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Summary

Introduction and Background

The Bureau of Reclamation (Reclamation) in cooperation with eastern Oregon stakeholders is
studying the potential to improve water supplies in the Burnt River, Powder River, and Pine
Creek basins.

About this Report

This appraisal-level report is prepared in compliance with requirements of the Economic and
Environmental Principles and Guidelines for Water and Related Land Resource
Implementation Studies (U.S. Water Resources Council 1983) (P&Gs). It presents a
discussion of the formulation of alternatives, a description of the appraisal-level designs and
cost estimates for the alternatives considered, and the results of the P&G-specific analyses.

Information in this report is based on a variety of studies. Further background information
may be obtained from the Literature Review of the Powder Basin Oregon, Stream Systems,
Water Storage, and Stream Health as they Pertain to the Basin and Water Science
(Reclamation 2008). The following website also contains background information:
http://www.usbr.gov/pn/programs/srao_misc/storagestudy/index.html

Project and Authorized Study Area

Eastern Oregon residents have considered and worked toward developing additional storage
opportunities for over 50 years. Water is stored in multiple existing reservoirs, but the stored
water does not meet late summer water demand for irrigation and instream water rights for
fish habitat. Water diversions to roughly 80 percent of irrigated lands are shut down by late
summer, which in turn impact stream health, fisheries, and recreation potential.

In January 2005, the Baker County Board of Commissioners established the Powder Basin
Water and Stream Health (WASH) Steering Committee to explore and assess potential
opportunities for additional instream and off-stream water storage projects. The WASH
Initiative’s mission is to:

develop and implement a long-term water management plan that utilizes water
conservation, storage and re-use which incorporates beneficial uses such as
recreation, agriculture, fish, wildlife, hydropower, flood prevention and instream
needs to provide sustainability to the environment, society and the economy.
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The WASH committee requested assistance from Reclamation’s Snake River Area Office in
Boise, Idaho, and secured additional federal funding in 2007 to pursue further assessment of
water supply opportunities in the Powder River basin. The purpose of this appraisal study is
to:

e Demonstrate an unsatisfied need, either current or future, within the basins.

e Determine if water demand in the Powder River basin is unmet (projected to the year
2050).

e Demonstrate whether that need may be satisfied by structural plans for management
and development of available resources.

e Determine if there is at least one regional alternative to meet current and future
demands.

e Determine if there is a federal objective consistent with Reclamation policies, laws,
and meets the federal P&G cost benefit ratio requirements in which there exists at
least one alternative that can be recommended to be carried forward into a feasibility
study.

The funding source for this study was directed toward structural solutions for additional
storage. As such, this report does not include nonstructural plans for management and
development of existing resources, such as automated water delivery control systems. Water
conservation options are being examined by the stakeholders in separate but concurrent
activities in partial fulfillment of WASH’s stated goals. Preliminary permit applications for
consideration of hydropower generation facilities have been tendered by Pacific Rim Energy
on Reclamation and other non-federal irrigation facilities in Baker County.

The Eastern Oregon Water Storage Appraisal Study area (study area) is located in eastern
Oregon, bordered to the north by the Wallowa Mountains, to the west by the Blue Mountains,
to the south by the Malheur River basin, and to the east by the Snake River. The Burnt River
and Powder River water systems are upstream from 10 Snake River and Columbia River
dams. The study area is comprised of three major basins: Burnt River, Powder River, and
Pine Creek, which together encompass approximately 2.7 million acres. For the purposes of
this study, they are also collectively referred to as the Powder River basin. Stream headwaters
originate in the Blue and Wallowa mountain ranges at elevations from 6,000 to nearly 9,000
feet above sea level. They empty into Snake River reservoirs owned and operated by the
Idaho Power Company.

Appraisal Study Process

Reclamation’s water resource planning process involves three levels of planning, starting with
a preliminary assessment. An appraisal study is a preliminary survey of problems and needs
that uses existing information to explore conceptual solutions to identified water resources
issues. The appraisal study process includes development and screening of alternatives so
only viable alternatives that meet project goals and support a clear federal objective are
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carried forward into the more extensive feasibility analysis step.

Reclamation is authorized by P.L. 107-237 the Burnt, Malheur, Owyhee, and Powder River
Basin Water Optimization Feasibility Study Act of 2002 (October 11, 2002), to conduct
feasibility studies on water optimization in the Burnt River, Malheur River, Owyhee River,
and Powder River basins in Oregon.

Problems and Needs

Irrigation deliveries are the largest water use in the study area. Municipal, domestic,
commercial, and industrial uses are estimated to be minimal in comparison.

Approximately one-half of the study area is owned by various federal agencies.
Approximately two-thirds of the area is rangeland, with livestock grazing as the primary land
use. One-sixth of the area is forestland where timber harvest and summer livestock grazing
are the main uses. Most of the remaining area is cropland and pastureland irrigated by
gravity, flood, or sprinkler systems. Irrigated acres produce primarily grain, hay, and pasture
(Reclamation 2008; PBWC 1996).

Thirty reservoirs, ranging from 46 acre-feet to 90,500 acre-feet of active storage capacity,
supply water primarily for irrigation in the three basins. The hydrology is dominated by
snowmelt runoff in the spring, but is also affected by reservoir storage and release. Historic
low flows are sometimes less than minimum instream water rights because of low natural
runoff or because of upstream diversions by higher priority water rights.

Several basin streams have been identified by the Oregon Department of Environmental
Quality (Oregon DEQ) (2010) as water quality limited. Pollutants of concern include
temperature, sedimentation, chlorophyll, dissolved oxygen, and E. coli.

The study area lacks anadromous fish. Portions of the study area are occupied by bull trout,
listed in 1998 under the Endangered Species Act (ESA) as “threatened,” and contain bull trout
designated critical habitat. The study area supports a diverse resident fish population and an
active recreational fishery which includes both native and introduced species.

A limiting factor in this study was the lack of day-to-day measurements of streamflows,
diverted flows, and return flows. Substantial efforts were made to develop and improve
methods to understand and evaluate existing basin conditions and potential reservoir sites,
including natural flows and irrigation demands.

The total irrigation shortage volume is smaller than the difference between the total flow and
irrigation demand for each of the three basins within the study area. However, the location
and timing of the flow frequently does not align with the location and timing for the demand.
The greatest irrigation demand for water occurs in July through September, while streamflows
are greatest in March through June as a result of the snowmelt and runoff. Water supplies are
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often not available to meet water demands in most of the irrigated areas by mid-to-late
August, as natural flows recede and stored supplies diminish, resulting in a lack of flow to
meet irrigation water rights, instream rights, and needs.

The analysis assumptions relied on available current water use and projected water needs
information to develop a 40-year planning horizon through the year 2050 for the study area.
Overall water needs are expected to be similar to the current level of demand within the 40-
year planning horizon. Available water supply is currently a limiting factor in agricultural
applications and is expected to continue to limit agricultural production within the planning
horizon. Irrigation shortages for all three basins were estimated to total approximately
161,000 acre-feet.

Current system deficiencies or needs were defined in terms of irrigation shortage and
currently filed instream water rights. Instream water rights were maintained in modeled
alternatives as water needed for ecosystem function. Anticipated municipal future demands
were generated based on a “high-growth scenario” of 2 percent growth per year and an
average rate of 115 gallons of water per person per day, projected out to 2050. It is assumed
this average municipal rate also includes commercial and industrial needs for the purpose of
this study. Based on available information, it was anticipated that existing municipal water
rights will meet municipal demand through the 2050 planning horizon.

Conjunctive uses of groundwater and surface water are unknown and, therefore, not included
in this level of analysis. While water right information exists for industrial uses, most
industrial water rights are currently not being used and demand for industrial water use is not
expected to increase for the purposes of this analysis.

Climate change may result in changes to the water supply and demand calculated and used as
the basis of this report. No analyses were performed in this study to quantitatively estimate
possible changes associated with climate change that might affect reservoir operations,
irrigation demand or operations, crop types, cropping dates, environmental flow targets, water
supplies and shortages, or hydropower production. A qualitative discussion of impacts of
climate change may be found in Chapter 2.

Resources, Constraints, and Identification of Alternatives

The literature review process identified 95 storage sites for hydrologic evaluation with
potential economic and ecological benefits. A screening process involving stakeholders was
performed that reduced the number of sites for further study, based on good potential for
water supply and proximity to need. After site aggregation, input from stakeholders and
further hydrologic analysis, four sites were ultimately selected for an appraisal-level
evaluation.

The potential storage sites that were evaluated for this study are the following:
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e Hardman Dam and Reservoir site on the Burnt River.

e Enlargement of the existing Thief VValley Dam on the Powder River with pumpback;
two alternatives were considered but only one carried forward for economic analysis.

e North Powder Dam and Reservoir site on the Powder River.

e East Pine Dam and Reservoir site on Pine Creek.

The proposed Thief Valley Reservoir involves enlargement of an existing dam. The other
three sites involve new dam and reservoir facilities. Hydropower facilities were evaluated in
conjunction with storage. These sites were evaluated individually, not operating in parallel
with each other.

Alternative Designs and Cost Estimates

Reclamation completed an appraisal-level evaluation of the four selected sites that included
conceptual-level engineering and economic investigations to evaluate site suitability for
construction, preparing appraisal-level construction cost estimates, characterizing water
supply and hydropower benefits, and identifying permitting constraints and applicable
environmental benefits. The team also conducted a qualitative assessment of potential
environmental issues and other considerations such as the presence of protected species and
their habitats, water quality and recreation impacts, and flood-control potential. Currently,
filed instream water rights were maintained in modeled alternatives as water needed for
ecosystem function.

The appraisal-level evaluation of the four potential sites concluded the following:

e Water surpluses are available at each site, and there is need for these storable
surpluses.

e Storage facilities could be constructed at each potential site based on field
investigations and a review of information.

e Each storage facility has potential for hydroelectric development, although reservoir
operations could affect existing hydroelectric projects downstream.

e Each storage facility has potential to improve seasonal streamflows and water
temperatures to benefit fish and water quality, depending on ability to store relatively
cool water in the spring and release it later in the season when river water
temperatures normally rise.

The study also indicated the following concerns would need to be addressed if any of the
projects were to be analyzed in greater detail:

e Each project must address stream habitat needs for fish species that are listed for
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protection under the ESA or species of concern. These issues may be resolvable
through a variety of actions ranging from installation of fish-passage facilities to
habitat mitigation. The East Pine facility is especially sensitive due to the presence of
bull trout and designated bull trout critical habitat in the watershed.

All projects affected by potential inundation by storage water would require either one
or several of the following actions: roadway relocations, and mitigation for adverse
impacts on parks, utilities, and other existing facilities.

Some projects would require land purchases, transfers, and/or easements to
accommodate reservoir facilities.

Hydropower potential for each site would require further analysis within the context of
it contribution to system wide generation benefits if storage for irrigation is not the
primary intended function. The change in timing and quantity of flow to the Snake
and Columbia River system, as a result of any alternative, would need to be fully
assessed for impacts. These flow changes have the potential to affect the hydropower
generation these main stem dams provide to the power grid.

Flood control, recreation, and other potential benefits were not quantified.

Table 1 summarizes estimated parameters for the proposed storage reservoir alternatives at
their 80 percent reliability levels of water supply. The construction cost is the direct and
indirect cost for each proposed storage reservoir. The storable volume, at 80 percent
reliability, was used as a threshold of reservoir capacity that would fill in roughly 8 out of 10
years. The estimated average annual irrigation shortage reduction is the amount of average
annual additional water supply made available for irrigation by the proposed storage.

Table 1.

Summary of storage associated with proposed storage reservoirs at 80 percent
reliability levels of water supply

Estimated
Storable Volume | Average Annual
No Proposed Storage Storage Facility at 80 percent Irrigation
' Reservoir Construction Cost Reliability Shortage
(acre-feet) Reduction
(acre-feet)
83 | Hardman Reservoir $50,000,000 4,800 1,500
3p | [hief Valley Reservoir $183,000,000 43,000 29,000
Enlargement with pumping
40 | North Powder Reservoir $113,000,000 5,300 4,500
6 | East Pine Reservoir $133,000,000 21,000 13,700
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Table 2 provides comparisons for construction of hydropower generation and transmission
facilities.

Table 2. Summary of hydropower potential associated with proposed hydropower
facilities at 80 percent reliability levels of water supply
. Estimated
Hydropower Generation
: Impacts on Overall System
Proposed Plant and Potential at 80 '
o Snake and Changein
No. | Hydropower Transmission percent Storage . :
g . S Columbia River Generation
Facilities Construction Reliability
Cost (MWhiyr) system (MWh/yr)
y (MWh/yr)
Hardman
83 Reservoir $3,100,000 700 (1,100) (400)
Thief Valley
30 | Reservoir $64,000,000 12,400 (22,700) (10,200)
Enlargement
40 | North Powder $14,700,000 4,900 (2,900) 2,000
Reservoir
g | EastPine $16,300,000 7,400 (6,600) 800
Reservoir

The federal objective is to contribute to national economic development (NED) consistent
with protecting the Nation’s environment. An NED benefit-cost analysis compares the
benefits of a proposed project to its costs. Total costs of the project are subtracted from the
total benefits to measure net benefits. Benefits associated with the action alternatives are
measured as changes from a No Action alternative. If the net benefits are equal to or greater
than one, implying that benefits exceed costs, the project could be considered economically
justified from the federal perspective. Non-quantified parameters, while important, do not
factor into the benefit-cost analysis. In accordance with federal guidance, no other economic
analyses were performed for this appraisal-level study.

A benefit-cost analysis was conducted on the proposed alternatives being considered in this
study. Benefits and costs associated with each proposed alternative are compared to the No
Action (baseline) alternative. Benefit categories evaluated for this analysis include
agriculture and hydropower. Other benefit categories such as flood control, recreation,
fisheries, etc., were not evaluated. Cost categories include construction of dams, pumping
plants and conveyance systems, hydropower plants, power transmission lines and annual
operations, maintenance, replacement, and power (OMR&P) costs. Interest during
construction (IDC), based on the fiscal year (FY) 2011 federal water resource agency
planning rate of 4.125 percent, was charged on each construction element annually through
the end of the construction period. The construction period was assumed at 3 years for all
alternatives (2012-2014). The period of analysis for benefits and OMR&P costs was assumed
at 100 years from the end of the construction period (2015-2114).

All benefits and costs are measured in 2009/2010 dollars. In some cases, costs were initially
based on previously developed estimates and therefore had to be indexed to reflect current
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dollars. In addition, all benefits and costs were converted to a common point in time (when
benefits begin to accrue). It was assumed that IDC provides the conversion of construction
costs to the end of the construction period. The 100-year stream of agricultural and
hydropower benefits and OMR&P costs were discounted (present valued) back to the end of
the construction period using the 4.125 percent planning rate.

Conclusions and Recommendations

None of the alternatives meets the federal criteria of a positive net benefit or benefit-cost-
ratios equal to or greater than one. The Hardman alternative and the Thief Valley alternative
came the closest with benefit-to-cost ratios of .71 and .63, respectively (Table 3).

Table 3. Benefit-cost analysis results for each alternative (millions $).

Benefit-Cost Hardman Thief Valley North Powder East Pine

Components Alternative Alternative Alternative Alternative
Total Benefits 42.9 175.3 58.0 37.2
Agriculture 43.6 193.5 54.4 35.7
Hydropower -0.7 -18.1 3.6 15
Total Costs 60.6 280.3 141.2 164.1
Construction & IDC 56.3 262.7 136.1 158.1
OMR&P 4.3 17.6 5.1 6.0
Net Benefits -17.7 -104.9 -83.2 -126.9
Benefit-Cost Ratio 71 .63 41 .23

Following is a brief summary of key points and recommendations for each of the four
alternatives analyzed for additional storage. The recommendations are based on information
presented in this appraisal-level analysis:

Hardman Reservoir

The federal cost benefit ratio requirements stated in the P&Gs were not met by this alternative
as configured. Therefore, further study of this alternative at the federal level by Reclamation
is not recommended. However, local or regional benefits may exist that state or other entities
might have interest in pursuing.

Much can be gained with a comparatively small investment through the development and
implementation of a long-term plan that emphasizes water conservation and improved
management practices. It is recommended that water conservation projects be pursued for the
purposes of satisfying existing and future water user needs of the basin. Federal and state
programs are available to support and fund such projects.

The hydropower generation investigated for this study was secondary to irrigation benefit.
The benefit/cost ratio of hydropower generation without consumptive use of stored water for
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irrigation purposes was not investigated as this was outside the scope of this study.
Stakeholders could consider teaming with private entities to evaluate the economics of
hydropower generation.

Appraisal-level calculations indicate that a storage facility at the proposed Hardman location

would have minimal impact on the total annual flow reaching the Snake and Columbia rivers.
However, the impact to the regional hydropower generation systems as a result of the change
in flow timing in reaching the Snake and Columbia rivers was not assessed.

Thief Valley Reservoir Enlargement

The federal benefit-to-cost ratio requirements stated in the P&Gs were not met by this
alternative as configured. Therefore, further study of this alternative at the federal level by
Reclamation is not recommended. However, local or regional benefits may exist that state or
other entities might have interest in pursuing.

Much can be gained with a comparatively small investment through development and
implementation of a long-term plan that emphasizes water conservation and improved
management practices. It is recommended that water conservation projects be pursued for the
purposes of satisfying existing and future water user needs of the basin. Federal and state
programs are available to support and fund such projects.

The hydropower generation investigated for this study was secondary to irrigation benefit.
The benefit-to-cost ratio of hydropower generation without consumptive use of stored water
for irrigation purposes was not investigated as this was outside the scope of this study.
Stakeholders could consider teaming with private entities to evaluate the economics of
hydropower generation.

Appraisal-level calculations indicate that an enlarged facility at the Thief Valley location
would have a measurable impact on the total annual flow reaching the Snake and Columbia
rivers. However, the impact to the regional hydropower generation systems as a result of the
change in flow timing in reaching the Snake and Columbia rivers was not assessed.

North Powder Reservoir

The federal benefit-to-cost ratio requirements stated in the P&Gs were not met by this
alternative as configured. Therefore, further study of this alternative at the federal level by
Reclamation is not recommended. However, local or regional benefits may exist that state or
other entities might have interest in pursuing.

Much can be gained with a comparatively small investment through development and
implementation of a long-term plan that emphasizes water conservation and improved
management practices. It is recommended that water conservation projects be pursued for the
purposes of satisfying existing and future water user needs of the basin. Federal and state
programs are available to support and fund such projects.
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The hydropower generation investigated for this study was secondary to irrigation benefit.
The benefit-to-cost ratio of hydropower generation without consumptive use of stored water
for irrigation purposes was not investigated as this was outside the scope of this study.
Stakeholders could consider teaming with private entities to evaluate the economics of
hydropower generation.

Appraisal-level calculations indicate that a storage facility at the proposed North Powder
location would have minimal impact on the total annual flow reaching the Snake and
Columbia rivers. However, the impact to the regional hydropower generation systems as a
result of the change in flow timing in reaching the Snake and Columbia rivers was not
assessed.

East Pine Reservoir

The federal benefit-to-cost ratio requirements stated in the P&Gs were not met by this
alternative as configured. Therefore, further study of this alternative at the Federal level by
Reclamation is not recommended. However, local or regional benefits may exist that state or
other entities might have interest in pursuing.

Much can be gained with a comparatively small investment through development and
implementation of a long-term plan that emphasizes water conservation and improved
management practices. It is recommended that water conservation projects be pursued for the
purposes of satisfying existing and future water user needs of the basin. Federal and state
programs are available to support and fund such projects.

The hydropower generation investigated for this study was secondary to irrigation benefit.
The benefit-to-cost ratio of hydropower generation without consumptive use of stored water
for irrigation purposes was not investigated as this was outside the scope of this study.
Stakeholders could consider teaming with private entities to evaluate the economics of
hydropower generation.

Appraisal-level calculations indicate that a storage facility at the proposed East Pine location
would have minimal impact on the total annual flow reaching the Snake and Columbia rivers.
However, the impact to the regional hydropower generation systems because of the change in
flow timing in reaching the Snake and Columbia rivers was not assessed.

The following general recommendations are provided by Reclamation to the project
stakeholders because of the Eastern Oregon Water Storage Appraisal Study:

e The alternatives analyzed as water storage projects in this study are not recommended
for further federal level investigation by Reclamation because they did not meet the
federal P&G benefit-to-cost ratio requirements. This does not mean that the projects
are not without merit. Stakeholders are free to pursue these alternatives, or variations
on these alternatives, with other entities whose interests may differ from
Reclamation’s objectives.
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e The Federal and state governments are highly supportive of water conservation and
water management actions that stretch existing water supplies. Stakeholders should
pursue water optimization studies and implementation through grant and loan
programs supported by Reclamation and others. Non-structural actions would help
irrigators close the gap in water users’ water delivery needs. Watershed management
or water conservation, such as those identified in the WASH objectives, listed under
current activities (Section 1.4) should be pursued.

e There are opportunities within the existing systems for additional hydropower
generation. Stakeholders could consider evaluation of projects focused on
hydrospower generation as a means of economic development.

e To support the above recommendations, stakeholders should pursue means to collect
additional long-term hydrologic and water use data within the study area.
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Acronyms and Abbreviations

°C degrees Celsius

°F degrees Fahrenheit

AUMS Animal Unit Months

BLM Bureau of Land Management

BVSCD Baker Valley Soil and Water Control District
CCSP Climate Change Service Program

cfs cubic feet per second

cwt hundred weight

Cz Contributing zone

CzD Contributing zone diversion

DEQ Department of Environmental Quality

EPA Environmental Protection Agency

ERS Economic Research Service

ESA Endangered Species Act

EVSCD Eagle Valley Soil and Water Conservation District
FERC Federal Energy Regulatory Commission
FY fiscal year

GWh gigawatt hour

H Horizontal

IDC interest during construction

INL Idaho National Laboratory

Mid C Middle Columbia River

MWh megawatt hour

NASS National Agricultural Statistics Service
NED National Economic Development

NEPA National Environmental Policy Act

NPCC Northwest Power and Conservation Council
NRCS Natural Resources Conservation Service

OAIN Oregon Agricultural Information Network



ODA Oregon Department of Agriculture

OMR&P operations, maintenance, replacement, and power
osu Oregon State University

OWRD Oregon Water Resources Department

P&Gs Principles and Guidelines

P.L. Public Law

PBWC Powder Basin Watershed Council

POD point of diversion

PVWCD Powder Valley Water Control District

RCC roller-compacted concrete

Reclamation Bureau of Reclamation

RM river mile

SAP Synthesis and Assessment Product

TBD transbasin diversion

USDA U.S. Department of Agriculture

USFS U.S. Forest Service

USFWS U.S. Fish and Wildlife Service

USGS U.S. Geological Survey

\Y vertical

WASH Powder River Water and Stream Health Steering Committee

WC Watershed Council
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Chapter 1  STUDY PURPOSE AND SCOPE

People’s livelihoods in eastern Oregon’s Powder River basin, which is comprised of the
Burnt River, Powder River, and Pine Creek basins, are directly influenced by water supply
availability. Their concerns include instream needs for aquatic ecosystems, recreation,
water quality, and out-of-stream needs such as irrigation, power generation, municipal use,
and terrestrial ecosystems.

Eastern Oregon residents have considered and worked toward developing additional storage
opportunities for over 50 years. Water is stored in multiple existing reservoirs, but the
stored water does not meet late summer water demand for irrigation and instream water
rights for fish habitat. By August, natural flows recede and stored water supplies diminish.
As a result, water diversions to roughly 80 percent of the irrigated lands are shut down,
which in turn may impact stream health, fisheries, and recreation potential.

Private parties have developed small dams and storage facilities over the last 50 years.
Larger projects had previously been identified and studied by the U.S. Department of the
Interior Bureau of Reclamation (Reclamation), the United States Department of Agriculture
(USDA) Natural Resource Conservation Service (NRCS), and area soil and water, irrigation
and water control districts. In January 2005, the Baker County Board of Commissioners
established the Powder Basin Water and Stream Health (WASH) Steering Committee to
explore and assess potential opportunities for additional instream and out-of-stream projects.
The intent of these projects is to identify benefits to the existing water supply system in
concert with enhancing the health and welfare of the basin. The WASH Initiative’s mission
is to:

develop and implement a long-term water management plan that utilizes water
conservation, storage and re-use which incorporates beneficial uses such as
recreation, agriculture, fish, wildlife, hydropower, flood prevention and instream
needs to provide sustainability to the environment, society and the economy.

The WASH committee’s stated goals for this specific study are as follows:

e The WASH Steering Committee has authority granted from Baker County, Union
County, and the State of Oregon to proceed with projects as described in the mission
statement in cooperation with other affected government entities, special districts,
and watershed councils.

e Of the water that leaves the basin as snowmelt runoff, 80 percent will be locally
managed by 2030 and 100 percent by 2050.

e Management will occur through conservation practices, storage facilities, re-use, and
return flows via surface and subsurface routes.
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1.1 Reclamation’s Authority to Conduct Study

The 1909 Oregon Water Law will be an integral part of all long-term water planning.

The WASH committee requested assistance from Reclamation’s Snake River Area Office in
Boise, Idaho, and secured additional federal funding in 2007 to pursue further assessment of
water supply opportunities in the Powder River basin. The purpose of this appraisal study is

to:

Demonstrate an unsatisfied need, either current or future, within the basins.

Determine if water demand in the Powder River basin is unmet (projected to the year
2050).

Demonstrate whether that need may be satisfied by structural plans for management
and development of available resources.

Determine if there is at least one regional alternative to meet current and future
demands.

Determine if there is a federal objective consistent with Reclamation policies, laws,
costs, benefits, and environmental impacts in which there exists at least one regional
plan that can be recommended to be carried forward into a feasibility study.

The federal objectives for this study are stated in the Economic and Environmental
Principles and Guidelines for Water and Related Land Resources Implementation Studies
(P&GSs) (1983), as follows:

a. The federal objective of water and related land resources planning is to contribute to

national economic development (NED) consistent with protecting the Nation’s
environment, pursuant to national environmental statutes, applicable executive
orders, and other federal planning requirements.

Contributions to NED are increases in the net value of the national output of goods
and services, expressed in monetary units. Contributions to NED are the direct net
benefits that accrue in the planning area and the rest of the nation. Contributions to
NED include increases in the net value of those goods and services that are
marketed, and also of those that may be marketed, and also of those that may not be
marketed.

Reclamation desires the following output for this project:

For existing Reclamation projects - meet water users’ contractual obligations for
water delivery, needs now and through the study’s 40-year planning horizon.

For areas of need outside of existing Reclamation projects - seek opportunities to
fulfill needs that meet or exceed 80 percent reliability criteria.

Continue to meet Endangered Species Act (ESA) obligations and identify
opportunities to enhance ecological needs.
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1.1 Reclamation’s Authority to Conduct Study

e Meet Indian trust obligations.
e Auvoid costly litigious processes.
e Satisfy the criteria necessary to produce a complete appraisal-level report.

Any alternative plan recommended to be carried forward to feasibility-level evaluation must
be capable of meeting the following four tests of viability, as stated in the P&Gs:

e Acceptability to state and local entities and the public, and compatible with existing
laws, regulations, and public policies.

e Effectiveness in contributing to objectives.
e Efficiency as the most cost effective means of meeting objectives.

e Completeness in accounting for all necessary investments or other actions, including
those by other federal and non-federal entities.

This appraisal study process consisted of the following steps:
e Prepare a needs, opportunities, and constraints assessment (Chapter 2).

e Evaluate average annual hydrologic water supply yield in comparison to identified
needs for each identified site (Chapter 2).

e Conduct a literature review, document findings and develop a list of potential storage
locations for further evaluation (Chapter 3).

e Identify guidelines and screening criteria to identify potential alternatives (Chapter
3).

e Conduct stakeholder workshop to identify and agree upon alternatives for further
study (Chapter 3).

e Evaluate potential storage location alternatives for supply reliability (Chapter 4).
e Conduct appraisal-level cost evaluations of selected alternatives (Chapter 5).
e Perform an economic analysis of selected alternatives (Chapter 6).

e Evaluate and recommend action (Chapter 7).

1.1 Reclamation’s Authority to Conduct Study

Reclamation is authorized to conduct this study under the Reclamation Act of 1902 (P.L. 57-
161, 32 Stat. 388, June 17, 1902). The Act, as amended and supplemented, authorizes
Reclamation to manage and develop innovative water management tools and partnerships to
meet the growing demand for water in the American West.

Reclamation’s water resource planning process involves three levels of planning, starting
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1.2 Stakeholder Work Group Involvement

with a preliminary assessment. The assessment helps determine the federal role(s) and the
desirability of potential partners to proceed to the subsequent appraisal and feasibility
analyses.

An appraisal study is a preliminary survey of problems and needs that uses existing
information to explore conceptual solutions to identified water resources issues. The
appraisal study process includes development and screening of alternatives so only viable
alternatives that meet project goals are carried forward into the more extensive feasibility
analysis step.

Reclamation is authorized by the Burnt, Malheur, Owyhee, and Powder River Basin Water
Optimization Feasibility Study Act of 2002 (P.L. 107-237, October 11, 2002), to conduct
feasibility studies on water optimization in the Burnt River, Malheur River, Owyhee River,
and Powder River basins in Oregon.

1.2 Stakeholder Work Group Involvement

Reclamation partnered with the WASH committee and other locals to conduct this appraisal
study, forming a stakeholder workgroup to advise Reclamation and provide input on
technical work products. A list of the participating membership of the WASH committee is
included in Appendix A. Two meetings have been held within the study area to engage the
public in this study process. Meeting agendas and minutes are posted on the Reclamation
website at www.usbr.gov/pn/programs/srao_misc/storagestudy/index.html (Reclamation
2010). Informal meetings and workshops were also conducted by Reclamation and its
contractors with the WASH committee members and other stakeholders during the study
process.

1.3 General Description of Study Area

The Eastern Oregon Water Storage Appraisal Study area (study area) (see Figure 1-1) is
located in eastern Oregon, bordered to the north by the Wallowa Mountains, to the west by
the Blue Mountains, to the south by the Malheur River basin, and to the east by the Snake
River. The Burnt River and Powder River water systems are upstream from 10 Snake River
and Columbia River dams (Nowak 2004a; Nowak 2004b). The study area is comprised of
three major basins: Burnt River, Powder River, and Pine Creek, which together encompass
approximately 2.7 million acres and are also collectively referred to as the Powder River
basin.
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Figure 1-1. Vicinity map
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1.3 General Description of Study Area

1.3.1 Environmental Characteristics

The topography in these eastern Oregon basins varies greatly, with relatively high-gradient
mountain streams, deep river canyons, and broad shallow valleys. Stream headwaters
originate in the Blue and Wallowa Mountain ranges at elevations from 6,000 feet to above
9,000 feet above sea level. They empty into Snake River reservoirs, the Hells Canyon
Complex, owned and operated by the Idaho Power Company (Reclamation 2008).

The climate is similar for the Burnt River, Powder River, and Pine Creek basins. The overall
climate is temperate, characterized by light precipitation, low relative humidity, rapid
evaporation, abundant sunshine, and wide temperature and precipitation fluctuations. The
mean annual temperature is about 46°F. Temperature extremes of -28°F (February) and
104°F (August) have been recorded at the Baker City Airport. Precipitation varies widely
across the basins. The majority of annual precipitation, which averages about 11 inches in the
valleys and nearly 80 inches on the highest elevations, falls as snow during winter. In the
summer, hot, dry surface air often mixes with cool, moist upper air masses to produce
lightning storms (Nowak 2004a; Nowak 2004b).

1.3.2 Social and Economic Characteristics

The basins have a population of about 17,000 people spread across Baker County and in a
small portion of southern Union County. Baker City is the largest city with a population of
10,035 in 2008. The remaining populations are located in very small rural communities. The
major employers are agriculture, tourism, and government. Absent industrial growth, the
population is expected to continue to grow at its current rate, with no anticipated regional
competition for water due to urban development.

Based on factors such as unemployment rates, annual income, and population, the State of
Oregon has designated Baker County as a “distressed” area. It is thus eligible for priority
assistance from the Economic and Community Development Department (Reclamation 2008;
PBWC 1996).

1.3.3 Hydrology and Present Water-Related
Development

The amount and timing of runoff in these basins is dependent on the amount of snowpack
accumulated during the winter months, and the timing of spring temperature increases and
rainfall. Seasonal peak flows generally occur between April and early June. Portions of this
area commonly experience rain-on-snow events, which cause brief, localized flooding.
Summer flows are influenced by water diversions for irrigation, with rivers reaching their
lowest flow levels in late summer (Nowak 2004b).
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1.4 Current Activities and Related Studies

The agricultural community is the largest water user in Oregon. There are several existing
reservoirs whose primary function is to service agricultural demands. These reservoirs range
in capacity from 46 acre-feet to 95,500 acre-feet. There are no known facilities that operate
strictly for flood control, hydropower, recreation, ecosystem enhancement, or municipal or
industrial use.

Domestic, municipal, and industrial water is generally supplied by groundwater resources.
Baker City has implemented an aquifer storage and recovery project (Oregon DEQ 2010).

Low flows are sometimes less than minimum instream water rights because of either low
natural runoff or upstream diversions by higher priority water rights.

Approximately two-thirds of the area is rangeland, with livestock grazing as the primary land
use. One-sixth of the area is forestland where timber harvest and summer livestock grazing
are the main uses. Most of the remaining area is cropland and pastureland irrigated by
gravity, flood, or sprinkler systems. Irrigated acres produce primarily grain, hay, and pasture
(Reclamation 2008; PBWC 1996). Approximately one-half of the study area lands are owned
by various Federal agencies.

1.4 Current Activities and Related Studies

Reclamation owns facilities in three different locations within the study area:

e Unity Dam and Reservoir at the confluence of the North, South, West, and Middle
Forks of the Burnt River (25,200 acre-feet, managed by Burnt River Irrigation
District).

e Mason Dam and Phillips Reservoir on the Powder River (95,500 acre-feet, managed
by Baker Valley Irrigation District).

e Thief Valley Dam and Reservoir on the Powder River (constructed with a capacity of
17,400 acre-feet, capacity estimated to be 13,300 acre-feet in 2001 (Reclamation
2001a), managed by Powder River Irrigation District).

The funding source for this study was directed toward structural solutions for additional
storage. As such, this report does not include nonstructural plans for management and
development of existing resources. Such activities, such as water conservation options, are
being addressed in separate but concurrent activities in partial fulfillment of WASH’s stated
goals. In 2010, WASH applied for WaterSMART grants to address presumed deficiencies in
conservation and energy efficiency. Even after the completion of this appraisal study and
related work, the basins lack hydrologic data, irrigation demand data, and system inefficiency
information. These grant applications were denied funding. A 2011 WaterSMART System
Optimization Review grant was awarded to a group of stakeholders within the study area with
a focus on ecological needs and ties to existing Reclamation projects within the study area.
Due in part to difficulties obtaining required cost share funds, the grant was retracted prior to
signature of a contract. Entities in the study area are considering applying for state and
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1.4 Current Activities and Related Studies

federal grants for 2012 funding.

Preliminary permit applications have been tendered by Pacific Rim Energy on Reclamation
and other non-federal irrigation facilities in Baker County. It appears that Pacific Rim filed
most, if not all, of these preliminary permits without discussion with irrigation facility
stakeholders. A preliminary permit only allows the applicant to study a project and maintain
licensing priority. It does not convey any right of entry or similar rights. Before the Federal
Energy Regulatory Commission (FERC) will issue a license or exemption, they will require
the applicant to have real property interests through either fee title or easement.

In 2007, WASH prepared a literature review summary of existing studies that had been
performed for the Burnt River, Powder River, and Pine Creek basins as the first step in the
assessment planning process (Browne 2008). This included a summary of existing
information from previous studies and an initial list of previously identified potential reservoir
locations, which was later expanded. Reclamation worked in cooperation with the WASH
committee and Browne Consulting to complete this review and list, which is described in
more detail in Chapter 3.

Previously identified sites that were considered in this appraisal analysis report had been
studied in the past by various entities. Some previous studies provided cost estimates and
identified development issues and environmental constraints. The available literature
provided information that was updated and incorporated into this appraisal study where
appropriate, including: 1) topographic and geologic adequacy for potential reservoir
locations; 2) potential reservoir sizes and previously developed hydrology for some sites; and
3) costs and benefits of proposed projects.
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Chapter 2 PROBLEMS AND NEEDS

2.1 Existing Conditions

Human development and activities have changed the ecology of the study area in many ways,
including alterations to the vegetation communities, changes in vegetation structure,
manipulation of surface and groundwater resources, soil movement, relocation of streams, and
changes to the composition of fish and wildlife communities. The major activities that have
resulted in these changes include logging, fire suppression, grazing, cultivation and other
agricultural development, draining of wetlands, ditching and diking of streams, water
withdrawal and the introduction, both intentional and unintentional, of exotic plant and animal
species.

Water runoff volumes within the study area are greatest during the spring months and
primarily associated with snowmelt runoff. Increased flow conditions during winter months
can be attributed to either rainstorms or rain-on-snow events. Frozen ground during these
events can contribute to the winter flooding events. Summer rainstorms can also initiate an
increased flow event; however, they occur infrequently.

Prior to development activities within the study area, some stream reaches most likely
experienced low flows during the summer and fall months. Water withdrawals for
agricultural irrigation uses have exacerbated this condition and can increase concentrations of
water quality pollutants, attributable to agricultural management. These stream reaches also
can experience higher water temperatures than under predevelopment conditions, limiting fish
distribution. In addition, loss of riparian vegetation as well as habitat diversity has likely
increased the severity and extent of these conditions (Nowak 2004a).

2.1.1 Overall Basin Characteristics

Eastern Oregon’s Burnt River, Powder River, and Pine Creek basins average between
approximately 10 and 60 inches of mean annual precipitation, with the lowest precipitation in
the valleys and the highest in the mountains on the western and northern edges of the basins.
Annual precipitation distribution is illustrated in Figure 2-1. The three basins are located in
Baker County, except the portion of the Powder River basin north of the North Powder River,
which is in Union County. Thirty reservoirs, ranging from 46 acre-feet of active stored
capacity to 90,500 acre-feet, supply water primarily for irrigation in the three basins. The
hydrology is dominated by snowmelt runoff in the spring, but is also affected by reservoir
storage and release.
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2.1 Existing Conditions

Natural flow patterns are significantly affected by reservoir storage and release, in addition to
water diversions to meet irrigation demands. According to the U.S. Forest Service, portions
of many streams are dry during late summer because natural runoff is low and the flow is
diverted for irrigation (Wallowa Whitman National Forest 1999). In general, reservoirs
typically reach their lowest water volume in late September or early October as a result of low
natural inflow and irrigation releases. They fill gradually through late fall and winter, then
reach their peak or full content in late April or early May. Smaller reservoirs (relative to
basin size and runoff) may fill earlier. At the onset of irrigation season, the reservoirs begin
to release storage water, reaching minimum volumes in September or October. Historic low
flows are sometimes less than minimum instream water rights because of low natural runoff
or because of upstream diversions by higher priority water rights. A summary of non-
agricultural water rights information is provided in Appendix B.

Streamflow measurements are the data choice for hydrologic analyses. Data from a gaging
station provide a time-series of flow at a specific location, creating a period of record. For the
studied basins, data that were available were analyzed and summarized in the following
sections.
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Figure 2-1. Mean annual precipitation on the Burnt, Powder, and Pine Creek basins.
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2.1 Existing Conditions

2.1.2 Burnt River Basin

The following subsections describe the current basin conditions including location, size,
topography, hydrology, existing reservoirs, water use, instream flows, water quality, land use,
fish resources, and ESA-listed species of the basin.

Location and Size

The Burnt River basin makes up the southern portion of the Eastern Oregon Water Storage
Appraisal Study area (see Figure 2-2). The Burnt River basin is defined by the Blue
Mountains to the west, the Snake River to the east, the Powder River basin to the north, and
the Malheur River Basin to the south. The Burnt River basin is almost entirely in Baker
County, except relatively small portions that are in Malheur County along the divide between
the Burnt and Malheur rivers. The North, South, West, and Middle Forks of the Burnt River
and other smaller tributaries flow from their origins in the Blue Mountains to join at Unity
Reservoir at river mile (RM) 77. The river continues in a general easterly direction to enter
the Snake River in Brownlee Reservoir near Huntington, Oregon.

The Burnt River basin encompasses about 700,000 acres and includes about 830 miles of
major streams (Reclamation 2008). Major Burnt River tributaries below Unity Reservoir
include Camp Creek (Burnt RM 71) and Pritchard Creek (Burnt RM 27.5).

