant and nearby, which form the ambient noise
environment at the measurement location.

Noise is measured as a sound pressure level exerted on the microphone of a sound meter. The
magnitude of audible sound levels, decibels (dB), has a very wide range. Decibel measurement
scales, like the Richter scale used to measure earthquakes, are based upon a logarithmic scale,
which is not linear. Consequently, sound pressure levels from different noise sources cannot be
added arithmetically. For example, a 70 dB sound added to another of equal magnitude will equal a
sound of 73 dB (not 140 dB). Sound levels are adjusted (or weighted) by the sound meter for the
variation in human sensitivity to sound frequencies (higher frequency sensitivity) and are reported
as A-weighted decibels (dBA).

Noise levels also vary with time. The statistical noise level method is used to describe the noise
environment and time-varying noise levels in this EIS. The statistical noise level method (L 10, Ls0,
etc.) describes how often a given sound level is exceeded during the period of the measurement.
For example, L is the noise level that would be exceeded 10 percent of the time; that is, not very
often. Conversely, the Log noise level would be exceeded most of the time (90 percent of the time),
and would represent the background noise level or low ambient noise levels in the noise
environment. Particular, identifiable noise sources are additive to the background noise, forming
the total noise environment.

3.7.2. Study Area and Survey Methods

The study area for this analysis was defined to include sensitive receptors that are close enough to
the project area to be affected by noise from construction and operation. They include the Paulina
and North Cove campgrounds and the top of Paulina Peak. Noise measurements were performed
between 1:00 a.m. and 2:30 p.m. on July 25, 1993, by Consultants in Engineering Acoustics, San
Francisco, California. Measurement periods varied from 15 to 30 minutes in length at each site.

3.7.3. Existing Conditions

The proposed site is located in a nonurbanized, forested area of varying terrain, including sloping
areas and terraces. The project study area is partially disturbed, characterized by logging/access
roads and areas which have been logged or have experienced high tree mortality due to a beetle
infestation (see Section 3.11, Vegetation). The noise environment at the project site is dominated
by natural outdoor sounds, including wind through tree branches and animal activity. Intermittent
activities, such as logging, construction, and recreation (snowmobiling, off-road vehicles, aircraft
overhead, etc.) can raise these levels significantly for brief periods.

Three sites, representative of the closest recreation facilities in nearby Newberry caldera, are
discussed in this analysis. Observation suggests that background noise levels are similar at the
Paulina Lake Campground and Lodge, and at the North Cove and Warm Springs Campgrounds.
Vehicular and pedestrian traffic and human activities are dominant noise sources at Paulina Lake
Campground and Lodge, located on the southwest corner of Paulina Lake. In contrast, North Cove
and Warm Springs Campgrounds, located near each other on the north side of Paulina Lake, are
accessible only by foot or by boat, and do not appear to be used frequently. Noise here is low,
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limited to sources from foot traffic, campground activities, and outboard motors (operated quietly
so as to conform to boat speed restrictions).

Table 3.7-1 shows average overall sound levels in dBA, measured at the three locations and the
octave band spectra, in dB. Ambient noise levels are low within the caldera, even at the noisiest
location; in the daytime, they range between 26 and 39 DBA at the various locations. Assuming an
absence of insects, background levels at night may be somewhat lower than shown in Table 3.7-1.

Table 3.7-1 Ambient Noise Levels at Three Receptor Locations During Daytime
on July 25, 1993 \

Average
Octave Bank Level - in dB Overall
Sound
Levels
_63Hz 250Hz _500Hz 1 kHz 2 kHz 4 kHz_8 kHz__In dBAL_
Top of Paulina 41 33 25 21 18 16 16 16 26 dBA
Peak
Paulina Lake 54 48 38 35 33 26 24 202 39
Campground
North Cove 36 35 27 25 23 192 192 192 29
_Campground

1Averages were calculated from 5 to 8 samples selected from the magnetic tape recordings at each location. The
samples were selected to be representative of background at a particular location, and excluded atypical events, nearby
traffic in Paulina Campground, for example, or flies buzzing around the microphone at Paulina Peak.

2These values are at or near the lower operating limits of the measurement equipment, and should be interpreted
cautiously.

3Breezes rustling the pines and bird songs, in the absence of people, were dominant on Paulina Peak. Human
activities and traffic within the campground and on the Monument Access Road are dominant at Paulina Lake
Campground. Breezes in the pines and talking by fishermen in distant boats are dominant at the North Cove
Campground.