Topography

The North, South, West, and Middle Forks of the Burnt River originate in the Blue Mountains
near 7,000 feet elevation. Gradients are relatively steep in the headwaters above Unity
Reservoir (from 6 to 11 percent), become more gradual (1 to 2 percent) as the tributaries
approach Unity Reservoir, and remain relatively flat downstream to the Snake River. The
Burnt River joins the Snake River at about elevation 2,080 feet (Nowak 2004a).

Hydrology

As shown on Figure 2-1, mean annual precipitation on the highest elevations averages as
much as 42 inches per year. The Burnt River hydrology is characterized by relatively high
snowmelt runoff in the spring and relatively low flows in the summer, fall, and winter. The
timing and amount of spring runoff is dependent on spring temperatures and precipitation.
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2.1 Existing Conditions

The average annual water year discharge (October to September) from the Burnt River are as
follows:

e Hereford gage near the middle of the basin: About 88 cfs (63,500 acre-feet) based on
USGS annual statistics from 1929 through 1997 (USGS 2010). Annual discharge
flows ranged from 31 cfs in 1934 to 166 cfs in 1965 (22,400 to 119,900 acre-feet) and
monthly flows ranged from 0.04 cfs in February 1940 to 618 cfs in April 1943.

e Huntington gage at the downstream end of the basin near the Snake River: About 140
cfs (100,500 acre-feet) based on USGS annual statistics from 1963 through 1980
(USGS 2010). Annual discharge flows ranged from 35 cfs in 1977 to 263 cfs in 1974
(25,600 to 190,200 acre-feet) and monthly flows ranged from 9 cfs in July 1977 to
1,069 cfs in April 1974. Figure 2-3 shows mean monthly flows from the Burnt River
at Huntington gage.

Burnt River Monthly Average Flow
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Figure 2-3. Hydrograph of mean monthly flows - Burnt River at Huntington USGS gage (1963-
1980).

The Oregon State Engineer declared the North and South Forks of the Burnt River over-
appropriated more than 60 years ago. The reservoirs in this section of the basin provide
supplemental irrigation water previously depended entirely on the natural flow of the Burnt
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2.1 Existing Conditions

River (Reclamation 2010). Nearly all of the natural flow is diverted for irrigation during the
irrigation season, however, late summer water demand and instream flow designations are not
currently met. Natural flow currently provides only 20 to 30 percent of the allocated water
rights on the South Fork and 15 to 20 percent of the allocated water rights on the North Fork.
The water in the Burnt River basin is fully appropriated for irrigation and there is no
remaining unappropriated water (Nowak 2004a).

In the 1930s, approximately 90 percent of the water users in the Burnt basin signed individual
contracts which confirm the practice of operating the Burnt River on a principle of sharing
water and water deficits between water users, rather than distribution based on priority date. It
is this practice that helps enable junior water priorities to be served as long as possible
(Franke 2011).

Existing Reservoirs

The Burnt River basin contains several dams and reservoirs that modify the natural
hydrograph. Reflected in measured flows are the effects of existing reservoir storage, water
use (mostly irrigation diversions and return flows), and instream flows.

Storage reservoirs in the Burnt River basin supply all or a portion of their storage releases to
irrigated lands. Water is stored when available and released from the reservoirs as needed
based on demand and water right priorities and/or contracts.

Existing reservoirs larger than 200 acre-feet are shown in Figure 2-2. The largest reservoirs
in the Burnt River basin are the following:

e Unity Reservoir — 25,200 acre-feet
e Camp Creek Reservoir — 1,700 acre-feet

e Whited Reservoir — 519 acre-feet

The Unity facility is owned by Reclamation and managed by the Burnt River Irrigation
District.

Water Use

Irrigation deliveries are the largest water use in the basin. Municipal, domestic, commercial,
and industrial uses are estimated to be minimal in comparison.

Instream Flows

The Oregon Department of Fish and Wildlife (ODFW) filed for instream water rights on the
Burnt River and its tributaries in 1991 for fish habitat purposes. Instream flow rights at
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2.1 Existing Conditions

specific river reaches on the North and South Forks of the Burnt River range from 3 to 10 cfs.
These minimum instream flows currently are not always met because of natural flow
fluctuations or more senior water rights using available water supplies.

Water Quality

Several Burnt River basin streams have been identified by the Oregon Department of
Environmental Quality (Oregon DEQ 2010) as water quality limited. The parameters of
concern are identified in DEQ’s 303(d) List of Water Quality Limited Bodies. The following
stream segments with listed pollutants were considered in this report:

e North Fork Burnt River — summer temperature (for fish rearing).

e South Fork Burnt River — summer temperature (for redband trout or cutthroat trout).

e Camp Creek — sedimentation (for resident fish and aquatic life, and fish spawning and
rearing).

e Burnt River (below Unity Dam) — chlorophyll a (for aesthetics, fishing, stock
watering, water contact recreation, and water supply), dissolved oxygen (for resident
trout spawning), E. coli (for water contact recreation), and summer temperature (for
redband trout or cutthroat trout).

Land Use

About half of the Burnt River basin is privately owned and the rest is owned primarily by the
USFS and Bureau of Land Management (BLM) (Reclamation 2008).

The Burnt River basin map (Figure 2-2) shows several features, including existing dams and
reservoirs with more than 200 acre-feet of storable volume, irrigated lands, public land
ownerships, and the locations of communities, counties, highways, watercourses, and other
features.

Fish Resources and ESA-listed Species

According to the U.S. Fish and Wildlife Service (USFWS), the Burnt River basin has no
listed threatened or endangered species, and no designated critical habitat (USFWS 2010).
The basin serves as habitat for redband trout, a state-listed species of concern (Reclamation
2010).

Although the Burnt River basin lacks anadromous fish, it does support a diverse resident fish
population and an active recreational fishery. The resident fish populations are comprised of
both native and introduced species.
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2.1.3 Powder River Basin

Complete information is not available on the numerous water rights in the basin due to
transfer and division of rights over the years. However, despite the lack of accurate records,
surface water in the Powder River basin is fully appropriated for irrigation and there is no
remaining unappropriated water during the irrigation season (Nowak 2004b). Typically, in
low water years, not enough water is available to meet authorized irrigation delivery to junior
water right holders. Late summer water demand and instream flow designations are not
currently met.

The following subsections describe current basin conditions including the location, size,
topography, hydrology, existing reservoirs, water use, instream flows, water quality, land use,
fish resources, and ESA-listed species of the basin.

Location and Size

The Powder River basin makes up the central and northwestern portions of the Eastern
Oregon Water Storage Appraisal Study area (Figure 2-4). The Powder River basin is defined
by the Blue Mountains to the west, the Snake River to the east, the Wallowa Mountains to the
north, and the Burnt River basin to the south. The basin is almost entirely in Baker County,
except relatively small northern portions that are in Union and Wallowa counties. The
Powder River begins in the Blue Mountains about 144 miles from its confluence with the
Snake River. It flows southeasterly into Phillips Reservoir behind Mason Dam (Powder RM
136). From Mason Dam it flows east, then north, through Baker City. It meanders southeast
in a general southeasterly direction through Thief Valley Reservoir and Dam (Powder RM 71)
until it enters the Snake River in an arm of Brownlee Reservoir near Richland, Oregon.

The Powder River basin encompasses about approximately 838,000 acres and includes about
1,668 miles of major streams (Reclamation 2008). Major tributaries include Eagle Creek
(Powder RM 10), Wolf Creek (Powder RM 81), North Powder River (Powder RM 82), and
Rock Creek (Powder RM 98) (Nowak 2004b).

Topography

The headwaters of the Powder River and its tributaries originate in the Blue and Wallowa
Mountains at 6,000 to 9,000 feet elevation. Gradients in the mountains are relatively steep
(up to 20 percent), become more gradual (2 to 4 percent) as the tributaries near the valley
floors, and remain relatively flat downstream to the Snake River. The Powder River joins the
Snake River at about elevation 2,000 feet (Nowak 2004b).
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Hydrology

As shown on Figure 2-1, mean annual precipitation on the highest elevations averages as
much as 38 inches per year. The Powder River hydrology is characterized by relatively high
snowmelt runoff in the spring and relatively low flows in the summer, fall, and winter. The
timing and amount of spring runoff depend on winter snowpack depth and spring weather
factors such as temperature and rainfall. Seasonal peak flows in streams originating in the
Blue Mountains generally occur in late April and early May. Peak flows in Eagle Creek,
which originates in the Wallowa Mountains, usually occur in mid-May to early June (Nowak
2004b).

The average annual water year discharge (October to September) from the Powder River is as
follows:

o Baker City gage near the upper third of the basin: About 104 cfs (75,300 acre-feet)
based on USGS annual statistics from 1973 through 1997 (USGS 2010). Annual
discharge flows ranged from 49 cfs in 1988 to 203 cfs in 1984 (35,100 to 146,600
acre-feet) and monthly flows ranged from 4.2 cfs in October 1973 to 536 cfs in May
1975.

e Richland gage at the downstream end of the basin near the Snake River: About 250
cfs (180,200 acre-feet) based on USGS annual statistics from 1958 through 1995
(USGS 2010). Annual discharge flows ranged from 50 cfs in 1988 to 675 cfs in 1984
(35,800 to 488,800 acre-feet) and monthly flows ranged from 4.6 cfs in September
1992 to 1,719 cfs in March 1984. Figure 2-5 shows mean monthly flows from the
Powder River near the Richland gage.
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Figure 2-5. Hydrograph of mean monthly flows - Powder River near Richland gage (1976-
1996).

Complete information is not available on the numerous water rights in the basin due to
transfer and division of rights over the years. However, despite the lack of accurate records,
surface water in the Powder River basin is fully appropriated for irrigation and there is no
remaining unappropriated water during the irrigation season (Nowak 2004b). Typically, in
low water years, not enough water is available to meet authorized irrigation delivery to junior
water right holders.

Existing Reservoirs

The Powder River basin contains several dams and reservoirs that modify the natural
hydrograph. Reflected in measured flows are the effects of existing reservoir storage, water
use (mostly irrigation and return flows), and instream flows.
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Storage reservoirs in the Powder River basin supply all or a portion of their storage releases to
irrigated lands. Water is stored when available and released from the reservoirs as needed
based on demand and water right priorities and/or contracts.

Existing reservoirs larger than 200 acre-feet are shown in Figure 2-4. The largest reservoirs
in the Powder River basin with their total storage volume are the following:

e Balm Creek Reservoir — 2,926 acre-feet

e Goodrich Reservoir — 603 acre-feet

e Jimmy Creek Reservoir — 675 acre-feet

e Love Reservoir — 920 acre-feet

e Phillips Reservoir (Mason Dam) — 95,500 acre-feet
e Pilcher Creek Reservoir — 5,910 acre-feet
e Pine Creek Reservoir — 2,100 acre-feet

e Thief Valley Reservoir — 13,300 acre-feet
e Shaw Reservoir — 504 acre-feet

e Smith Lake — 583 acre-feet

e Van Patten Reservoir — 580 acre-feet

e Wolf Creek Reservoir — 11,100 acre-feet

The Thief Valley and Phillips (Mason) facilities are owned by Reclamation and managed by
local irrigation districts. The Lower Powder River Irrigation District manages Thief Valley
Dam and Reservoir, and Baker Valley Irrigation District manages Phillips Reservoir and
Mason Dam. Powder Valley Water Control District, Pilcher Creek Water Control District,
and Wolf Creek Water Control District also manage irrigation water within the basin.

Water Use

Irrigation deliveries are the largest water use in the basin. Municipal, domestic, commercial,
and industrial uses are estimated to be minimal in comparison.

Instream Flows

ODFW filed for instream water rights on the Powder River and its tributaries in 1991 for fish
habitat purposes. Instream flow rights at specific river reaches in the river and its tributaries
range from 1.8 to 60 cfs. These minimum flows currently are not always met because of
natural flow fluctuations or stream depletion by higher-priority water rights. This is
particularly true of the larger, 50 cfs instream flow right below Thief Valley Reservoir to
Goose Creek.
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Water Quality

Several Powder River basin streams have been identified by the Oregon DEQ as water quality
limited. The parameters of concern are identified in DEQ’s 303(d) List of Water Quality
Limited Bodies (Oregon DEQ 2010). The following stream segments with listed pollutants
were considered in this report:

e Elk Creek — summer temperature (for fish rearing).

e North Powder River — temperature (for fish rearing).

e Powder River — fecal coliform (for recreation water contact) and summer temperature
(for fish rearing).

Land Use

More than half of the land in the basin is managed by the USFS and BLM (Nowak 2004b).
The Powder River basin map (Figure 2-4) shows several features, including existing dams and
reservoirs with more than 200 acre-feet of storable volume, irrigated lands, public land
ownerships, and the locations of communities, counties, highways, watercourses, and other
features.

Fish Resources and ESA-listed Species

Bull trout, listed as “threatened” in 1998 under the ESA, are present in higher elevations.
Critical habitat in the Powder River basin in these elevations, Phillips Reservoir, a small reach
of the mainstem Powder River below its confluence with the North Powder River, and the
mainstem Powder River below Thief Valley dam from its confluence with Eagle Creek to the
Snake River, was designated in 2010 (Figure 2-4).

Redband trout, a USFWS-listed species of concern, are also present in this basin (USFWS
2010). The Powder River basin lacks anadromous fish; however, it does support a diverse
resident fish population and an active recreational fishery. The resident fish populations are
comprised of both native and introduced species (Nowak 2004b).

Occurrences of endangered gray wolves and threatened Howell’s spectacular thelypody
(plant) have been documented in areas immediately west of Thief Valley Reservoir (Figure
2-4).

2.1.4 Pine Creek Basin

The following subsections describe current basin conditions including the location, size,
topography, hydrology, existing reservoirs, water use, instream flows, water quality, land use,
fish resources, and ESA-listed species.
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2.1 Existing Conditions

Location and Size

The Pine Creek basin makes up the northeastern portion of the Eastern Oregon Water Storage
Appraisal level Study area (see Figure 2-6). It is located in the northeast corner of Baker
County. Pine Creek originates on the Imnaha divide in the Eagle Cap Wilderness at Pine
Lakes. Pine Creek generally flows southeast to agricultural land surrounding the city of
Halfway. The creek then generally flows east and northeast for about 20 miles into Hells
Canyon Reservoir on the Snake River near Oxbow, Oregon, just downstream of Oxbow Dam
(PBWC 2000).

The Pine Creek drainage covers approximately 195,800 acres and is about 36 miles long
(PBWC 2000). Major tributaries include Clear Creek, East Pine Creek, Fish Creek, and North
Pine Creek.

Topography

This basin includes numerous high lakes in sub-alpine forests, beginning as high as 9,500 feet.
Gradients are initially steep. The creek and its East Pine and Clear Creek tributaries drop to a
relatively flat area around elevation 2600 feet near Halfway, Oregon. It then meanders at a
relatively flat gradient before entering the Snake River at about elevation 1680 feet (PBWC
2000).

Hydrology

As shown on Figure 2-1, mean annual precipitation on these highest elevations averages as
much as 80 inches per year. The basin has numerous high lakes. Pine Creek hydrology is
characterized by relatively high snowmelt runoff in the spring and relatively low flows in the
summer, fall, and winter. The timing and amount of the spring runoff is dependent on spring
temperatures and precipitation.

The average annual water year discharge (October to September) from Pine Creek are as
follows:

e Oxbow gage near the Snake River: About 350 cfs (253,500 acre-feet) based on USGS
annual statistics from 1968 through 1995 (USGS 2010). Annual discharge flows
ranged from 55 cfs in 1977 to 674 cfs in 1974 (40,000 to 488,000 acre-feet) and
monthly flows ranged from 14 cfs in August 1977 to 1,929 cfs in June 1974. Figure
2-7 shows mean monthly flows from Pine Creek near Oxbow gage. The USGS does
not have a gage in middle part of the basin.
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Figure 2-7. Hydrograph of mean monthly flows - Pine Creek near Oxbow gage (1976-1996).

Existing Reservoirs

Storage reservoirs in the Pine Creek basin supply nearly all of their storage releases to
irrigated lands. Water is stored when available and released from the reservoirs as needed
based on water right priorities and contracts. The only identified reservoir in the Pine Creek
basin with a capacity greater than 500 acre-feet is Fish Lake, which holds 825 acre-feet of
water. This facility is neither owned nor operated by Reclamation.

Water Use

Irrigation deliveries are the largest water use in the basin. Municipal, domestic, commercial,
and industrial uses are estimated to be minimal in comparison.

Instream Flows

Instream flow rights at specific reaches on Pine Creek and its tributaries range from 0.6 to
60.0 cfs. The ODFW filed for instream water rights on Pine Creek and its tributaries in 1991
for fish habitat purposes. These minimum instream flows currently are not always met
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2.2 Deficiencies and Current Needs

because natural runoff may not be available and more senior water rights are using available
water supplies.

Water Quality

The Clear Creek and East Pine Creek basins have been identified by Oregon DEQ as water
quality limited. The parameters of concern, related to beneficial use for fish, are identified in
DEQ’s 303(d) List of Water Quality Limited Bodies (Oregon DEQ 2010). The following
stream segments with listed pollutants were considered in this report:

e Clear Creek — summer temperature (for fish rearing).
e East Pine Creek — summer temperature (for fish spawning and rearing).

Land Use

About 58 percent of the land is managed by the USFS; 11 percent by the BLM, State of
Oregon, and Baker County; and the remaining 31 percent are privately owned (PBWC 2000).
The Pine Creek basin map (Figure 2-6) shows several features, including existing dams and
reservoirs with more than 200 acre-feet of storable volume, irrigated lands, public land
ownerships, and the location of communities, counties, highways, watercourses, and other
features.

Fish Resources and ESA-listed Species

The Pine Creek drainage is listed for critical bull trout habitat, and bull trout are present in
this basin (USFWS 2010).

2.2 Deficiencies and Current Needs

This section relies on available current water use and projected water needs information
developed for a 40-year planning horizon through the year 2050 for the Burnt, Powder, and
Pine basins. The water needs in the study area have been articulated to the State of Oregon by
eastern Oregon stakeholders, through the Oregon Water Resources Strategy roundtable
meeting process. Information used to prepare this study has been shared in support of the
state’s efforts.

In 1992, the Oregon Department of Agriculture reserved 74,490 acre-feet of water for future
economic development in the Burnt River (26,300 acre-feet), Powder River (38,190 acre-
feet), and Pine Creek (10,000 acre-feet) basins within Baker and Union Counties (OWRD
2010). The water was allocated under Oregon Administrative Rules for multiple-benefit
reservoirs to maximize economic development of the State and provide water for future
anticipated needs.
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2.2 Deficiencies and Current Needs

Current and future water needs include irrigation, municipal demands, and instream water
uses for fish and wildlife habitat and recreation. In addition, benefits to hydropower,
livestock watering, domestic wells, and mining could be realized from this type of project
development. The 1992 water reservations will sunset starting in 2016 if additional storage
sites are not developed. A summary list of these reservations is provided in Appendix B.

To reasonably quantify the existing hydrologic conditions of the basin and subsequent water
needs, a hydrologic record for the basins must be assessed. However, insufficient records
exist to describe historic flow conditions within streams or surface water diversions to
irrigated lands. Therefore, to quantify baseline conditions and prospective benefits of
proposed projects, a hydrologic analysis of the basin must be performed.

2.2.1 Basin Hydrology Development

As part of this appraisal analysis, it is necessary to develop a complete hydrologic period of
record. This data record will rely on historic information, estimates, and computations that
will establish the foundation for this study. As stated earlier, insufficient records exist that
could be used to characterize historic flow conditions within streams or surface water
diversions to irrigated lands.

A spatial inventory of USGS and Reclamation gage locations was performed in addition to
the available flow measurements at these sites. The available data coverage would define a
period of record that would be analyzed. These records would be considered regulated flow
conditions at the gage, and not all of the gage locations are upstream of project reservoirs or
irrigation diversions. Therefore, computation of natural flow, or unregulated flow, conditions
provided a consistent foundation for creating the additional hydrology data necessary for this
study.

To create a natural flow record, modification to the regulated data must be accomplished.
This requires the addition of irrigation diversions, return flows, and change in reservoir
storage to those gages representing regulated flow conditions.

The general equation used to compute natural flow at the gage of interest is:
Qnat = Qgage tE+AS+D-R

where:

Qnat = computed natural flow for the gage (acre-feet per month)

Qgage = historic flow observed for the gage (acre-feet per month)
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2.2 Deficiencies and Current Needs

E  =reservoir evaporation (acre-feet per month)

AS  =change in reservoir storage (acre-feet per month)
(+) positive when filling
(-) negative when releasing

D  =irrigations diversions (acre-feet per month)

R =irrigation return flows above the gage (acre-feet per month)

A complete data set of historic observed flows within the three basins was not available.
Available historical streamflow records were obtained from USGS and Reclamation. The
available data overlap defined a period of record between water years 1971 through 1999 for
use in this analysis.

Based on these historical data, correlations were developed to fill in and extend periods of
unrecorded data to provide a complete data input record. The gages with the most complete
period of record were used for this analysis and are listed in Table 2-1.

Table 2-1. Gages used in basin hydrology development.

Gage ldentification Gage Location

Five gages in the Burnt River basin

13269300 North Fork Burnt River near Whitney, OR
13270800 South Fork Burnt River above Barney Cr, near Unity, OR
13273000 Burnt River near Hereford, OR
13274200 Burnt River near Bridgeport, OR
13275000 Burnt River at Huntington, OR
Nine gages in the Powder River basin
13275100 Powder R above Phillips Lake near Sumpter, OR
13275200 Deer Cr above Phillips Lake near Sumpter, OR
13275300 Powder River near Sumpter, OR
13277000 Powder River at Baker City, OR
13281200 Rock Creek near Haines, OR
13282400 Anthony Creek below North Fork near North Powder, OR
13283600 Wolf Creek above Wolf Creek Reservoir near North Powder, OR
13284900 Powder River above Thief Valley Reservoir near North Powder, OR
13285500 Powder River below Thief Valley Reservoir near North Powder, OR
One gage in the Pine Creek basin
13290190 Pine Creek near Oxbow, OR
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2.2 Deficiencies and Current Needs

2.2.2 Reservoir Evaporation

Reservoir evaporation was only included for the three large Reclamation reservoirs: Unity,
Phillips, and Thief Valley reservoirs. Pan evaporation data obtained during the growing
season was used to compute the water loss occurring from each reservoir (NCDC 2008).
Evaporative losses for non-growing season months and those with missing pan evaporation
data were calculated using the 1985 Hargreaves equation (Hargreaves and Allen 2003).

2.2.3 Change in Reservoir Storage

Reservoirs located upstream of a gage reregulate the natural flow conditions. As a result, a
change in reservoir storage must be included in the computed natural flow data record.
Reservoir storage computations were only included for the three large Reclamation reservoirs:
Unity, Phillips, and Thief Valley reservoirs.

2.2.4 Irrigation Diversions

Agricultural irrigation accounts for the large majority of consumptive water use in the Burnt
River, Powder River, and Pine Creek basins. To establish meaningful alternative
development and screening criteria, quantification of irrigation needs was necessary. Very
few irrigation diversions within the study area basins are measured. Therefore, a
methodology was developed to quantify total irrigation diversions and consumptive use.

Total irrigation water diverted from the rivers is a function of total irrigated acreages,
consumptive use of the crops, and water conveyance and application efficiencies. The
computed current level of irrigation diversions were then compared to allocated water rights
in an attempt to validate results.

Total Irrigated Acreage

The total annual irrigated crop acreages were estimated utilizing the following three sources.

e Census of Agriculture (Census Bureau 1969, 1974, 1978, 1982, 1987; National
Agricultural Statistics 1992, 1997, 2002).

e Oregon Agricultural Information Network (OAIN 2008).

e Oregon State University Extension Service (Burt 2008).

The ArcGIS, geographic information system (GIS), was used to ascertain the quantity and the
location of irrigated acreages with respect to a particular gage. This was accomplished
throughout the three basins to spatially allocate the irrigation diversions with respect to the
gages.
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Consumptive Use

Consumptive use was calculated for the estimated total annual irrigated acreages. The
consumptive use is the amount of water that is removed by the system, the intake of water by
plants. In order to quantify consumptive use, crop mix for the irrigated acreages was first
determined using available sources (OAIN 2008; Burt 2008; Census Bureau) as different
plants have differing water requirements.

Crop irrigation water requirements for 1970 through 1988 are Cuenca’s et al. (1992) monthly
values by crop (FAO-24 Blaney-Criddle ETc [Doorenbos 1977] with the Natural Resources
Conservation Service [NRCS—formerly SCS] effective rainfall method). Irrigation
requirements for 1989 through 1999, utilized Reclamation’s Agrimet system. The Agrimet
system provided the historical meteorological data that was used to compute consumptive use
for the latter half of the period of record.

In reality, a full supply of water for crops is not always available. Therefore, water
availability factors were applied to the irrigation diversion computations. These factors were
based on water rights, irrigation cut-off dates, and water year type (wet, average, dry).
Otherwise, the irrigation diversion requirements would be overstated.

Return Flows

The return flows are defined as the amount of diverted irrigation water that returns to the river
in a matter of a few months. These flows are added back to the gage values to compute the
natural flow. This parameter is a function of the irrigation diversion and application
efficiencies. Efficiency factors were specified for both water conveyance and type of water
application. Sprinkler application of water is more efficient that gravity application and
results in less water diverted. The following efficiencies were applied:

e Water Conveyance: 90 percent
e Sprinkler Application: 65 percent
e Gravity Application: 40 percent

For each year within the period of record analyzed, acreages were differentiated as being
either gravity fed or sprinkled.

Reuse of irrigation water is common. The flow returned to the river upstream becomes
available for irrigation diversion downstream. A reuse factor was applied and included in the
return flow computations at each gage. The reuse factor prevents overstatement of the natural
flow computation at the gage.
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2.2 Deficiencies and Current Needs

2.2.5 Current Basin Hydrologic Conditions

For each gage influenced by irrigation and/or reservoirs, natural flow computations were
completed. Linear regression analyses were used to infill the missing or incomplete data.
Average annual natural flow volume at each gage was then computed using the completed
hydrologic record, water years 1971 through 1999.

In addition to the synthesis of hydrologic data within the basin, irrigation demands and
shortages were also computed. A comparison between the total volume of historic stream
flow, total volume of irrigation demand, and irrigation shortage for each of the three basins
was made (Table 2-2). The difference between water demand and water delivery is referred
to as the average annual water shortage. These comparisons indicate that on an annual basis,
the total irrigation shortage volume was smaller than the difference between the total flow at
the confluence of the Snake River and total irrigation demand for each basin. This is the
result of the location and timing of the available flow not aligning with the location and
timing of the demand. Available water supply is currently a limiting factor in agricultural
applications and is expected to continue to limit agricultural production within the planning
horizon. Irrigation shortages for all three basins were estimated to total approximately
161,000 acre-feet.

The following figures (Figure 2-8, Figure 2-9, and Figure 2-10) compare the monthly basin
flow volumes to irrigation shortages. The greatest irrigation demand for water to occurs in
July through September, while stream flows are greatest in March through June as a result of
the snowmelt and runoff.

Table 2-2. Summary of calculated water demand by basin.
Average
Annual Flow Average Average Annual Average Average
Volume near Annual Water ge Annt Annual Water Annual
. : Water Deliveries
Basin Snake River Demand Shortage Water
(acre-feet per
Confluence (acre-feet per ear) 1 (acre-feet per | Shortage
(acre- year)" y year)? (%)
feet/year)
Burnt River 135,000 82,000 77,000 5,000 6
Powder 459,000 375,000 241,000 134,000 36
River
Pine Creek 101,000 64,000 41,000 22,000 36
Total 695,000 521,000 359,000 161,000 31
! 29-year period of record (1971-1999), including natural flow and storage water.
®Difference between water demand and water delivery
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Figure 2-9. Total calculated shortage and flow for the Powder River basin.

38 Final Eastern Oregon Water Storage Appraisal Study



2.2 Deficiencies and Current Needs
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Figure 2-10. Total calculated shortage and flow for the Pine Creek basin.

2.2.6 Municipal Water Needs

Municipal water uses, including domestic, commercial, and industrial, are met through a
combination of groundwater and surface-water supplies. Current demand is based on existing
water rights and population data for each of the eight incorporated towns in the study area.

Table 2-3 summarizes the current water use supply and demand for municipal water needs,
including domestic, commercial, and industrial uses.
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Table 2-3. Summary of municipal water demand by basin.
. Available Water Supply (acre- Estimated Current Water Use
Basin 1 2
feet per year) (acre-feet per year)
Burnt River 876 76
Powder River 12,448 1,447
Pine Creek 180 43

'Water supply information was based on existing water rights information from Oregon Department
of Water Resources Water Rights Database http://apps2.wrd.state.or.us/apps/wr/wrinfo/. See
Appendix B for more water rights information.

%Current use is based on population of incorporated communities, multiplied by 115 gallons per
person per day, annualized and converted to acre-feet. Population data was obtained from
www.city-data.com.

2.2.7 Instream Flow Water Needs

Non-agricultural water rights information is summarized in Appendix B. Current instream
flow needs are assumed to be addressed by instream water right filings from 1992 held by
OWRD and ODFW for fish benefits. Locations are both tributary and mainstem.

2.3 Future Needs

2.3.1 Assumptions

Overall water needs for the Burnt River, Powder River, and Pine Creek basins are expected to
be similar to the current level of demand within the 40-year planning horizon. Available
water supply is currently a limiting factor in agricultural applications and is expected to
continue to limit agricultural production within the planning horizon. Irrigation shortages for
all three basins were estimated to total approximately 161,000 acre-feet.

Future irrigation demand was assumed to be the same as the current demand over the 40-year
planning horizon in this study. This assumption was developed as part of the original study
scope. System deficiencies or future needs were defined in terms of current irrigation
shortage. Therefore, evaluation of potential water supply storage projects will be based on the
ability to reduce the estimated irrigation shortages within the existing instream filed water
rights.
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2.3 Future Needs

To estimate future water demand for municipal water uses for each basin, current demand was
subtracted from anticipated future demand, using 2050 as the planning horizon. Anticipated
future demands were generated based on a “high-growth scenario” of 2 percent growth per
year and an average rate of 115 gallons of water per person per day, projected out to 2050. It
is assumed this average municipal rate also includes commercial and industrial needs for the
purpose of this study.

No significant increase in municipal water demand, including domestic, commercial, and
industrial uses was expected, based on population estimates. Based on available information,
it was anticipated that existing municipal water rights would meet municipal demand through
the 2050 planning horizon. Demand for industrial water could potentially increase if
additional irrigation water were available to boost agriculture within the basins. The Powder
River basin is strategically located along Interstate 84, the railroad, and near the Columbia
River. This strategic location could attract processing facilities, however, was outside the
scope of this appraisal level evaluation.

Since irrigation is the predominant water use in the three basins, municipal water uses were
not investigated further. In addition, conjunctive uses of groundwater and surface water are
unknown and, therefore, not included in this level of analysis. While water right information
exists for industrial uses, interviews with county and city officials in the Powder River basin
revealed that most industrial water rights are currently not being used and demand for
industrial water use is not expected to increase. It is assumed that the maximum instream
flow rates associated with certificated instream water rights for fish benefits would not
increase during the study-planning period. Future ecosystem needs are not foreseeable.
Climate change models are not yet available at a fine enough scale to determine localized
impacts on the study area’s ecosystems. Operational parameters of existing Reclamation
facilities associated with bull trout critical habitat in the Powder River are currently under
consideration.

Climate change may result in changes to the water supply and demand calculated and used as
the basis of this report. No analyses were performed in this study to quantitatively estimate
possible changes associated with climate change that might affect reservoir operations,
irrigation demand or operations, crop types, cropping dates, environmental flow targets, water
supplies and shortages, or hydropower production. The effects of climate change will require
further study if these proposed storage sites are studied in more detail. A qualitative
discussion is provided in Section 2.3.3.

2.3.2 Screening Hydrology

To identify potential water supply resources at locations within the study area identified on
the list identified in Section 1.4 and described in Chapter 3, a relationship was developed
estimate annual yield based on site elevation. This methodology afforded a consistent means
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to quantify potential yield for locations without measured hydrology data. These relationships
were then used to generate an initial assessment of the potential yield in an attempt to quantify
annual yield for a proposed sites with a significant lack of data. The consistency in
methodology allowed for a relative comparison between the projects and respective irrigation
demands to determine those worth analyzing further. Section 2.2.1 describes the
methodology utilized in the development of this screening hydrology.

Figure 2-11 illustrates that relationship for each basin, based on the mean watershed elevation
represented by the gage.
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Figure 2-11. Regression to estimate average yield based on site elevation.

The regression equations for elevation-yield by basin are:
Powder River Basin: Q7109 = 0.3579 * ELpeq — 1242.4; r*=0.919

Burnt River Basin: Qr1.90 = 0.2632 * ELyeq — 987.19; r°=10.748
where: Q7109 the 1971 to 1999 average annual streamflow, (ac-ft/yr)

ELqeq IS the median watershed elevation, (feet above sea level)
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The Powder River equation was adopted for the Pine Creek basin for this screening exercise,
due to the existence of only one gage within the watershed.

2.3.3 Future Basin Characteristics

This subsection qualitatively summarizes potential climate change impacts to the water supply
and demand. These impacts, as related to various resources areas and operating objectives,
might be relevant to the long-term planning processes for the water resources in the Snake
River Basin. This discussion of impacts is based on information obtained from the U.S.
Climate Change Science Program (CCSP) Synthesis and Assessment Product (SAP) reports
and literature reviews as summarized and presented in Reclamation 2009a.

Historical Climate and Hydrology

It appears that all areas of the Pacific Northwest became warmer, and some areas received
more winter precipitation, over the course of the 20th century. The Western United States’
spring temperatures increased 1 to 3 degrees Celsius (°C) between 1970 and 1998. In
addition, the Western United States experienced a general decline in spring snowpack,
reduced snowfall to winter precipitation ratios, and earlier snowmelt runoff between the mid-
and late-20th Century.

These findings are significant for regional water resources management and reservoir
operations because snowpack has traditionally played a central role in determining the
seasonality of natural runoff. In many headwater basins, the precipitation stored as snow
during winter accounts for a significant portion of spring and summer inflow to lower
elevation reservoirs. The warmer temperatures in these watersheds can cause reduced
snowpack development during winter, more runoff during the winter season, and earlier
spring peak flows associated with an earlier snowmelt.

Projected Future Climate and Hydrology

Given observed trends in regional warming and declining snowpack conditions, studies have
been conducted to relate potential future climate scenarios to runoff and water resources
management impacts. These studies have reported decreased summer streamflows relative to
the historic average and may require exploration of operational mitigation measures to
balance the needs of the various water users. In addition, the potential for increased winter
runoff may necessitate earlier dates of winter flood control drawdown relative to current
dates.
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Runoff and Surface Water Supplies

The future management of reservoir systems in the Western United States is very likely to
become more challenging as runoff patterns continue to change as the result of the climate.
Based on recent scenario studies of climate change impacts, it appears that a warming without
precipitation change would trigger a seasonal shift toward increased runoff during winter and
decreased runoff during summer in basins historically having a significant accumulation of
seasonal snowpack. Based on current reservoir operations constraints (e.g., capacity, flood
control rules), it appears that such runoff shifts would lead to reduced water supplies.

Based on contemporary climate projections, it appears plausible that the Pacific Northwest
could experience precipitation increase with regional warming trends. This could potentially
offset some portion of summer runoff decreases associated with warming alone, yet scenarios
consistently point to reduced springtime snowpack and substantial reductions in late spring
and early summer runoff in snowmelt-driven watersheds of this area.

Projected reductions in spring and summer snowmelt runoff are largely balanced by increases
in winter runoff as more precipitation is projected to fall as rain rather than snow. This
seasonal timing shift in runoff will present challenges in managing increasing winter
streamflow and decreasing late spring and early summer streamflow. It is also projected that
precipitation in the future is likely to be highly variable between years and decades, just as it
has been in the recent past.

Flood Control

In Western United States reservoir systems currently located in snowmelt-dominated basins
with flood control objectives, the anticipated increase in winter runoff volumes must be
managed if current flood protection values and objectives are to be preserved. This could
motivate the need for adjustments to the current flood control strategies. For example, given
existing reservoir capacities and current flood control rules (e.g., winter draft period, spring
refill date), a pattern of more winter runoff might suggest an increased flooding risk.
Therefore, as an example, flood control rule adjustments, as the climate evolves may in turn
result in deeper winter draft requirements, However, this type of winter draft operation may
affect dry season water supplies during the summer months if less winter storage volume is
carried over in anticipation of the winter runoff events.

Groundwater

Reduced mountain snowpack, earlier snowmelt, and reductions in spring and summer
streamflow volumes originating from snowmelt likely would affect surface water supplies and
could trigger heavier reliance on groundwater resources. However, warmer wetter winters
could increase the amount of water available for groundwater recharge. It has not been
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demonstrated how much of this additional winter runoff can be captured and utilized without
using artificial recharge schemes.

Water Demand

Given that the atmosphere’s moisture holding capacity increases when air temperature
increases, it would seem intuitive that plant water consumption related to evapotranspiration
and surface water potential evaporation would increase in a warming climate. However,
several studies report historical trends of decreasing pan evaporation during the past 50 years.
This latter result may be related to changes in other factors affecting surface energy balance
(e.g., net radiation, wind speed) that are not congruous with the notion of increasing air
temperatures. Consequently, there is uncertainty about how physically driven water demands
may change under climate change. Further, agricultural water demand could decrease due to
crop failures caused by pests and disease exacerbated by climate change. On the other hand,
agricultural water demand could increase if growing seasons lengthen. This possibility is
based on studies suggesting that the average North American growing season length increased
by about 1 week during the 20th century; and it is projected that, by the end of the 21st
century, it will be more than 2 weeks longer than typical of the late 20th century. Although
changes in water demands associated with natural processes may be difficult to quantify,
consumption increases associated with population growth will occur unless water
conservation measures are implemented.

As climate change might affect water supplies and reservoir operations, the resultant effects
on water allocations in the Snake River basin from year to year could trigger changes in water
use (e.g., crop types, cropping dates, environmental flow targets, transfers among different
uses, hydropower production, and recreation). Such climate-related changes in water use
would interact with market influences on agribusiness and energy management, demographic
and land use changes, and other non-climate factors.

Climate change thus may result in changes to the water supply and demand calculated and
used as the basis of this report. No analyses were performed in this study to quantitatively
estimate possible changes associated with climate change that might affect reservoir
operations, irrigation demand or operations, crop types, cropping dates, environmental flow
targets, water supplies and shortages, or hydropower production.
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Chapter 3 Resources, Constraints, and
Identification of Alternatives

This chapter describes the process used to identify the existing resources, opportunities, and
constraints which were applicable to the study area’s problems and needs defined in Chapter
2. Through application of stakeholder and Reclamation knowledge of the study area, this
process resulted in identification of alternatives for further study to address stakeholder goals
and Reclamation objectives.

3.1 Literature Review

In 2007, Reclamation prepared a literature review summary of existing studies for the Burnt
River, Powder River, and Pine Creek basins as the first step in the assessment planning
process (Browne 2008). The comprehensive literature review evaluated and summarized
about 90 documents, reports, and other information sources for previous studies addressing
characteristics of the Burnt River, Powder River, and Pine Creek basins. Documents in the
literature review were prepared by Federal and State agencies, irrigation districts, soil and
water conservation districts, universities, counties, and others, including private consulting
firms and a local history group. References are categorized by geography and topic
(Reclamation 2008). The literature review includes documentation of information sources
that address stream systems, land use, land cover, water storage sites, and stream conditions,
some dating back to the 1960s.

The initial list developed by WASH identified approximately 50 potential storage locations
(enlargement of existing facilities and proposed potential reservoir sites) based on information
from previous studies and interviews with stakeholders. The initial list was later expanded to
95 locations by Reclamation.

Some sites on the list that are further considered in this comprehensive report have been
studied in past efforts by various entities. Some previous storage feasibility studies and
associated technical studies incorporated cost estimates and identified development issues and
environmental constraints. The available literature provided information that was
incorporated into this appraisal study, including: 1) topographic and geologic adequacy for
potential reservoir locations; 2) potential reservoir sizes and previously developed hydrology
for some sites; and 3) costs and benefits of proposed projects. Note that benefit-to-cost ratios
provided in past reports are no longer considered to be valid due to multiple factors,
significantly from changes in methodologies and the implementation of the P&Gs in 1983.
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3.2 Resource Opportunity Development

The literature review process and Reclamation recommended 95 sites for evaluation. These
sites were identified as potential water storage projects for economic and ecological benefits.
This initial pass included selecting sites identified from previous studies, new proposed
reservoir locations, and those existing storage facilities with expansion potential. Figure 3-1
shows the numbered locations of all 95 identified preliminary storage study sites in the three
river basins.

To determine the average annual yield potential for each site, a mean elevation was estimated
for each location. This mean elevation was used in the regression equation to calculate annual
yield for the purposes of screening identified sites. Within each of the subbasins, the irrigated
demands, consumptive use, and shortages near the reservoir locations were aggregated. This
was done to assess the relative magnitude of yield benefit to irrigation shortages in
relationship to the defined screening criteria.

3.3 ldentification of Alternatives

3.3.1 Comparison of Yield to Need (Level 1 Screening)

Screening criteria were developed and applied to each of the 95 potential sites. These criteria
were based on the WASH committee’s goals and the federal objectives stated in Chapter 1 —
Study Purpose and Scope. Four criteria were used in this first pass to remove those projects
not satisfying the overall study goals (Reclamation 2009b).

Level 1 Screening Criteria
Geographic Overlap

Similar sites in the same geographic area were combined where possible, effectively reducing
the number of sites screened. These combined sites were located on the same tributary and
within close proximity of each other. Typically, the yield characteristics of these sites were
similar; however, the annual yield benefit was not additive. Therefore, the downstream site
was normally selected as the representative site if proposed for further evaluation in this
study. These sites were highlighted in the following Table 3-1, Table 3-2, and Table 3-3 and
noted as “Combined” in the Initial Screening Results column, shaded in a green color.
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Ability to Meet Calculated Need

Annual average yields for the proposed sites were calculated and compared to the estimated
need in the corresponding aggregated demand areas. This screening step relied entirely on
unmet irrigation demand shortages potentially satisfied by a proposed project location. Sites
where annual yield was calculated to be much less than the estimated shortage volume
(generally a difference of greater than 2,000 acre-feet) are identified as “Not Likely to Meet
Estimated Demand.” These are shown in the Initial Screening Results column, shaded in a
salmon color, shown in Table 3-1, Table 3-2, and Table 3-3.

No substantive irrigation demand shortages were identified for the Lower Burnt Aggregated
Demand Area (Table 3-1). Therefore, proposed sites in this area were eliminated from further
study and also highlighted in a salmon color.

Site Proximity to Need

All sites where the potential storage location would be downstream of the irrigation demand
and therefore unable to meet upstream needs without pumping were eliminated. The
exception to this criterion was Thief Valley Reservoir expansion. Most of the unmet
irrigation demand in the Powder River basin is located above Thief Valley Reservoir. The
computed average annual yield of a proposed enlargement could result in storage of
significantly more water than many other individual potential sites located upstream. It was
assumed that the potential yield benefit may justify the addition of a pump station and
conveyance system. This site was included for further investigation.

The term “Demand Upstream” is shown in the Initial Screening Results column for those sites
where demand was located upstream of the proposed site, shaded in a yellow-gold color
(Table 3-1, Table 3-2, and Table 3-3).

Lack of Sufficient Public Benefits Relative to Expected Cost

The appraisal process must demonstrate that potential alternatives are consistent with federal
objectives, policies, laws, costs, benefits, and environmental impacts. Without further
analysis, several sites were eliminated based on their potential inability to satisfy the multi-
objective goals of this study. The anticipated benefits generated would not be sufficient to
justify the cost under Reclamation policies. Therefore, these assumptions were noted in the
Initial Screening Results column, and highlighted in a salmon color.

Level 1 Screening Results

A total of 22 potential surface water storage sites met the Level 1 screening criteria. These
and the 73 sites that were screened out during the Level 1 screening process are shown in
Table 3-1, Table 3-2, and Table 3-3 with labels and color codes as described above.
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3.3.2 Evaluation of Remaining Sites (Level 2
Screening)

The remaining 22 sites identified through the Level 1 screening process were subjected to
additional screening criteria. These Level 2 criteria were designed to further reduce the
number of potential sites, focusing appraisal level analyses on those projects viewed as
fulfilling multiple study goals and objectives.

Level 2 Screening Criteria

The Level 2 screening process included subjective criteria that required stakeholder
involvement and discussion to reach consensus. These criteria incorporated issues relating to
general permitting constraints such as presence of critical habitat for ESA-listed species, Wild
and Scenic River designations, special land-use designations, stipulated instream flow
requirements, and proximity to water quality-impaired stream segments. Other conditions
that might complicate project permitting or approval were also addressed within this process.

This step was designed to identify as many possible solutions to existing water resource
constraints that each screened site could resolve within its subbasin. The Level 2 criteria and
methodology used is presented in the following sections.

Refine Hydrologic Reliability

The 22 sites that provided an opportunity to reduce aggregated demand shortages, based on
average annual yield computations, were further evaluated for hydrologic reliability.
Reservoir volumes were estimated for each site based on filling 80 percent of the time, as
stipulated in the study objectives. Based on these volumes, sites were again compared to
aggregated irrigation demands within its applicable area.

Computations were made to estimate the storable volume of water for each site using the
generated hydrology for water years 1971 through 1999. Annual storable volumes were
defined as water that did not need to remain in the stream for downstream diversion. These
volumes were sorted for the period of record analyzed to illustrate fill frequency. This
storable volume was compared against the identified average annual water shortage. This
comparison indicated whether the reliability of the potentially developable new water supply
aligned with the irrigation demand.
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ldentify Constraints

General constraints were identified and mapped where spatial information was available.
This included information such as natural, cultural, and manmade resources or other existing
conditions associated with the potential storage sites that might make project approval
difficult or not possible.

Special Designations

Maps were used to identify geographic areas or river reaches with special Federal or State
designations that might complicate project permitting. Public lands within the study area that
have special designations include:

e USFS - Wilderness area, campground facilities, Wild and Scenic River, wildlife
management areas, and potentially other designations (urban wildlife interface areas
were not included because these designations are related only to fire risk management)

e BLM - Wilderness Study Area, campground facilities, Wild and Scenic River, and
wildlife management areas

e State of Oregon — State parks, wildlife management areas, and potentially other lands

e County- and “Other Local Agency”-owned lands with special designations other than
parks were not readily identifiable.

Bull Trout or Other Federal/State Listed Species’ and Designated Critical Habitat

Bull trout, which was listed as “threatened” in 1998 under the ESA, have critical habitat
present in the Powder and Pine Creek basins. Potential storage sites may impact critical bull
trout spawning or rearing habitat and/or resident populations. Migration habitat would not
necessarily preclude a project from going forward, but fish passage or other mitigation
measures would need to be addressed. Sites would also be removed from the screening
process if significant effects on the habitat of listed species or species of concern, such as
redband trout, were evident.

All of the screened developments could impact ESA-listed salmon and steelhead in the
Columbia and Snake River basins. The operation of reservoir storage projects alters the
natural spring runoff hydrograph by reducing available flow for downstream juvenile fish
migration. Although the proposed amounts of storable volume would be relatively small
when compared to the magnitude of flows within the Snake and Columbia rivers, this issue
would need to be addressed with regional salmon managers and advocates in any subsequent
study.
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Cultural, Historic, or Locally Significant Sites

Cemeteries, historic buildings, or other historic sites may be affected by a proposed storage
location. A cultural resources evaluation would be required in any subsequent study.

Other Considerations

Other considerations identified included the Environmental Protection Agency (EPA) Section
303(d) water quality listings, flood control, hydropower, geologic constraints, and water rights
concerns. Additional considerations, such as crop value, recreation, local support, and land
ownership, were identified, discussed, and evaluated with the stakeholder workgroup.

Stakeholder Workgroup Workshop

The 22 sites resulting from the Level 1 screening activities were assembled into handouts and
maps. This information was presented during a 2-day stakeholder workshop in spring 2009,
along with the estimated unmet needs and the average annual yield information used to screen
the list of 95 sites down to 22 sites. The purpose of this meeting was to engage stakeholders
in a prioritization exercise to select at least one site that warranted an appraisal level of study.

Day 1 Workshop Summary

On the first day of the workshop, stakeholders were presented a study overview, the needs
assessment, the Level 1 results, and the Level 2 storage hydrology results. Based on the
hydrology results, Reclamation identified 7 of the 22 sites that, in the opinion of Reclamation
staff, best met the identified needs, and the workgroup tentatively agreed to this list of
potential sites. These sites included:

e Burnt River basin — Hardman Reservoir

e Burnt River basin — North Fork/Ricco Reservoir

e Lower Powder River basin — West Eagle Reservoir

e Powder River basin — Thief Valley Reservoir enlargement

e Powder River basin — North Powder/Wolf Creek Complex Reservoir

e Pine Creek basin — East Pine Reservoir

e Pine Creek basin — Sag Reservoir
The workgroup received an overview of identified constraints, and identified other potential
constraints that would be applicable (e.g., economic considerations, geologic conditions,
potential for water right impairment). These constraints were recorded and are characterized

in the meeting notes and in the Known Site Issues column in Table 3-4. Constraints included
existing conditions and other considerations associated with potential storage sites that might
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significantly complicate project permitting and make project approvals more unlikely, or in
some cases, even prohibit project development. As part of this discussion, the workgroup
characterized the following general constraints, organized geographically:

Day 2 Workshop Summary

Burnt River — federal land and 303(d) water quality limitations, such as temperature,
sedimentation, flow modifications, and chemical content.

Upper Powder River — Listed threatened and endangered species and 303(d) water
quality limitations.

Powder River/Thief Valley — Wild and Scenic River designation, bull trout and other
listed species, 303(d) water quality limitations.

Pine Creek — Private land ownership, bull trout, 303(d) water quality limitations.

On the second day, the workgroup revisited the list of seven potential sites being considered.
Some stakeholders believed the hydrology at certain sites might be more reliable than the
Level 2 results demonstrated, and they felt that some sites needed additional consideration
before they were eliminated from further evaluation in this study. Based on workgroup input,
the list of potential storage sites was revised to include the following 14 sites (three in the
Burnt River basin, nine in the Powder River basin, and two in the Pine Creek basin):

Burnt River basin
Hardman Reservoir
North Fork Reservoir

Ricco Reservoir

Powder River basin

Thief Valley Reservoir enlargement
Lower Rock Creek Reservoir

North Powder Reservoir

Wolf Creek Reservoir enlargement
Smith Reservoir

Twin Peak Reservoir

Big Muddy Reservoir

Goose Creek Reservoir

West Eagle Reservoir
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Pine Creek basin
° East Pine Reservoir

° Sag Reservoir

For each of the 14 sites, the workgroup identified known site issues that might constrain or
complicate project development, as discussed above.

Workgroup members also felt it was important to identify potential benefits for each of the 14
sites. A broad range of benefits were identified for the 14 potential sites. The comprehensive
list of site benefits and issues is provided in Table 3-4. Following is a more detailed
explanation of the benefits and issues:

Bull trout habitat — Whether there was potential to affect their survival and impact the
permitting process.

Community benefits — Whether a site might substantially increase local recreational
opportunities and offer a possible economic boost to the local economy.

Existing dam — Whether a site might have existing structures that might be utilized to
reduce project development costs.

Existing power grid — Whether a site might be adjacent to wind power generation and
power transmission facilities to potentially take advantage of off-peak, less expensive
power to support pumping costs (applies to Thief Valley Reservoir enlargement only).

Fish passage — Whether a site would be required to provide facilities for fish
migration.

Fisheries — Fish habitat benefits were identified if there was potential to improve
instream flows, increase range of habitat, and provide minimum reservoir elevation to
support fish populations.

Flood control — Whether there was potential to manage a reservoir to improve flood
control.

Higher crop values — Whether the improved water supply reliability could support
changing to higher-value crops, such as converting from alfalfa to wine grapes.

Hydropower potential — Whether hydropower generation potential existed, or
potentially existed, to improve generation capacity of existing hydropower facilities.

Information available — Whether previous studies, designs, and other information were
available for the site.

Instream flows — Whether potential existed to improve instream flows from additional
stored water.

Irrigation — Whether the site would provide reliable, additional irrigation supply.
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e Land ownership — Whether land was in an irrigation district or other public entity that
might make project development more feasible (private ownership was viewed as a
complicating project development factor).

e Large volume of water — Whether a site would be able to store a relatively larger
amount of water compared to other sites, and serve a larger demand area.

e Minimum pool operations — Whether a site would provide minimum reservoir
elevation to support fisheries.

e Municipal, industrial, or mining potential — Whether a site could potentially serve
industrial or municipal supply, in addition to agricultural water supply.

e Natural barrier — Whether the site was upstream of a natural fish passage barrier,
potentially reducing permitting complexity.

e Off-channel — Whether a site was off-channel, and therefore, presumably have a less
complicated permitting process relative to other sites.

e Operating costs — Whether a site would have lower relative operating costs compared
to other potential sites, e.g., gravity distribution versus pumped distribution system
(Thief Valley Reservoir enlargement).

e Recreation — Whether a reservoir might be large enough to offer water-related
recreation opportunities.

e Redband trout — Redband trout habitat benefits were identified if there was potential to
improve instream flows, increase range of habitat, and provide minimum reservoir
elevation to support fisheries.

e Temperature — Whether there was potential to improve temperature from increased
flows.

e Water right reservation — Whether there was a reserved water right for storable volume
for a stream.

e Water Quality — Whether there was potential to improve water quality.
This information is summarized in Table 3-4 along with other information discussed below.

The workgroup then voted on these remaining sites with their associated characterizations, as
shown in Table 3-4. In addition to presumed benefits and known site issues, the table also
includes a summary of estimated minimum and maximum irrigation need, 80 percent storage
reliability results, and voting outcome. Each workgroup member was given four votes, with
only one vote allowed per project.

Level 2 Screening Results

After reviewing the voting results, the stakeholder workgroup agreed by consensus that an
appraisal level study should be conducted on the following four potential surface water
storage sites, with each affected row highlighted in a gray color in Table 3-4:
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e Hardman reservoir site on the South Fork of the Burnt River
e Thief Valley Reservoir enlargement on the Powder River

e North Powder reservoir site on the North Powder River

e East Pine Creek reservoir site on East Pine Creek

Subsequent to the workshop, at stakeholder request, Reclamation agreed to review the Wolf
and Pilcher Creek sites on the North Powder River for enlargement potential.

3.4 Alternatives Selected for Further Evaluation

The following sites were selected for further evaluation:

e Hardman Reservoir site on the South Fork of the Burnt River

e Thief Valley Reservoir enlargement on the Powder River

e North Powder Reservoir site on the North Powder River

e Wolf Creek Reservoir enlargement on the North Powder River

e Pilcher Creek Reservoir enlargement on the North Powder River

e East Pine Creek Reservoir site on East Pine Creek
An appraisal level hydrologic evaluation of each of these study areas was conducted, as
described in Chapter 4. The analyses were conducted to evaluate the project benefit with

respect to the identified goals and objectives defined by the WASH Committee and
Reclamation.

This level of analysis did not include the quantification of water management benefits
associated with conservation practices, re-use, and return flow. While these are identified as
WASH Committee goals, the appraisal level of study detail precludes their analysis at this
stage.
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Chapter 4 HYDROLOGIC EVALUATION OF STORAGE
ALTERNATIVES

4.1 General

This chapter discusses the model development and alternatives analyses undertaken for the
three basins. While the hydrology used in the preliminary screening process provided a basis
for quantifying the potential amount of storable water with respect to the irrigation demands,
further refinement of basin hydrology was required for these appraisal-level alternatives
analyses. Refinements included the spatial distribution of hydrologic flows and irrigation
demands in order to preserve mass balance within each basin.

Appraisal studies typically rely on compilation and assessment of existing data. Information
used in this study was an assemblage of both measured and calculated data. It should be
noted that only a small number of gaged sites exist for these basins, and that these records
were incomplete for the period of record analyzed. In addition, water use data were not
available from diversion points and required professional judgment and assumptions to
quantify irrigation needs and shortages within the basins. Lack of historic diversion data
prevented validation of these estimates. However, the assumptions and results are
comparable to basins with similar characteristics. Therefore, the mass balance exercise
computed local gains and depletions for various reaches of the rivers that lacked adequate
information, in an attempt to replicate available historical data and system operations over the
1971 — 1999 period of record. Once this was completed, a model network was configured to
represent each basin for the purposes of quantifying the benefits associated with the reservoirs
identified in the initial screening processes.

A MODSIM Model network, version 8.1, was created for each basin. MODSIM is a general-
purpose river and reservoir operations computer simulation model capable of quantifying
changes in system conditions under various operational changes. These surface water
distribution models were also structured with a monthly time-step. While the monthly time-
step of the model output does not capture the variations of day-to-day circumstances and real-
time operational decisions, it does provide a means to quantify changes and make relative
comparisons between the alternative scenarios modeled.

Conclusions reached by this study could not have been achieved without existing hydrologic
data and water right information, as well as its assimilation into basin water yield and use
using methodologies to complete the data sets. The goal of the modeling exercises presented
here was to assess the relative changes in model output between the alternatives and the No
Action alternative. Thus, for this appraisal level analysis with limited data, this approach
provided an acceptable foundation from which to establish alternative benefit computations.
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4.2 Basin Hydrologic Development

4.2 Basin Hydrologic Development

4.2.1 Agricultural Irrigation

Agricultural irrigation accounts for the large majority of consumptive water use in each basin;
however, very few irrigation diversions within these basins are measured. Therefore, a
methodology was developed in an attempt to quantify total irrigation diversions and
consumptive use. Consumptive use computations quantify the amount of water removed from
the system as a result of crop irrigation. Water use by crops in the study area was estimated
using available records of crop acreages and type for the study area. These data are most
commonly reported on a countywide basis. Baker County crop acreages and crop types were
derived from three sources:

e Census of Agriculture (Bureau of the Census; National Agricultural Statistics)
e Oregon Agricultural Information Network (OAIN 2008)
e Oregon State University Extension Service

The maximum reported crop acreage for the portion of Union County, within the Powder
River basin, was approximately 13,000 acres. Therefore, the annual irrigated acreage was
estimated utilizing the same proportions reported for Baker County. Table 4-1 presents the
estimated irrigated acreages for the period of record analyzed.

Table 4-1. Baker County and Union County irrigated acreages.
Year Baker County | Union County Total Acres
1970 121,440 10,900 132,340
1971 119,400 10,720 130,120
1972 113,780 10,220 124,000
1973 115,640 10,380 126,020
1974 121,460 10,910 132,370
1975 121,760 10,930 132,690
1976 126,500 11,360 137,860
1977 126,000 11,310 137,310
1978 135,900 12,200 148,100
1979 129,360 11,610 140,970
1980 130,240 11,690 141,930
1981 127,450 11,440 138,890
1982 130,820 11,750 142,570
1983 131,870 11,840 143,710
1984 142,120 12,760 154,880
1985 139,320 12,510 151,830
1986 136,735 12,280 149,015
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4.2 Basin Hydrologic Development

1987 115,480 10,370 125,850
1988 104,110 9,350 113,460
1989 108,180 9,710 117,890
1990 105,450 9,470 114,920
1991 110,145 9,890 120,035
1992 103,010 9,250 112,260
1993 109,185 9,800 118,985
1994 111,815 10,040 121,855
1995 116,360 10,450 126,810
1996 144,790 13,000 157,790
1997 127,070 11,410 138,480
1998 113,855 10,220 124,075
1999 116,145 10,430 126,575
Maximum 144,790 13,000 157,790
Average 121,846 10,940 132,786
Average
Percent
of Total 91.76% 8.24% 100.00%

The Census of Agriculture provided the irrigated cropland and irrigated pastureland estimates.
Table 4-2 presents the crop type information available for Baker County. These percentages
were then applied to those acreages in Union County and scaled according to Table 4-1.

Table 4-2. Baker County irrigated acreage with Oregon Extension data and estimated
pasture.
Grass/ . . . Baker
Year grass Alfalfa WmFer Sprmg Potatoes Corn Estimated County
hay grain grain pasture Total
Acreage
1970 37,200 41,790 8,740 4,960 450 600 27,700 121,440
1971 32,500 44,850 8,610 4,890 450 700 27,400 119,400
1972 31,800 43,830 6,570 3,730 550 700 26,600 113,780
1973 32,000 41,790 8,100 4,600 550 800 27,800 115,640
1974 33,100 42,810 8,930 5,070 650 800 30,100 121,460
1975 32,000 42,810 9,060 5,140 650 1,000 31,100 121,760
1976 34,200 40,150 10,380 6,920 650 1,000 33,200 126,500
1977 35,000 41,000 8,970 5,980 550 700 33,800 126,000
1978 37,000 41,650 11,580 7,720 250 700 37,000 135,900
1979 36,000 39,650 10,380 6,920 210 600 35,600 129,360
1980 35,000 40,150 11,010 7,340 140 600 36,000 130,240
1981 35,000 37,150 11,550 7,700 350 500 35,200 127,450
1982 37,000 37,150 11,790 7,860 520 500 36,000 130,820
1983 39,000 38,150 10,560 7,040 620 500 36,000 131,870
1984 42,000 40,150 12,360 8,240 470 500 38,400 142,120
1985 40,000 41,150 11,850 7,900 720 500 37,200 139,320
1986 41,000 41,500 10,200 6,800 815 420 36,000 136,735
1987 40,120 34,480 5,940 3,960 480 400 30,100 115,480
1988 39,740 28,500 4,980 3,320 270 400 26,900 104,110
1989 39,240 28,900 6,600 4,400 740 500 27,800 108,180

Final Eastern Oregon Water Storage Appraisal Study 75



4.2 Basin Hydrologic Development

1990 38,120 29,700 5,340 3,560 1,030 600 27,100 105,450
1991 41,020 30,600 4,920 3,280 1,325 500 28,500 110,145
1992 34,000 30,600 5,400 3,600 1,810 600 27,000 103,010
1993 38,000 31,600 4,920 3,280 1,685 600 29,100 109,185
1994 39,000 31,500 5,100 3,400 1,765 550 30,500 111,815
1995 40,050 33,550 4,560 3,040 2,210 450 32,500 116,360
1996 38,800 50,300 6,660 4,440 2,620 470 41,500 144,790
1997 40,500 36,900 5,580 3,720 3,070 0 37,300 127,070
1998 36,200 32,500 4,380 2,920 3,755 0 34,100 113,855
1999 34,000 36,200 3,720 2,480 4,245 200 35,300 116,145
2000 47,000 34,400 4,140 2,760 4,550 0 40,700 133,550
2001 40,500 33,000 3,780 2,520 4,300 650 36,600 121,350
2002 41,000 33,000 3,420 2,280 4,900 0 34,900 119,500
Average 37,487 37,317 7,578 4,902 1,434 516 32,878 122,114
Average
as a
percent
of total 30.70% 30.56% 6.21% 4.01% 1.17% 0.42% 26.92% 100.00%

Crop irrigation water requirements were calculated using evapotranspiration computations.
However, these values are representative of the theoretical water requirement and do not
indicate the actual consumptive use. Therefore, in order to prevent over estimation of
irrigation requirements, a water use factor was applied to these computations. These water
use factors were based on historic irrigation season cut-off dates and were differentiated for
wet, dry, and average water years. By applying these factors to irrigation water use, a
reasonable estimate to irrigation diversions could be developed.

The final irrigation demand computations included delivery efficiencies, application
efficiencies, and the potential re-use of irrigation water return flows. These additional factors
were based on published information or assumptions designed to capture the system dynamics
representative of each basin as observed in the available data.

The irrigated acreages were then distributed with respect to gage locations. Water use factors
and efficiencies were applied such that the spatial distribution of irrigation diversions,
consumptive use, return flows, as well as reach gains and losses, could be computed within
the basins.

The followings figures (Figure 4-1, Figure 4-2, and Figure 4-3) illustrate the computed total
annual irrigation diversions for each basin. These computations reflect the water use factors
and rediversion of return flows used in balancing the hydrology for each basin.
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Burnt River Mass Balance:
Total Calculated Annual Irrigation Diversion
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Figure 4-1. Burnt River total calculated irrigation diversion for hydrology mass balance.
Powder River Mass Balance:
Total Calculated Annual Irrigation Diversion
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Figure 4-2. Powder River total calculated irrigation diversion for hydrology mass balance.
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Pine Creek Mass Balance:
Total Calculated Annual Irrigation Diversion
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Figure 4-3. Pine Creek total calculated irrigation diversion for hydrology mass balance.

It should be noted that these values are a best estimate of historical irrigation diversions for
the period of record analyzed. These diversions were then incorporated, along with the
hydrology data, to balance the water volumes in the basin for modeling the alternatives
identified in the screening process.

4.2.2 Basin Hydrology

Burnt and Powder River Basins

An Excel spreadsheet was used to compute the mass balance within each basin. The initial
screening process developed the data for identified gaged sites. These data included available
measured data and generated data to complete the period of record. The spatial distribution of
the irrigated acreages with respect to each identified gage site was defined in the spreadsheets.
The water use factors and efficiencies were used to compute the irrigation diversions,
consumptive use, and subsequent return flows, described in the previous section, to calibrate
the reach gains and losses between the gages.

Figure 4-4 illustrates the result of the mass balance computations for the Burnt River near
Hereford for the USGS gage (No. 13273000) location.
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Burnt River Mass Balance
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Figure 4-4. Excel spreadsheet mass balance compared to available USGS gage data.

Similarly, Figure 4-5 illustrates the mass balance for the Powder River. The balance is shown
for the location immediately above Thief Valley Reservoir.

Powder River Mass Balance
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Figure 4-5. Excel spreadsheet mass balance compared to available USGS gage data.
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Once this mass balance process was completed, the model networks were then configured to
include the computed reach gains and losses.

Pine Creek River Basin

One stream gage with a substantial period of record exists within the Pine Creek basin. As a
result, a different methodology to develop spatially distributed flows was used instead of the
screening process’ regression equation. A correlation was developed between the basin’s
annual unregulated streamflow volume with respect to watershed area and mean annual
precipitation. This relationship was applied to each subbasin drainage area located within the
Pine Creek basin. The irrigation demands were also distributed between the basins, similar to
the methodology used in the Burnt and Powder River basins. Once these computations were
complete, the local gains and depletions for the reaches between selected locations were
balanced using an excel spreadsheet.

Figure 4-6 illustrates the result of the mass balance computations for Pine Creek at the USGS
gage (No. 13290190) location.

Pine Creek Mass Balance
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Figure 4-6. Excel spreadsheet mass balance compared to available USGS gage data.

Once this mass balance process was completed, a model network was configured to compare
the alternatives identified in the screening process.
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4.3 Baseline Model Configuration and
Calibration

4.3.1 Burnt River Model Development

Network Configuration

The spatial representation of the basin is shown in Figure 4-7. The numbered delineated
subbasins were used in balancing the basin hydrology and are used to correspond to model
network nodes within the watershed. These nodes are representative of upstream hydrology,
reach gains, reach losses, and irrigation diversions. Upstream hydrology and gains were
represented as blue circles in the model whereas reach losses or irrigation demands were
represented as purple squares. The model network used for the alternatives analysis for the
Burnt River basin is shown in Figure 4-8. It should be noted that the model network
illustrated in the figure includes the proposed Hardman Reservoir, identified in the screening
process. Therefore, the alternatives analyses included two model networks comprised of a
baseline condition and a proposed condition including the Hardman Reservoir.
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Figure 4-7. Burnt River basin spatial representation used in model network.
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Figure 4-8. Model network of the Burnt River basin.
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4.3 Baseline Model Configuration and Calibration

Calibration Results

The MODSIM model was populated with the balanced hydrology data. In addition, the
irrigation demand for the scenario analyses was configured to represent the current level of
basin development. This ensures that the modeling results are representative of current
conditions.

The irrigation demands for the Burnt River basin were computed assuming a maximum of
22,000 acres of irrigated lands with an associated crop distribution mix. The crop distribution
mix was the computed average for the period of record analyzed. In computing irrigation
demands, Table 4-3 presents the crop distribution used.

Table 4-3. Crop acreage used in Burnt River alternatives modeling analyses.
Crop Acreage Assumption
Grass/hay 30.7%
Alfalfa 30.5%
Winter grain 6.2%
Summer grain 4.0%
Potatoes 1.2%
Corn 0.4%
Pasture 27.0%

The following figure (Figure 4-9 ) illustrates the computed monthly average irrigation
demand for the period of record analyzed.
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Burnt River Basin Irrigation Demand:
1970 - 1999
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Figure 4-9. Average monthly irrigation demand for Burnt River basin.

The return flow back to the river is a function of total irrigation diversion, crop water use, as
well as conveyance and on site efficiencies. A value of infiltration percent was used for all of
the irrigation demands to compute the amount of water, not consumptively used, that returned
to the river via subsurface flows. It was assumed that none of this water percolated to a deep
aquifer and that it returned to the river over a two-month period. The following overall water
use efficiency and return flow lag percentages were assumed and are presented in Table 4-4.

Table 4-4. Burnt River modeled irrigation assumptions.
Infiltration Percent | 42%
Return Flow Lag Percent
Month O 57%
Month 1 29%
Month 2 14%

Figure 4-10 illustrates the calibrated model results compared to USGS gage data. These
results illustrate that the model is representative of basin operations. This result provides a
foundation for comparative analyses of the screened alternatives.
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Burnt River Model Calibration
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Figure 4-10. MODSIM model calibration results for Burnt River.

4.3.2 Powder River Model Development

Network Configuration

The spatial representation of the basin is shown in Figure 4-11. The numbered delineated
subbasins were used in balancing the basin hydrology and are used to correspond to model
network nodes within the watershed. These nodes are representative of upstream hydrology,
reach gains, reach losses, and irrigation diversions. Upstream hydrology and gains were
represented as blue circles in the model whereas reach losses or irrigation demands were
represented as purple squares. The model network used for the alternatives analysis for the
Powder River basin is shown in Figure 4-12. It should be noted that the model network
illustrated in the figure includes the proposed North Powder Reservoir, identified in the
screening process. Therefore, alternatives analyses include three model networks comprised
of a baseline condition, a proposed condition including the proposed North Powder Reservoir,
and a proposed condition including the proposed expansion of Thief Valley Reservoir (two
options). The combined effects of a proposed North Powder Reservoir and a proposed Thief
Valley Reservoir expansion were not modeled for this study, as all alternatives were evaluated
independently of one another.
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Figure 4-11. Powder River basin spatial representation used in model network.
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Figure 4-12. Model network of the Powder River basin.
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4.3 Baseline Model Configuration and Calibration

Calibration Results

The MODSIM model was populated with the balanced hydrology data. In addition, the
irrigation demand for the scenario analyses was configured to represent the current level of
basin development. This ensures that the modeling results are representative of current
conditions.

The irrigation demands for the Powder River basin were computed assuming a maximum of
125,000 acres of irrigated lands with an associated crop distribution mix. The crop
distribution mix was the computed average for the period of record analyzed (Figure 4-2). In
computing irrigation demands, Table 4-5 presents the crop distribution used.

Table 4-5. Crop acreage used in Powder River alternative modeling analyses.
Crop Acreage Assumption
Grass/hay 30.7%
Alfalfa 30.5%
Winter grain 6.2%
Summer grain 4.0%
Potatoes 1.2%
Corn 0.4%
Pasture 27.0%

The following figure (Figure 4-13) illustrates the computed monthly average irrigation
demand for the period of record analyzed.
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Powder River Basin Irrigation Demand:
Water Years 1971-1999
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Figure 4-13.  Average monthly irrigation demand for Powder River basin.

The return flow back to the river is a function of total irrigation diversion, crop water use, as
well as conveyance and on site efficiencies. Two values of infiltration percent were used,
depending on the location of the irrigation demands with respect to Thief Valley Reservoir.
The infiltration percent was used to compute the amount of water, not consumptively used,
that returned to the river via subsurface flows. It was assumed that none of this water
percolated to a deep aquifer and that it returned to the river over a 2-month period. The
following overall water use efficiency and return flow lag percentages were assumed and are
presented in Table 4-6.

Table 4-6. Modeled irrigation assumptions.
Infiltration Percent: above Thief Valley Reservoir 35%
Infiltration Percent: below Thief Valley Reservoir 42%
Return Flow Lag Percent

Month 0 57%
Month 1 29%
Month 2 14%

Figure 4-14 illustrates the calibrated model results compared to USGS gage data. These
results illustrate that the model is representative of basin operations. This result provides a
foundation for comparative analyses of the screened alternatives.

96 Final Eastern Oregon Water Storage Appraisal Study



4.3 Baseline Model Configuration and Calibration

Powder River Model Calibration
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Figure 4-14. MODSIM Model calibration results for Powder River.

4.3.3 Pine Creek Model Development
Network Configuration

The spatial representation of the basin is shown in Figure 4-15. The numbered delineated
subbasins were used in balancing the basin hydrology and are used to correspond to model
network nodes within the watershed. These nodes are representative of upstream hydrology,
reach gains, reach losses, and irrigation diversions. Upstream hydrology and gains were
represented as blue circles in the model whereas reach losses or irrigation demands were
represented as purple squares. The model network used for the alternatives analysis for the
Pine Creek basin is shown in Figure 4-16. It should be noted that the model network
illustrated in the figure includes the proposed East Pine Reservoir, identified in the screening
process. Therefore, the alternatives analyses included two model networks comprised of a
baseline condition and a proposed condition including the East Pine Reservoir.
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Figure 4-15.  Pine Creek Basin spatial representation used in model network.
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Figure 4-16. Model network of the Pine Creek basin.

Red triangle = reservoir; blue circle = node or gain; purple square = demand; green square =
sink

Calibration Results

The MODSIM model was populated with the balanced hydrology data. In addition, the
irrigation demand for the scenario analyses was configured to represent the current level of
basin development. This ensures that the modeling results are representative of current
conditions.
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The irrigation demands for the Pine Creek basin were computed assuming a maximum of
18,000 acres of irrigated lands with an associated crop distribution mix. The crop distribution
mix was the computed average for the period of record analyzed. In computing irrigation
demands, Table 4-7 presents the crop distribution used.

Table 4-7. Crop acreage used in modeling analyses.
Crop Acreage Assumption
Grass/hay 30.7%
Alfalfa 30.5%
Winter grain 6.2%
Summer grain 4.0%
Potatoes 1.2%
Corn 0.4%
Pasture 27.0%

The following figure (Figure 4-17) illustrates the computed monthly average irrigation
demand for the period of record analyzed.

Pine Creek Basin Irrigation Demand:
Water Years 1971 - 1999
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Figure 4-17.  Average monthly irrigation demand for Pine Creek basin.
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The return flow back to the river is a function of total irrigation diversion, crop water use, as
well as conveyance and on site efficiencies. A value of infiltration percent was used for all of
the irrigation demands to compute the amount of water, not consumptively used, that returned
to the river via subsurface flows. It was assumed that none of this water percolated to a deep
aquifer and that it returned to the river over a 2-month period. The following overall water
use efficiency and return flow lag percentages were assumed and are presented in Table 4-8.

Table 4-8. Modeled irrigation assumptions.

Infiltration Percent ‘ 42%

Return Flow Lag Percent

Month O 57%
Month 1 29%
Month 2 14%

Figure 4-18 illustrates the calibrated model results compared to USGS gage data. These
results illustrate that the model is representative of basin operations. This result provides a
foundation for comparative analyses of the screened alternatives.
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Figure 4-18. MODSIM model calibration results for Powder River.
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4.4  Alternatives Analysis Modeling

For the proposed reservoir locations selected by the stakeholder workgroup, alternatives
analysis modeling was performed. MODSIM simulations of the proposed reservoirs were
done to characterize the differences in irrigation water supplied between the existing
condition and with the proposed reservoir in place.

After the initial Level 2 screening process, the stakeholder workgroup requested that two
additional sites, Wolf Creek and Pilcher Creek, be evaluated for storage potential. Therefore,
the following proposed reservoirs or reservoir expansions were evaluated:

e Burnt River basin
0 Hardman Reservoir
e Powder River basin
o0 Thief Valley Reservoir Expansion
0 North Powder Reservoir
0 Wolf Creek Reservoir Expansion
o0 Pilcher Creek Reservoir Expansion
e Pine Creek basin
o East Pine Reservoir

The MODSIM models of each basin were used to simulate the potential storable water (water
not currently allocated) at each of the proposed reservoirs. The screening criteria for further
analysis was established as the computed volume historically available in 80 percent of the
water years for the period of record modeled (1971 to 1999).

In order to determine the 80 percent fill reliability, each proposed reservoir was modeled in
separate MODSIM models as an off-stream reservoir allowed to accumulate available,
storable water for the period of record. The storable volume of water within each proposed
reservoir is junior to the other water right holders and is accounted for in the priorities set in
the MODSIM models. The accumulated volumes for each year were ranked and the 80th
percentile reservoir size determined.

The 80 percent reservoir volumes for the proposed reservoirs were further analyzed and
compared to the baseline conditions to quantify associated benefits.
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4.4.1 Proposed Hardman Reservoir — Burnt River

Project Description

The proposed Hardman Reservoir site is located on the South Fork of the Burnt River
approximately 8 miles upstream (southwest) from Unity Reservoir and 5 miles west of the
community of Unity, Oregon (see Figure 4-22). The proposed dam and reservoir are located
on land owned by the Burnt River Irrigation District and the USFS.

Storable Volume and Reliability Modeling

The proposed Hardman Reservoir is shown in the model network in Figure 4-8. For the
period of record modeled, the Hardman Reservoir site has an estimated average annual flow
volume of 16,500 acre-feet per year, as shown in Figure 4-19. An existing diversion pulls
from the South Fork Burnt River at approximately the same location as the proposed full pool
of the reservoir. In the model network, this diversion was subtracted from the natural flows to
arrive at this value for available estimated average annual flow volume. Figure 4-20
illustrates the storable volume a reservoir located at this site would accumulate over the same
annual timeframe.

Estimated Annual Volume:
Hardman Dam Site

25,000

20,000

15,000

Annual Volume (acre-feet)

10,000

5,000

mmmmmmmmmmmmmmmmmmmmmmmmmmmmm
HHHHHHHHHHHHHHHHHHHHHHHHHHHHH

Water Year

Figure 4-19. Annual water volume at proposed Hardman Reservoir site.
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Hardman Reservoir Storable Volume
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Figure 4-20.  Annual storable water at proposed Hardman Reservoir site.

The storable water volumes were ranked and plotted in Figure 4-21.
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Figure 4-21. Proposed Hardman Reservoir storable water frequency.
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Storage Model Results

The 80 percent storable volume was selected as a reliable volume for the proposed reservoir
and was used for the additional hydrologic and water supply yield assessment. The right to
store water within this proposed reservoir enlargement would be based on a 1992 priority
water reservation filed by the OWRD, regardless of other operational agreements that may
exist within the Burnt basin. The storage right was assumed to be junior to all of the other
current water right holders.

As a result of this analysis, the 80 percent reliable volume for the Hardman Reservoir is 4,800
acre-feet. The estimated inundation area is shown in Figure 4-22. It was determined by
utilizing the natural topography contours and an assumed dam height to accommodate the
proposed volume results. At this time, the inundation limits illustrated also do not assume
any significant inactive storage volume reserved for recreational or fisheries benefits.
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Figure 4-22. Proposed Hardman Reservoir location map.
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Alternatives Analysis Model Configuration

A model configuration was developed to incorporate the proposed reservoir. Table 4-9
presents the applicable model assumptions and constraints defined for the alternatives
analyses. Other model assumptions defined in the calibrated baseline model and not shown
here, remain unchanged.

Table 4-9. Proposed Hardman Reservoir analysis model constraints.
Baseline
Constraint Configuration Hardman Reservoir
Capacity (acre-feet) Not applicable 4,800
Reservoir Depth (feet) Not applicable 92
Minimum Flow Target below .
dam (cfs) Not applicable 5
Annual Irrigation Demands No change No change

The water stored in the proposed reservoir was assigned a low priority setting to keep it from
adversely impacting existing water right holders with senior rights. Irrigation demand was
allowed to draw water from the proposed reservoir, as needed, to reduce shortages. This
analysis was simulated for the 29-year study period of record (1971 through 1999).

Alternatives Analysis Model Results

Figure 4-23 shows the maximum water volume stored for each water year modeled. This
figure illustrates the years when the proposed reservoir filled or failed to fill. Figure 4-24 and
Figure 4-25 show the volume of water supplied from storage with the proposed reservoir
expansion. The estimated water supplied from the proposed Hardman Reservoir was
calculated from the results of the MODSIM models as the difference in shortage under
existing conditions (without the proposed reservoir) and with the proposed reservoir.
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Hardman Reservoir: Annual Irrigation Shortage Volume
Reduction

4,000

3,500

3,000

2,500

2,000

1,500

Annual Volume (acre-feet/year)

1,000

500

Figure 4-25.  Estimated reduction in annual irrigation shortage within the Burnt River basin
with the proposed Hardman Reservoir.