3.8. LAND USE
3.8.1. Land Ownership.
The entire geothermal devclopmenf project, including transmission line, would be located on
Federal lands. The lands immediately surrounding the project area are Federally owned and are
under the jurisdiction of the U.S. Forest Service. A few inholdings of private property exist near
the alternative transmission line areas toward the western edge of the Forest boundary near LaPine
Station. Within the Deschutes National Forest, the Oregon Department of Transportation has an
easement for Highway 97, Utility corridors that have rights-of-way through National Forest lands
are:

. Bonneville Power Administration

. Midstate Electric Cooperative

. U.S. West Communications

. Pacific Gas and Transmission

Outside the Deschutes National Forest boundary, near Highway 97, land ownership is a
patchwork of either Federally owned lands under the jurisdiction of BLM or private lands.
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3.8.2. Adopted Land Use Policies
3.8.2.1. Newberry National Volcanic Monument Act (PL, 101-522)

The legislation enacted in 1990 that created the NNVM recognizes the geothermal development
potential of the region. The Act established a series of land use designations. Figure 3.8-1
highlights the locations of these land use designations. These include the NNVM itself, where no
geothermal development of any kind is permitted, and the following management zones:

. Newberry Special Management Areas: perimeter lands on the flanks of the
Newberry caldera and adjacent to the Monument boundary that are to be managed
as if part of the Monument, with no surface occupancy permitted for geothermal
facilities. However, directional drilling from outside the Special Management Area
boundaries to subsurface geothermal resources is permitted.

. Transferal Areas: a series of designations that recognize existing geothermal rights
and establish provisions for transferring management of the areas to either general
public land laws or to the Newberry Special Management Area.

3.8.2.2.

The Deschutes National Forest Land and Resource Management Plan (Forest Plan) was approved
in August 1990. The Forest Plan establishes direction for all resource management activities and
establishes a system of standards, guidelines, and prescriptions to manage the Forest fora 10 to 15
year period. The goals of the Forest Plan specifically provide for the exploration, development,
and utilization of energy resources within the Newberry Caldera Known Geothermal Resource
Area (KGRA) where the development of the geothermal resource is compatible with other resource
values. Exploration, development, and utilization of lands to produce geothermal energy would
have to be in accordance with the objectives prescribed for the Management Area allocation
assigned to those lands in the Forest Plan. The pertinent Management Area allocations for the
project and their standards and guidelines for geothermal leasing are described below.

ions. The Forest Plan identifies 28 separate Management Areas

throughout the forest, each with its own management prescriptions. Management allocations for

the project area that guide geothermal leasing and timber harvest activities are shown on Figure

3.8-1 and include:

. General Forest (M8): Timber production is emphasized with unmanaged forest

stands converted to managed stands in a variety of age classes. At the same time,

areas with this allocation should provide forage production, visual quality, wildlife

habitat, and recreation opportunities for public use and enjoyment. Geothermal
leases will be issued.

. Scenic Views (OM9): Siting of facilities and removal of trees, although permitted for
geothermal development, should conform to visual quality objectives such that
when seen from travel routes and use areas, activities are either not evident or are
visually subordinate to the natural landscape. Geothermal development may be
located in this area if the facilities and improvements blend with the characteristic
landscape. Visual quality objectives may not always be met when the viewer is at
the project site.

Table 4.8-1 lists the relationship between individual project features and Management Area
allocations assigned in the Forest Plan.
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. The Deschutes National Forest contains 11 areas identified as “roadless’ in the
Roadless Area Review Evaluation II (RARE II) process. These areas total approximately 58,738
hectares (145,142 acres). The Record of Decision for the Forest Plan (1990) designates
nonwildemess, multiple-use allocations for these areas. However, the Forest Plan also specified
that no scheduled timber harvests would occur in any roadless area for the first 10 years of the
Plan. The term “scheduled timber harvest” means that wood from such harvesting is calculated as
part of the Allowable Sale Quantity for the Deschutes National Forest. The roadless areas in the
forest have not been developed because they generally contain low value timber. Most of the North
and South Paulina Roadless Areas are now within the NNVM.

The North Paulina Roadless Area (RARE No. 06196, shown in Figure 3.9-1), contains 8,750
hectares (21,622 acres) and includes the north rim and flank of Newberry Crater. The North
Paulina Roadless Area is bounded on the north by Road 9735 and on the west by a General Forest
Management Area allocation. Portions of the project area located in the North Paulina Roadless
Area include: the eastern half of Section 16; the northeastern corner of Section 21; and all of
Sections 11, 14, 15 and 22 within T21S R12E. These project area lands are within the Scenic
View Management Area (M9) allocation of the Forest Plan. This allocation allows geothermal
development with the appropriate environmental analysis and stipulations to protect visual quality.
The potential for geothermal activity in this area is recognized in the Record of Decision for the
Forest Plan (U.S. Department of Agriculture 1990b).