The proposed reservoir results in a change to the hydrograph of the flow downstream of the
project (Figure 4-26). Figure 4-27 illustrates the current hydrology pattern and the modeled
demand pattern in proximity of this site. This figure illustrates the timing differences in flow
between the run-off pattern and irrigation demand pattern. Downstream flows are lower in
October through March for the proposed reservoir condition compared to existing conditions
(without the proposed reservoir). The lower flows during this period represent water being
stored in the reservoir (Figure 4-28). Conversely, downstream flows are higher in April
through September for the proposed reservoir compared with existing conditions. An
instream flow right filed by the State was set as a minimum flow target. At this location, the
assumed target was 5 cfs. Water stored is released during the irrigation season in response to
irrigation demand and the assumed 5 cfs minimum flow target. The assumed 5 cfs minimum
release requirement below the reservoir was a target flow condition, set in the MODSIM
model, and was satisfied 100 percent of the time.

The change in the hydrograph not only occurs below the proposed reservoir, but also changes
the flow (to a lesser extent) from the Burnt River to the Snake River. Figure 4-29 shows the
average monthly flow in the Burnt River near the confluence with the Snake River.

Overall, the proposed reservoir changes the hydrograph and reduces the shortage for irrigation
water demand below the reservoir compared to existing conditions (Table 4-10). The 4,800
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acre-feet of additional storage in the system reduces the irrigation shortage by approximately
1,500 acre-feet with a net reduction in water volume that reached the Snake River of

1,000 acre-feet between the proposed reservoir model configuration and existing baseline
condition. This net reduction is the result of the irrigation diversions reusing irrigation return
water passing through the system. The majority of the shortage reduction of 1,500 acre-feet is
realized by those diversions within the vicinity of the project.

While the proposed Hardman Reservoir could provide recreational and environmental
benefits, the results of the MODSIM model simulations did not assume any significant
inactive storage volume that would be reserved in storage for recreational or fisheries
benefits. The reservoir could be sized to hold water in inactive storage. However, the result
would be either reduced annual water supply benefits or a larger reservoir in order to produce
the same benefits.

Monthly Average Volume:
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Figure 4-26.  Estimated monthly average flow below the proposed Hardman Reservoir.
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Comparison of Monthly Hydrology and Irrigation Demand: Below Hardman Site
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Figure 4-27.  Estimated monthly average flow below the project and irrigation demand
located below the proposed Hardman Reservoir.
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Figure 4-28. Modeled storage contents of proposed Hardman Reservoir.
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Table 4-10.

Estimated monthly average flow in Burnt River near Snake River confluence
with the proposed Hardman Reservoir.

Proposed Hardman facility storage summary table.

Irrigation Shortages Modeled Water Years: 1971 - 1999

Average Annual Irrigation Shortage Baseline Condition (acre-

4,741
feet/year)
Average Annual Irrigation Shortage with Hardman Reservoir

3,225
(acre-feet/year)
Average Annual Irrigation Shortage Reduction (acre-feet/year) 1,516

Monthly Average Flow on Burnt River near
Monthly Average Flow at Reservoir Site Snake River
Model Water Years: 1971 — 1999 Model Water Years: 1971 — 1999
Below
Hardman Baseline With Hardman Baseline
Reservoir Condition Reservoir Condition
(acre- (acre- (acre- (acre-

Month feet/month) feet/month) Difference feet/month) feet/month) Difference
October 1,071 1,219 (148) 2,932 2,843 89
November 1,256 1,616 (360) 3,189 3,134 55
December 942 1,677 (735) 4,491 4,149 342
January 748 1,699 (951) 6,521 6,843 (321)
February 891 1,743 (852) 9,616 9,817 (202)
March 1,370 2,264 (894) 27,512 28,016 (504)
April 1,971 2,382 (412) 37,347 37,739 (391)
May 2,887 2,515 372 25,289 25,359 (70)
June 1,938 923 1,015 8,771 8,763 8
July 2,268 31 2,237 4,689 4,689 -
August 956 103 854 1,916 1,916 -
September 542 360 182 1,978 1,978 -

Average Annual Change (acre-feet/year) 308 (994)
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4.4.2 Proposed Thief Valley Reservoir Enlargement —
Powder River

Project Description

The existing Thief Valley Dam is located on the Powder River approximately 7 miles east of
the community of North Powder, Oregon. The project is owned by Reclamation and operated
by the Lower Powder River Irrigation District. The proposed reservoir enlargement would be
located on land owned by Reclamation and privately-owned land.

Storable Volume and Reliability Modeling

The Thief Valley Reservoir is shown in the model network in Figure 4-12. For the period of
record modeled, the Thief VValley Reservoir site has an estimated average annual flow volume
of 165,000 acre-feet, as shown in Figure 4-30. Over the same time period, Figure 4-31
illustrates the storable volume an expanded reservoir at this site would accumulate.

Estimated Annual Flow:
Thief Valley Dam Site
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Figure 4-30.  Annual water volume at Thief Valley Reservaoir site.
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Thief Valley Reservoir Expansion: Storable Water
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Figure 4-31. Annual storable water at Thief Valley Reservoir expansion site.

The storable water volumes were ranked and plotted in Figure 4-32.
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Thief Valley Reservoir Expansion: Storable Water
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Figure 4-32.  Thief Valley Reservoir expansion storable water frequency.

Storage Model Results

The 80 percent storable volume was selected as a reliable volume for the proposed reservoir
enlargement and was used for the additional hydrologic and water supply yield assessment.
The right to store water within this proposed reservoir enlargement would be based on a 1992
priority water reservation filed by the OWRD. The storage right was assumed to be junior to
all of the other current water right holders.

As a result of this analysis, the 80 percent reliable volume for Thief Valley Reservoir is
56,307 acre-feet. The existing reservoir storage volume is 13,307 acre-feet; therefore, Thief
Valley Reservoir was modeled in the alternatives analysis with an additional volume of
43,000 acre-feet.

The estimated inundation area is shown in Figure 4-33 and was determined by utilizing the
natural topography contours and an assumed dam height to accommodate the proposed
volume results. At this time, the inundation limits illustrated also do not assume any
significant inactive storage volume reserved for recreational or fisheries benefits.
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Proposed Thief Valley Reservoir enlargement location map.
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The storable volumes are far greater than the water needs in the area downstream of the
proposed reservoir enlargement. Since a majority of the existing water demand shortage is
located upstream of Thief Valley Reservoir, additional conveyance facilities will be required
to distribute the water acquired with the additional reservoir storage. Two different
conveyance facility locations were proposed in this analysis. Alternative 1 placed the
pumping plant upstream of the dam. The second configuration, Alternative 2, placed the
facility downstream of the dam. Each alternative would consist of a pumping facility and
conveyance piping. The pumping facilities and distribution routes are presented conceptually
in Figure 4-34. Both routings have multiple landowners that include the BLM and private
owners.
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Figure 4-34.  Proposed Thief Valley Reservoir enlargement pumps and pipelines location
map.
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Alternatives Analysis Model Configuration

Two model configurations were developed for the Thief Valley Reservoir Expansion.
Alternative 1 was defined as incorporating the pumping plant upstream of Thief VValley Dam.
Alternative 2 located the pumping plant downstream of the dam. Alternate dam locations
were not considered because of the obvious cost savings associated with using the existing
facility. Table 4-11 presents the applicable model assumptions and constraints defined for the
alternatives analyses. Other model assumptions defined in the calibrated baseline model and
not shown here, remain unchanged. Other alternative configurations were considered, but the
two selected for modeling were considered generally representative of a range of outcomes.

Table 4-11. Thief Valley alternatives analysis model constraints.
Baseline Pumping Plant: Pumping Plant:
Constraint Configuration Alternative 1 Alternative 2
Reservoir Capacity (acre- 13,307 56,307 56,307
feet)
Reservoir Depth (feet) 53 110 110
Minimum Flow Target below 50 50 50

dam (cfs)

Pumping Plant Location

Not applicable

Upstream of dam

Downstream of dam

Annual Irrigation Demands

No change

30,500 acre-feet
existing irrigation
demand located
upstream of reservoir
and served by
proposed pumping
plant

30,500 acre-feet
existing irrigation
demand located
upstream of reservoir
and served by
proposed pumping
plant

The irrigation demand included a low priority setting on the pumping diversion to keep it
from adversely impacting existing water right holders with senior rights. It was assumed that
the pumping plant and conveyance structures would satisfy existing irrigation diversions
located upstream of Thief Valley that are typically shorted during drier water years. This was
because the location of the reservoir is downstream of the majority of irrigation demands.
Irrigation demand located downstream of the dam was allowed to draw water stored in the
existing reservoir and from the proposed reservoir enlargement, as needed, to reduce
shortages. The alternatives were simulated for the 29-year study period of record (1971-

1999).

Alternatives Analysis Model Results

Figure 4-35 shows the maximum water volume stored for each water year modeled. This
figure illustrates the years when the proposed reservoir enlargement filled or failed to fill.
Figure 4-36 shows the volume of water supplied from storage with the proposed reservoir
expansion. On average, the proposed reservoir enlargement with pumping facilities supplies
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60,000

30,500 acre-feet of water to those upstream irrigation diversions that are shorted than when

compared to the existing conditions.
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Estimated maximum volume of water stored by the proposed Thief Valley

Reservoir enlargement for Alternatives 1 and 2.

Figure 4-35.
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Thief Valley Reservoir Expansion: Annual Storage Water Supplied
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Figure 4-36. Estimated volume of water supplied by the proposed Thief Valley Reservoir
enlargement for Alternatives 1 and 2.

Each of the two alternatives modeled result in a change to the hydrograph downstream of the
dam.

Alternative 1 Results

Alternative 1 was configured with a pumping facility located upstream of the dam to satisfy
an annual irrigation demand of 30,000 acre-feet that currently exists upstream of the dam.
Figure 4-37 presents the average monthly flow comparison between Alternative 1 and the
baseline configuration. The downstream flows were less with the reservoir enlargement when
compared to the existing condition. These flow reductions were due to the additional water
being stored in the enlarged reservoir during the late winter and spring months and the
pumping facility located above the dam.

Water stored is also released during the irrigation season in response to downstream irrigation
demand and the assumed 50 cfs minimum flow target. The assumed 50 cfs minimum release
requirement below the reservoir was a target flow condition all year, set in the MODSIM
model, and was satisfied 100 percent of the time immediately downstream of the project.

Under this alternative, irrigation demands are being satisfied without having the flows pass
through the Thief Valley project. Figure 4-38 illustrates the comparison of baseline and
Alternative 1 flows below Thief Valley in relationship to the irrigation demands. The net
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result is a minimal reduction in flows later in the season (August and September, for example)
where the additional reservoir capacity is capable of satisfying both upstream and downstream
irrigation demands. This annual net reduction in flow below the dam averages approximately
19,600 acre-feet for the period of record modeled. Modeled reservoir storage contents are
presented in Figure 4-39.

Figure 4-40 illustrates the change in flow to the Snake River. As a result of the pumping
facilities producing an increase in satisfaction of the existing irrigation demand, additional
water is consumptively used within the basin. With the increase in reservoir capacity, the
annual net reduction in water to the Snake River averages approximately 20,100 acre-feet for
the period of record analyzed (Table 4-12). This also indicates that approximately 500 acre-
feet of irrigation shortages are satisfied, on average, below the project.

Water stored is also released during the irrigation season in response to downstream irrigation
demand and the assumed 50 cfs minimum flow target. The assumed 50 cfs minimum release
requirement below the reservoir was a target flow condition all year, set in the MODSIM
model, and was satisfied 100 percent of the time immediately downstream of the project.

While the proposed Thief Valley Reservoir enlargement could provide recreational and
environmental benefits, it did not assume any significant inactive storage volume would be
reserved in storage for recreational or fisheries benefits during the modeling exercises. In
order to retain water in inactive storage, either annual water supply benefits would be reduced
or a larger reservoir would be required in order to supply the same modeled irrigation
benefits.

122 Final Eastern Oregon Water Storage Appraisal Study



4.4 Alternatives Analysis Modeling
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Figure 4-37.  Estimated monthly average flow below Thief Valley Reservoir enlargement,
Alternative 1.
Comparison of Hydrology and Irrigation Demand:
Thief Vally Expansion Site with Alternate 1 Pumping Plant
35,000
I Additional Irrigation Demand
[Hydrology with Thief Valley expansion: Alt 1
30,000 [ ) .
= Hydrology without expansion
=
=
[=]
E 25000
]
e
]
8 20,000
[
£
3
3
> 15,000
i
43
2
Z 10,000
<
o
=
5,000
0
Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
Figure 4-38. Estimated monthly average flow below the project and upstream irrigation

demand, Alternative 1.
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Thief Valley Reservoir Expansion Storage Contents
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Figure 4-39. Modeled storage contents of reservoir expansion, Alternative 1.
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Figure 4-40. Estimated monthly average flow in Powder River near Snake River confluence,
Alternative 1.
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Table 4-12.
Alternative 1.

Proposed Thief Valley Reservoir enlargement storage summary table

Monthly Average Flow below Thief Valley Monthly Average Flow on Powder River
Reservoir near Snake River
Model Water Years: 1971 — 1999 Model Water Years: 1971 — 1999
Expanded Baseline Expanded Baseline
Reservoir Condition Reservoir Condition
(acre- (acre- (acre- (acre-
Month feet/month) | feet/month) | Difference feet/month) | feet/month) Difference
October
3,440 3,457 (493) 11,704 11,650 54
November
3,943 4,435 (2,300) 14,218 14,679 (461)
December
4,728 6,029 (2,249) 16,141 17,441 (1,300)
January
7,598 9,847 (1,191) 20,640 22,889 (2,249)
February
12,216 13,407 (2,541) 28,572 29,763 (1,191)
March
19,506 22,048 (2,903) 48,068 50,609 (2,541)
April
20,377 23,280 (4,161) 56,429 59,375 (2,947)
May
23,582 27,743 (3,479) 87,153 91,313 (4,160)
June
24,993 28,471 (1,377) 94,178 97,656 (3,478)
July
9,693 11,070 5 38,625 40,058 (1,433)
August
5,482 5,477 143 12,653 12,839 (186)
September
3,897 3,754 - 10,219 10,399 (181)
Average Annual Change (acre-feet/year)
(19,546) (20,071)

Alternative 2 Results

Alternative 2 was configured with a pumping facility located downstream of the dam to
satisfy an annual irrigation demand of 30,000 acre-feet that currently exists upstream of the
dam. Figure 4-41 presents the average monthly flow comparison between Alternative 2 and
the baseline configuration. The downstream flows are less with the reservoir enlargement
when compared to the existing condition for part of the year. These flow reductions are due
to the additional water being stored in the enlarged reservoir during the late winter and spring

months.
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During the irrigation season, there is significantly more water discharged downstream of the
project. This is due to the accumulated reservoir storage being delivered to the downstream
pumping plant. The upstream irrigation demands are being satisfied by passing flows through
the Thief Valley project and then back upstream via the pumping plant. Figure 4-42
illustrates the comparison of baseline and Alternative 2 flows below Thief Valley in
relationship to the additional upstream irrigation demands (Figure 4-43). The net result is an
increase in flows released below the project. This annual net increase in flow below the dam
averages approximately 9,400 acre-feet for the period of record modeled. This includes the
net decrease during the early part of the year when water is stored for later delivery.

Figure 4-44 illustrates the change in flow to the Snake River. As a result of the increased
irrigation demand, additional water is consumptively used within the basin. With the increase
in reservoir capacity, the annual net reduction in water to the Snake River averages
approximately 20,300 acre-feet (Table 4-13).

While the proposed Thief Valley Reservoir enlargement could provide recreational and
environmental benefits, it did not assume any significant inactive storage volume would be
reserved in storage for recreational or fisheries benefits. The reservoir could be sized to hold
water in inactive storage. However, the result would be either reduced annual water supply
benefits or a larger reservoir in order to produce the same benefits.

Monthly Average Flow:
below expanded Thief Valley Reservoir, Alternative 2

35,000

OBaseline without Expanded Reservoir

B Total Reservoir Storage Volume = 56,307 acre-feet

30,000

25,000
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Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
Month

Figure 4-41. Estimated monthly average flow below Thief Valley Reservoir enlargement,
Alternative 2.
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Figure 4-42.  Estimated monthly average flow below the project and upstream irrigation
demand, Alternative 2.
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Figure 4-43. Modeled storage contents of reservoir expansion, Alternative 2.
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Figure 4-44.
Alternative 2.

Table 4-13.
Alternative 2.

Estimated monthly average flow in Powder River near Snake River confluence,

Proposed Thief Valley Reservoir enlargement storage summary table

Monthly Average Flow below Thief Monthly Average Flow on Powder River
Valley Reservoir near Snake River
Model Water Years: 1971 — 1999 Model Water Years: 1971 — 1999
Expanded Baseline Expanded Baseline
Reservoir Condition Reservoir Condition
(acre- (acre- (acre- (acre-
Month feet/month) | feet/month) | Difference | feet/month) | feet/month) | Difference
October
3,661 3,457 (343) 10,603 11,650 (2,047)
November
4,093 4,435 (1,083) 14,384 14,679 (294)
December
4,946 6,029 (2,068) 16,371 17,441 (2,070)
January
7,779 9,847 (958) 20,833 22,889 (2,055)
February
12,449 13,407 (2,253) 28,820 29,763 (944)
March
19,795 22,048 (164) 48,091 50,609 (2,519)
128
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April
23,116 23,280 1,287 56,432 59,375 (2,943)
May
29,030 27,743 1,576 87,295 91,313 (4,018)
June
30,047 28,471 4,918 94,188 97,656 (3,468)
July
15,988 11,070 5,207 38,635 40,058 (1,423)
August
10,684 5,477 3,279 12,666 12,839 (173)
September
7,033 3,754 - 10,103 10,399 (297)
Average Annual Change (acre-feet/year) 9399
' 9,399 (20,252)

4.4.3 Proposed North Powder Reservoir — Powder

River

Project Description

The proposed North Powder Reservoir site is located on the North Powder River in the
northeastern part of the Powder River watershed, approximately 20 miles northeast of Baker,
Oregon, and 9 miles east of North Powder, Oregon. The proposed dam and reservoir is
located on land owned privately and land owned by the USFS.

Storable Volume and Reliability Modeling

The proposed North Powder Reservoir is shown in the model network in Figure 4-12. For the
period of record modeled, the North Powder Reservoir site has an estimated average annual
flow volume of 43,600 acre-feet per year, as shown in Figure 4-45. Over the same time
period, Figure 4-46 illustrates the storable volume a reservoir located at this site would
accumulate.
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Figure 4-45.  Annual water volume at proposed North Powder Reservaoir site.
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Figure 4-46.  Annual storable water at proposed North Powder Reservoir site.
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The storable water volumes were ranked and plotted in Figure 4-47.
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Figure 4-47.  Proposed North Powder Reservoir storable water frequency.

Sstorage Model Results

The 80 percent storable volume was selected as a reliable volume for the proposed reservoir
enlargement and was used for the additional hydrologic and water supply yield assessment.
The right to store water within this proposed reservoir enlargement would be based on a 1992
priority water reservation filed by the OWRD. The storage right was assumed to be junior to
all of the other current water right holders.

As a result of this analysis, the 80 percent reliable volume for the North Powder Reservoir is
5,300 acre-feet. The estimated inundation area is shown in Figure 4-48 and was determined
by utilizing the natural topography contours and an assumed dam height to accommodate the
proposed volume results. At this time, the inundation limits illustrated also do not assume
any significant inactive storage volume reserved for recreational or fisheries benefits.
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Figure 4-48. Proposed North Powder Reservoir location map.
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Alternatives Analysis Model Configuration

A model configuration was developed to incorporate the proposed reservoir. Table 4-14
presents the applicable model assumptions and constraints defined for the alternatives
analyses. Other model assumptions defined in the calibrated baseline model and not shown
here, remain unchanged.

Table 4-14. North Powder Reservoir analysis model constraints.
Baseline North Powder

Constraint Configuration Reservoir
Reservoir Capacity (acre-feet) Not applicable 5,300
Reservoir Depth (feet) Not applicable 169
Minimum Flow Target below .
dam (cfs) Not applicable 5
Annual Irrigation Demands No change No change

The water stored in the proposed reservoir was assigned a low priority setting to keep it from
adversely impacting existing water right holders with senior rights. Irrigation demand was
allowed to draw water from the proposed reservoir, as needed, to reduce shortages. This
analysis was simulated for the 29-year study period of record (1971-1999).

Alternatives Analysis Model Results

Figure 4-49 shows the maximum water volume stored for each water year modeled. This
figure illustrates the years when the proposed reservoir filled or failed to fill. Figure 4-50 and
Figure 4-51 show the volume of water supplied from storage with the proposed reservoir
expansion. The estimated water supplied from the proposed North Powder Reservoir was
calculated from the results of the MODSIM models as the difference in shortage under
existing conditions (without the proposed reservoir) and with the proposed reservoir.
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North Powder Reservoir: Annual Estimated Reservoir Storage
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Figure 4-49.  Estimated maximum volume of water stored in proposed North Powder
Reservoir for each water year.
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Figure 4-50.  Estimated irrigation shortage with and without the proposed North Powder
Reservoir.
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North Powder Reservoir: Annual Irrigation Shortage Volume
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Figure 4-51.  Estimated reduction in annual irrigation shortage within the Powder River basin
with the proposed North Powder Reservoir.

It should be noted that in a couple of years, the irrigation shortage reduction is greater than the
5,300 acre-feet of available storage in the proposed reservoir (Figure 4-51). The additional
shortage reduction is an artifact of the minimum flow designation below the project. While
there is a 5 cfs minimum flow requirement immediately below the project, the flow was not
protected below the confluence with Anthony Creek. Therefore, the target flow assisted in
reducing irrigation shortages upstream of Thief Valley Reservoir when compared to the
baseline condition.

The proposed reservoir results in a change to the hydrograph of the flow downstream of the
project (Figure 4-52). Figure 4-53 illustrates the current hydrology pattern and the modeled
demand pattern in proximity of this site. This figure also illustrates the timing differences in
flow between the run-off pattern and irrigation demand pattern. Downstream flows are lower
in October through March for the proposed reservoir condition compared to existing
conditions (without the proposed reservoir). The lower flows during this period represent
water being stored in the reservoir (Figure 4-54). Conversely, downstream flows are higher in
April through September for the proposed reservoir compared with existing conditions.
Water stored is released during the irrigation season in response to irrigation demand and the
assumed 5 cfs minimum flow target. An instream flow right filed by the State was set as a
minimum flow target. At this location, the assumed target was 5 cfs.
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The assumed 5 cfs minimum release requirement below the reservoir was a target flow
condition, set in the MODSIM model, and was satisfied approximately 50 percent of the time.
This is an artifact of the very low incoming flow volumes during the later summer months.
Based on the model constraints and assumptions used, there was no water available after
meeting irrigation demands to continue the minimum flow requirement.

The change in the hydrograph not only occurs below the proposed reservoir, but also changes
the flow (to a lesser extent) from the Powder River to the Snake River. Figure 4-55 shows the
average monthly flow in the Powder River near the confluence with the Snake River.

Overall, the proposed reservoir changes the hydrograph and reduces the shortage for irrigation
water demand below the reservoir compared to existing conditions. The 5,300 acre-feet of
additional storage in the system reduces the irrigation shortage by approximately 4,500 acre-
feet with a net reduction in water volume that reached the Snake River of 2,600 acre-feet
between the proposed reservoir model configuration and existing baseline condition (Figure
4-15). This net reduction is the result of the irrigation diversions reusing irrigation return
water passing through the system.

While the proposed North Powder Reservoir could provide recreational and environmental
benefits, the results of the MODSIM model simulations indicated that there would not be
enough water to reliably satisfy additional demands beyond those currently included. The
simulation did not assume any significant inactive storage volume that would be reserved in
storage for recreational or fisheries benefits. The reservoir could be sized to hold water in
inactive storage. However, the result would be either reduced annual water supply benefits or
a larger reservoir in order to produce the same benefits.
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Figure 4-52.  Estimated monthly average flow below the proposed North Powder Reservoir.
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Figure 4-53.  Estimated monthly average flow below the project and irrigation demand
located below the proposed North Powder Reservoir.

Monthly Average Volume (acre-feet/month)

Mar Apr May Jun Jul Aug Sep

Final Eastern Oregon Water Storage Appraisal Study 137



4.4 Alternatives Analysis Modeling

Proposed North Powder Reservoir Storage Contents

6,000

4,000

3,000

Volume (acre-feet)

2,000

1,000 ‘ I

o
STy —
——

o - o~ [ < o ~ 0 a o - o~ oM < wn 0 ~ ] o o - o~ o0 < wn o ~ 0 a

~ ~ ~ ~ ~ ~ ~ ~ ~ [ ] 0 0 0 0 0 ] ] 0 = D i) il o) D a = D =

a a a a a a a a a a a a a a a a a a a a a a a a a a a a a

4 a4 a4 4 o« A A3 H® 8 &8 A8 A ™=@ @ 2% A4 A4 @ @ 4@ 4 A A @ A A A =" o=
Water Year

Figure 4-54. Modeled storage contents of proposed North Powder Reservoir.
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Figure 4-55.  Estimated monthly average flow in Powder River near Snake River confluence
with the proposed North Powder Reservaoir.
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Table 4-15. Proposed North Powder facility storage summary table.

Irrigation Shortages Modeled Water Years: 1971 - 1999:

Average Annual Irrigation Shortage Baseline Condition
133,520
(acre-feet/year)
Average Annual Irrigation Shortage with North Powder
. 129,028
Reservoir (acre-feet/year)
Average Annual Irrigation Shortage Reduction (acre-
4,492
feet/year)
Monthly Average Flow on Powder River
Monthly Average Flow at Reservoir Site near Snake River
Model Water Years: 1971 — 1999 Model Water Years: 1971 — 1999
Below North With North
Powder Baseline Powder Baseline
Reservoir Condition Reservoir Condition
(acre- (acre- (acre- (acre-
Month feet/month) | feet/month) | Difference feet/month) | feet/month) Difference
October
549 797 (248) 10,814 11,650 (836)
November
111 237 (126) 13,748 14,679 (930)
December
304 1,017 (713) 17,728 17,441 287
January
1,445 2,441 (996) 22,427 22,889 (461)
February
2,613 3,895 (1,282) 29,360 29,763 (403)
March
5,992 6,669 (677) 50,721 50,609 112
April
7,927 7,612 316 59,240 59,375 (135)
May
7,925 7,904 21 91,153 91,313 (161)
June
8,916 8,771 145 97,646 97,656 (10)
July
5,413 3,302 2,111 40,064 40,058 6
August
1,645 327 1,318 12,867 12,839 28
September
770 639 132 10,342 10,399 (58)
Average Annual Change (acre-feet/year) ©)
(2,561)
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4.4.4 Proposed Wolf Creek Reservoir Expansion —
Powder River

Project Description

The existing Wolf Creek Dam and Reservoir is located on Wolf Creek, a tributary to the
North Powder River, approximately 6 miles west of the community of North Powder, Oregon.
The project is owned and operated by the Powder Valley Water Control District. It is
approximately 128 feet high with an existing storage capacity of 10,800 acre-feet. It was
completed in 1974 for irrigation needs.

Storable Volume and Reliability Modeling

The Wolf Creek Reservoir is shown in the model network in Figure 4-12. For the period of
record modeled, the Wolf Creek Reservoir site has an estimated average annual flow volume
of 28,400 acre-feet, as shown in Figure 4-56. Over the same time, Figure 4-57 illustrates the
storable volume an expanded reservoir at this site would accumulate.

Wolf Creek Site: Annual Water Volume
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Figure 4-56.  Annual water volume at Wolf Creek Reservoir site.
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Wolf Creek Site: Annual Water Volume
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Figure 4-57. Annual storable water at Wolf Creek Reservoir expansion.

The storable water volumes were ranked and plotted in Figure 4-58.
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Wolf Creek Reservoir Expansion: Storable Water
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Figure 4-58.  Wolf Creek Reservoir expansion storable water frequency.

Model Results

The results of the model run indicate that the Wolf Creek Reservoir expansion does not
warrant further investigation in this appraisal study. Based on 80 percent fill reliability, this
proposed project fails to satisfy the established screening criteria.

4.4.5 Proposed Pilcher Creek Reservoir Expansion —
Powder River

Project Description

The existing Pilcher Creek Dam and Reservoir is located on Pilcher Creek, a tributary to the
North Powder River, approximately 7 miles west of the community of North Powder, Oregon.
The project is owned and operated by the Powder Valley Water Control District. It is
approximately 110 feet high with an existing storage capacity of 5,900 acre-feet. It was
completed in 1984 for irrigation needs.
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Storable Volume and Reliability Modeling

The Pilcher Creek Reservoir is shown in the model network in Figure 4-12. For the period of
record modeled, the Pilcher Creek Reservoir site has an estimated average annual flow
volume of 9,900 acre-feet, as shown in Figure . Over the same time, Figure 4-60 illustrates
the storable volume an expanded reservoir at this site would accumulate.

Pilcher Creek Site: Annual Water Volume
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Figure 4-59.

Wolf Creek Reservoir expansion storable water frequency.
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Pilcher Creek Reservoir Expansion: Storable Water
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Figure 4-60.  Annual storable water at Pilcher Creek Reservoir expansion.

The storable water volumes were ranked and plotted in Figure 4-61.
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Pilcher Creek Reservoir Expansion: Storable Water
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Figure 4-61.  Pilcher Creek Reservoir expansion storable water frequency.

Model Results

The results of the model run indicate that the Pilcher Creek Reservoir expansion does not
warrant further investigation in this appraisal study. Based on 80 percent fill reliability, this
project fails to satisfy the established screening criteria.

4.4.6 Proposed East Pine Reservoir — Pine Creek

Project Description

The proposed East Pine Reservoir site is located on the South Fork of the Burnt River
approximately 8 miles upstream (southwest) from Unity Reservoir and 5 miles west of the
community of Unity, Oregon (see Figure 4-15). The proposed dam and reservoir are located
on land that is privately owned and land owned by the USFS.

Storable Volume and Reliability Modeling

The proposed East Pine Reservoir is shown in the model network in Figure 4-16. For the
period of record modeled, the East Pine Reservoir site has an estimated average annual flow
volume of 16,500 acre-feet per year, as shown in Figure 4-62. Over the same time period,
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Figure 4-63 illustrates the storable volume a reservoir located at this site would accumulate.
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Figure 4-62.  Annual water volume at proposed East Pine Reservoir site.
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Figure 4-63.  Annual storable water at proposed East Pine Reservoir site.

The storable water volumes were ranked and plotted in Figure 4-64.
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Figure 4-64. Proposed East Pine Reservoir storable water frequency.

Storage Model Results

The 80 percent storable volume was selected as a reliable volume for the proposed reservoir
and was used for the additional hydrologic and water supply yield assessment. The right to
store water within this proposed reservoir enlargement would be based on a 1992 priority
water reservation filed by the OWRD. The storage right was assumed to be junior to all of the
other current water right holders.

As a result of this analysis, the 80 percent reliable volume for the East Pine Reservoir is
21,000 acre-feet. The estimated inundation area is shown in Figure 4-65 and was determined
by utilizing the natural topography contours and an assumed dam height to accommodate the
proposed volume results. At this time, the inundation limits illustrated also do not assume
any significant inactive storage volume reserved for recreational or fisheries benefits.
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Figure 4-65. Proposed East Pine Reservoir location map.
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Alternatives Analysis Model Configuration

A model configuration was developed to incorporate the proposed reservoir. Table 4-16
presents the applicable model assumptions and constraints defined for the alternatives
analyses. Other model assumptions defined in the calibrated baseline model and not shown
here, remain unchanged.

Table 4-16. East Pine Reservoir analysis model constraints.
Baseline

Constraint Configuration East Pine Reservoir
Reservoir Capacity (acre-feet) Not applicable 21,000
Reservoir Depth (feet) Not applicable 221
Minimum Flow Target below .
dam (cfs) Not applicable 5
Annual Irrigation Demands No change No change

The water stored in the proposed reservoir was assigned a low priority setting to keep it from
adversely impacting existing water right holders with senior rights. Irrigation demand was
allowed to draw water from the proposed reservoir, as needed, to reduce shortages. This
analysis was simulated for the 29-year study period of record (1971-1999).

Alternatives Analysis Model Results

Figure 4-66 shows the maximum water volume stored for each water year modeled. This
figure illustrates the years when the proposed reservoir filled or failed to fill. Figure 4-67 and
Figure 4-68 show the volume of water supplied from storage with the proposed reservoir
expansion. The estimated water supplied from the proposed East Pine Reservoir was
calculated from the results of the MODSIM models as the difference in shortage under
existing conditions (without the proposed reservoir) and with the proposed reservoir.
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Figure 4-67.  Estimated irrigation shortage with and without the proposed East Pine
Reservoir.
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Pine Creek Reservoir: Annual Irrigation Shortage Volume
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Figure 4-68. Estimated reduction in annual irrigation shortage within the Pine Creek Basin
with the proposed East Pine Reservair.

It should be noted that in a few years, the irrigation shortage reduction is greater than the
21,000 acre-feet of available storage in the proposed reservoir (Figure 4-68). The additional
shortage reduction is an artifact of conceptually locating the conveyance piping upstream of
the dam structure to divert water necessary to meet a portion of the basin’s irrigation demand.
This allows the model to divert water in order to satisfy those irrigation demands in proximity
to the reservoir, and if enough water is available, to store the excess within the reservoir to
meet the demands downstream of the project. Therefore, based on this concept and
configuration in the model, the reduction in irrigation demand shortages exceeded the
reservoir capacity of 21,000 acre-feet.

The proposed reservoir results in a change to the hydrograph of the flow downstream of the
project (Figure 4-69). Figure 4-70 illustrates the current hydrology pattern and the modeled
demand pattern in proximity of this site. This figure also illustrates the timing differences in
flow between the run-off pattern and irrigation demand pattern. Downstream flows are lower
in October through March for the proposed reservoir condition compared to existing
conditions (without the proposed reservoir). The lower flows during this period represent
water being stored in the reservoir (Figure 4-71). Conversely, downstream flows are higher in
April through September for the proposed reservoir compared with existing conditions. An
instream flow right filed by the State was set as a minimum flow target. At this location, the
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assumed target was 5 cfs. Water stored is released during the irrigation season in response to
irrigation demand and the assumed 5 cfs minimum flow target. The assumed 5 cfs minimum
release requirement below the reservoir was a target flow condition, set in the MODSIM
model. It was satisfied most of the time except for the month of October in most years.

The change in the hydrograph not only occurs below the proposed reservoir, but also changes
the flow (to a lesser extent) from Pine Creek to the Snake River. Figure 4-72 shows the
average monthly flow in Pine Creek near the confluence with the Snake River.

Overall, the proposed reservoir changes the hydrograph and reduces the shortage for irrigation
water demand below the reservoir compared to existing conditions. The 21,000 acre-feet of
additional storage in the system reduces the irrigation shortage by approximately 13,800 acre-
feet with a net reduction in water volume that reached the Snake River of 8,100 acre-feet
between the proposed reservoir model configuration and existing baseline condition (Figure
4-17). This net reduction is the result of the irrigation diversions reusing irrigation return
water passing through the system.

While the proposed East Pine Reservoir could provide recreational and environmental
benefits, the results of the MODSIM model simulations indicated that there would not be
enough water to reliably satisfy additional demands beyond those currently included. The
simulation did not assume any significant inactive storage volume that would be reserved in
storage for recreational or fisheries benefits. The reservoir could be sized to hold water in
inactive storage. However, the result would be either reduced annual water supply benefits or
a larger reservoir in order to produce the same benefits.
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Figure 4-69.  Estimated monthly average flow below the proposed East Pine Reservoir.
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Figure 4-70.  Estimated monthly average flow below the project and irrigation demand
located below the proposed East Pine Reservoir.
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Proposed East Pine Reservoir Storage Contents
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Figure 4-71. Modeled storage contents of proposed East Pine Reservoir.
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Figure 4-72.  Estimated monthly average flow in Pine Creek near Snake River confluence with
the proposed East Pine Reservoir.
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Table 4-17. East Pine Creek alternative summary table.

Irrigation Shortages Modeled Water Years: 1971 - 1999:

Average Annual Irrigation Shortage Baseline Condition (acre-

22,652
feet/year)
Average Annual Irrigation Shortage with East Pine Reservoir
8,840
(acre-feet/year)
Average Annual Irrigation Shortage Reduction (acre-feet/year) 13,812
Monthly Average Flow on Pine Creek near
Monthly Average Flow at Reservoir Site Snake River
Model Water Years: 1971 — 1999 Model Water Years: 1971 — 1999
Below East
Pine Baseline With East Pine Baseline
Reservoir Condition Reservoir Condition
(acre- (acre- (acre- (acre-

Month feet/month) feet/month) Difference feet/month) feet/month) Difference
October 740 735 6 1,096 652 444
November 331 1,172 (842) 2,232 2,845 (613)
December 458 2,188 (1,730) 2,973 4,654 (1,680)
January 870 2,547 (1,677) 3,570 5,198 (1,628)
February 1,679 3,678 (1,999) 5,549 7,457 (1,908)
March 4,159 7,185 (3,027) 11,424 14,306 (2,882)
April 7,053 8,259 (1,206) 12,098 13,282 (1,184)
May 10,313 10,848 (536) 15,881 16,409 (528)
June 9,254 8,987 268 11,831 11,917 (86)
July 7,194 3,011 4,183 2,256 1,823 433
August 5,105 701 4,403 1,725 956 769
September 3,087 1,092 1,996 1,371 640 731

Average Annual Change (acre-feet/year) (161) (8,133)
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Chapter 5 CosT EVALUATION OF ALTERNATIVES

5.1 General

An appraisal-level engineering analysis was conducted on four proposed reservoir locations
selected by the stakeholder workgroup, which met Reclamation’s reliability objectives. The
analyses included developing conceptual designs for storage and hydropower, developing
order of magnitude cost opinions, and identifying environmental implications associated with
each proposed facility. The following proposed reservoirs or existing reservoir expansions
were analyzed:

e Burnt River basin

° Hardman Reservoir
e Powder River basin

°  Thief Valley Reservoir enlargement
°  North Powder Reservoir

e Pine Creek basin
° East Pine Reservoir

5.2 Overview of Cost Evaluation Process

5.2.1 Conceptual Design of Storage Facilities

The conceptual design phase of the appraisal study for the selected storage locations consisted
of three steps: review of available literature, a field visit, and selection of the general
configuration and layout for the storage structures (e.g., height, slope, material, cross section,
abutments, spillway, outlet works). Following are summaries of each step:

Literature Review:
¢ Reviewed several past project studies for applicable information, including studies for:

° Hardman Reservoir, prepared by Reclamation (Reclamation 1965) and the USFS
(USFS 1967).

°  Thief Valley Reservoir enlargement, prepared by Reclamation (Reclamation
2001b).

° North Powder Reservoir, prepared by Powder Valley Water Control District
(PVWCD 1980), Browne Consulting (Browne 2008), and Baker Valley Soil and
Water Control District and Powder Valley Water Control District (BVSCD 1967).
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° East Pine Reservoir, prepared by Pine Valley Soil and Water Conservation District
(PVSCD 1976), Eagle Valley Soil and Water Conservation District and Pine
Valley Water Control District (EVSCD 1968a) (EVSCD 1968b) (EVSCD 1978).

Reviewed available USGS topographic maps (USGS 1991) to assist in site assessment
of storage capability and selection of potential location and configuration.

Reviewed USGS Interactive Probabilistic Seismic Hazard Maps (USGS 2008) to
determine the approximate level of seismic loading for a Maximum Creditable
Earthquake for each site.

Reviewed existing conceptual designs to help establish foundation conditions. The
five sites all had been assessed in the past and some foundation data were available.

Reviewed existing conceptual designs to assist in determining location, alignment, and
configuration for the dams to be evaluated in this study.

Field Visit:

Visited the selected sites and storage basins.
Identified potential hazards that might make the location unusable or uneconomical.
Selected spillway and outlet works locations based on observed conditions.

Evaluated information on site access, local borrow material, and local availability of
construction materials.

Assessed conceptual-level constructability to evaluate whether a project could be
constructed safely and economically at each site.

Selection of the Configuration and Layout of Structures:

Selected location of the dam, spillway, and outlet works based on information from
the review of available documents and observations made during the site visit.

Selected the maximum height from foundation to crest of potential dams based on
available storage elevation curves and basin configuration.

Selected maximum height for each dam.

Selected structural configuration that was considered compatible with observed site
conditions and available resources.
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5.2.2 Conceptual Design of Hydropower Facilities

Simple computations were performed to determine the potential hydropower generation
capabilities at the proposed storage sites. Calculations were performed for each of the five
alternative scenarios analyzed. Equation 1 was used to compute plant capacity in MW (Table

5-1).
Ib,, ft
[62.4 ﬂsj[sz.zszj(Qh)
3.2 0m ft (550 ft- of J(1,341hpj
by -s? hp-s MW

(Equation 1)

P=

Where:

Q = maximum average monthly flow through project (cfs)
h = maximum reservoir water surface elevation at maximum average monthly flow (feet)

The maximum average monthly flow was used in the computations. This assumption was
used in an attempt to determine the approximate size of a power plant. Additional daily data
are necessary to refine these computations and compute frequency of spill past the
powerhouse. However, they represent an order of magnitude approximation applicable to this

appraisal analysis.

Table 5-1. Power plant sizing for alternative analysis.
Thief Valley Expansion
Alternative | Alternative North
Parameter Hardman | 1 2 Powder East Pine
Maximum h (feet) 92 110 110 169 221
Maximum Q (cfs) 80 1195 1280 360 380
Unit Efficiency (%) 80 80 80 80 80
Calculated Plant Capacity
(MW) 0.5 9 10 4 6
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The model output from each scenario provided monthly flow through the project and reservoir
water surface elevations. Computations were performed to determine the potential for
hydropower generation at the proposed storage sites. Table 5-2 presents the annual total
MWh generation for each of the alternative analyses. It should be noted that these
calculations do not reflect a specific turbine unit or other design considerations that may
change the annual generation values shown in the table.

An overall efficiency of 70 percent was assigned to the hydropower computation to include
the total flow passing through the project as generating power resulting from the model’s
monthly time step. In reality, spill, flow that is not passed through the powerhouse turbines,
occurs at hydropower projects. The quantity of spill was not differentiated from the modeled
output for this analysis.

As a result, these values should be interpreted as a means of making relative comparisons
between the scenarios and in providing an approximate order of magnitude of generation
potential of the alternatives based on the physical characteristics of the proposed sites.

The following assumptions were also used in the computations:

e Hours per month =720
e Overall project efficiency = 70 percent

Table 5-2. Annual generation for the proposed alternative.

Thief Valley Expansion North
Water Hardman Alternative 1 Alternative 2 Powder East Pine
Year (MWh) (MWh) (MWh) (MWh) (MWh)
1971 909 14,904 17,110 9,304 9,632
1972 905 16,214 18,516 7,895 10,358
1973 395 5,320 7,354 1,156 6,630
1974 912 14,401 16,831 8,515 13,486
1975 990 16,013 18,320 7,812 8,443
1976 875 11,790 13,982 5,634 8,148
1977 455 3,631 5,603 236 2,886
1978 425 4,212 6,516 3,348 7,247
1979 561 9,684 12,118 5,388 8,314
1980 629 10,261 12,501 6,894 6,703
1981 756 12,146 14,441 6,831 8,019
1982 1,053 21,599 23,880 9,951 9,983
1983 1,324 21,771 24,111 8,160 12,306
1984 1,303 25,124 27,439 9,746 10,075
1985 1,074 12,373 14,659 4,424 8,235
1986 715 10,836 12,833 5,352 8,817
1987 493 3,814 5,932 549 5,190
1988 264 1,985 2,839 398 3,086
1989 728 5,183 7,624 3,427 6,286
1990 464 3,141 5,112 574 6,489
1991 350 2,396 3,941 2,032 4,758
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1992 196 1,735 2,766 92 3,619
1993 666 5,099 7,533 4,803 6,558
1994 281 3,246 5,018 790 5,766
1995 568 5,205 7.701 3,571 8,579
1996 815 14,026 16,248 7173 11,708
1997 997 16,211 18,626 7533 5461
1998 932 12,782 15,048 5,785 3,329
1999 874 13,782 16,023 5,285 4,465
Annual 721 10,309 12,435 4,919 7,399
Average

The calculated, annual average energy required for the Alternative 2 pumping plant, located
downstream of the expanded Thief Valley Reservoir, for the period of record modeled was
approximately 3,500 MWh. This value was based on the following assumptions to satisfy the
approximately 30,000 acre-feet/year of existing irrigation demand located upstream of the
reservoir:

e Pump lift required = 150 feet

e Pump efficiency = 80 percent

Interestingly, the additional annual generation through Thief Valley as a result of delivering
water to the downstream pumping plant does not compensate for the energy necessary to
deliver the irrigation water to upstream demands. The difference between Alternative 1 and
Alternative 2 is, on average, 2,045 MWh per year.

The effect of the proposed reservoir to the system-wide power generation was not analyzed in
detail as part of this appraisal-level study. A detailed valuation of the foregone generation
was not performed; however, a general order of magnitude assessment of annual lost energy
potential for the Snake River projects is presented.

Table 5-3 presents the general generation capabilities for the dams located on the Snake and
Columbia rivers. In addition, the potential change in generation for each of these projects is
presented for each analyzed alternatives. This table is designed to represent the overall
average annual difference in potential power generation between the alternatives and the
existing Snake and Columbia River dams.

Assumptions used to compute generating capacity at the Hells Canyon Complex are listed
below (ldaho Power 2003):

e Brownlee Reservoir elevation: 2050 feet above mean sea level

e Hells Canyon Reservoir elevation: 1688 feet above mean sea level

e Hells Canyon tailrace: 1475 feet above mean sea level

e Overall plant efficiencies: 80 percent
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Table 5-3. Generation comparison.

Thief Valley Expansion
Alternative 1| Alternative 2] North Powder Hardman

Estimated Annual Generation

East Pine

Water Volume Change to Snake River
with Alternatives (20,100) (20,300) (2,600) (1,000)
(acre-feet/year)

(8,100)

Potential Generation of Alternatives 0,309 MWh/year[,435 MWh/yearf4,919 MWh/year| 721 MWh/year [/,399 MWh/year

Snake and Columbia River
Projects (MWh/year)

Snake and Columbia River
Projects kWi/cfs MWh /year MWh /year MWh /year MWh /year MWh /year
Hells Canyon Complex 39.6 (9,631) (9,727) (1,246) (479)

Hells Canyon Dam only 14.4 (1,411)
Lower Granite Dam 7.3 (1,775) (2,793) (230) (88) (715)
Little Goose Dam 7.2 (1,751) (1,769) (227) (87) (706)
Ice Harbor Dam 7.4 (1,800) (1,818) (233) (90) (725)
Lower Monumental Dam 7.2 (1,751) (1,769) (227) 87) (706)
McNary Dam 5.2 (1,265) (1,277) (164) (63) (510)
John Day Dam 77 (1,873) (1,891) (242) (93) (755)
The Dalles Dam 6.3 (1,532) (1,547) (198) (76) (617)
Bonneville Dam 4.4 (1,070) (1,081) (138) (53) (431)

Total Change in Snake and

olumbia Rivers Generation Potential

(MWh/year) (22,400) (22,700) (2,900) (1,100) (6,600)

Overall System Change in

Gross Generation

between Alternatives and the (12,100) (10,200) 2,000 (400) 800

It should be noted that Pine Creek enters the Hells Canyon Complex at Hells Canyon
Reservoir. Therefore, the change in volume reaching the Snake River only affects the Hells
Canyon Project and not the other upstream reservoirs within the complex.

The modeled results show that the proposed projects have the potential to change the quantity
and timing of flows reaching the hydropower projects located on the Snake and Columbia
rivers. Modeling also suggests that some of the alternatives demonstrate a potential net
increase to overall power production.

This perceived energy surplus must be studied further to demonstrate that the computed local
benefit does not negatively affect the overall stability and reliability of the rest of the system.
Operational constraints of the existing projects, located on the Snake and Columbia rivers,
were not considered in this analysis. The change in monthly timing and quantity of flow from
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the alternatives may ultimately affect regional generation such that a net loss in overall power
generation results. It should be noted that this appraisal level analysis provides a gross
approximation of generation capabilities for comparative purposes and requires further
evaluation to quantify regional power impacts in more detail.

The proposed reservoirs are shown with their spatial relationship to main transmission lines
(Figure 5-1). The location of these transmission lines were obtained from available maps and
are approximate. A transmission line (not shown in Figure 5-1) is proposed to be added by
others within close proximity to the existing Thief Valley Reservoir. This proposed line was
used for cost calculations. Hookup requires a formal application process as a generator
requesting interconnection with the local utility.
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5.2.3 Cost Estimation

The total appraisal-level construction cost estimate is the estimated direct cost for a contractor
to provide materials, equipment, and labor to build the proposed project, plus indirect costs
for the necessary non-construction actions needed before construction can proceed. These
indirect costs include site exploration, permitting, engineering design, preparation of plans
and specifications, construction supervision, mitigation, contingencies, and
indirect/noncontract costs discussed below.

An appraisal-level direct cost estimate for each of the four sites was developed using unit
costs where quantities could be easily calculated, and using lump-sum costs for features that
would have required significant design effort, such as intake structures, spillways,
hydropower, and pumping plants.

Unit and lump sum direct-cost values were developed from recent estimates for similar
projects such as the proposed Mill Creek Dam (HDR 2009), and from available unit costs
from the Oregon Department of Transportation database (ODOT 2008). These were also
compared with values developed for the proposed North Powder Project prepared by CH2M-
Hill and the U.S. Soil Conservation Service for the Powder Valley Water Control District in
1980 (PVWCD 1980). All 1980 costs were indexed to 2009 dollars for comparison to current
costs.

Indirect costs were based on U.S. Army Corps of Engineers (USACE) projects and other
estimates for similar projects. Indirect costs are estimated to be 32 percent of the direct
construction cost (HDR 2009; USACE 2006; USACE 2008). The indirect cost estimate of 32
percent includes:

e Additional studies (3 percent) — Hydrologic, fish and wildlife, water quality and
related data collection to provide more detailed information for future studies and
designs.

e Environmental permitting (9 percent) — Meet National Environmental Policy Act
(NEPA) and ESA requirements, secure work in waterways permits and required state
and local permits (stormwater management, historical preservation).

e Design (13 percent) — Geologic explorations to better define foundation and material
borrow sites, topographic and boundary surveying, pre-design and final design costs
and specifications.

e Construction management (7 percent) — Construction oversight and inspection.

The cost estimates do not include land acquisition costs which, based on projects in the
reference materials, were the responsibility of the project sponsors. In this analysis, they were
considered as a small part of the direct cost contingency of 30 percent, since much of the
underlying land was already owned by the Federal Government or irrigation districts, and
most of the water rights have been acquired.
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The cost development detail is outlined below, with additional information provided in
Appendix C:

A spreadsheet was developed for each location to compute earthwork material
quantities for each zone in the dam at selected elevations. The quantities of each item
needed to construct each zone at the selected elevation are computed. These quantities
are multiplied by the unit cost for each item. These values are summed to provide a
total cost to construct the dam to that elevation. The spreadsheet with equations and
supporting information is provided in Appendix C.

Unit costs for embankment materials were developed as discussed above and indexed
to 2009 dollars. Adjustments were made based on experience and information
obtained during the site visit.

Unit costs for concrete and roller-compacted concrete were developed based on recent
estimates prepared for Mill Creek Dam (HDR 2009) and modified as needed to reflect
the location and availability of material.

Grout curtain cost was based on the unit cost for grouting originally developed by
Reclamation for the proposed North Powder Dam foundation (PVWCD 1980) and
indexed to 2009 dollars. This cost per linear foot was applied to each proposed project
based on the estimated depth and length for each proposed dam.

Costs for lump-sum construction items at the proposed Hardman and East Pine
reservoirs were estimated to be similar to those in an existing conceptual plan for the
proposed North Powder Dam (Browne 2008). These costs and similarities apply to
the spillway and outlet works, the area to be cleared, and the foundation dewatering
plan. The cost estimates for these features on the proposed projects were based on the
existing North Powder Project cost estimates and indexed to 2009 dollars.

Costs for hydropower and related facilities were estimated based on costs prepared by
Idaho National Laboratories for similar facilities (INEL 1996).

Costs for transmission lines were based upon recent costs from the construction of
facilities in association with Arrowrock Dam by the Boise Project (Reclamation
2009).

Relocation costs for roads, highways, utilities, and other facilities at East Pine,
Hardman, and Thief Valley were based on a cost of $45 per foot of required
relocation, multiplied by the estimated length of the facility being relocated. The costs
for relocations of the Anthony Lakes Highway around the proposed North Powder
Reservoir were based on Reclamation’s original North Powder cost estimate (Browne
2008), indexed to 2009 dollars.

Fish passage costs are based on feasibility cost estimates for a similar proposed
project, Mill Creek Dam (HDR 2009).
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e Mobilization and demobilization costs were estimated to be 9 percent of the direct
construction cost based on cost estimates for a similar project, Mill Creek Dam (HDR
2009).

e A cost contingency of 30 percent of the direct costs was added to account for
uncertainties in unit cost changes, uncertainty of material quantities, and design
changes from appraisal estimates that may occur during final design and construction,
along with other unexpected items. These contingencies are based on cost variations
from similar projects at this level of design (HDR 2008).

In summary, the total project capital cost equals the direct cost, plus indirect costs, where:
e Direct costs include:

°  Construction cost of embankment, spillway, outlet works, grout curtains,
relocations, fish passage, conveyance (Pine Creek and Thief Valley only),
hydropower facilities and transmission lines, and mobilization/demobilization.

° A contingency of 30 percent of the construction cost, as noted above.
e Indirect costs (equal to 32 percent of direct cost) include:

° Additional technical data collection and feasibility study.

° Environmental permits.

°  Design.

°  Construction management.
Operation, maintenance, replacement, and power (OMR&P) costs were calculated for
inclusion in the economic analysis. Information for existing dam and irrigation system
OMR&P was used to estimate future costs associated with proposed dam and related structure

OMR&P (Reclamation 2011). Costs for hydropower-related OMR&P were obtained from
Idaho National Laboratory data (INEL 1996).

5.3 Proposed Hardman Reservoir — Burnt
River

5.3.1 Project Description

Location

The proposed Hardman Reservoir site is located on the South Fork of the Burnt River
approximately 8 miles upstream (southwest) from Unity Reservoir and 5 miles west of the
community of Unity, Oregon. The proposed dam and reservoir are located on land owned by
the Burnt River Irrigation District and the USFS (Figure 5-2). The estimated inundation area
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is determined from the storable volume of the reservoir as presented in Section 4.4.1, the dam
height (discussed below), and contours of the natural topography.

Topography

The proposed Hardman Reservoir is in a relatively narrow section of the river where a rock
ridge protrudes into the river valley. At river level, the valley is approximately 150 feet wide.
The abutment slopes are very steep at approximately 1:2 vertical to horizontal. Rock is
exposed on much of the slopes on both sides and, based on the field visit and a Reclamation
geotechnical report (Reclamation 1965); it appears that rock is relatively close to the surface
on the valley walls and in the river bottom. The valley bottom at the dam site is
approximately 4,240 feet in elevation based on the USGS quadrangle map (Rail Gulch).

Abutment

The right abutment ridge is relatively low and limits the height of the dam to about elevation
4,400 feet (about 160 feet vertical from streambed to crest) unless saddle dams are
constructed in the low areas of the right abutment ridge. If constructed to an elevation of
4,400 feet, a relatively inexpensive spillway could be constructed in a saddle located more
than 1,000 feet upstream of the dam. Upstream of the proposed dam site the valley widens
and flattens, forming a large meadow and increasing the potential storage volume by
providing relatively large amounts of storage for incremental height increases.

Foundation

Foundation materials at the proposed dam site are igneous rock. Basalts were observed on the
right abutment and its upper slopes. Material on the left abutment appeared similar. Based on
the field visit, it appeared that the proposed dam site has been investigated, and records of
borings are available (Reclamation 1965). No samples were taken during this field visit. A
drawing from the 1965 report (Reclamation 1965) shows basalts, breccias, and agglomerate
and tuff units. Access to the location is by a gravel county/USFS road that follows the South
Fork of the Burnt River, then, at the dam site, crosses over the right abutment ridge about
1,500 feet south of the proposed location.

Proposed Structure

The proposed Hardman Dam and Reservoir would include a rock-filled and gravel-filled dam
with a central impervious core. Filter zones would be placed upstream and downstream of the
impervious zone between the shell and the core material. It was assumed that the upstream
embankment would have a slope of 1 vertical to 2.5 horizontal (1V:2.5H) and that the
downstream shell would have a slope of 1V:2H (see Figure 5-3). The impervious core was
assumed to have upstream and downstream slopes of 1V:0.5H and would extend to rock. The
filter zones would be 10 feet wide. A grout curtain would likely be required because of the
potential porous nature of the rock.
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The intake tower and outlet conduit was assumed to be located on the southeast side of the
valley in a rock excavation. The outlet culvert would serve as the diversion during
embankment construction. The spillway would be located on the right abutment or in the
saddle south of the embankment.

Availability of Materials

It was assumed that the rock fill would come from construction of the spillway and from an
on-site quarry; gravel and impervious core material would come from the area upstream of the
dam site; and filter materials and concrete would be imported.

Relocations

The existing road would be impacted and would only require relocation where it enters the
pool. The USFS South Fork Campground would probably have to be relocated. An irrigation
canal that traverses the right abutment would also need to be addressed. A conceptual design
for fish passage was not developed for this study. The cost based on estimates for a trap-and-
haul at a similar site (HDR 2009).
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Figure 5-2. Proposed Hardman Reservoir location map.
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Figure 5-3.  Cross section of proposed Hardman Reservoir.

5.3.2 Estimated Costs

The estimated cost for the proposed 4,800 acre-foot Hardman Reservoir is about $50 million,
as shown in Table 5-4. This estimate includes both the direct and the indirect costs of
construction. It does not include the cost for construction of potential hydropower facilities.
Table 5-4 also includes costs for a range of different storage levels.

Table 5-4. Proposed Hardman Reservoir estimated costs.
Height Reservoir
Crest above Spillway Direct Direct Cost + Storage
Elevation | Foundation Elev. Cost Indirect @ 32% 9
(Acre Feet)
(feet)
4,261 20 4,247 $23,400,000 $30,800,000 -
4,281 40 4,267 $26,400,000 $34,900,000 200
4,301 60 4,287 $30,800,000 $40,600,000 1,200
4,321 80 4,307 $36,200,000 $47,800,000 3,200
4,333 92 4,319 $38,100,000 $50,300,000 4,800
4,341 120 4,327 $48,600,000 $64,200,000 5,900
4,361 130 4,347 $52,000,000 $68,600,000 9,530
4,371 143 4,357 $57,000,000 $75,600,000 12,400
4,384 160 4,370 $64,100,000 $84,600,000 14,000
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Construction of a hydropower facility associated with the 4,800 acre-foot reservoir is
estimated to be $1,738,000 in 2010 dollars (INEL 1996) and transmission lines to be
$1,360,000 (Reclamation 2011).

Annual OMR&P costs for the proposed dam and related structures are estimated to be
$161,040 (Reclamation 2011). Annual OMR&P costs for the hydropower facilities are
estimated to be $5,047 and $6,800 for transmission lines (INEL 1996).

5.4 Proposed Thief Valley Reservoir
Enlargement — Powder River

5.4.1 Project Description

Location

The existing Thief Valley Dam is located on the Powder River approximately 7 miles east of
the community of North Powder, Oregon. The project is owned by Reclamation and operated
by the Lower Powder River Irrigation District. The proposed reservoir enlargement is located
on land owned by Reclamation and on privately owned land (Figure 5-4). The estimated
inundation area was determined from the storable volume of the reservoir as described in
Section 4.4.2, the dam height (discussed below), and contours of the natural topography.

Topography

At the existing Thief Valley dam site, the river enters a narrow and steep-sided valley
(1V:2H) with hard basalt bedrock located close to the surface on the sidewalls of the valley
and valley floor. The storage volume is currently estimated to be 13,300 acre-feet, which has
been reduced by sedimentation from the original capacity of 17,400 acre-feet. The elevation
of the Powder River where it leaves the North Powder River Valley is about 3,190 feet.
Water levels at elevation 3,200 feet would begin to encroach on State Highway 237 and the
Union Pacific Railroad line, and at approximately elevation 3,225 feet would impact the
North Powder sewage treatment ponds.

Abutments

Abutments of hard basalt extend from the valley floor up to about elevation 3,300 feet before
flattening, which would allow the dam to be extended to above an elevation of 3,200 feet with
no significant changes in configuration. Available information shows the existing structure to
be resting against the abutment rock.
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Foundation

The existing structure foundation is hard basalt bedrock located close to the surface on the
side walls of the valley and valley floor.

Proposed Structure

The existing dam is a 73-foot-high, 420-foot-long concrete slab and buttress structure built in
the 1930s. The spillway crest is at elevation 3,133 feet (48 feet above the base of the dam)
and is 268 feet wide. The reservoir currently provides about 685 acres of water surface and
10 miles of shoreline when full. The existing site is proposed for use as the core of the
proposed enlarged structure, as it highly cost-effective to use the existing facility when
compared to construction of an entirely new facility. The proposed reservoir enlargement
would raise the dam by constructing a new section of roller-compacted concrete (RCC) on the
existing downstream face and dam crest, with the spillway crest at elevation 3,178 feet and
the abutments at 3,188 feet, reconstructing the spillway and outlet works stilling basin, and
extending the abutment sections using RCC (see Figure 5-5). The existing regulating outlet
would be retained and extended downstream. The voids between the buttresses and the new
RCC section would be backfilled with a low-strength, flowable controlled-density fill to
provide additional stability. The proposed spillway would look similar to the existing
spillway. The existing grout curtain would be extended on both abutments and a new road
would be built to access the dam.

Pumping plant and conveyance

Two alternatives for a pumping facility with associated conveyance were prepared for
analysis, as described in Section 4.4.2 and depicted in Figure 5-6. Alternative 2, which places
the pumping facility downstream of the dam, was carried forward in cost and economic
analyses. This alternative has a shorter conveyance route and generally more favorable
hydroelectric generation potential. However, this routing may have greater potential for
environmental impacts that would require mitigation (e.g., wetlands).

Availability of Materials

There are no significant sources of concrete aggregate at the proposed dam site. It is assumed
that the RCC and low-strength, flowable controlled-density backfill would be manufactured
off site and transported to the dam site.

Relocations

The reservoir is accessed by a gravel county road that leads to a small camping and boating
facility operated by Union County 1.5 miles upstream from the dam. Access to the dam is by
a four-wheel drive road along the northeast abutment. All these facilities would need to be
relocated.
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Figure 5-5. Proposed Thief Valley Reservoir cross section.
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5.4 Proposed Thief Valley Reservoir Enlargement — Powder River

5.4.2 Estimated Costs

The estimated cost for the proposed Thief Valley Reservoir enlargement is about $62 million
as shown for the 56,400 acre-foot storage level in Table 5-5. This estimate includes both
direct and the indirect costs of construction to enlarge the storage at this reservoir by 43,000
acre-feet. It does not include any costs for potential hydroelectric facilities or a pump station
and conveyance to supply water to upstream irrigated areas as proposed for this project. The

cost estimates include both the direct cost of construction and the indirect costs for
embankment heights between elevation 3,133 and 3,180 at 5-foot intervals.

Table 5-5. Proposed Thief Valley Reservoir enlargement estimated costs.

crest B ion | PN | piect | Oiectcost+ | RESEON | ncrease
(feet) (feet) Cost Indirect @ 32% (acre Feet) (?ecer's_
3,142 53 - - 13,300 0
3,144 55 $18,500,000 $24,400,000 14,700 1,400
3,149 60 $20,900,000 $27,500,000 18,400 5,100
3,154 65 $23,600,000 $31,100,000 22,400 9,100
3,159 70 $26,400,000 $34,800,000 26,700 13,400
3,164 75 $29,600,000 $39,000,000 31,300 18,000
3,169 80 $32,800,000 $43,300,000 36,100 22,800
3,174 85 $36,400,000 $48,100,000 41,300 28,000
3,179 90 $40,100,000 $53,000,000 46,900 33,600
3,184 95 $44,100,000 $58,200,000 52,700 39,400
3,188 98 $46,900,000 $62,000,000 56,400 43,100
3,190 100 $48,400,000 $63,900,000 58,800 45,500

Additional costs are associated with the Alternative 2 pumping plant and conveyance to

discharge into the Powder River upstream near Haines, Oregon, to obtain the calculated total
56,400 acre-feet of storage. The total cost (direct plus indirect) for the pumping plant and
conveyance is estimated to be $122,000,000 using current values (Reclamation 2011). Thus,
total direct plus indirect costs for construction of enlarged reservoir storage and the
Alternative 2 pump plant and conveyance is $184,000,000.

Construction of a hydropower facility associated with the 56,400 acre-foot reservoir is
estimated to be $63,900,000 in 2010 dollars (INEL 1996) and transmission lines to be
$20,000 (Reclamation 2011). Transmission line locations are assumed to be in close
proximity to the facility, using proposed Idaho Power facilities as a basis for calculation.

Annual OMR&P costs for the proposed dam and related structures are estimated to be
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5.5 Proposed North Powder Reservoir — Powder River

$279,500 and $390,400 for the pumping plant and conveyance (Reclamation 2011). Annual
OMR&P costs for the hydropower facilities are estimated to be $142,900 and $200 for
transmission lines (INEL 1996).

5.5 Proposed North Powder Reservoir — Powder
River

5.5.1 Project Description

Location

The proposed North Powder Reservoir site is located on the North Powder River in the
northeastern part of the Powder River watershed, approximately 20 miles northeast of Baker,
Oregon, and 9 miles east of North Powder, Oregon. The proposed dam and reservoir is
located on land owned privately and land owned by the USFS (see Figure 5-7). The estimated
inundation area is determined from the storable volume of the reservoir as presented in
Section 4.4.3, the dam height (discussed below), and contours of the natural topography.

Topography

The dam site is located in a narrow reach of the river about three-quarters of a mile upstream
from where the river flows into the North Powder Valley. The valley widens immediately
upstream of the potential dam site where Anthony Creek and North Powder River converge.
Previous explorations at the location show bedrock to be near the surface. The height of the
dam is not constrained by location conditions.

Abutments

Based on available drawings (PVWCD 1980) and the site visit (HDR 2009), the abutments
are steep (1V:2H), with bedrock exposed in several places. The rock appeared to be a hard,
competent rock but with fractures less than a foot apart. The rock is mapped as a partly
metamorphosed sedimentary and volcanic rock (USGS 1991). Grouting of the abutments
would be required to a depth that would be determined by explorations and permeability
testing.

Foundation

Foundation rock described above appears to extend across the valley floor with rock close to
the surface across the bottom of the valley, and would form the foundation for the structure.
The narrowest point at the valley bottom is less than about 100 feet wide, but rapidly widens
both upstream and downstream. The foundation would need to be stripped and shaped for
both abutments and the valley section, and a grout curtain would be required for the full
length of the dam and across the spillway.
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5.5 Proposed North Powder Reservoir — Powder River
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Figure 5-7. Proposed North Powder Reservoir location map.
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5.5 Proposed North Powder Reservoir — Powder River

Proposed Structure

The North Powder dam structure concept is based on a 1980 investigation of the location by
the U.S. Soil Conservation Service (PVWCD 1980), which included subsurface explorations,
drawings, and a cost estimate. The dam would be an earth- and rock-fill structure with an
impervious core upstream of the centerline of the dam, with upstream and downstream filter
zones and rock-fill zones forming the outer zones both upstream and downstream. It was
assumed that the upstream embankment would have a slope of 1V:2.25H and that the
downstream shell would have a slope of 1V:2H and a top of dam elevation of 3,959 feet (see
Figure 5-8).

An uncontrolled spillway with a crest elevation of 3,942 feet would be constructed into the
right abutment (looking downstream). The regulating outlet and outlet conduit would be cut
into the right abutment through the low portion of the ridge which forms the lower portion of
the right abutment. The original project proposed a diversion conduit through a tunnel in the
right abutment, but a cut and fill with a conduit appears feasible and lower cost.

Availability of materials

Material from the spillway excavation and upstream borrow sources would be used to
construct the dam. Significant quantities of good quality sand and gravel were observed
downstream of the proposed dam site and are potentially available for borrow material.

Relocations

The Anthony Lakes Highway is a paved two-lane highway located about 80 feet above the
valley bottom on the left abutment and continues into the proposed reservoir area. The cost of
road relocation would be relatively expensive due to the local topography. The Rocky Ford
Campground just upstream, would need to be relocated.
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5.5 Proposed North Powder Reservoir — Powder River
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Figure 5-8. Proposed North Powder Reservoir cross section.

5.5.2 Estimated Costs

The estimated cost for the proposed 5,300 acre-foot North Powder Reservoir is about $113
million, as shown in Table 5-6. This estimate includes both the direct and the indirect costs of
construction. It does not include any costs for potential hydroelectric facilities. Table 5-6
also includes costs for a range of different storage levels.

Table 5-6. Proposed North Powder Reservoir estimated costs.

Dam Height Reservoir
Cres_t above_ Direct Cost Direct Cost + Storage

Elevation | Foundation Indirect @ 32% (acre
(feet) (feet) Feet)
3,850 60 $32,100,000 $42,400,000 -
3,870 80 $35,200,000 $46,400,000 300
3,890 100 $48,700,000 $64,300,000 750
3,910 120 $57,900,000 $76,500,000 1,500
3,920 130 $64,300,000 $84,900,000 2,000
3,950 160 $81,800,000 $107,900,000 4,200
3,959 169 $85,900,000 $113,405,134 5,300
3,970 180 $97,200,000 $128,400,000 6,800
3,990 200 $113,500,000 $149,800,000 9,600
4,010 220 $127,700,000 $168,600,000 16,650
4,013 223 $129,000,000 $170,300,000 20,000
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5.6 Proposed East Pine Reservoir — Pine Creek

4,030 240 $144,400,000 $190,600,000 25,800
4,050 260 $163,000,000 $215,200,000 30,375
4,070 280 $183,700,000 $242,500,000 34,950
4,090 300 $207,200,000 $273,500,000 39,525

Construction of a hydropower facility associated with the 5,300 acre-foot reservoir is
estimated to be $14,100,000 in 2010 dollars (INEL 1996) and transmission lines to be
$720,000 (Reclamation 2011).

Annual OMR&P costs for the proposed dam and related structures are estimated to be
$162,200 (Reclamation 2011). Annual OMR&P costs for the hydropower facilities are
estimated to be $45,300 and $5,500 for transmission lines (INEL 1996).

5.6 Proposed East Pine Reservoir — Pine Creek

5.6.1 Project Description

Location

The proposed East Pine Reservoir site is located approximately 4.5 miles north of Halfway,
Oregon. The proposed dam and reservoir are located on land owned privately and land
managed by the USFS (Figure 5-9). The proposed reservoir would receive runoff from Clear
Creek and East Pine Creek. Clear Creek does not intersect the inundation area and would
need to be diverted to the proposed reservoir. The estimated inundation area is determined
from the storable volume of the reservoir as presented in Section 4.4.6, the dam height
(discussed below), and contours of the natural topography.

Topography

The proposed reservoir site, which is in the northwestern part of the Pine Creek watershed, is
in a reach of the stream that is only about 150 feet wide at the bottom, with relatively steep
sides (1V:1.7H to 1V:2H). Upstream of the location, the valley bottom opens to about 600
feet, with much flatter side slopes and several small drainages coming in from the north. A
saddle on the south side, at elevation 3,440 feet, limits the height of a dam to about 440 feet.

Abutments

Bedrock is exposed on both abutments. A geologic section in a report prepared by Shannon
& Wilson (EVSCD 1978) shows rock close to the surface on the abutments. The abutments
have a relatively regular slope that should not require extensive shaping.
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5.6 Proposed East Pine Reservoir — Pine Creek

Foundation

The abutment foundation would require stripping of about 10 feet of loose and weathered
rock to reach a sound foundation. About 20 feet of alluvium in the valley bottom will also
require stripping. Foundation rock will require grouting for the full length of the dam section
and spillway section.

Proposed structure

The proposed East Pine Creek dam and reservoir would be at the same location investigated
by Shannon and Wilson (EVSCD 1978). The structure would be a rock- and gravel-filled
dam with a central impervious core. Filter zones would be located upstream and downstream
of the impervious core. The upstream face of the dam would be at 1V:2.75H and the
downstream face would be 1V:2H (see Figure 5-10). A grout curtain would be constructed
for the full width of the dam. The spillway would be excavated into the left abutment. Rock
from the spillway excavation would be incorporated into the rock fill in the dam. It was
assumed that the regulating outlet and outlet conduit would be constructed on the left side of
the valley and sized to serve as a diversion during construction. This project would require a
relatively small diversion to the northwest on Clear Creek and a new conveyance to transfer
flows to the proposed reservoir. Borrow material would be obtained from upstream of the
dam.

Availability of materials

Based on observations made during a site visit and information on available explorations
(EVSCD 1978), it appears that impervious materials and sand and gravel are available in the
upstream reservoir area. Rock fill would be available from construction of the spillway.
Material for the filter zones and concrete would be imported from off-site.

Relocations

Access to the East Pine Reservoir location is by a gravel-surfaced USFS road that follows the
creek. The road is located about 50 feet above the creek at the proposed dam site and would
need to be relocated. Access to the East Pine Reservoir location is by a gravel-surfaced USFS
road that follows East Pine Creek. The road is located about 50 feet above East Pine Creek at
the proposed dam site and about 4 miles of the road near the reservoir location would need to
be relocated.
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Figure 5-9. Proposed East Pine Reservoir location map.
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5.6 Proposed East Pine Reservoir — Pine Creek
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Figure 5-10. Proposed East Pine Reservoir cross section.

5.6.2 Estimated Costs

The estimated cost for the proposed 21,000 acre-foot East Pine Reservoir is about $133
million, as shown in Table 5-7. This estimate includes both the direct and the indirect costs of
construction. Table 5-7 also includes costs for a range of different storage levels.

Table 5-7. Proposed East Pine Reservoir estimated costs.

CrestDE?g/ation Hl:e(;%t;ltjg?i(())\rlle Direct Cost Ir?(jlirreecgtc@(b)si?,tzz % RSetsoer:;l\g)eIr
(feet) (feet) (acre Feet)
3,120 20 $23,400,000 $30,800,000 -
3,140 40 $26,300,000 $34,800,000 50
3,160 60 $30,700,000 $40,500,000 500
3,180 80 $36,800,000 $48,600,000 1,100
3,200 100 $43,100,000 $56,800,000 3,000
3,220 120 $48,700,000 $64,200,000 4,800
3,230 130 $52,000,000 $68,700,000 6,200
3,260 160 $64,100,000 $84,600,000 10,100
3,280 180 $74,300,000 $98,400,000 14,900
3,293 193 $82,000,000 $108,100,000 17,200
3,300 200 $87,000,000 $114,800,000 19,000
3,320 220 $101,100,000 $133,400,000 21,000
3,340 240 $118,100,000 $155,800,000 25,000
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Additional costs are associated with a proposed diversion dam on Clear Creek and
conveyance from that diversion dam to the proposed East Pine Reservoir to obtain the
calculated 21,000 acre-feet of storage. The total cost is estimated to be $133,400,000 using
the 1968 costs adjusted to current values.

Construction of a hydropower facility associated with the 21,000 acre-foot reservoir is
estimated to be $15,600,000 in 2010 dollars (INEL 1996) and transmission lines to be
$680,000 (Reclamation 2011).

Annual OMR&P costs for the proposed dam and related structures are estimated to be
$198,300 (Reclamation 2011). Annual OMR&P costs for the hydropower facilities are
estimated to be $47,100 and $5,200 for transmission lines (INEL 1996).

5.7 Summary of Alternatives for Economic
Evaluation

Table 5-8 summarizes parameters estimated for the proposed storage reservoirs at their 80
percent reliability levels of water supply. The construction cost is the direct and indirect cost
for each proposed storage reservoir as discussed earlier in this section. The storable volume
at 80 percent reliability is essentially the volume of storage proposed to store and release
water. The estimated average annual supply is the amount of average annual additional water
supply made available to reduce irrigation shortages by the proposed storage. These values in
Table 5-8 are provided only for the purpose of comparison of the selected reservoir locations.
Table 5-9 provides comparisons for construction of hydropower generation and transmission
facilities, using only Alternative 2 information for Thief Valley.

Table 5-8. Summary of storage associated with proposed storage reservoirs at 80 percent
reliability levels of water supply.

Estimated
Storable Volume Average
Proposed Storage Reservoir Construction at 80 percent 9
No. . L Annual
Reservoir Cost Reliability (acre-
Supply (acre-
feet)
feet/yr)
83 | Hardman Reservoir $50,000,000 4,800 1,500
Thief Valley $62,000,000 ($184,000,000
30 | Reservoir with pumping and 43,000 29,000
Enlargement conveyance)
a0 | North Powder $113,000,000 5,300 4,500
Reservoir
6 | East Pine Reservoir $133,000,000 21,000 13,700
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5.7 Summary of Alternatives for Economic Evaluation

Table 5-9.

Summary of hydropower potential associated with proposed hydropower
facilities at 80 percent reliability levels of water supply.

Preliminary
Pronosed Hvdropower and Generation Estimated
P ydrop . Potential at 80 Impacts on
No. Hydropower Transmission Construction .
Facilities Cost percent Storage Snake River
Reliability (MWh) system
(MWh/yr)
83 | Hardman Reservoir $3,100,000 721 (110)
3o | [hief Valley Reservoir $64,000,000 12,435 (4,440)
Enlargement
a0 | North Powder $14,700,000 4,919 2,758
Reservoir
6 | East Pine Reservoir $16,300,000 7,399 3,136
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Chapter 6 ECONOMIC ANALYSIS OF ALTERNATIVES

A benefit-cost analysis was conducted on the proposed alternatives being considered in this
study. Benefits and costs associated with each proposed alternative are compared to the No
Action (baseline) alternative. Benefit categories evaluated for this analysis include
agriculture and hydropower. Other benefit categories such as flood control, recreation,
fisheries were not evaluated due to a lack of available data. Cost categories include
construction of dams, pumping plants and conveyance systems, hydropower plants, power
transmission lines, and annual OMR&P costs. Interest during construction (IDC), based on
the current FY2011 federal water resource agency planning rate of 4.125 percent, was charged
on each construction element annually through the end of the construction period. The
construction period was assumed at 3 years for all alternatives (2012-2014). The period of
analysis for benefits and OMR&P costs was assumed at 100 years from the end of the
construction period (2015-2114).

All benefits and costs were measured in and reflect 2009/2010 dollars. In some cases, costs
were initially based on previously developed estimates. These costs were indexed to reflect
2009/2010 dollars. In addition, all benefits and costs were converted to a common point in
time, i.e., when benefits begin to accrue. It was assumed that IDC provides the conversion of
construction costs to the end of the construction period. The 100-year stream of agricultural
and hydropower benefits and OMR&P costs were discounted (present valued) back to the end
of the construction period using the 4.125 percent planning rate.

6.1 METHODOLOGY

The methodology discussion for the economic benefit-cost analysis is presented separately for
each of the benefit and cost categories.

6.1.1 Benefits

The benefit components evaluated for the benefit-cost analysis include agriculture and
hydropower.

Agriculture

Agricultural benefits evaluate economic costs and returns related to irrigated agriculture. The
purpose of using economic costs and returns to farming is to assess, from a national
standpoint, whether the economic viability of investing in a proposed irrigation project is the
most efficient use of investment capital over a long-term planning horizon. A farm budget
methodology estimates how valuable an irrigation water supply is to crops by using the
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residual net farm income of a representative farm in the project area under “with” and
“without” project conditions.

A farm budget application, developed by Reclamation, evaluates the economic costs and
returns associated with irrigated agriculture. The purpose of Reclamation’s benefits budgets
differs from University Extension budgets such as those published by Oregon State University
(OSU). Extension budgets present a short-term financial analysis of the annual costs and
returns of farming. This type of information is useful in making short-term managerial
decisions such as how many acres to plant, which crops will receive irrigation water in water-
short years, and how much funding will be needed for the year. Reclamation’s benefits
budgets measure the long-term economic costs and returns related to irrigated agriculture,
which represent the opportunity costs to the Nation.

Even though the purposes of economic and financial analyses differ, the base data for both
types of analyses are strongly correlated and the two types of budgets look very similar if
placed side-by-side. For example, both types of analyses use the same crop inputs such as
pre-planting, planting, and harvesting operations (cultural practices), seed, fertilizers,
agricultural chemicals applied, farm size, improvements, and buildings. The difference in the
two types of budgets is due to the different purpose of each budget.

Reclamation’s benefit budget is measuring an opportunity cost according to economic theory.
A long-term planning rate is used in the budget as an interest rate. This long-term interest rate
is appropriate for measuring economic costs and returns over a 100-year planning horizon.