Among the conclusions reached in the Forest Plan about the North Paulina Roadless Area was that
its potential for “wildemess” designation was very low. This was in part because the area offers a
moderate opportunity for solitude, little opportunity for primitive recreation, few challenging
experience opportunities, and is not large enough to adequately buffer outside influences,
especially sound generated from developed recreation areas inside the Newberry Caldera.

The South Paulina Roadless Area (RARE No. 06197) contains 4,013 hectares (9,915 acres) and
includes the southern rim and flank of Newberry Caldera. A small portion (less than approximately
40 hectares [100 acres]) of the project area is located within the South Paulina Roadless Area.
These project area lands are within the General Forest Area (M8) allocation of the Forest Plan. This
allocation emphasized timber production with unmanaged forest stands converted to managed
stands in a variety of age classes, and allows for issuing geothermal leases.

: . Paulina Creek is the only perennial stream in
the project area. It originates as outflow from Paulina Lake and flows through the Special
Management Area. Approximately 0.8 km (0.5 mile) downstream from Paulina Lake the stream
drops over the approximately 300-meter (100-foot) Paulina Falls. The creek then descends at a
fairly rapid rate over numerous smaller falls and cascades. Paulina Creek has been determined to be
eligible as a Wild and Scenic River (Appendix D-8, Deschutes National Forest Land and Resource
Management Plan). However, a suitability study for this designation has yet to be completed.
Outstandingly Remarkable Values (ORVs) of the creek that make it eligible for possible inclusion
in Wild and Scenic River system include its unique draining of a lake within an expended caldera
and its scenic waterfalls. As one of many recreation attractions of the Newberry National Volcanic
Monument, Paulina Creek qualifies as a recreational river.

Management of the Paulina Creek corridor from Paulina Lake to McKay Crossing is based on the
Wild and Scenic Rivers classification (M19) in the Forest Plan. Essentially, the corridor is
managed in a manner that will not detract from its eligibility as a Wild and Scenic River. At a
minimum, this means meeting the standards for recreational sections of the Wild and Scenic Rivers
Act as set forth in the Forest Plan. The proposed project does not cross or otherwise affect Paulina
Creek.

- . ' A . The U.S. Forest
Serv1cc managcs for a varlety of recreatlonal opportunmes and cxpencnccs using the Recreation
Opportunity Spectrum (ROS). The ROS provides a framework for defining the types of outdoor
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recreation opportunities the public might desire and identifies that portion of the spectrum a given
forest area might be able to provide. The ROS classifications are an inventory, and do not provide
management direction for this area.

The ROS allocations for the project area are Roaded Modified and Semi-Primitive Motorized
(winter only). Table 4.8-1 lists the relationship between individual project features and the ROS
allocations. Outside the project area, the Paulina Creek/Road 21 Corridor and McKay Butte have a
Roaded Natural allocation. A Roaded Natural allocation predominates around Paulina and East
Lakes, and for Paulina Peak. Areas around the resorts and campgrounds are classified as rural.
Use of the ROS and characteristics of the pertinent ROS classifications within the project vicinity
are defined in the Glossary.

3.8.2.3. ; I Ener, ility Siti

The EFSC has designated the project area as suitable for power plant siting with the need to retain
the visual character of the area.

3.8.2.4. Deschutes County Year 2000 Comprehensive Plan

The Deschutes County Year 2000 Comprehensive Plan recognizes the Deschutes National Forest
Land Management Plan as the determining document for land use decisions regarding Federal
lands within the forest. However, the U.S. Forest Service and the Deschutes County Planning
Department have a Memorandum of Understanding that establishes procedures for complying with
the Deschutes County Year 2000 Plan.

3.8.3. Newberry National Volcanic Monument Management Plan

The Newberry National Volcanic Monument (NNVM) is adjacent to the eastern boundary of the
project area and is approximately 1.6 km (1 mile) east of the proposed power plant site. The
NNVM Act requires the U.S. Forest Service to prepare a comprehensive Management Plan for the
Monument and the Newberry Special Management Areas. That plan, and an EIS for the plan are
being conducted concurrently with the preparation of this EIS. Lands immediately adjacent to the
north and east of the project area have been categorized as a Flanks Zone in the three broad
management alternatives being developed by the U.S. Forest Service for the Monument. The
Special Management Areas designated in the Monument Act are wholly contained within the Flanks
Zone. The NNVM Comprehensive Management Plan EIS recognizes this geothermal pilot project
proposal, and on-going coordination is taking place between the two planning processes.

3.8.4. Existing Land Uses and Facilities

Present land uses in the immediate project area include commercial forestry, fuelwood gathering,
and dispersed recreation. Figure 3.9-1 illustrates the developed recreation facilities near the project
area. Recreation visitation to the Deschutes National Forest and the NN'VM is increasing. This is in
part.due to creation of the NNVM; recent improvements to Road 21; general population growth in
the state and region; and overall outdoor recreation trends in dispersed recreation, most notably
snowmobiling, Nordic skiing, and mountain biking (Oregon State Parks and Recreation Division
1989).