All capital is assumed to be borrowed. When all the capital is borrowed, the analysis can
focus on whether investing the capital in this irrigation project is the best use of this capital
from a national standpoint. Prices received for crop sales are market-clearing prices exclusive
of farm subsidies. Each budget provides a fair return to land, labor, and capital. These
assumptions are necessary to measure the long-term economic costs and returns versus short-
term accounting costs and returns. The P&Gs provide a framework for governmental
agencies to follow that allow irrigation benefit analyses to satisfy their purposes.

The net farm incomes generated under the “without” project condition for this study was
compared to the net farm income resulting from the “with” project conditions. The “without”
project condition assumed that irrigated acres had a stable, partial water supply going into the
future. The current available water supply is not sufficient to provide a full supply of water to
all the irrigated acres and irrigation ceases in late July on average.

The “with” project condition assumed that a full supply of irrigation water would be delivered
to the irrigated acres within the area. Modeling described in Chapter 4 indicated that varying
degrees of irrigation water shortages would exist. However, assignment of these variable
shortages is beyond the scope of an appraisal-level effort. Thus, it is understood that this
assumption within the economic agricultural benefit analysis produces a slight overestimation
of benefits.
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The net farm income remaining after subtracting production costs and an allowance for
management and labor from the gross farm income is referred to as residual income.
Agricultural benefits are calculated by estimating the residual net farm income for the “with”
and “without” project farms. After estimating the residual net farm income for both
conditions, the difference between the two residual net farm incomes is calculated; this
difference is the agricultural benefit.

The agricultural benefits analysis for this study are based on 1) changes in the crop mix
expected to occur under the “with” and “without” conditions, 2) increases in yield coming
from an increase in the amount of irrigation water, and 3) the subsequent differences in
residual net farm income under the “with” and “without” conditions.

Enterprise budgets for six crops were developed: grass hay, alfalfa, winter wheat, spring
wheat, potatoes, and pasture. Current county-average yields were obtained from the Oregon
Agricultural Information Network (OAIN). Normalized prices, published by the USDA-
Economic Research Service, were used if available for each crop.

Gross revenue for the farm was calculated using the county-average yields and normalized
crop prices. Variable and fixed production costs were subtracted from the gross revenue to
find net farm revenue. Residual net farm income was derived by subtracting an allowance for
a return to management and labor from net farm revenues. The residual net farm income was
divided by the total number of irrigated acres in the farm plus the number of acres in the
farmstead to derive a per-acre value. The difference between the “with” project residual net
farm income and the “without” project residual net farm income for each representative farm
is the estimate of agricultural irrigation benefits.

In this analysis, the primary driver for agricultural benefits comes from a change in yield due
to an increase in water deliveries. A secondary driver for agricultural benefits comes from an
incremental change in the number of acres of potato production, a relatively higher value crop
that displaces a like number of acres of wheat production, a relatively lower value crop.

Hydropower

The hydropower analysis considered both the effects on generation at the new hydropower
facilities associated with each proposed alternative (local effects) and existing downstream
Snake River hydropower facilities (Hells Canyon Complex, Lower Granite Dam, Little Goose
Dam, Ice Harbor Dam, Lower Monumental Dam) and Lower Columbia River hydropower
facilities (McNary, John Day, The Dalles, Bonneville).

Table 6-1 displays the average annual forecasted wholesale hydropower prices from 2011-
2030 for the Mid-Columbia area as obtained from the Northwest Power and Conservation
Council’s (NPCC) “Sixth Northwest Conservation and Electric Plan” (NPCC 2010). For the
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remainder of the period of analysis, from 2031-2114, the average annual price was assumed
equal to the 2030 value. Since these prices were in 2006 dollars, they were indexed up to
2010 dollars using the national Gross Domestic Product Implicit Price Deflator.

Table 6-1. Forecasted wholesale mid-Columbia average annual prices.
Original Price * Indexed Price *
Year # Year 2006 2010
($/MWh) ($/MWh)
1 2015 54 58
2 2016 57 61
3 2017 59 63
4 2018 60 64
5 2019 62 66
6 2020 63 68
7 2021 65 70
8 2022 66 71
9 2023 68 73
10 2024 69 74
11 2025 70 75
12 2026 71 76
13 2027 72 77
14 2028 73 78
15 2029 73 78
16 2030 74 79
17-100 2031-2114 74 79

(1) Source: Sixth Northwest Conservation and Electric Plan (NPCC 2010)

(2) Gross Domestic Product Implicit Price Deflator: 2006 value: 103.257, 2010 value: 110.662,
Expansion Factor: 1.0717

The forecasted annual prices were multiplied by the average change in local and downstream
generation for each alternative. The change in local generation and value was added to the
decrease in downstream generation and value to develop the net effect. The 100-year stream
of changes in net hydropower value associated with each alternative was then discounted back
to the end of the construction period.

6.1.2 Costs

Costs for the four proposed alternatives were broken down into construction and IDC costs
and annual OMR&P costs. Construction and IDC costs are incurred upfront during the 3-year
construction period (2012-2014). OMR&P costs are incurred annually across the 100-year
period of analysis (2015-2114).

192 Final Eastern Oregon Water Storage Appraisal Study




6.1 Methodology

Construction and Interest during Construction (I1DC)

Construction costs vary by alternative and include the costs of dams, pumping plants and
conveyance systems (Thief Valley alternative only), hydropower plants, power transmission
lines, and the Clear Creek Diversion (East Pine alternative only). The dams, pumping plants
and conveyance structures, and power transmission lines were all estimated in current dollars
(2009 or 2010). Hydropower and Clear Creek Diversion costs were pulled from previous cost
estimates (1996 and 1967 dollars respectively). To convert these older cost estimates to
current dollars, the Reclamation Construction Cost Index was used. Table 6-2 presents the
cost indexes used in the analyses. The indexed cost estimates are presented below under each
alternative section.

Table 6-2. Reclamation construction and O&M cost indexes.

Feature 1996 or 1967 Index 2010 Index Value Expansion Factors
Value (2010/1996 or 1967)

I. Construction Cost Index

Hydropower Plant 219 (1996 value) 330 1.50685

Clear Creek Diversion 47 (1967 value) 336 7.14894

II. O&M Cost Index

All O&M Costs | 2.77 (1996 value) | 4.20 | 1.51625

For calculating IDC, total construction costs for each alternative had to be allocated across the
3-year construction period associated with each alternative. IDC is charged annually on the
cumulative amount of construction cost associated with each construction period year based
on the current planning rate of 4.125 percent. Annual construction costs and IDC are summed
to reflect total construction costs as of the end of the construction period.

Annual OMR&P Costs

Reclamation developed estimates of average annual OMR&P costs for each alternative.
These OMR&P costs were based on the same facilities as discussed above in the Construction
and Interest during Construction section. While OMR&P costs for the dam and pumping
plant and conveyance structures elements were measured in 2010 dollars, the costs for the
hydropower plant and transmission lines were measured in 1996 dollars. The hydropower
plant and transmission line OMR&P costs were indexed up to 2010 dollars using
Reclamation’s O&M cost index (see Table 6-2).

The estimate of average annual OMR&P costs for each alternative was assumed to occur each
year of the 100-year period of analysis. This 100-year stream of OMR&P costs for each
alternative was discounted back to the end of the construction period. The discounted
OMR&P costs were combined with construction and IDC costs to estimate the total cost for
each alternative.
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6.2 BENEFIT-COST RESULTS BY ALTERNATIVE

This section presents the benefit-cost results separately for each of the four proposed
alternatives. Benefit-cost results are presented in terms of net benefits (total benefits minus
total costs) and benefit-cost ratios (total benefits divided by total costs). When benefits equal
costs, the net benefit is zero and the benefit-cost ratio equals 1.0. Background information is
also presented for the No Action alternative. Since the No Action alternative is the baseline
from which the proposed alternatives are compared, benefit-cost results are not provided for
the No Action alternative.

6.2.1 No Action Alternative

The No Action alternative represents the baseline from which all of the proposed alternatives
are compared. While starting with current conditions, the No Action alternative projects
conditions through the end of the 100-year period of analysis based on expected operations of
the system without any of the proposed alternatives. It is possible that system changes could
be anticipated over time unrelated to the proposed alternatives (e.g., due to the impact of
biological opinions, climate change, etc.). Since no significant system changes are
anticipated, the No Action alternative is based on the current configuration and operation of
the system.

Agricultural Benefits

All agricultural irrigation benefits associated with the action alternatives were measured as
changes from the No Action alternative. To start the agricultural benefits calculation, the
“without” project annual net farm income was calculated by estimating the economic net
revenues for each of the six crops in the analysis and multiplying that by the number of acres
for each of the crops. It was assumed that a stable water supply would allow the current
cropping pattern to continue into the future. No changes in the cropping pattern were
estimated for future years.

There are 165,000 acres in the study area currently irrigated with natural flow and storage
water. The study area is split into four subareas that correspond to the alternatives: the
Hardman alternative, the Thief Valley enlargement alternative with the downstream pumping
plant, the Powder River alternative, and the East Pine alternative. The total number of acres
served with irrigation water at each site was estimated by Reclamation.

The crops represented by the NED benefits budgets include irrigated potatoes, winter and
spring-planted wheat, alfalfa, grass hay, and pasture. Information about crops grown in the
study are provided in Table 4-1 and Table 4-2.

Table 6-3 shows the number of acres of crops for each site for the No Action alternative.
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Table 6-3. No Action alternative cropping pattern.
Without Project Cropping Pattern
Site Grass Alfalfa Wm@er Sp”.”g Potatoes Corn Pasture Total
hay grain grain Acres
Hardman 6,754 6,723 1,365 883 258 93 5,923 22,000
Thief valley | 59 948 | 20,812 | 6,054 3,916 1,146 413 26,266 | 97,555
Enlargement
North 8,425 8,387 1,703 1,102 322 116 7,389 | 27,445
Powder
East Pine 5,526 5,501 1,117 723 211 76 4,846 18,000
Totals 50,653 50,422 10,240 6,624 1,939 698 44,425 165,000

County-average yields were obtained from the USDA National Agricultural Statistics Service
(NASS). Five-year averages for Union and Baker counties, Oregon were used. The
“without” project yields were grass hay (2.2 tons/acre of hay plus 0.5 tons/acre aftermath
grazing), alfalfa (3.9 tons/acre), winter wheat (98.5 bushels/acre), spring wheat (75
bushels/acre), potatoes (506 cwt/acre), and pasture (18 AUMS/acre). Corn represented less
than 1 percent of the total acreage and an extension budget was not available, so corn was not
included in this analysis.

Prices received were obtained from the USDA Economic Research Service (ERS).
Normalized prices were used in the analysis except for pasture. Pasture prices were obtained
from NASS and a 3-year average price was used. Grass and alfalfa hay prices were
$144.68/ton, wheat price was $5.36/bushel, potato price was $7.12/cwt, and pasture price was
$13.53/AUM.

Published extension budgets were obtained from the OSU Extension Service and indexed to a
2008 basis. The extension budgets provided the cultural practices such as plowing, disking,
planting; inputs used such as fertilizer and chemicals; machinery used; and improvements
such as buildings, sheds, and irrigation equipment.

The 2010 planning rate of 4.125 percent was used as the interest rate on all borrowed capital
and as the depreciation rate for machinery and buildings. All capital was assumed to be
borrowed. Each enterprise budget estimated gross revenue by multiplying price and yield
together. Then, variable costs, fixed costs, and a return to the farm family were subtracted
from the gross revenue, which gave the residual net farm income. The residual net farm
income was divided by the sum of irrigated acres and the farmstead, roads, ditches, and waste
acres.

This is an economic analysis, not a financial analysis. Therefore, the farm budget
methodology estimates, from a national standpoint, the economic viability of investing in the
proposed irrigation project by comparing the residual net returns from the No Action
alternative to the residual net farm returns under each of the action alternatives. The residual
net returns from the No Action alternative represent the “without” project portion of a benefit
calculation. They do not represent the financial gains or losses from crop production in a
year.
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Table 6-4 presents the price and yield assumptions used in the benefits budgets and the

residual net farm income by crop. The same “without” project residual net farm income is

used for all four regions.

Table 6-4. No Action alternative net farm income by crop.
Crop Yield Unit Price Net Income/Acre’
Alfalfa Hay 3.9 Tons $144.68 $23.92
Grass Hay and 2.2 Tons $144.68

Aftermath Grazing 0.5 AUMs $13.53 $87.09
Potatoes 506 Cwt $7.12 $629.43
Spring Wheat 75 Bushel $5.36 -$135.17
Winter Wheat 98.5 Bushel $5.36 $22.28
Pasture 18 AUMs $13.53 -$35.80

* The farm budget net farm incomes, from a national standpoint, help to measure the economic viability
of investing in the proposed irrigation project and represent “without” project portion of a benefit

calculation.

The total net farm incomes for the four sites (Hardman, Thief Valley enlargement, North
Powder, and East Pine) is calculated by multiplying the per-acre residual net farm income
(from Table 6-4) by the number of acres of each crop grown (from Table 6-4) at each of the
sites. Table 6-5 presents the total residual net farm income by site. Neither the total income
for each crop across all four sites nor the total income for all crops for each site is added up.
The total income for each crop at each site will be compared to the “with” project income to
find an annual benefit derived from the Action alternatives. For example, the total income for
grass hay for the Hardman No Action alternative (“without” project) will be subtracted from
the total income for the Hardman alternative (“with” project) to find the annual benefit for
grass hay for the Hardman alternative. The Hardman alternative economic analysis will be
discussed later in this document.

Table 6-5. No Action alternative residual net farm income by crop and site.

Grass Winter Spring
Site Hay Alfalfa Grain Grain Potatoes | Corn Pasture
Hardman $588,179 | $160,813 | $30,418 | ($119,376) | $162,708 - ($212,057)
Thief Valley
Enlargement $2,608,175 | $713,097 | $134,884 | ($529,353) | $721,497 - ($940,329)
llgl(())\:\t/ger $733,754 | $200,614 | $37,947 | ($148,922) | $202,978 - ($264,541)
East Pine $481,238 | $131,574 | $24,888 | ($97,672) | $133,124 - ($173,501)
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Hydropower Benefits

There are no known hydropower facilities within the existing system. Therefore, there are no
hydropower benefits included under the No Action alternative.

Construction Costs and IDC Costs
The No Action alternative has no construction or IDC components.
Annual OMR&P Costs

Average OMR&P costs for the existing Thief VValley Dam and related structures were
estimated by Reclamation at $75,740 annually.

6.2.2 Hardman Alternative
Benefits
Agricultural Benefits

All agricultural irrigation benefits associated with the action alternatives were measured as
changes from the No Action alternative. To start the agricultural benefits calculation, the
“without” project annual net farm income was calculated by estimating the economic net
revenues for each of the six crops in the analysis and multiplying that by the number of acres
for each of the crops. This was presented in the No Action alternative description.

There are 22,000 acres in the Hardman site currently irrigated with natural flow and storage
water. The crops represented by the NED benefits budgets include irrigated potatoes, winter
and spring-planted wheat, alfalfa, grass hay, and pasture.

Table 6-6 presents the price and yield assumptions used in the “with” project benefits budgets
and the residual net farm income by crop. An increase in yield for alfalfa, grass hay, winter
and spring wheat, and pasture was assumed for the “with” project conditions. The size of
yield increases were derived from a combination of personal communications (Browne 2011)
and published Extension budgets from OSU where yield data were available through the
OAIN. A published yield increase for spring wheat was not available, so a proxy yield
increase was estimated by determining the percentage increase in winter wheat (21.83
percent) and applying that percentage increase to spring wheat yields. Thus, spring wheat
yields increased 21.83 percent, going from 75 to 91 bushels per acre. Alfalfa hay yield
increased to 6 tons/acre, grass hay increased to 2.5 tons/acre and the amount of aftermath
grazing increased to 1 AUMs/acre. There was no increase in potato yields, but spring wheat
yields increased to 91 bushels/acre as described, winter wheat yields increased to 120
bushels/acre, and pasture yields increased to 20 AUMSs/acre.
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No change in crop acres was assumed for any of the crops except potatoes, spring wheat, and
winter wheat. Over the entire basin, it was assumed that an increase in potato acreage would
occur (Browne 2011). This analysis assumed a constant percentage increase in potato acreage
for the acres served by each alternative. The increase in potato acreage for each alternative
was offset by a reduction in the numbers of acres of winter and spring wheat. The reduction
was split evenly between winter and spring wheat acres. With the exception of potato, spring
and winter wheat, no change in crop acres was assumed. Potato acres are assumed to increase
slightly (90 acres) at the expense of the spring and winter wheat acreages in the Hardman
alternative.

Table 6-6. Hardman alternative net farm income by crop.
Crop Yield Unit Price Net Income/Acre
Alfalfa Hay 6 Tons $144.68 $189.97
Grass Hay and 2.5 Tons $144.68

Aftermath Grazing 1.0 AUMs $13.53 $132.06
Potatoes 506 Cwt $7.12 $629.43
Spring Wheat 91 Bushel $5.36 -$57.59
Winter Wheat 120 Bushel $5.36 $127.82
Pasture 20 AUMs $13.53 -$11.20

Once the changes in yields and the change in potato and wheat acreages had been identified,
the residual net farm income for the crops was estimated and then compared to the No Action
alternative acreages and residual net farm income. The difference in net farm income
between the No Action and Hardman alternatives is an estimate of an annual benefit coming
from implementing this alternative. The annual benefit is assumed to occur for each of the
next 100 years. This 100-year benefit stream is then present valued to arrive at a total net
benefit value in 2010 dollars. The future benefit stream was discounted using the 2010
planning rate of 4.125 percent. The annual benefit stream came to $1,831,932; the present
value is $43,630,700. This is presented in Table 6-7
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Table 6-7. Hardman alternative crop acres and total residual net farm income.
Grass Winter Spring
hay Alfalfa grain grain | Potatoes | Corn Pasture Total
With Project
Acres 6,754 6,723 1,320 838 349 93 5,923 22,000
:\r'wito';aerm $891,893 | $1,277,161 | $168,748 | -$48,266 | $219,423 | $0 | ($66,342)
Without Project
Acres 6,754 6,723 1,365 883 258 93 5,923 22,000
NeUFAM | g588,179 | $160,813 | $30,418 | ($119,376) | $162,708 | - | ($212,057)
Difference in:
Acres - - (45) (45) 90 - - (0)
Net Farm
Income | $303:714 | $1,116,348 | 4138330 | $71,110 | $56,716 | - | $145715 | $1,831,032
Annual Benefit $1,831,932
Net Present Value of Benefit $43,630,700

* Benefit Stream of 100 years, discount rate of 4.125 percent

Hydropower Benefits

The 100-year discounted stream of local hydropower benefits for this alternative was

estimated at $1.28 million. The 100-year discounted stream of downstream hydropower
losses for this alternative was estimated at -$1.98 million. Combining the positive local effect
with the negative downstream effect results in an overall negative hydropower effect of
-$701.6 thousand.

The discounted 100-year stream of agriculture and hydropower benefits for this alternative

totals $42.9 million.

Costs

As shown in Table 6-8, construction and IDC costs for this alternative total $56.3 million.
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Table 6-8. Hardman alternative total costs (millions $).
Cost Element Original Indexed Year 1 Year 2 Year 3
Estimate Estimate
(2010 $)
Dam & Related Structures 50.27 50.3 13.0 14.0 23.3
Hydropower Plant 1.15 1.74 579 .579 .580
Power Transmission Lines 1.36 1.36 453 .453 454
Subtotal 53.40 14.03 15.03 24.33
Interest During Construction
2.94 .289 .901 1.750
Total Construction Costs 56.34 14.32 15.93 26.08
Average Annual OMR&P Costs 179
Discounted 100 Year Stream of 4.26
Average Annual OMR&P Costs:
Total Construction, IDC, and 60.60

OMR&P Costs

Construction Costs

Construction elements for this alternative include a dam, hydropower plant, and hydropower
transmission lines. Construction costs for these three elements, indexed to 2010 dollars, total
$53.4 million. Adding $2.94 million of IDC results in a total construction cost of $56.3
million.

Annual OMR&P Costs

Average annual OMR&P costs, indexed to 2010 dollars, were estimated at $179.0 thousand.
The 100-year stream of average annual OMR&P costs discounted to the end of the
construction period totals $4.26 million.

Adding $4.26 million of discounted average annual OMR&P costs spread across the 100-year
period of analysis brings the total cost for this alternative to $60.6 million.

Combining the discounted agricultural and hydropower benefits ($42.9 million) with the total
project construction and annual OMR&P costs ($60.6 million) results in a negative net benefit
of -$17.7 million. This corresponds to the benefit cost ratio of 0.71.
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6.2.3 Thief Valley Enlargement Alternative
Benefits

Agricultural Benefits

All agricultural irrigation benefits associated with the action alternatives were measured as
changes from the No Action alternative. To start the agricultural benefits calculation, the
“without” project annual net farm income was calculated by estimating the economic net
revenues for each of the six crops in the analysis and multiplying that by the number of acres
for each of the crops. This was presented in the No Action alternative description.

There are 97,555 acres in the Thief VValley enlargement site currently irrigated with natural
flow and storage water. The crops represented by the NED benefits budgets include irrigated
potatoes, winter and spring-planted wheat, alfalfa, grass hay, and pasture.

Table 6-9 presents the price and yield assumptions used in the “with” project benefits budgets
and the residual net farm income by crop. An increase in yield was assumed for the “with”
project conditions. Alfalfa hay yield increased to 6 tons/acre, grass hay increased to 2.5
tons/acre and the amount of aftermath grazing increased to 1 AUMSs/acre. There was no
increase in potato yields, but spring wheat yields increased to 91 bushels/acre, winter wheat
yields increased to 120 bushels/acre, and pasture yields increased to 20 AUMs/acre. With the
exception of potato, spring and winter wheat, no change in crop acres was assumed. Potato
acres are assumed to increase by 400 acres at the expense of the spring and winter wheat
acreages.

Table 6-9. Thief Valley enlargement alternative net farm income by crop.
Crop Yield Unit Price Net Income/Acre
Alfalfa Hay 6 Tons $144.68 $189.97
Grass Hay and 25 Tons $144.68

Aftermath Grazing 1.0 AUMs $13.53 $132.06
Potatoes 506 Cwt $7.12 $629.43
Spring Wheat 91 Bushel $5.36 -$57.59
Winter Wheat 120 Bushel $5.36 $127.82
Pasture 20 AUMs $13.53 -$11.20

Once the changes in yields and the change in potato and wheat acreages had been identified,
the residual net farm income for the crops was estimated and then compared to the No Action
alternative acreages and residual net farm income. The difference in net farm income
between the No Action and Thief Valley enlargement alternatives is an estimate of an annual
benefit coming from implementing this alternative. The annual benefit is assumed to occur
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for each of the next 100 years. This 100-year benefit stream is then present valued to arrive at
a total net benefit value in 2010 dollars. The future benefit stream was discounted using the
2010 planning rate of 4.125 percent. The annual benefit stream came to $8,123,372; the
present value is $193,472,300. This is presented in Table 6-10.

Table 6-10. Thief Valley alternative crop acres and total residual net farm income.
Grass Winter Spring
hay Alfalfa grain grain | Potatoes Corn Pasture Total
With Project
Acres 29,948 29,812 5,854 3,716 1,546 413 26,266 97,555
Net Farm

Income $3,954,938 | $5,663,338 | $748,282 | -$214,027 | $972,992 $0 ($294,181)

Without Project

Acres 29,948 29,812 6,054 3,916 1,146 413 26,266 97,555

:\rlmitoanaerm $2,608,175 | $713,097 | $134,884 | ($529,353) | $721,497 | - | ($940,329)

Difference in:

Acres - - (200) (200) 400 - - 0)

Net Farm

Income 1,346,763 4,950,241 613,398 315,326 251,495 - $646,148 $8,123,372

Annual Benefit $8,123,372

Net Present Value $193,472,300
Hydropower Benefits

The 100-year discounted stream of local hydropower benefits for this alternative was
estimated at $22.03 million. The 100-year discounted stream of downstream hydropower
losses for this alternative was estimated at -$40.2 million. Combining the positive local effect
with the negative downstream effect results in an overall negative hydropower effect of
-$18.1 million.

The discounted 100-year stream of agriculture and hydropower benefits for this alternative
total $175.3 million.

Costs

As shown in Table 6-11, construction and IDC costs for this alternative total $262.7 million.
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Table 6-11. Thief Valley enlargement alternative total costs (millions $).

Cost Element Original Indexed Year 1 Year 2 Year 3
Estimate Estimate 2010 ($1M) ($1M) ($1M)
($1M) ($1M)

Dam & Related Structures 61.0 61.0 4.5 56.5 0

Pumping Plant & Conveyance 122.0 122.0 40.6 40.6 40.8

Hydropower Plant 42.4 63.9 21.3 21.3 21.3

Power Transmission Lines 0.02 0.02 0 0 .02

Subtotal 246.9 66.4 1184 62.1

Interest During Construction 15.78 1.37 5.24 9.18

Total Construction Costs 262.7 67.77 123.64 71.29

Average Annual OMR&P Costs 7373

Discounted 100 Year Stream of 17.56

Average Annual OMR&P Costs

Total Construction, IDC, and OMR&P 280.26

Costs

Construction Costs

Construction elements for this alternative include a dam, downstream pumping plant and

conveyance system, hydropower plant, and hydropower transmission lines. Construction
costs for these four elements, indexed to 2010 dollars, total $246.9 million. Adding $15.8
million of IDC results in a total construction cost of $262.7 million.

Annual OMR&P Costs

Average annual OMR&P costs, indexed to 2010 dollars, were estimated at $737.3 thousand.
The 100-year stream of average annual OMR&P costs discounted to the end of the
construction period totals $17.6 million.

Adding $17.6 million of average annual OMR&P costs spread across the 100-year period of
analysis brings the total cost for this alternative to $280.3 million.

Combining the discounted agricultural and hydropower benefits ($175.36 million) with the
total project construction and annual OMR&P costs ($280.3 million) results in a negative net
benefit of -$104.9 million. This corresponds to a benefit cost ratio of 0.63.

6.2.4 North Powder Alternative

Benefits
Agricultural Benefits

All agricultural irrigation benefits associated with the action alternatives were measured as
changes from the No Action alternative. To start the agricultural benefits calculation, the
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“without” project annual net farm income was calculated by estimating the economic net
revenues for each of the six crops in the analysis and multiplying that by the number of acres
for each of the crops. This was presented in the No Action alternative description.

There are 67,789 acres in the North Powder site currently irrigated with natural flow and
storage water. The crops represented by the NED benefits budgets include irrigated potatoes,
winter and spring-planted wheat, alfalfa, grass hay, and pasture.

Table 6-12 presents the price and yield assumptions used in the “with” project benefits
budgets and the residual net farm income by crop. An increase in yield was assumed for the
“with” project conditions. Alfalfa hay yield increased to 6 tons/acre, grass hay increased to
2.5 tons/acre and the amount of aftermath grazing increased to 1 AUMs/acre. There was no
increase in potato yields, but spring wheat yields increased to 91 bushels/acre, winter wheat
yields increased to 120 bushels/acre, and pasture yields increased to 20 AUMs/acre. With the
exception of potato, spring and winter wheat, no change in crop acres was assumed. Potato
acres are assumed to increase by 112 acres at the expense of the spring and winter wheat
acreages.

Table 6-12. North Powder alternative net farm income by crop.

Crop Yield Unit Price Net Income/Acre
Alfalfa Hay 6 Tons $144.68 $189.97
Grass Hay and 2.5 Tons $144.68

Aftermath Grazing 1.0 AUMs $13.53 $132.06
Potatoes 506 Cwt $7.12 $629.43
Spring Wheat 91 Bushel $5.36 -$57.59
Winter Wheat 120 Bushel $5.36 $127.82
Pasture 20 AUMs $13.53 -$11.20

Once the changes in yields and the change in potato and wheat acreages had been identified,
the residual net farm income for the crops was estimated and then compared to the No Action
alternative acreages and residual net farm income. The difference in net farm income
between the No Action and North Powder alternatives is an estimate of an annual benefit
coming from implementing this alternative. The annual benefit is assumed to occur for each
of the next 100 years. This 100-year benefit stream is then present valued to arrive at a total
net benefit value in 2010 dollars. The future benefit stream was discounted using the 2010
planning rate of 4.125 percent. The annual benefit stream came to $2,285,336; the present
value is $54,429,300. This is presented in Table 6-13.
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Table 6-13. North Powder alternative crop acres and total residual net farm income.
Grass Winter Spring

ltem Hay Alfalfa grain Grain Potatoes Corn Pasture Total
With Project
Acres 8,425 8,387 1,647 1,046 435 116 7,389 27,445
:}']igﬁgm $1,112,637 | $1,593,258 | $210,513 | -$60,212 | $273,730 | $0 -$82,762
Without Project
Acres 8,425 8,387 1,703 1,102 322 116 7,389 27,445
R']igia;m $733,754 $200,614 $37,947 | -$148,922 | $202,978 $0 -$264,541
Difference in
Acres - - (56) (56) 112 - - 0)
Net Farm
Income 378,883 1,392,644 172,566 88,710 70,753 - 181,780 2,285,336
Annual Benefit $2,285,336
Net Present Value $54,429,300

* Benefit Stream of 100 years, discount rate of 4.125 percent

Hydropower Benefits

The 100-year discounted stream of local hydropower benefits for this alternative was
estimated at $8.72 million. The 100-year discounted stream of downstream hydropower
losses for this alternative was estimated at -$5.15 million. Combining the positive local effect
with the negative downstream effect results in an overall positive hydropower effect of $3.57

million.

The discounted 100-year stream of agriculture and hydropower benefits for this alternative
totals $58.0 million.

Costs

As shown in Table 6-14, construction and IDC costs for this alternative total $136.1 million.
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Table 6-14. North Powder alternative total costs (millions $).
Cost Element Original Indexed Year 1 Year 2 Year 3
Estimate Estimate (2010
$)

Dam & Related Structures 1134 1134 36.8 33.9 42.7
Hydropower Plant 9.36 14.1 4.7 4.7 4.7
Power Transmission Lines 0.72 0.72 .24 .24 .24

Subtotal 128.22 41.74 38.84 47.64
Interest During Construction 7.87 .86 2.56 4.45
Total Construction Costs 136.09 42.6 41.4 52.09
Average Annual OMR&P Costs .213
Discounted 100 Year Stream of 5.07
Average Annual OMR&P Costs
Total Construction, IDC, and OMR&P 141.16
Costs

Construction Costs

Construction elements for this alternative include a dam, hydropower plant, and hydropower
transmission lines. Construction costs for these three elements, indexed to 2010 dollars, total
$128.2 million. Adding $7.9 million of IDC results in a total construction cost of $136.1
million.

Annual OMR&P Costs

Average annual OMR&P costs, indexed to 2010 dollars, were estimated at $213.0 thousand.
The 100-year stream of average annual OMR&P costs discounted to the end of the
construction period totals $5.1 million.

Adding $5.1 million of average annual OMR&P costs spread across the 100-year period of
analysis brings the total cost for this alternative to $141.2 million.

Combining the discounted agricultural and hydropower benefits ($58.0 million) with the total
project construction and annual OMR&P costs ($141.2 million) results in a negative net
benefit of -$83.2 million. This corresponds to a benefit cost ratio of 0.41.

6.2.5 East Pine Alternative

Benefits
Agricultural Benefits

All agricultural irrigation benefits associated with the action alternatives were measured as
changes from the No Action alternative. To start the agricultural benefits calculation, the
“without” project annual net farm income was calculated by estimating the economic net
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revenues for each of the six crops in the analysis and multiplying that by the number of acres
for each of the crops. This was presented in the No Action alternative description.

There are 18,000 acres in the East Pine site currently irrigated with natural flow and storage
water. The crops represented by the NED benefits budgets include irrigated potatoes, winter
and spring-planted wheat, alfalfa, grass hay, and pasture.

Table 6-15 presents the price and yield assumptions used in the “with” project benefits
budgets and the residual net farm income by crop. An increase in yield was assumed for the
“with” project conditions. Alfalfa hay yield increased to 6 tons/acre, grass hay increased to
2.5 tons/acre and the amount of aftermath grazing increased to 1 AUMs/acre. There was no
increase in potato yields, but spring wheat yields increased to 91 bushels/acre, winter wheat
yields increased to 120 bushels/acre, and pasture yields increased to 20 AUMs/acre. With the
exception of potato, spring and winter wheat, no change in crop acres was assumed. Potato
acres are assumed to increase by 74 acres at the expense of the spring and winter wheat
acreages.

Table 6-15. East Pine alternative net farm income by crop.

Crop Yield Unit Price Net Income/Acre
Alfalfa Hay 6 Tons $144.68 $189.97
Grass Hay and 2.5 Tons $144.68

Aftermath Grazing 1.0 AUMs $13.53 $132.06
Potatoes 506 Cwt $7.12 $629.43
Spring Wheat 91 Bushel $5.36 -$57.59
Winter Wheat 120 Bushel $5.36 $127.82
Pasture 20 AUMs $13.53 -$11.20

Once the changes in yields and the change in potato and wheat acreages had been identified,
the residual net farm income for the crops was estimated and then compared to the No Action
alternative acreages and residual net farm income. The difference in net farm income
between the No Action and East Pine alternatives is an estimate of an annual benefit coming
from implementing this alternative. The annual benefit is assumed to occur for each of the
next 100 years. This 100-year benefit stream is then present valued to arrive at a total net
benefit value in 2010 dollars. The future benefit stream was discounted using the 2010
planning rate of 4.125 percent. The annual benefit stream came to $1,498,854; the present
value is $35,697,800. This is presented in Table 6-16.
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Table 6-16. East Pine alternative crop acres and total residual net farm income.
Grass Winter Spring
ltem hay Alfalfa grain grain Potatoes Corn Pasture Total
With Project
Acres 5,526 5,501 1,080 686 285 76 4,846 18,000
:}'}iﬁ;ﬁ;m 729,731 | 1,044,950 | 138,066 | (39,490) | 179,528 - (54,280)

Without Project

Acres 5,526 5,501 1,117 723 211 76 4,846 18,000
:\'et Farm 481,238 | 131,574 | 24,888 | (97,672) | 133,124 - (173,501)

ncome

Difference in

Acres - - (37) (37) 74 - - (0)

Net Farm

Income 248,493 | 913,375 | 113,179 | 58,181 | 46,404 - 119,222 1,498,854
Annual Benefit $1,498,854
Net Present Value” $35,697,800
Hydropower Benefits

The 100-year discounted stream of local hydropower benefits for this alternative was
estimated at $13.11 million. The 100-year discounted stream of downstream hydropower
losses for this alternative was estimated at -$11.65 million. Combining the positive local
effect with the negative downstream effect results in an overall positive hydropower effect of
$1.46 million.

The discounted 100-year stream of agriculture and hydropower benefits for this alternative
total $37.2 million.

Costs

As shown in Table 6-17, construction and IDC costs for this alternative total $158.1 million.

208 Final Eastern Oregon Water Storage Appraisal Study
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Table 6-17. East Pine alternative total costs (millions $).
Cost Element Original Indexed Year 1 Year 2 Year 3
Estimate Estimate (2010
$)

Dam & Related Structures 133.4 1334 23.0 53.7 56.7
Hydropower Plant 10.33 15.6 5.2 5.2 5.2
Power Transmission Lines 0.68 0.68 .23 .22 .23
Clear Creek Diversion 0.055 0.4 0 0.4 0

Subtotal 150.1 28.4 59.5 62.1
Interest During Construction 8.04 .59 2.42 5.03
Total Construction Costs 158.1 29.0 61.9 67.2
Average Annual OMR&P Costs .251
Discounted 100 Year Stream of 5.97
Average Annual OMR&P Costs
Total Construction, IDC, and OMR&P 164.1
Costs

Construction Costs

Construction elements for this alternative include a dam, hydropower plant, hydropower
transmission lines, and the Clear Creek Diversion. Construction costs for these four elements,
indexed to 2010 dollars, total $150.1 million. Adding $8.0 million of IDC results in a total
construction cost of $158.1 million.

Annual OMR&P Costs

Average annual OMR&P costs, indexed to 2010 dollars, were estimated at $250.6 thousand.
The 100-year stream of average annual OMR&P costs discounted to the end of the
construction period totals $6.0 million.

Adding $6.0 million of average annual OMR&P costs spread across the 100-year period of
analysis brings the total cost for this alternative to $164.1 million.

Combining the discounted agricultural and hydropower benefits ($37.2 million) with the total
project construction and annual OMR&P costs ($164.1 million) results in a negative net
benefit of -$126.9 million. This corresponds to a benefit cost ratio of 0.23.

6.3 BENEFIT-COST COMPARISON ACROSS
ALTERNATIVES

Table 6-18 presents the results of the benefit-cost analysis across all four proposed
alternatives. While the Hardman alternative generates the highest ratio overall, none of the
alternatives result in positive net benefits or benefit-cost ratios greater than 1.0. Individual
alternatives do generate net positive benefits with inclusion of hydropower generation;
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6.3 Benefit-Cost Comparison across Alternatives

however, these alternatives were conceptually designed for agricultural benefits with the
additional water storage, and were not evaluated with hydropower generation as the primary
function. Further study is necessary to confirm these results that the net positive hydropower
benefits within the context of the overall regional power system are valid. Hydropower-
specific and other economic analyses were outside of the scope of this appraisal-level study
and were not undertaken.

Table 6-18. Benefit-cost analysis results for each alternative (millions $).
Benefit-Cost Hardman Thief Valley North Powder East Pine
Components Alternative Enlargement Alternative Alternative
Alternative
Total Benefits 42.9 175.3 58.0 37.2
Agriculture 43.6 1935 54.4 35.7
-Hydropower -0.7 -18.1 3.6 15
Total Costs 60.6 280.3 141.2 164.1
Construction & IDC 56.3 262.7 136.1 158.1
OMR&P 4.3 17.6 51 6.0
Net Benefits -17.7 -104.9 -83.2 -126.9
Benefit-Cost Ratio 71 .63 41 .23
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Chapter 7 CONCLUSIONS AND RECOMMENDATIONS

Reclamation is authorized to conduct feasibility studies on water optimization by the Burnt,
Malheur, Owyhee, and Powder River Basin Water Optimization Study Act of 2002 (P.L. 107-
237). However, the decision to proceed to a feasibility study of one or more of the potential
storage sites analyzed requires that at least one alternative meets the objectives stated in
Chapter 1.

The federal objective is to contribute to NED consistent with protecting the Nation’s
environment. An NED benefit-cost analysis compares the benefits of a proposed project to its
costs. Total costs of the project are subtracted from the total benefits to quantify potential net
benefits. The calculated benefits associated with the action alternatives are defined as changes
from the No Action alternative.

Overall project benefit and cost ratios of the proposed alternatives were presented. Ratios are
advantageous in determining an “accept” or “reject” decision. For example, when benefits of a
project equal its costs, the net benefit of that project is zero, and the benefit-cost ratio equals
1.0. To demonstrate an increase in the net value of goods or services to satisfy the federal
objectives set forth in the P&Gs and project justification in this appraisal level analysis, the
calculated benefit-cost ratio of an alternative must be equal to or greater than 1.0.

The results of this appraisal-level study demonstrate that the No Action alternative does not
meet water users’ water delivery needs. These needs are not being met either currently or
through the study’s 40-year planning horizon for existing Reclamation projects as well as other
portions of the study area.

The results of this appraisal-level study indicate that the benefit cost requirements set forth in
the P&Gs are not met in any of the alternatives as configured. As a result, the federal objective
does not exist that would allow Reclamation to recommend at least one alternative be carried
forward into a feasibility study that would be consistent with the original objectives of this
study. The appraisal analyses performed for all four screened alternatives resulted in benefit-
to-cost ratios of less than 1.0.

However, analyses of the various alternatives using available hydrologic information indicated
storage potential exists that could be accessed by the stakeholders and other entities, such as the
state of Oregon, for various multi-use purposes. The appraisal study alternatives focused on
supplying water to current and future agricultural needs, incorporating hydroelectric power
generation and modeled minimum instream flow requirements.

This appraisal study process has identified alternatives that may be implemented without
federal involvement should stakeholders wish to pursue them. Four sites had been identified
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Conclusions and Recommendations

through the screening process involving stakeholders. In concert with the WASH Initiative’s
mission statement, other long-term water management plans could be developed.

Conclusions reached by this study could not have been achieved without extensive research and
assimilation of hydrologic data and water right information. Improvements to this
understanding and future analyses would be realized through better measurement of existing
water supply and use throughout the study area.

The following recommendations are provided by Reclamation to the project stakeholders as a
result of the Eastern Oregon Water Storage Appraisal Study:

e Feasibility level evaluation by Reclamation is not warranted for the alternatives
analyzed as water storage projects in this appraisal study at this time, as they not meet
the federal benefit-to-cost ratio requirements stated in the P&Gs. However, local or
regional benefits may exist that state or other entities might have interest in targeting.

e High potential exists for optimization and conservation of existing water supplies.
Stakeholders should pursue water optimization studies and implementation through
grant and loan programs supported by Reclamation, NRCS, the state, and others.
Consideration of non-structural actions would assist irrigators in achieving the water
users’ water delivery needs and the state’s instream flow needs. Watershed
management or water conservation measures, such as those identified in the WASH
objectives and listed under current activities (Section 1.4) should be pursued.

e There are opportunities in the study area for additional power supply generation.
Stakeholders could consider teaming with others on studies focused primarily on
hydropower generation as a means of economic development.

e To support the above recommendations, stakeholders should pursue means to collect
additional long-term hydrologic and water use data within the study area. This would
enable the stakeholders to better understand the full potential of the study area’s water
resources.
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Appendix A - Water and Stream Health Steering Committee

IN THE BOARD OF COUNTY COMMISSIONERS OF THE STATE OF OREGON
FOR THL COUNTY OF BAKER

IN THE MATTER OF

APPOINTING MEMBERS TO WATER
AND STREAM HEALTH STEERING
COMMITTEE

ORDER NO. 2009-143

s et St N N

1
NOW AT THIS TIME, this 20" day of May, 2009, and the above entitled matter coming on for
consideration by the Board of Commissioners, and it appearing to the Board of Commissioners
that members to the Water and Stream Health Steering Committee be appointed; and

NOW, THEREFORE, it is hereby ORDERED and ADJUDGED that the following are hereby
appointed to serve as members of the Water and Stream Health Steering Committee:

Name Term Expiration
Marion Crow May 1, 2011
Cal Foster May 1, 2011
Jerry Franke May 1, 2011
Tom (Mac) Kerns May 1, 2011
Rick Lusk May 1, 2011
Michael McNamara May 1, 2011
Gary Miller May 1, 2011
Darrell Dyke May 1, 2011
Aaron Umpleby May 1, 2011
Clair Pickard May 1, 2011
Phil George May 1, 2011
Tim Bailey May 1, 2011

Done and dated this 20" day of May, 2009,

BAKFER COUNTY BOARD OF COMMISSIONERS

i D G

Fred Warner Jr., Commission Chair

T o Kornes
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Appendix B — Water Rights Summaries

Appendix B — Water Rights Summaries

The enclosed water right summaries were used to estimate current and future needs in the respective
watersheds. Tables B-1 through B-11 contain the certified municipal, industrial, and instream water
rights for the Burnt River, Powder River, and Pine Creek basins. The enclosed population data was used
to estimate future municipal needs in their respective watersheds.

Figures B-1, B-2, and B-3 provide the locations of certain instream water rights held by the Oregon
Department of Water Resources (ODWR) and Oregon Department of Fish and Wildlife for fish benefits.
Those water rights are designated as “I” in the figures. Detailed information on the certificated instream
water rights is provided in Tables B-4, B-8, and B-11 below.

Locations with pending water right applications are designed as “IS” on the figures. Information on
those applications can be found on the ODWR Water Rights Database.

Discussion on the inclusion of instream water rights in the MODSIM modeling analysis

The tables below show a significant number of instream water rights that could potentially affect the
diversion of water to storage and the operation of the proposed reservoir projects described in this study.
These instream rights were not included in the hydrologic analysis or the MODSIM modeling conducted
to estimate the storable water and the effect of the proposed projects on reducing water supply shortages
and providing instream flow benefits. The instream rights were not included for the following reasons:

e Many of the instream rights are upstream of the proposed water development sites, and would
not affect the operations of the proposed reservoirs and reservoir enlargements.

e Including the instream rights in the analysis would have complicated the operational analysis
beyond the level of detail typically included in an appraisal-level evaluation.

e Details of existing reservoir operations were not included in the analysis, and these reservoirs
may be partially operated to meet the instream rights or may be otherwise affected by them.

e The priorities of the instream rights with respect to the priorities of the proposed reservoirs are
not clear.

A sensitivity analysis was conducted using the largest instream right with the greatest potential to affect
the proposed reservoirs and proposed enlargements (the 50-cfs instream water right immediately below

Thief Valley Reservoir). In this analysis, it was assumed that the instream right needed to be satisfied at
all times before water could be stored in the proposed enlarged Thief Valley Reservoir.

The results of the analysis showed that the ability of the proposed enlarged reservoir to reduce the
Powder River basin water supply shortages was decreased from an average of 30,500 acre-feet per year,
to an average of 29,000 acre-feet per year. In addition, the 50-cfs instream flow right below Thief
Valley Reservoir was satisfied almost 98 percent of the time, as opposed to only about 85 percent of the
time under existing conditions.
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This sensitivity analysis indicates that, at least in the case of the proposed Thief Valley Reservoir
enlargement, the instream water rights would probably not significantly decrease the potential water
supply benefits associated with the proposed project. Additionally, the proposed enlargement could
provide water to meet the instream right a higher percentage of the time. This could provide additional
flow benefits below the proposed reservoir enlargement that would be greater than those estimated in the
results documented in this report. Additional research and evaluation would be required if any of the
proposed reservoirs are advanced to the next phase after this study.
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Burnt River
Table B-1. Municipal Water Rights: Burnt River Basin
Community Source Maximum Rate’ Certificate Number®
Unity Job Creek (groundwater well) 70 gpm (0.015 cfs) G-11444
Unity Job Creek (groundwater well) 40 gpm (0.089 cfs) G-12107
Huntington Burnt River (groundwater well) 1.11 cfs 54985
Burnt River Subbasin Total 1.21 cfs

"Water right certificates obtained from Oregon Department of Water Resources Water Rights Database at
http://apps2.wrd.state.or.us/apps/wr/wrinfo/.

Table B-2. Population Data: Burnt River Basin

current Low-growth Scenario Medium-growth High-growth Scenario
Community Population® (0.3-Percent/Year) Scenario (1.25- (2.0-Percent/Year)
P 20507 Percent/Year) 2050° 2050"
Unity 122 138 203 275
Huntington 470 534 801 1,101
TOTAL 592 672 1004 1,376

! Unity 2009 population and Huntington 2007 population obtained from www.city-data.com.

234 Growth rates were adapted from Figure 2-4 of “City of Baker City, Water Facilities Plan” by Anderson Perry &
Associates, Inc. Growth rates of 0.3-Percent, 1.25-Percent, and 2-Percent per year used in Baker City forecast

were applied to Huntington.

Table B-3. Industrial Water Rights: Burnt River Basin

Diversion Location Maximum Rate Certificate Number!
Gimlet Creek and Jackknife Creek 0.220 cfs 60829
Spring, Tributary to Burnt River 0.010 cfs 60878
Burnt River 0.967 cfs 12052

Total 1.197 cfs

"Water right certificates obtained from Oregon Department of Water Resources Water Rights Database at
http://apps2.wrd.state.or.us/apps/wr/wrinfo/.

NOTE: Unity Reservoir, 25,220 acre-feet (cert-51709) listed irrigation, domestic, manufacturing, and industrial as
usage categories. This water right has already been accounted for as irrigation water rights (TSC Flow Report)
therefore not reported in industrial table separately.
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Table B-4. Certificated Instream Water Rights — Burnt River Basin

Maximum Certificate Priorit
Stream Study Site Flow Rate berl y
(Cfs)l Number Date

East Camp Creek —
unknown tributary at Camp Creek 8.2 73332 1/29/92
Sec.5NENE to mouth

West Camp Creek — North

Fork to mouth Camp Creek 3.0 73324 1/29/92

South Fork Burnt River — South Fork Burnt River, Hardman,

headwaters to Elk Creek Whited, and Unity 83 72658 1/29/92

Elk Creek — headwaters to | South Fork Burnt River, Hardman,

mouth Whited, and Unity 3.0 72660 1/29/92
*South Fork Burnt River — | South Fork Burnt River, Hardman,

Elk Creek to river mile 9.8 | Whited, and Unity 10.0 73323 1/29/92
North Fork Burnt River — North Fork Burnt River, Ricco, Upper,

river mile 28.5 to Camp Middle, and Lower North Fork Burnt 5.0 72662 1/29/92
Creek River, and Unity

"Water right certificates obtained from Oregon Department of Water Resources Water Rights Database at
http://apps2.wrd.state.or.us/apps/wr/wrinfo/.
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Powder River

Table B-5. Municipal Water Rights: Powder River Basin

Community Source Maximum Rate Certificate Number!
Baker City Goodrich Creek 6.250 cfs 80496
Baker City Marble Creek 5.000 cfs 80496
Baker City Total 11.250 cfs

Haines Rock Creek 0.025 cfs 4186
Haines Total 0.025 cfs

North Powder North Powder River (groundwater well) 2.200 cfs 65088

North Powder North Powder River (groundwater well) 0.390 cfs 40599
North Powder Total 2.590 cfs

Richland Eagle Creek 2.000 cfs Permit 50156

Richland Eagle Creek 1.000 cfs 46537
Richland Total 3.000 cfs

Sumpter Cracker Creek 0.330 cfs 60826
Sumpter Total 0.330 cfs
Powder River Subbasin Total 17.195 cfs

'Water right certificates obtained from Oregon Department of Water Resources Water Rights Database at
http://apps2.wrd.state.or.us/apps/wr/wrinfo/.

Table B-6. Population Data: Powder River Basin

Current Low-growth Scenario Medium-growth High-growth Scenario
Community Population® (0.3-Percent/Year) Scenario (1.25- (2.0-Percent/Year)
P 20507 Percent/Year) 2050° 2050*
Baker City 10,035 11,380 16,909 23,053
Haines 390 444 665 914
North 487 554 831 1,141
Powder

Richland 134 152 229 314
Sumpter 191 177 226 366
Total 11,237 12,707 18,860 25,788

'Baker City 2008 population obtained from Michelle Owen, Public Works Director. Haines, North Powder,
Richland, and Sumpter 2007 population obtained from www.city-data.com.

23 9Growth rates were adapted from Figure 2-4 of “City of Baker City, Water Facilities Plan” by Anderson Perry &
Associates, Inc. 2000. The growth rates of 0.3-Percent, 1.25-Percent, and 2-Percent per year were also applied to
the other Powder River Basin cities listed.
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Table B-7. Industrial Water Rights: Powder River Basin

Diversion Location

Max Rate or Volume

Certificate Number*

Parker Spring, tributary to Wolf Creek 0.223 cfs 83616
Parker Spring, tributary to Wolf Creek 0.075 cfs 83617
Tributary to Powder River — T9S R40E
SeclOSESW 9.20 ac-ft 73511
Radium Hot Springs 0.280 cfs 29067
Total 0.578 cfs /9.2
acre-feet

'Water right certificates obtained from Oregon Department of Water Resources Water Rights Database at
http://apps2.wrd.state.or.us/apps/wr/wrinfo/.

Table B-8. Certificated Instream Water Rights — Powder River Basin

. Maximum Flow Certificate Priority
Stream Study Site Rate (cfs)* Number? Date
Cracker Creek — Sardine Gulch to Mason 33 72659 1/29/92
mouth

Deer Creek — Sheep Creek to mouth Mason 6.0 73329 1/29/92

McCully Fork — headwaters to mouth Mason 1.8 72661 1/29/92

Powder R|ver - Cracker Creek to Mason 56 73336 1/29/92
Phillips Lake

Rock Creek — Rock _Cree_k Lake to Rock Creek 20 73322 1/29/92

power plant diversion
Dutch Flat Creek — lake to mouth Twin Peak and 3.0 73331 1/29/92
North Powder

Antone Creek — headwaters to mouth North Powder 4.0 73327 1/29/92

North Powder River — North Fork to North Powder 8.0 73321 6/7/91
Antone Creek

Anthony ForI§ — Anthony Lake to Warm Springs 7.5 73325 1/29/92
Indian Creek

North Fork Anthony Fork — headwaters Warm Springs o5 73334 1/29/92

to mouth
Anthony Fork — Indian Creek to mouth Warm Springs 10.0 73326 1/29/92
Clear Creek — east and west forks to Wolf Creek 18 73328 1/29/92
mouth
Big Creek — Lick Creek to mouth None 9.0 76593 1/29/92

B-6
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Table B-8. Certificated Instream Water Rights — Powder River Basin

. Maximum Flow Certificate Priority
Stream Study Site Rate (cfs)* Number? Date
Powder River — Thief Valley Reservoir None 50.0 72663 1/29/92
to Goose Creek
Powder River — Goose C_reek to None 60.0 72664 1/29/92
Brownlee Reservoir
West Eagle Creek — east fork to mouth Echo Lake and 10.0 72657 6/7/91
West Eagle
East Eagle Creek and tributaries — None 450 59530 6/26/70
headwaters to mouth
Eagle Creek and tributaries —
headwaters to USGS gage 13-2882 None 80.0 59531 6/26/70
Eagle Creek and tributaries —
headwaters to East Fork Eagle Creek None 50.0 59532 6/26/70
Eagle Creek and tributaries —
headwaters to West Fork Eagle Creek None 40.0 59533 6/26/70
West Eagle Creek and tributaries — None 50 50535 6/26/70
headwaters to mouth
West Eagle Creek and tributaries — Goose Creek
headwaters to Trout Creek POD 10.0 59536 6/26/70
Powder River — below Mason Dam to Mason 10.0 59543 6/26/70
Smith Diversion Dam

'Water right certificates obtained from Oregon Department of Water Resources Water Rights Database at
http://apps2.wrd.state.or.us/apps/wr/wrinfo/.
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Pine Creek
Table B-9. Municipal Water Rights: Pine Creek Basin (Halfway)
Community Source Maximum Rate Certificate Number?
Halfway Pine Creek (groundwater well) 0.25 cfs 39255
Pine Creek Subbasin Total 0.25 cfs

'Water right certificates obtained from Oregon Department of Water Resources Water Rights Database at

http://apps2.wrd.state.or.us/apps/wr/wrinfo/.

Table B-10. Population Data: Pine Creek Basin (Halfway)

Medium-growth
Current Low-growth Scenario g0.3- Scenario High-growth Scenario 52.0-
Populationl Percent/Year) 2050 (1.25-Percent/Year) Percent/Year) 2050
2050°
337 383 575 790

'Halfway 2007 population obtained from www.halfwayoregon.com. No population data was found for Cornucopia.

2,3,4

Growth rates were adapted from Figure 2-4 of “City of Baker City, Water Facilities Plan” by Anderson Perry &

Associates, Inc. The growth rates of 0.3-Percent, 1.25-Percent, and 2-Percent per year used for Baker City were

also used for Cornucopia and Halfway.

Table B-11. Certificated Instream Water Rights — Pine Creek Basin

Stream Study Maximum Flow Certificate Priority
Site Rate (cfs)l Number! Date
Pine Creek — Long Branch Creek to mouth None 60.0 73335 1/29/92
" X .
East Pine Creek — Trinity Creek to Beecher East Pine 06 73319 11/8/90
Creek
Little Elk Creek — headwaters to mouth None 2.0 73333 1/29/92
Elk Creek — Big Elk Creek to mouth None 3.0 73320 11/8/90
Duck Creek — headwaters to mouth None 3.0 73330 1/29/92
North Pine Creek and tributaries — None 45.0 59534 6/26/70
headwaters to mouth
Clear Creek and tributaries — headwaters to East Pine
0.75 miles above Twin Bridge Creek POD 25.0 59540 6/26/70
East Pine Cregk and tributaries — headwaters East Pine 10.0 50541 6/26/70
to 0.5 miles above Beecher Creek

'Water right certificates obtained from Oregon Department of Water Resources Water Rights Database at

http://apps2.wrd.state.or.us/apps/wr/wrinfo/.

B-8
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Appendix C — Appraisal Report Calculations

Calculations for Estimates of Proposed Reservoir Costs

Development of Appraisal-Level Cost Estimate

The appraisal-level cost estimates were developed as tool to estimate project costs for a range of dam
heights at each potential storage reservoir and to provide a basis of comparison of proposed projects.
Because of the appraisal level of design associated with these estimates, the computed costs should be
considered as preliminary. In addition to the construction cost, an estimate has been made of potential
indirect costs including additional site explorations, permitting, engineering design, preparation of plans
and specifications, construction supervision, mitigation and contingencies. It was assumed that the
project sponsor would be responsible for any real-estate cost and therefore real-estate cost are not
included. Four different sites were considered in this study (North Powder, East Pine Creek, Hardman,
and Thief Valley) and a cost estimate spreadsheet was prepared with supporting information for each
proposed reservoir.

Data Sources

Several existing designs and data sources were used to inform these appraisal-level designs and cost
estimates. Existing plans, geotechnical information, and cost estimates directly related to the four
proposed reservoirs were reviewed for design information (PVWCD 1980, Browne 2008), PVSWCD
1976, Reclamation 1965, and Reclamation 2001). Plans were also considered for a similar proposed
project that is being evaluated at a higher feasibility level, Mill Creek Dam, near Colville, Washington
(HDR 2009). It provided cost estimates for piping, valves, demolition, concrete and steel, and Roller
Compacted Concrete (HDR 2009). Cost information was also available from the Oregon Department of
Transportation Unit Cost Database (ODOT 2008) for fundamental unit costs for items such as mass
concrete, earthwork, and roadway costs.

Designers evaluated and used those portions of existing design which appeared to meet current design
criteria. Cost estimators indexed older cost to the 2009 level.

A field trip was also conducted to gather information used to inform the proposed reservoir designs.
The trip memo is attached.

Construction Cost Calculation
The construction cost is made up of two components:

e Direct Costs - The direct costs of materials and services required to construct the projects. These
are sometimes referred to as field costs or contract costs as they represent the work to be
performed in the field usually by the general contractor constructing the project.

e Indirect Cost - Includes investigations, additional studies, development of plans and
specifications, construction engineering and supervision, and environmental compliances. The
indirect cost was estimated to be 32 percent of the direct cost for these projects.
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Direct Costs

A direct cost was developed for each proposed reservoir which included the contract cost estimate for
constructing the proposed dam and reservoir plus a 30 percent contingency to account for the
uncertainties inherent in those estimates.

Unit costs were used for quantities that could be easily calculated for items such as earthwork and mass
concrete placement. The quantities were priced at unit cost values that were developed from recently
developed estimates for similar projects and from available unit cost databases. (HDR 2009, ODOT
2008).

Lump sum costs were based on other existing designs to estimate costs of features requiring significant
design effort such as intake structures, outlet works, spillways, and fish passage facilities. Because of
the similarities in the project designs for the three proposed storage reservoirs (North Powder, East Pine,
and Hardman), the design work previously performed for the North Powder site (PVWCD 1980) was
used for the other two sites with almost no modification to the cost for several lump sum items. Cost
from the early North Powder project for foundation grouting, regulating outlet design and diversion,
spillway and spillway stilling basin, and clearing and dewatering were indexed to 2009 cost. Costs for
trap and haul fish facilities and relocation costs were obtained from estimates made for a similar project
(HDR 2009).

Mobilization and demobilization cost was established at 9 percent of the estimated total of the unit cost
based items and lump sum items based on similar estimates (HDR 2009).

A contingency of 30 percent was added the direct cost subtotal (unit cost items, lump sum items, and
mobilization, and demobilization) to obtain the total direct cost. All cost estimates were indexed to 2009
dollars.

Indirect Costs

The indirect or noncontract cost development process is outlined below. Indirect costs were based on a
percentage of the direct cost. An indirect cost value of 32 percent of was added to the direct cost which
includes its own contingency cost. These indirect costs are also based on the references noted above.
The 32 percent value includes:

e Additional studies — additional data collection and studies of hydrologic, water quality, biologic,
and other unidentified needs; and feasibility studies (3 percent)

e Environmental permitting — meet NEPA and ESA requirements, secure 404 permits and required
state environmental permits, and secure water rights for storage water if necessary (9 percent)

e Design including additional geologic explorations to better define conditions and parameters of
the foundation and borrow material sites, surveying, pre-design and final design costs and
specifications (13 percent)

e Construction oversight and inspection (7 percent)
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Spreadsheet cost estimates

A spreadsheet was developed for each site to compute quantities, apply unit prices, add in lump sum
items and factor in contingency and indirect costs. It estimates the total cost as follows:

e Computes the quantity of material for each zone in the dam at the selected elevations
e Multiplies the quantities by the unit cost to obtain a cost for the unit-cost-based items
e Adds in lump sum cost items

e Sums the above into a subtotal direct cost

e Adds 9 percent to direct cost subtotal to include mobilization and demobilization costs
e Adds 30 percent to above for contingencies

e Adds 32 percent to above to include indirect cost

e Displays the information noted above on Cost Estimate Sheets

The cost estimates are provided in the Estimate Worksheet and follow as Tables C-1, C-2, C-3, and C-4.
The references in this appendix are located in Section 6 of this report.

Final Eastern Oregon Water Storage Appraisal Study C-3



Appendix C— Appraisal Report Calculations

Table C-1. Hardman Cost Estimate Worksheets

BUREAU OF RECLAMATION ESTIMATE WORKSHEET SHEET 1 OF 4
|FEATURE: |PROJECT:
Eastern Oregon Water Storage Appraisal Study
Hardman Site Embankment Dam
'WOID: ESTIMATE LEVEL: Appraisal
REGION: UNIT PRICE LEVEL: July-09
|Summary Sheet 1 of 1 FILE:
LZ a
g S E DESCRIPTION CODE QUANTITY UNIT UNIT PRICE AMOUNT
=4 z
The Hardman Storage Project consists of:
92 foot high zoned embankment dam
Regulating Outlet and conduit
Spillway
Relocated Road
Trap and Haul Fish Facility
1 Shell material U/S and D/S 135,951 CY $17.00 2,311,173
2 Filter Zones U/S and D/S 19,284 CY $30.00 578,516
3 Impervious Core 56,887 CY $15.00 853,312
4 Foundation Excavation 46,114 CcY $9.50 438,079
5 Foundation Grout Curtain 1 LS $1,060,734.99 1,060,735
6 Spillway Construction 1 LS $8,481,120.00 8,481,120
T, Regulating Outlet and Stilling Basin 1 LS $2,500,000.00 2,500,000
8 Relocations 1 LS $0.00 0|
9 Fish Passage (Trap and Haul) 1 LS $7,700,000.00 7,700,000
10 Clearing grubbing dewatering and miscellaneous foundation work 1 LS $2,951,600.00 2,951,600
Subtotal 26,874,536/
Mobilization and Demobilization at 9% 2,418,708|
Subtotal Construction Field Costs 29,293,244
Contingency @ 30% 8,787,973
Total for Construction Field Cost 38,081,217 |
Indirect @ 32% 12,185,990
Total Project Cost 50,267,207
SUBTOTAL THIS SHEET
QUANTITIES PRICES
Terrance Shane Cline,
Hsu, HDR HDR
Engineering, Richard Hannan, HDR Engineering,
IBY Richard Hannan, HDR Engineering, Inc. CHECKED Inc. 134 Engineering, Inc. CHECKED Inc.
DATE PREPARED Reformatted from July 2009 estimate PEER REVIEW / DATE DATE PREPARED PEER REVIEW / DATE
Reformatted from July 2009 estimate
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BUREAU OF RECLAMATION

ESTIMATE WORKSHEET

SHEET 2 OF 4

FEATURE:

|Details 1 of 3

Hardman Site Embankment Dam

|PrROJECT:
Eastern Oregon Water Storage Appraisal Study

WOID:
|REGION:
FILE:

|ESTIMATE LEVEL:
JuNIT PRICE LEVEL:

Appraisal
July-09

PLANT
ACCOUNT

PAY ITEM

DESCRIPTION

CODE QUANTITY UNIT UNIT PRICE AMOUNT

Information in this spread sheet is from TAB "Hardman"

Shell material U/S and D/S

135,951 cY $17.00 $2,311,173

Excavate, haul, place and compact suitable material from

on-site including material fram spillway excavation and

local borrow areas. Material will be granular and free draining.
unit price of $17.00/CY based on (HDR 2009)

Filter Zones U/S and D/S

Material assumed to be manufactured off-site from regional deposits

19,284 CcY $30.00 $578,516

of sand and gravel to meet filter criteria. Cost covers procurement,
hauling, placing, and compaction. A unit price of $30.00/CY based

on (HDR 2009)

Impervious Core

56,887 cY $15.00 $853,312

Excavate, haul, place and compact suitable material from

on-site borrow located in U/S reservoir area

Material will be suitable clay or silt clay mix compacted at appropriate

moisture content. Watering is assumed.

unit price of $15.00/CY based on (HDR 2009)

Foundation Excavation

This item assumes that unsuitable foundation material extends to

46,114 CcY $9.50 $438,079

an average depth of 10 feet on abutments and valley section.

Unsuitable material would be wasted on site. Suitable material

would be stockpiled for use in the embankment. This costs covers

excavation, and hauling to disposal or stockpile at Unit Cost
of $9.50 (HDR 2009) SUBTOTAL THIS SHEET

QUANTITIES

PRICES

|BY

Richard Hannan, HDR Engineering, Inc.

Terrance
Hsu, HDR
Engineering,

CHECKED Inc.

Shane Cline,
HDR
Engineering,
Inc.

Richard Hannan, HDR

IBY Engineering, Inc. CHECKED

DATE PREPARED

PEER REVIEW / DATE

DATE PREPARED PEER REVIEW / DATE
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BUREAU OF RECLAMATION ESTIMATE WORKSHEET SHEET 3 OF 4
FEATURE: |PrROJECT:
Eastern Oregon Water Storage Appraisal Study
Hardman Site Embankment Dam
WOID: |ESTIMATE LEVEL: Appraisal
|ReGION: |UNIT PRICE LEVEL: July-09
Details 2 of 3 FILE:
.- 3
£ § S DESCRIPTION CODE QUANTITY UNIT UNIT PRICE AMOUNT
=g £
Information in this spread sheet is from TAB "Hardman"
5 Foundation Grout Curtain 1 LS $1,060,734.99 $1,060,735
Cost for construction of the grout curtain was derived from the
original CH2M-Hill design and cost estimate for the North Powder
Project (PVWCD 1980) indexed to 2009 level and adjusted for the
size and configuration at the Hardman Site. The cost is assumed to
cover cost of drilling, grouting, and water testing.
6 Spillway Construction 1 LS $8,481,120.00 $8.481,120
Cost for construction of the Spillway Construction was derived from the
original CH2M-Hill design and cost estimate for the North Powder
Project (PVWCD 1980) indexed to 2009 level and adjusted for the
size and configuration at the Hardman Site. The cost is assumed to
cover cost of spillway and stilling basin construction.
7 Regulating Outlet and Stilling Basin 1 LS $2,500,000.00 $2,500,000|
Cost for construction of the Regulating Outlet and Stilling Basin was derived from the
original CH2M-Hill design and cost estimate for the North Powder
Project (PVWCD 1980) indexed to 2009 level and adjusted for the
size and configuration at the Hardman Site.
SUBTOTAL THIS SHEET
IQUANTITIES PRICES
Terrance Shane Cline,
Hsu, HDR HDR
Engineering, Richard Hannan, HDR Engineering,
IBY Richard Hannan, HDR Engineering, Inc. CHECKED Inc. 1BY Engineering, Inc. CHECKED Inc.
DATE PREPARED PEER REVIEW / DATE DATE PREPARED PEER REVIEW / DATE
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BUREAU OF RECLAMATION ESTIMATE WORKSHEET SHEET 4 OF 4
FEATURE: |PROJECT:
Eastern Oregon Water Storage Appraisal Study
Hardman Site Embankment Dam
WOID: IESTIMATE LEVEL: Appraisal
|REGION: IUNIT PRICE LEVEL: July-09
Detail 3 of 3 FILE:
EE g
< 8 i DESCRIPTION CODE QUANTITY UNIT UNIT PRICE AMOUNT
=2 g
8 Relocations 1 LS $0
Based on the Rail Guich USGS 7.5 min. quad sheet the existing
USFS road lies above the maximum water surface of 4330 feet, and
no relocations will be required.
9 Fish Passage (Trap and Haul) 1 LS §7,700,000 7,700,000
Fish Passage costs are based on conceptual level designs for
similar projects. The results were obtained and incorporated into an
alternative study at another site (HDR 2009). Since the size of the
streams were of the same order of magnitude those cost were used for this
project with adjustments for project size.
10 Clearing grubbing dewatering and miscellaneous foundation work 1 LS $2,951,600.00 2,951,600
Clearing, grubbing, dewatering and miscellaneous cost were taken
from the original CH2M-Hill 1980 cost estimate for North Powder and indexed to 2009.
No adjustments were made for differences between N.P. and Hardman.
11 Mobilization and Demobilization
Mobilization and Demobilization was developed by reviewing values
used for other project of similar size and complexity. A value of
9% of the Field Construction cost before contingency was found to be
a typical. (HDR 2009, USACE 2006, USACE 2008)
Contingency
A contingency of 30% has been applied to the unit costs and
mob and demob. This was selected due to the uncertainties
associated with the quantities, uncertainties associated with
the final project configuration, and to cover missed work tasks.
Indirect Cost
Indirect at 32% - See Section 4 or the main report for description
SUBTOTAL THIS SHEET
QUANTITIES PRICES
Terrance
Hsu, HDR
Engineering, Richard Hannan, HDR Shane Cline, HDR
|sY Richard Hannan, HDR Engineering, Inc. CHECKED Inc. |BY Engineering, Inc. CHECKED Engineering, Inc.
[DATE PREPARED PEER REVIEW / DATE DATE PREPARED PEER REVIEW / DATE
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Eastern Oregon Water Storage Appraisal Study — Appendix C

Table C-2. Thief Valley Cost Estimate Worksheets

BUREAU OF RECLAMATION ESTIMATE WORKSHEET SHEET 1 OF 4
|FEATURE: PROJECT:
Eastern Oregon Water Storage Appraisal Study
Thief Valley Dam Raise
WOID: IESTIMATE LEVEL: Appraisal
REGION: IUNIT PRICE LEVEL: July-09
|Summary Sheet 1 of 1 FILE:
[ =
53 g
g3 £ DESCRIPTION CODE QUANTITY UNIT UNIT PRICE AMOUNT
e H
The Thief Dam Raise Storage Project consists of:
Raising the existing 73 ft high concrete slab and buttress dam
by placing an RCC section on the D/S side to raise the spillway
crest and abutments to the new spillway crest elevation of 3178 ft.
Access road construction and recreations facility relocation would
be required and possibly a Trap and Haul Fish Facility.
1 Roller Compacted Concrete (RCC) 131,396 CcYy $150.00 19,709,326
2 Spillway Backfill (CDF) 19,000 cYy $70.00 1,330,000
3 Stilling Basin RCC 1 LS $925,000.00 925,000
4 Foundation Excavation 3,907 CY $70.00 273,481
5 Foundation Grout Curtain Extension 1 LS $300,000.00 300,000
] Extend Outlets 1 LS $200,000.00 200,000
7 Dowels 1 LS $13,000.00 13,000
8 Clearing and Dewatering 1 LS $20,000.00 20,000
9 Relocations 1 LS $150,000.00 150,000
10 Fish Passage (Trap and Haul) 1 LS $9,700,000.00 9,700,000
Subtotal 32,620,807
Mobilization and Ds bilization at 9% 2,935,873
Subtotal Construction Field Costs 35,556,680
Contingency @ 30% 10,667,004
Total for Construction Field Cost 46,223,684
Indirect @ 32% 14,791,579
Total Project Cost 61,015,263
SUBTOTAL THIS SHEET
DUANTITIES PRICES
Terrance Shane Cline,
Hsu, HDR HDR
Engineering, Richard Hannan, HDR Engineering,
sy Richard Hannan, HDR Engineering, Inc. CHECKED Inc. BY Engineering, Inc. CHECKED Inc.
DATE PREPARED Reformatted from July 2009 estimate PEER REVIEW / DATE DATE PREPARED PEER REVIEW /| DATE
Reformatted from July 2009 estimate
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BUREAU OF RECLAMATION ESTIMATE WORKSHEET SHEET 2 OF 4
FEATURE: PROJECT:
Eastern Oregon Water Storage Appraisal Study
Thief Valley Dam Raise
WOID: IESTIMATE LEVEL: Appraisal
REGION: IUNIT PRICE LEVEL: July-09
|Details 1 of 3 FILE:
e 2 o
5 g ; DESCRIPTION CODE QUANTITY UNIT UNIT PRICE AMOUNT
< o
Information in this spread sheet is from TAB "Thief V*
1 Roller Compacted Concrete (RCC) 131,396 CcY $150.00 $19,709,326,
Assumes construction of a full height spillway section and spillway
walls on the D/S side of the existing structure. The existing structure
would form the U/S face and serve as a cofferdam. The abutments
would be raised and walls placed on both side of the spillway section
$150.00/CY includes the cost of the RCC, hauling, and placing.
It is assumed that the RCC will come from off-site. This price was
developed for a similar project with similar quantities. (HDR 2009)
2 Spillway back fill (low-strength flowable Controlled Density Backfill (CDF) ) 19,000 CY $70.00 $1,330,000
This material would be used to fill the voids in the buttress structure
and would be placed concurrent with RCC placement. A cost of
$70/CY was assumed based on information from the Oregon State
Department of Transportation Unit Price Data Base (ODOT 2008)
3 Stilling Basin RCC 1 LS $925,000.00 $925,000
It was assumed that a stilling basin would be required for this
structure. The size of the stilling basin was assumed independent
of the structure height and it's cost was computed as a LS.
4 Foundation Excavation 3,907 CcY $70.00 $273,481
Includes excavation of overburden and loose rock from the foot
print of the new structure. Some demolition of the existing
structure will be required and is included in this quantity.
A cost of $200/CY was assumed due to the amount of sound rock and
concrete that would need to be excavated.
SUBTOTAL THIS SHEET
QUANTITIES PRICES
Terrance Shane Cline,
Hsu, HDR HDR
Engineering, Richard Hannan, HDR Engineering,
|BY Richard Hannan, HDR Engineering, Inc. CHECKED Inc. BY Engineering, Inc. CHECKED Inc.
DATE PREPARED PEER REVIEW / DATE DATE PREPARED PEER REVIEW / DATE
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BUREAU OF RECLAMATION ESTIMATE WORKSHEET SHEET 3 OF 4
FEATURE: PROJECT:
Eastern Oregon Water Storage Appraisal Study
Thief Valley Dam Raise
WOID: ESTIMATE LEVEL: Appraisal
REGION: UNIT PRICE LEVEL: July-09
Details 2 of 3 FILE:
E =
% g E DESCRIPTION CODE QUANTITY UNIT UNIT PRICE AMOUNT
=g &
Information in this spread sheet is from TAB "Thief V"
5 Foundation Grout Curtain Extension 1 LS $300,000.00 $300,000
Cost for construction of the grout curtain was derived from the
original CH2M-Hill design and cost estimate for the North Powder
Project (PVWCD 1980) indexed to 2009 level and adjusted for the
size and configuration required at Thief Valley. The cost
covers drilling, grouting, and water testing.
6 Extend Outlets 1 LS $200,000.00 $200,000
The outlet pipe and controls would need to be moved downstream
to the toe of the new structure. It was assumed that the final
configuration would be of a similar design to the existing design.
Cost were developed based on similar work that was part of alternatives
for Fish water supplies at The Dales Dam (HDR 2008)
b Dowels 1 LS $13,000.00 $13,000
Incorporation of the new RCC structure into the existing Concrete
will require the drilling and grouting of dowels into the new structure.
It was assumed that about 100 dowels would be installed. Each would
extend 5' info the existing structure. A cost of $130/dowel was assumed
8 Clearing and Dewatering 1 LS $20,000.00 $20,000
Limited clearing and relatively inexpensive dewatering was assumed.
A value of $20,000 was selected.
9 Relocations
New access roads would need to be constructed. It was assumed 1 LS $150,000.00 $150,000|
that about 3300 feet of road at $45/foot would be required.
SUBTOTAL THIS SHEET
IQUANTITIES PRICES
Terrance Shane Cline,
Hsu, HDR HDR
Engineering, Richard Hannan, HDR Engineering,
I8y Richard Hannan, HDR Engineering, Inc. CHECKED Inc. BY Engineering, Inc. CHECKED Inc.
DATE PREPARED PEER REVIEW / DATE DATE PREPARED PEER REVIEW / DATE
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BUREAU OF RECLAMATION ESTIMATE WORKSHEET SHEET 4 OF 4
FEATURE: PROJECT:
Eastern Oregon Water Storage Appraisal Study
Thief Valley Dam Raise
'WOID: IESTIMATE LEVEL: Appraisal
REGION: IUMT PRICE LEVEL: July-09
Detail 3 of3 FILE:
H ]
g § ; DESCRIPTION CODE QUANTITY UNIT UNIT PRICE AMOUNT
< a
10 Fish Passage (Trap and Haul) 1 LS $9,700,000 9,700,000

Fish Passage costs are based on conceptual level designs for

similar projects. The results were obtained and incorporated into an

alternative study at another site (HDR 2009). Since the size of the

streams were of the same order of magnitude those cost were used for this

project with adjustments for project size.

1 Mobilization and Demobilization

Mobilization and Demobilization was developed by reviewing values

used for other project of similar size and complexity. A value of

9% of the Field Construction cost before contil was found to be

a typical. (HDR 2009, USACE 2006, USACE 2008)

Contingency

A contingency of 30% has been applied to the unit costs and

A contingency of 30% has been applied to the unit costs and

mob and demob. This was selected due to the uncertainties

associated with the quantities, uncertainties associated with

th(=7l final _prqjec_t__ognﬁgurali_on_, a_nd to covgr_rqissed_yvorl_c la_gks_,

Indirect Cost
Indirect at 32% - See Section 4 or the main report for description.
SUBTOTAL THIS SHEET
QUANTITIES PRICES
Terrance
Hsu, HDR
Engineering, Richard Hannan, HDR Shane Cline, HDR|

IBY Richard Hannan, HDR Engineering, Inc. CHECKED Inc. |BY Engineering, Inc. CHECKED Engineering, Inc.
DATE PREPARED PEER REVIEW / DATE DATE PREPARED PEER REVIEW / DATE
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Appendix C— Appraisal Report Calculations

Table C-3. North Powder Cost Estimate Worksheets

BUREAU OF RECLAMATION ESTIMATE WORKSHEET SHEET 1 OF 4
FEATURE: PROJECT:
Eastern Oregon Water Storage Appraisal Study
North Powder River Embankment Dam Site
WOID: IESTIMATE LEVEL: Appraisal
REGION: |UNIT PRICE LEVEL: July-09
Summary Sheet 1 of 1 FILE: S
- ]
% ?J ;—__ DESCRIPTION CODE QUANTITY UNIT UNIT PRICE AMOUNT
&g H
The North Powder River Storage Project consists of:
169 foot high zoned embankment dam
Regulating Outlet and conduit
Spillway
Relocated Road
Trap and Haul Fish Facility
il |Shell material U/S and D/S 1,019,647 cY $17.00 17,333,999
2 Filter Zones U/S and D/S 62,174 CcY $30.00 1,865,208
3 Impervious Core 127,844 cY $15.00 1,917,667
4 Foundation Excavation 276,010 cY $9.50 2,622,098
5 Foundaticn Grout Curtain 1 LS $1,958,499.20 1,958,499
6 Spillway Construction 1 LS $8,481,120.00 8,481,120
7 Regulating Outlet and Stilling Basin 1 LS $2,500,000.00 2,500,000
8 Relocations 1 LS $9,000,000.00 9,000,000}
9 Fish Passage (Trap and Haul) 1 LS $12,000,000.00 12,000,000
10 Clearing grubbing dewatering and miscellaneous foundation work 1 LS $2,951,600.00 2,951,600
Subtotal 60,630,191
Mobilization and Demobilization at 9% 5,456,717|
Subtotal Construction Field Costs 66,086,908
Contingency @ 30% 19,826,072,
Total for Construction Field Cost 85,912,981
Indirect @ 32% 27,492,154
Total Project Cost 113,405,134
SUBTOTAL THIS SHEET]
RUANTITIES PRICES
Terrance Hsu, Shane Cline,
HDR HDR
Engineering, Richard Hannan, HDR Engineering,
BY Richard Hannan, HDR Engineering, Inc. CHECKED Inc. BY Engineering, Inc. CHECKED Inc.
DATE PREPARED Reformatted from July 2009 estimate PEER REVIEW / DATE DATE PREPARED PEER REVIEW / DATE
Reformatted from July 2009 estimate
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BUREAU OF RECLAMATION ESTIMATE WORKSHEET SHEET 2 OF 4
|FEATURE: |PROJECT:
Eastern Oregon Water Storage Appraisal Study

North Powder River Embankment Dam Site

WOID: ESTIMATE LEVEL: Appraisal
|REGION: UNIT PRICE LEVEL: July-09

|Details 10f3 FILE: CD and 1naniy D IDR PROJECTS\Burn! &)
Powder River Feasibility\EstWrkshtTemplate042310 xis]Template Sheet 1

DESCRIPTION CODE QUANTITY UNIT UNIT PRICE AMOUNT

PLANT
ACCOUNT
PAY ITEM

Information in this spread sheet is from TAB "N Powder"

1 Shell material U/S and D/S 1,019,647 cY $17.00 $17,333,999]

Excavate, haul, place and compact suitable material from

on-site including material from spillway excavation and

local borrow areas. Material will be granular and free draining.
unit price of $17.00/CY based on (HDR 2009)

2 Filter Zones U/S and D/S
Material assumed to be manufactured off-site from regional deposits 62,174 cY $30.00 $1,865,208]

of sand and gravel to meet filter criteria. Cost covers procurement,

hauling, placing, and compaction. A unit price of $30.00/CY based
on (HDR 2009)

3 Impervious Core 127,844 cYy $15.00 $1,917,667
Excavate, haul, place and compact suitable material from

on-site borrow located in U/S reservoir area

Material will be suitable clay or silt clay mix compacted at appropriate

moisture content. Watering is assumed.
unit price of $15.00/CY based on (HDR 2009)

4 Foundation Excavation 276,010 CY $9.50 $2,622,098

This item assumes that unsuitable foundation material extends to

an average depth of 20 feet on abutments and valley section

Unsuitable material would be wasted on site. Suitable material

would be stockpiled for use in the embankment. This costs covers

excavation, and hauling to disposal or stockpile at Unit Cost
of $9.50 (HDR 2009) SUBTOTAL THIS SHEET
QUANTITIES PRICES

Terrance Shane Cline,

Hsu, HDR HDR
Engineering, Richard Hannan, HDR Engineering,
IBY Richard Hannan, HDR Engineering, Inc. CHECKED Inc. 538 Engineering, Inc. CHECKED Inc.