3.8.4.1. General Forestry

Recently logged units and the Fishhook LP Salvage Sale are illustrated on Figure 3.8-2. The
Fishhook LP Salvage Sale, scheduled to be completed in December 1994, is predominantly a cut
of areas of forest that have been infested by the mountain pine beetle. Harvest actions are required
to leave dominant seed trees at a spacing of 12 to 26 meters (40 feet to 85 feet). Trees under 12.7
cm (S inches) diameter will not be harvested. Wildlife snags and dispersed clumps of vegetation a
minimum of 0.4 hectare (1 acre) in size will be left standing in all units.
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Another timber sale, the Prairie Dog Sale, has been programmed for the general area south of Road
21. The sale boundary encompasses the portion of the project area that includes well pads 1.4 and
M4. However, no detailed harvest units have been identified at this time.

3.8.4.2. Fuelwood Gathering

Fuelwood gathering has been permitted throughout the project area as part of the Fort Rock
District’s fuelwood program. Within the Scenic Views Management Area (M9), fuelwood
gathering is managed to be consistent with the desired visual condition of Retention in the
lodgepole forest association.

3.9. RECREATION

Central Oregon offers a diverse range of recreational opportunities. Deschutes County is
recognized as one of the most important recreation centers in Oregon, with over 90 percent of all
visitation to the area originating from outside the county (ECO Northwest 1989). Deschutes
County has experienced an average 4.7 percent annual population growth over the past 5 years.
This rate of growth is projected to continue into the foreseeable future. This growth cCreates
demands for day-use recreation on National Forest lands.

Outdoor recreation use in the project area is increasing. Statewide demand for primitive, semi-
primitive, and roaded natural recreational experiences in central Oregon is increasing (Oregon State
Parks And Recreation Division 1988) and is outpacing the supply of additional facilities (Oregon
State Parks And Recreation Division 1991). Growth in actual visitor use demonstrates this
pressure for additional recreation areas and facilities. For example, the Lava Lands Visitor Center
has shown a 35 percent increase in the number of visitors since 1988. In 1986, the number of cars
that entered the Newberry Caldera totaled 51,341. In 1992, this number had increased to 64, 936
(Deschutes National Forest).

Table 3.9-1 presents existing visitor use information for the selected developed and dispersed
recreation areas within the NNVM.

3.9.1. Access

U.S. Highway 97 and County/U.S. Forest Road 21 are the major recreation access routes in the
project vicinity. The Highway 97 corridor is a main north-south route through central Oregon,
bisecting the northern portion of the NNVM. The number of travelers on this road has steadily
increased over the past 20 years. Highway 97 is also the spine that links other access roads to the
various destination points within the NNVM. Road 21 runs east from Highway 97 through the
caldera in the southern portion of the NNVM. Road 21 has recently been upgraded to improve
access to the caldera and to accommodate projected increases in recreation use. Other roads used
for general recreation access within the project area include Roads 9725, 9735, 2120, 9737, and
2121. Road 9735 is also a recreation travel route, and provides the most direct access to the lease
areas north of Paulina Creek. Road 9735 has been reconstructed to a hard rock surface recently to
accommodate log hauling.

Currently Road 21 is the only winter access route leading to the project area. It is not plowed

- beyond 10-Mile Snowpark and is gated at that point during winter.
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Table 3.9-1 Use at Newberry National Volcanic Monument (in Recreation Visitor

Days)*
Feature 1992 Use Estimates % of Total Use
Developed Recreation Paulina Peak Viewpoint 6,109 1.8
Paulina Creek Falls 2,630 0.8
Other Developed Caldera
Facilities 99,181 29.5
Subtotal Caldera Areas 107,920 32.1
Lava Cast Forest 11,212 3.3
LavaRiver Cave 7,104 2.1
Benham Falls 4,293 7.2
Lava Lands Visitor Center 37,750 11.2
Lava Butte Visitor Center 48,019 14.2
Subtotal Non-Caldera 128,378 38.0
Areas
Dispersed Recreation Newberry Caldera (lakes and 87,563 26.0
trails)
Within the Monument but 13,314 3.9
outside Caldera
Subtotal Dispersed Use 100,877 29.9
TOTAL 337,175 100.0
* Source: Deschutes National Forest PRIS data.
3.9.2. Developed Recreation Sites, Trails and Dispersed Recreation

Table 3.9-2 provides a surnmary description of the developed recreation sites near the project area.
Newberry Caldera is a major recreation destination and regional tourist attraction. It is an all-year
recreation area providing a full complement of day-use and overnight facilities. Fishing on Paulina
and East Lakes is the primary attraction with ca