DATE PREPARED PEER REVIEW / DATE DATE PREPARED PEER REVIEW / DATE
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BUREAU OF RECLAMATION ESTIMATE WORKSHEET SHEET 3 OF 4
FEATURE: |PROJECT:
Eastern Oregon Water Storage Appraisal Study
North Powder River Embankment Dam Site
WOID: ESTIMATE LEVEL: Appraisal
REGION: UNIT PRICE LEVEL: July-09
| Details 2 of 3 FILE: Socuments
Lz o]
E g ; DESCRIPTION CODE QUANTITY UNIT UNIT PRICE AMOUNT
k- ¢ o
Information in this spread sheet is from TAB "N Powder"
5 Foundation Grout Curtain 1 LS $1,958,499.20|  $1,958,499
Cost for construction of the grout curtain was derived from the
original CH2M-Hill design and cost estimate (PVWCD 1980)
indexed to 2009 level and adjusted for the reduced foundation size.
The cost is assumed to cover cost of drilling, grouting, and water
testing
6 Spillway Construction 1 LS $8,481,120.00| $8,481,120
Cost for construction of the spillway and spillway channel was derived
from the original CH2M-Hill design and cost estimate (PVWCD 1980)
indexed to 2008 level. It was assumed that the configuration would be
similar but lower on the abutment. The cost is assumed to cover cost of
of excavation and concrete placement
7 Regulating Outlet and Stilling Basin 1 LS $2,500,000.00|  $2,500,000
Cost for construction of the regulating outlet and outlet conduit was derived
from the original CH2M-Hill design and cost estimate (PVWCD 1980)
with modifications. The original configuration assumed a tunnel.
This estimate assumes a cut and cover excavation for the outlet conduit
and that the conduit would be sized to provide for diversion during
construction similar to the original plan. Unit costs from the 1980
estimate related to tunneling were remove from the original Regulating
Outlet estimate.
SUBTOTAL THIS SHEET
[QUANTITIES PRICES
Terrance Shane Cline,
Hsu, HDR HDR
Engineering, Richard Hannan, HDR Engineering,
BY Richard Hannan, HDR Engineering, Inc. CHECKED Inc. BY Engineering, Inc. CHECKED Inc.
DATE PREPARED PEER REVIEW / DATE  |DATE PREPARED PEER REVIEW / DATE
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BUREAU OF RECLAMATION ESTIMATE WORKSHEET SHEET 4 OF 4
|FEATURE: PROJECT:
Eastern Oregon Water Storage Appraisal Study
North Powder River Embankment Dam Site
\WOID: ESTIMATE LEVEL: Appraisal
REGION: UNIT PRICE LEVEL: July-09
Detail 3 of 3 FILE: C\D and y D {DR PROJECTS\Burnt & Powder
River Feasibility\(EstWrkshiTemplate042310.xis| Template Sheet 1
= =
% g g DESCRIPTION CODE QUANTITY UNIT UNIT PRICE AMOUNT
=2 g
8 Relocations 1 LS $9,000,000 9,000,000,
Relocation cost are based on the estimate from Browne Consulting
(Browne 2008) and adjusted to reflect the reduced mileage of required
road and utility relocations.
9 Fish Passage (Trap and Haul) 1 LS $12,000,000 12,000,000
Fish Passage costs are based on conceptual level designs for
similar projects. The results were obtained and incorporated into an
alternative study at another site (HDR 2009). Since the size of the
streams were of the same order those cost were used for this
project with some adjustments for project size.
10 Clearing grubbing dewatering and miscellaneous foundation work d LS $2,951,600.00 2,951,600
Clearing, grubbing, dewatering and miscellaneous cost were taken
from the original CH2M-Hill 1980 cost estimate and indexed to 2009.
No adjustments were made for reservoir size.
" Mobilization and Demobilization
Mobilization and Demobilization was developed by reviewing values
used for other project of similar size and complexity. A value of
9% of the Field Construction cost before contingency was found to be
a typical. (HDR 2009, USACE 2006, USACE 2008)
Contingency
A contingency of 30% has been applied to the unit costs and
mob and demob. This was selected due to the uncertainties
associated with the quantities, uncertainties associated with
the final project configuration, and to cover missed work tasks.
Indirect Cost
Indirect at 32% - See Section 4 or the main report for description.
SUBTOTAL THIS SHEET
QUANTITIES PRICES
Terrance
Hsu, HDR Shane Cline,
Engineering, Richard Hannan, HDR HDR
IBY Richard Hannan, HDR Engineering, Inc. CHECKED Inc. BY Engineering, Inc. CHECKED Engineering, Inc.
DATE PREPARED PEER REVIEW / DATE  |DATE PREPARED PEER REVIEW / DATE

Final Eastern Oregon Water Storage Appraisal Study C-19



Appendix C— Appraisal Report Calculations

uoiyedwos pue ‘Suield ‘Juiney ‘Buissado.d ‘Fuiseydind JUOIIBABINS JO 1503 AL SAPN|IUI [BLIBEW JUSLLYUBGLUS JO 1500 JUn
1youd pue dmyjiew 1032e13U03 3PNPUL SIS0 JIUn
:suopdwnssy

uondas r_w_mw—u _mc_w_\_O 3y Ul sanjep

068’ vor'ovs [orz'ese'o Jese'a9r  ferc'est’e [est'ss |ese'ses  [est'me  [eziose'z | ov9 0zz zov_Jooz'zzz | ovg'ez |ooz'str | ooz'e | ooz'el | ooz'e | oow'9s [3 4 sze |ort'y | oes's | oze
615'516'€E5 [e66'cL’s Josty'sgy  [s29'999'¢ Jrto'ss  vre'vsy [rio'sc  [reo'see’t | s09 0z t€ fosz'ooz | ovt'az |osz'tor | ooo's | osz'st | ooo'e | ose'se (3 4 szz | ooy | o6L'c | o0€
poz’vOT'87S  [8/496E"y [TVO'vT9  |os6'STZ'Z |BvE'DL  [9T6'98€  |8¥E'0L  |BBT'ES'T| 595 07z ZSE  |000SLT wv'vz | ooz'ss | oos'z | oow'st | 008z | 008's9 [3 4 szz | ooy | o6 | 08T
659°286'225 |ost'1z9'e |osc'evs  [o6v'sTe'T Jret'ze  eee'9ze Jrit'es  [sre'zset | ses 0zz tze fost'tst | ove'zz | oso'sz | oosz | osg'er | oog'z [ oss'9s [ 2 szz | oso'v | o6 | 09z
oes’zzs'ets [ves'ivee fees'cev  [ere’oey’T [Bevvs  fies'esz [BLv'bs  [v9s'eB0’T | vevb 0z 10€ Joog'szr | ovo'tz | oos'vs | oov'z | ooozr | oov'z | ooo'sy ZE 2 szz | oe0'v | o6’ | ove
S81°202'STS [B9L'veEv'T fs6s'vey  |osz'Zie’T [Tze'8y  oserez  [rze'sy  [ops'ves osy 0zz 08z |r9e'ziT | ses'er | swe'ss | oez'z | 9.9'0r | o€z'z | €sTIv (3 z szz | ero'y | o6L'e | €2z
pc2'S99'vTS |9TL'TSE'E [esS'sTy  |6ve'e9L'T |TLe'sy  |9es'vee  [rie'iv  [0e9'zos L 0zt 9.2 |0st'60T ove'sT | OSt'rs 00Z'? 0S¥'0T 002't 0ST'0F [43 [4 szz | oto'y | o6L's | ozz
osL'ELETTS [Iv6'vyR'T [SE9'LsE  fece'ZT6  [evs'Ov  |L9v'sT  [ews'or  |rr0'699 POy 0z 152 |ooo'te 0r9'LT | 0oo'sy | 0002 000'6 000z | 000t (3 z szz | oss't | 06t | 002
oor'e09'ss  [ste'ste'T fJove'eoe |tec'ves |rieve  foze'svt |rre've  [es0’9os £9€ 0z 97z  |osz've ov6'sT | osv'9e | 008'T 059'2 008'T | 05592 43 z szz | oes'e | o6’ | o8t
£se'982°26  [S99'60Z°T |oT0'9LZ  [8E0°16S  [£80°TE  |pve'szT  |i80'1E€  |GD9'BZY e 0zz ztz  |eas's9 s00°'sT | 1€T'Z€ | 069'T 0569 069'T | tog'Ez (43 z sz'z | ese't | 06’ | 691
Loe’t1e'9s  [ps9'9so’t feot'vsz  fevo'vis  |ess'sz |eez'vit  |gss'sz |4sz'lLE £7€ 0z 102 fooz'ss ovz'vl | oog'sz | 009'T 00%'9 009't | oos'oz (3 4 szz | ose't | 06’ | 091
psv'sc9'es  |pe1'se9  fiee's8T  fosL'vOE  feEg’or fiws'se  [eeg'0z  [s0z'91c 29¢ [[4 £91  |EIB'6E 069'1T | £10%6T 00E'T 1LY 00£'T 88Y'ET [3 [ sz'z | oze't | 06L'E 0ET
[P1i'e86'cs  |lev'scs  |e6l's9T  |r98'eve  [BOS'ST 08t [80S'8T 0E8'9LT (44 144 1sT  jooz've 08’0t | ooz'9t 002'T 00Z'y 002"t 00¥'1T 3 [ sZ'z | 016't | O6L'E (43
vTe7/8'TS  [p19'vpe  Jo68'67T  |S¢8'6ST  [TTZ'vT  |98T'9r  [TTZ'WT  [9ET'OTT 202 0z 97T fosz've ovt's | 052'TT | 000°T 0ST'E 000'T 0SL'L (3 4 szz | oes't | 06 | 00T
609'090'TS  [oee'z0z [poc'os  |68s'Es  |eee'or  |oet'ie  [ese’0T  [e6E‘Zo 191 0z 00T fooo'at o' 00Z'L 008 00’2 008 008'y i3 T szz | o't | o6s'e 08
oz60155 cee'tir fise'zs fesctv feeo's ZL0°L v50°0€ 121 0z s |ost's ove's 050y 009 059'T 009 0557 43 7 szz | os8't | o6’ 09
v 'BLLS ceg'sy  fors'zy  feso'sl  fezE'v 622"t ££5°0T 18 0z 0s ooy ovo'y 008'T ooy 000'T [ 000'T (3 3 szz | oeg'e | o6’ | ov
osg'ezs £(S'€T |roe'tE 1z'y Z/8'T 2481 o't [ [ s¢  |osy't OvE'e 0sy 002 (4 00C 0s1T 3 ¢ szz | o18't | 06L'E [

pANY/ 1509 spa 21gn2 | spa 21gnD | spa 21gnD | spa 21gnD | spa 21gnd | spa aignd [spaagna | 393y 129§ 1234 133)bg | 1@3pbs | 183ybs | 193ybs | 1933bs | 1934 bs 123 bg vaay | 1zom | 1/zom | 109y 103y 103y

apis uolaas yipiw | adojs adojs [ETE) [ETE]
00°LTS loA[eoL | X3 punod | 112ys 5/a | Jeuis/a | 2400 |43 S/N | 112YS §/N B | Asyjen [P HBI[e3aV IEI0LL X3 pUROS | I13US s/a|suys/a| a0y uends/nfuRuss/ng o /a sin | e | aseq sy
LHOI3H WV AG 1534 (udisap Bupisixa uodn paseq)
113YS 5/n 1HDI3H WYA A8 INNTOA 1 SINVLEE TR OTREE LHOI3H INYA A9 YIHY TYNOILI3S SSOHD 16V NOLLYNIWH2130 H21 TINVHVA/LHIIH

(2/4+4+STOHULOT) - (Z/4aYsT

(Z/4:U£SZ'0) + (T/UU4T) = (Z/UaYsI2)

IUBISIP 3pIs WYl , 2/(D + B3ly) + (30UBISIP UDIIAS A3|[BA , BAIY) + 'ISIP 3PIS 3|, Z/(B3lY + 0) = [OA

uoaas Aajjea jo 1ysu |

318w + U0Ias A3j|eA Ul |eLIRIEW + AJJ|EA JO 3] [ELAIEW = |OA

“1B|} 51 U0NII3S A3||BA 341 PUE WUOJIUN A[9AIE[3] 348 $2d0|S JUBWINGE 3y JEY] SLUNSSE SUOJIEINdLLIOD SWN|oA

adojs) + (2/U.l,3d0IS $/p) = B1]14 JO $/P GWIS + GLUB 5/ = ||3YS §/q EBIY

U.2/[U.SZ'0+0Z) +02) =I0A USZ'0+0Z = WIPIM 35Eq 0 = YIPIM 15313 (4, Z/(3500 JO 3pim + do) JO apim) = 3103 L edly

Yu0T = W, Ipim = 13y 5/Q pue s/n easy

(15212 Jo 5/n quia)-{1a1)ly 5/n) - [Z/U,Y.2d0|s 5/n) = (3531 JO 5/n snolasadw) pue Jayy) - QA S/n BaJY = ||ayYs /N ealy

SuDjg wWog 43y 1apmod yriop busixa fo uonpinbifuos uodn pasoq wop fo A1awoas -
wop joagaylodAy fo jybiay sad awnjoa pup 3soJ -
43aMOd HLYON

Final Eastern Oregon Water Storage Appraisal Study

C-20



Eastern Oregon Water Storage Appraisal Study — Appendix C

8S8'£TLS Tst'vTe'zees [ser'ors'ess Jeoe'vat'scts [eev'ees'vrs ooo'ooe’zts Jooo'ooo’sts Jooo'tse'zs Jooo'oos'zs Jozr'tsv'ss  [oos‘orz'es  [oze'osz'es [ser'eseess [ros'vws'es [eerveess  [ror'vwe'zs
259°069 505'561°2025 |LvE'PI8LPS [BST'IBE'GSTS [P16'6ST'ELS J000'006'9TS  J000°000°STS [009'TS6'2S  [000'00s'zs  JozT'Tsy'ss  oec'vw0'es  [orz'ovs’os  |seo'zee’sys [eec'ose’zs  [eosvis'as  Jeecorees
660'9595 o19°202°€8TS [ro0'v6ETrS [orS'ETETFTS [160'899°TIS [000'002'9TS Joo0'000°STS [009°TS6'CS  |00000s'TS  |oziisy'ss  [e68'8i8Ts  [reeees’ss [e6ST9'ces [esv'OTr’es  |evs'e0s’ss  [esvorres
£96'929% lceet10'e9ts [B66'219°2 €S [Beeeee'sels [pes'ese’ors Jooo'oos'sts fooo'ooo’sts foog'tse'zs  fooo'ooses  Joei'isv'ss  foso'erc’es  |ezo'sor'ss  [eev'vie’0es [rer's9s’ts  |ese'sesvs  [rz1's98lS
££9'109$ 16 T6e TS [TTz'TzeceS [ros'0c0'TTTS [626°041°65  fooo‘000'sTS Jono'000°sTS [009°'TS6'ZS  Jooo'00s'TS  fozt'isvy'ss  |ozz'ivs'zs [szrizesws  [pos'soo'szs [ivevea'ts  r9s'sgo’vs  |ive'veaTs
670'EBSS 28'6T0'0ETS |r£S'v0O0'0ES JL¥E'STODOTS OpT'ese’ss  Jo00'00Z'vTS JO00'000'STS J009°TS6'ZS  [000'00S'zs  JozT'18r'ss  Jooo'sor'zs  |9S9'EE0'wS  |rsz's09'0es [079'6vt'TS  |EPO'OLP'ES  JOTO'6rEIS
T9v'085$ seh'T0L'LTTS [195'69v'62S [s98'1ez'86$ [BBB'OTI8S  |oo0‘'00TvT$ [000'000'STS [009TSE'zs  [ooo'ooszs  Joer'isv'ss  ese'tsees [svrive'es  |eer'ess’srs ozi'sty'ts  |seo'soces  fozr'sieTs
205'£95% [rEr'00S'€TTS [ov'z6T'9zS |ozo'sos’z8s |oze'soz’ss  fooo'oos'ers fooo'ooo'sts |oootse'zs  |ooo'ooszs  Jorr'isw'es  Jows'stz's  ers'iee’€s  |e99'e0s'sts [rrv'ore’ts  foooLeczs  ferviore'ts
89Z'0KSS lesz'eve'zes fei6'Trr'ezs |pse'oos'vss [ec9'9s1'9s  fooo'oot’ers fooo'ooo’zis foo9‘tse'zs  fooo'oos'zs  Jozi'isv'es  [eos'ev0’es  osv'ose'zs  |ewv'tigtis |oze'szo'ts  |soezgtzs  foze'seo'ts
T9E‘80SS 186°716'S8% [2£0'978'61$ [806°980°99% |L1.'9st's$  |000°000°Z1$ |000000°65  [009°1S6°ZS  |000°00S°ZS  0ZT'I8v'8S  |660°8S6°TS  [860°ZZ9'ZS  [Zv9'Lp0OTS |r09°ZEGS 199°L16'TS  [pD9'ZEES
080'T15% love'zee'ts |reo‘oss’sts [eTT'zoe’zos [ese'ser’ss  Jooo'ooo'zrs fooo'ooo'es  fooo'tse'zs  |ooo'oos'zs  Jozi'isr'ss  |ess'ess’Ts  [ges'viv'zs  |ore'ses’ss  [ivi'osss E6v'ETL'TS  |Lve'9sss
D€L VEVS p16°¢TE'Y9S |PO6'TPE'YTS [ETO'ELv'6YS [BTZ6'V80'PS  J000°008'0TS |000°000'9S  [0D9°TS6'ZS  |000°00S'ZS  JozT'i8y'8s  [8TTI'SEQTS  [eTe'o8L'TS  [|960°'T81'SS  |0L1°529% TZTEET’TS  |ost'szes
6982815 IPee'vr6'LsS |LOLTLE'ETS |eas'tis'yrs [E0E'089°€S  |000°005°0TS [000°000vS  [009°Ts6'TS  [ooo'0os'es  Joriisr'es  |eeT°Tas'TS  |eee'88S'TS  [889'ivTvs  |esTiesss £69'TL65 £52'5555
88Z'L8VS looc'8es'srs |ee0'swz' TS [e99'e8r'zes [186've0'es  Jooo'00s'6$  fooo'000'zs  foo9'tse'zs  fooo'oos'zs  Joer'isr'ss  ege'ose’ts  [rse'eec’ts  |scg'ite'es  [eee'oews 26L'2695 EEE'9TYS
9v5'6EPS Tr9'€9T'SES [989°PTI'BS  [pS6'8p0'LZS JOOP'EEZ'ZS  |000'000'SS oS looo'ts6'2S  Jooo‘oos'es  fozt'isy'ss  |ozs'ozets  [sEs'816S 6TO'T65'TS  [r96'TTES LP6° LIPS rI6°TTES
PSE'SESS pez'tzr'zes Jo6s'ziv'ss  [ve9'sos’ves [eot'or0’zs  Jooo'ooo’ss  Jos looo'tse'zs  Jooo'oos'zs  Jozi'ier'ss  [689'vS0'TS  |¢89'TROS 1971185 LPTTTZS Z0L'T6E5 LPT'TITS
266'81S lozo'ss6'62S Jorz'st6'9s  Joos'svo'ses [ezs'zoe’ts  Jooo'ooo’ss  |os looo'ts6'zs  fooo'oos'zs  Jozi'isv'ss  [ess'ssss 508'S0vS prS'szes 088'9z1$ jooo'ssts D88'9Z1S
255°9Tv'1S  [BEO'TES'8ES [oBO'vES'9S  [ES6'9r6'TES |PET'ZIS'TS  Jooo'oo0'ss oS 009°TS6'2S  J000°00S'2S  JOTT'I8'8S  |9TO'EZLS 680'8025 0T9°TLS 791955 S8T°E9S 917955
qor %0E SEHES qol qor qor qor qor qor pAna/isoy | pAnafisoy | pAnafasoy | pAnofisoy | pAna/isod
12103 siejjog 1509 %6 @ 0565 00'LTS 00°0ES 00°STS DO0ES
wcﬂwm‘___mwu AouaBunuoy |e1oigns | qowaq qoy | adessed ysi4 | suoiedojay m_ﬁmhwwmwﬂmv wcm_w_”mowm Aemds  |uieyn noig cc.:mvm_c:o"_ 113ys s/a 8y sfa al0) Jayi4 s/n

LHOI3H A9 150D Wvad

SUMOUNUR JBAOD 0} 3503 |10} 0} PapPe %0¢ Jo AauaBunuod v -

1502 UDIANJISUDD JO 946 2 01 PAWINSSE oW PUe qoIA -

(6007 ¥aH) 10aloud Jejiwis 1oy 1507 pajewysy “sa azis duiejal Juay uoser Ag papiaoad 11ey) 150) uo paseq 150) a3essed ysiq -

'sjuawainbal uonedojaJ JO S3|IW PAIELWNSa UD paseq PaJolde} pue gooz Sunjnsuo) aumo.g Aq Wodal 21ewiIsa 1503 ayl Ul paiuasald 1500 U paseq aJe 51500 UOIIel0|3Y -
1502 GOOZ 0} PaXapul pue ajewi}sa 1502 [eulSLO ay) WI0j UaY e} a1am 1500 SNOaUER||2ISIW pue ‘Suliajemap ‘Buliea|) -

600 01 paxapul a)ew|1sa 1500 uoianiisuo) jeudup uodn paseq 1s0] 19nQ Suiiendal pue ‘Aem

uojeAl[a p2323|as 1e painosd aq 03 wep Jo Yadua| , Aem||IdS WeQ J2pMOd YHON JO 3004/1500 LOdN paseq 1502 UeN) IN0ID -

‘[ela1eW 3Ry 0§ JUn /150 Ag auoz yaea jo awnjop Buidjdiinw Ag paindwod 1500 Juawyuequiy -

Cc-21

Final Eastern Oregon Water Storage Appraisal Study



Appendix C— Appraisal Report Calculations

Table C-4. East Pine Cost Estimate Worksheets

BUREAU OF RECLAMATION ESTIMATE WORKSHEET SHEET 1 OF 4
|FEATURE: PROJECT:
Eastern Oregon Water Storage Appraisal Study
East Pine Creek Embankment Dam Site
WOID: ESTIMATE LEVEL: Appraisal
REGION: UNIT PRICE LEVEL: July-09
|Summary Sheet 1 of 1 FILE:
ek 2
g é ')—t DESCRIPTION CODE QUANTITY UNIT UNIT PRICE AMOUNT
te &
The East Pine Creek Storage Project consists of.
220 foot high zoned embankment dam
Regulating Outlet and conduit
Spillway
Relocated Road
Trap and Haul Fish Facility
1 Shell material U/S and D/S 1,654,914 cY $17.00 28,133,534
2 Filter Zones U/S and D/S 84,327 cY $30.00 2,529,804
3 Impervious Core 518,610 CY $15.00 7‘779,149|
4 Foundation Excavation 205,259 CY $9.50 1,949,962'
5 Foundation Grout Curtain 1 LS $2,105,958.12 2,105,95
6 Spillway Construction 1 LS $8,481,120.00 8,481,120]
7 Regulating Outlet and Slilling Basin 1 LS $2,500,000.00 2,500,000
8 Relocations 1 LS $882,000.00 882,000
9 Fish Passage (Trap and Haul) 1 LS $14,000,000.00 14,000,000
10 Clearing grubbing dewatering and miscellaneous foundation work 1 LS $2,951,600.00 2,951,600
Subtotal 71,313,127
Mobilization and Demobilization at 9% 6,418,181
Subtotal Construction Field Costs 77,731,308]
Contingency @ 30% 23,319,392
Total for Construction Field Cost 101,050,700
Indirect @ 32% 32,336,224
Total Project Cost 133,386,925
SUBTOTAL THIS SHEET|
RUANTITIES PRICES
Terrance Shane Cline,
Hsu, HDR HDR
Engineering, Richard Hannan, HDR Engineering,
| 124 Richard Hannan, HDR Engineering, Inc. CHECKED Inc BY Engineering, Inc. CHECKED Inc.
DATE PREPARED Reformatted from July 2009 estimate PEER REVIEW / DATE DATE PREPARED PEER REVIEW / DATE
Reformatted from July 2009 estimate
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BUREAU OF RECLAMATION ESTIMATE WORKSHEET SHEET 2 OF 4
FEATURE: PROJECT:
Eastern Oregon Water Storage Appraisal Study

East Pine Creek Embankment Dam Site

'WOID: IESTIMATE LEVEL: Appraisal
REGION: IUNIT PRICE LEVEL: July-09
Details 10f3 FILE:

DESCRIPTION CODE QUANTITY UNIT UNIT PRICE AMOUNT

PLANT
ACCOUNT
PAY ITEM

Information in this spread sheet is from TAB "East Pine"

1 Shell material U/S and D/S 1,654,914 CY $17.00 | $28,133,534)

Excavate, haul, place and compact suitable material from

on-site including material from spillway excavation and
local borrow areas. Material will be granular and free draining
unit price of $17.00/CY based on (HDR 2009)

2 Filter Zones U/S and D/S
Material assumed to be manufactured off-site from regional deposits 84,327 CcY $30.00 $2,529,804]
of sand and gravel to meet filter criteria. Cost covers procurement,

hauling, placing, and compaction. A unit price of $30.00/CY based
on (HDR 2009)

3 Impervious Core 518,610 CcY $15.00 $7,779,149
Excavate, haul, place and compact suitable material from

on-site borrow located in U/S reservoir area

Material will be suitable clay or silt clay mix compacted at appropriate

moisture content. Watering is assumed.
unit price of $15.00/CY based on (HDR 2009)

4 Foundation Excavation 205,259 CcY $9.50 $1,949,962]

This item assumes that unsuitable foundation material extends to

an average depth of 18 feet on abutments and valley section.

Unsuitable material would be wasted on site. Suitable material

would be stockpiled for use in the embankment. This costs covers

excavation, and hauling to disposal or stockpile at Unit Cost
of $9.50 (HDR 2009) SUBTOTAL THIS SHEET|
QUANTITIES PRICES

Terrance Shane Cline,

Hsu, HDR HDR
Engineering, Richard Hannan, HDR Engineering,
IBY Richard Hannan, HDR Engineering, Inc. CHECKED Inc. BY Engineering, Inc. CHECKED Inc.

DATE PREPARED PEER REVIEW / DATE DATE PREPARED PEER REVIEW / DATE
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BUREAU OF RECLAMATION ESTIMATE WORKSHEET SHEET 3 OF 4
|FEATURE: PROJECT:
Eastern Oregon Water Storage Appraisal Study
East Pine Creek Embankment Dam Site
WOID: IESTIMATE LEVEL: Appraisal
REGION: IUNIT PRICE LEVEL: July-09
Details 2 of 3 FILE:
Z ]
Ed § ’i DESCRIPTION CODE QUANTITY UNIT UNIT PRICE AMOUNT
2 g
Information in this spread sheet is from TAB "East Pine"
5 Foundation Grout Curtain 1 LS $2,105,958.12] $2,105,958]
Cost for construction of the grout curtain was derived from the
original CH2M-Hill design and cost estimate for the North Powder
Project (PVWCD 1980) indexed to 2009 level and adjusted for the
size and configuration at East Pine. The cost is assumed to cover cost
cost of drilling, grouting, and water testing.
6 i §piﬂway Construction ] 1 LS $8,481,120.00 | $8,481,120)
Cost for construction of the Spillway Construction was derived from the
original CH2M-Hill design and cost estimate for the North Powder
Project (PVWCD 1980) indexed to 2009 level and adjusted for the
size and configuration at East Pine. The cost is assumed to cover cost
the spillway and stilling basin construction.
T Regulating Outlet and Stilling Basin 1 LS $2,500,000.00] $2,500,000
Cost for construction of the Regulating Outlet and Stilling Basin was derived from the
original CH2M-Hill design and cost estimate for the North Powder
Project (PVWCD 1980) indexed to 2009 level and adjusted for the
size and configuration at East Pine.
SUBTOTAL THIS SHEET
RUANTITIES PRICES
Terrance Shane Cline,
Hsu, HDR HDR
Engineering, Richard Hannan, HDR Engineering,
ey Richard Hannan, HDR Engineering, Inc. CHECKED Inc. |BY Engineering, Inc CHECKED Inc.
DATE PREPARED PEER REVIEW / DATE DATE PREPARED PEER REVIEW /| DATE
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BUREAU OF RECLAMATION ESTIMATE WORKSHEET SHEET 4 OF 4
FEATURE: |PROJECT:
Eastern Oregon Water Storage Appraisal Study
East Pine Creek Embankment Dam Site
WOID: IESTIMATE LEVEL: Appraisal
REGION: IUNIT PRICE LEVEL: July-09
Detail 3 of 3 FILE:
cE 3
g § = DESCRIPTION CODE QUANTITY UNIT UNIT PRICE AMOUNT
=g £
8 Relocations 1 LS $882,000 882,000
Relocation cost are based on an estimated cost of $45.00/foot of
relocated road and adjusted were made to reflect the required mileage
road and utility relocations. Unit Cost from HDR 2009
9 Fish Passage (Trap and Haul) 1 LS $14,000,000 14,000,000
Fish Passage costs are based on conceptual level designs for
similar projects. The results were obtained and incorporated into an
alternative study at another site (HDR 2009). Since the size of the
streams were of the same order of magnitude those cast were used for this
project with adjustments for project size.
10 Clearing grubbing dewatering and miscellaneous foundation work 1 LS $2,951,600.00 2,951,600]
Clearing, grubbing, dewatering and miscellaneous cost were taken
from the original CH2M-Hill 1980 cost estimate for North Powder and indexed to 2009.
No adjustments were made for differences between N.P. and East Pine
11 Mobilization and Demobilization
Mobilization and Demobilization was developed by reviewing values
used for other project of similar size and complexity. A value of
9% of the Field Construction cost before contingency was found to be
a typical. (HDR 2009, USACE 2006, USACE 2008)
Contingency
A contingency of 30% has been applied to the unit costs and
mob and demob. This was selected due to the uncertainties
associated with the quantities, uncertainties associated with
the final project configuration, and to cover missed work tasks.
Indirect Cost
Indirect at 32% - See Section 4 or the main report for description.
SUBTOTAL THIS SHEET
QUANTITIES PRICES
Terrance
Hsu, HDR
Engineering, Richard Hannan, HDR Shane Cline, HDR
IBY Richard Hannan, HDR Engineering, Inc CHECKED Inc. BY Engineering, Inc. CHECKED Engineering, Inc.
DATE PREPARED PEER REVIEW /| DATE DATE PREPARED PEER REVIEW | DATE
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Annual Cost Calculations

The total estimated construction costs were amortized to estimate the average annual cost per acre-foot
of additional water supplied by the proposed reservoirs. The construction cost was amortized with
Microsoft Office Excel 2007 PMT functions as follows:

Rate =4.125 percent from:

Annual Plan Formulation and Evaluation interest rate per Reclamation MEMORANDUM to
Commissioner from Director, Policy and Administration, November 22, 2010

Nper =40 years length of repayment period per Reclamation guidance
PV = Total estimated construction cost as calculated for each proposed reservoir
PMT = Calculated annual cost of repayment

The results for each proposed reservoir are summarized below in Table C-5.

Table C-5. Proposed East Pine Reservoir Estimated Costs.
i R t
Plan Formulafuon epaymen Construction Annual Cost of
Proposed and Evaluation Period
. Cost Repayment
Reservoir Interest Rate In Years
(PV) (PMT)

(Rate) (Nper)

Hardman 4.125% 40 $50,000,000 $2,600,000
Thief Valley 4.125% 40 $62,000,000 $3,200,000
Enlargement

North Powder 4.125% 40 $113,000,000 $5,800,000
Wolf Creek 4.125% 40
East Pine 4.125% 40 $133,000,000 $7,000,000

The estimated annual cost of repayment (PMT) for each proposed reservoir was used to estimate the
annual cost per acre foot of water supplied by the proposed reservoir. The annual repayment cost for
each proposed reservoir was rounded and divided by the additional water supply (Estimated Average
Annual Water Supply) to obtain the annual cost per acre foot (Estimated Average Annual Cost), or:

Annual repayment cost (3$)
Estimated Average Annual Cost (per acre-foot) = ------mmmmmm s
Estimated Average Annual Water Supply
(average. acre-feet)
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An additional $15 per annual acre-foot was then added to the Estimated Average Annual Cost per acre-
foot to account for operations, maintenance costs. These reflect similar costs for Mason Dam (Phillips
Reservoir) per personal communication with Peggy Browne (Browne 2010).

The results are shown in Table C-6 below.

Table C-6. Summary of Estimated Costs for Proposed Reservoirs.
. Estimated
Storable Cost per Estimated Average
Proposed Construction | Volume at 80 | acre-foot of Average Annual
No. Storage Cost percent Storage Annual Cost
Reservoir Reliability Volume Supply per
(acre-feet) (acre-feet) 1
acre-foot
83 Hardman $50,000,000 4,800 $10,400 1,500 $1,750
Thief Valley
30 Reservoir $62,000,000 43,000 $1,400 29,000 $130
Enlargement
40 North Powder | $113,000,000 5,300 21,400 4,500 $1,320
Wolf Creek
6 East Pine $133,000,000 21,000 $6,500 13,700 $520
YIncludes $15 per acre foot of operation, maintenance, and replacement costs (Browne 2010).
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r t ONE COMPANY
I_D. | Many Solutions™ Memo

To:  Christine Whitaker

From: Ron Mason & Rich Hannan p't;J:l-?"tﬁ_ BOR Studies in the Burnt/Powder River
Basin

-

Date: 6-26-09 o Job No: 0-08807

RE: Site Visit to Potential Dam Site in the Burnt and Powder basins. Summary of field observations

Introduction

During the time period 2-4 June 2009 HDR staff (Mason and Hannan)from the Portland HDR office traveled to
four project site that have the potential to be storage site for inclusion into a Bureau of Reclamation Report
that HDR is helping to prepare. These sites visits were in support of preparing a cost estimate for four project
sites. HDR staff traveled from Portland on 2 June and returned to Portland late on 4 June. Four project sites
were visited in the Burnt and Powder River basins. The four sites are as follows:

¢ Hardman dam site

« North Powder River dam site

s Thief Valley dam site (existing dam site)
e FEast Pine dam site

Peggy Browne of Browne Consulting, Baker City, Oregon, provided logistical support and escorted us to the
project sites. Peggy was very helpful. Irrigation district managers usually met HDR staff at the project site
during the visit and helped to explain the project background and intended use of the stored water if a project
was constructed.

Based on field observations and review of previous report produced by others, all four sites have the potential
for further examination as a viable storage project. Field inspection of the sites revealed no physical
characteristics that would eliminate a site from further evaluation.

Summary Existing Conditions and Observations

Site #1 -- North Powder River Dam Site
Summary of observations:

« The rock on left abutment at the higher elevations appears to have some shear zones that might
requires some special treatment;

« The highway to Anthony Lakes has recently been relocated, this highway will need to be relocated
again which will add additional cost to the project. This relocation has the potential to be a major cost
item for this project location;

« Discussions with the local State of Oregon Geologist in Baker City reveals that mudflows down the .
North Powder River have recently occurred and will mostly likely continue to occur due to upstream 5
glaciers. This will effectively reduce the amount of water storage behind the dam site over time. I
Engineering measures can be taken to make dam safe with regards to mudflows.

» Diversion of stream flow will be difficult and expensive during construction.

HDR Engineering, Inc. 1001 SW 5 Avenue Phone (503) 423-3700 Page 1of3
} i e Suile 1800 Fa (503) 423-3737
Chpwworking'seald02112311HOR memo Site Visit doc Porlland, OR 97204-1134 e i
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*

A tunnel for diversion of flows during construction might be required, but would be expensive to
construct.

Due to the existing valley section at the dam site, the layout for the dam will somewhat complex and
will need detailed construction monitoring.

A dam could be constructed at this project site but has some concerns( dewatering during
construction, dam alignment issues, foundation treatments) that will need to be dealt with during the
final design phase.

Site #2 -- East Pine Dam Site
Summary of observations:

Significant amount of geotechnical investigations have already been conducted by others. A review
of this project data reveals no major geotechnical concerns that can’t be addressed.

There appears to be some inactive faults in the area which might need to be included in the project
design if this proposed site goes to the next phase of ingestions;

Overall, a very good site to locate a dam;

The dam site location has been selected which will create maximum use of upstream valley storage;
The area is heavily forested and should provide reasonable amount of water for downstream users;
A preliminary design for this project was developed by the Soil Conservation Service in 1875;

This site has the potential to be a very good dam site.

Site #3 -- Thief Valley Dam Site
Summary of observations:

The existing dam is located in an excellent section of the valley;

The drainage area above the existing dam site is very large almost 915 sq. miles. Overall water yield
from the watershed should be very good,

The upstream area has a large storage potential based on a relatively small raise in the existing dam;

At the time of the site visit, water was going over the spillway, the top of the dam is one large free
overflow spillway;

At full pool conditions, wind and wave action has created a lake shoreline erosion problem which
could account for some of the sediment infill into.the reservoir. This same action would occur due to
similar soil types if a new d/s project was created,

Rock conditions at the existing dam are very good based on visual inspection;

It appears that river downstream from the existing dam is very steep. This would require that a new
downstream project be very tall in comparison to the existing dam.

Based on a discussion with the local state of Oregon geologist, the area downstream from the
existing dam is prone to landslide which could be problematic for sitting a new dam downstream from
the existing dam;

HOR Engineering, Inc. 1001 SW 5* Avenue Phong (503) 423-3700 Page 2of 3
- e Suile 1800 Fax (503) 423-3737
Cihpwwaorking'seald021 123 1\HOR memo Sile Visitdos Poriland, OR 972041134 e coui
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+ The potential for a new down stream dam site is problematic. Considerations should be given to
improvements at the existing dam site;

e Field observation indicate that a potential raise using Roller Compact Concrete (RCC) should be
given consideration and further evaluation;

« The existing Amberson section of the dam could be backfilled Controlled Density Fill, CDF and the
capped with RCC;

» The cost of RCC is relatively inexpensive when compared the cost of a new embankment dam;

o The existing concrete dam has the potential for a RCC dam raise.

Site #4 -- Hardman Dam Site
Summary of observations: |

e Based on discussions with local irrigation managers some amount of geotechnical investigations
have already been conducted by others, but data has not been available for review;

« The site is located in an excellent section of the valley,
» Both abutments appear to have very good rock conditions.
» The right abutment would be an ideal location for the emergency spillway;

« This project location would be an excellent candidate for an RCC structure; although an earth
embankment dam would also work;

« Upstream valley storage potential is very good due to the valley configuration;
* Some relocation of a county road would be required;

o Overall, this site has the potential to be an excellent site for a dam.

HOR Engineering, Inc. 1001 SW 5% Avenue Phone (503) 423-3700 Page 3of 3
' . ] ’ Suite 1800 Fax (503) 423-3737
Cipwworkingiseald0211231\HDR memo Site Visil doc Partland, OR 97204-1134 'hdrine.com
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