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Mission Statements

The mission of the Department of the Interior is to protect and
provide access to our Nation’s natural and cultural heritage and
honor our trust responsibilities to Indian Tribes and our
commitments to island communities.

The mission of the Bureau of Reclamation is to manage, develop,
and protect water and related resources in an environmentally and
economically sound manner in the interest of the American public.




Disclaimer Statement

The report contains no recommendations. Rather, it identifies a set
of candidate sites based on explicit criteria that are general enough
to address all sites across the geographically broad scope of the
report. The report contains limited analysis of environmental and
other potential constraints at the sites. The report must not be
construed as advocating development of one site over another, or as
any other site-specific support for development. There are no
warranties, express or implied, for the accuracy or completeness of
any information, tool, or process in this report.
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Executive Summary

Executive Summary

Purpose

Recent Federal policies and legislation focus on moving the nation towards a
cleaner energy economy that includes developing environmentally appropriate
renewable energy projects involving solar, wind and waves, geothermal,
biofuels, and hydropower. The 2010 Federal Memorandum of Understanding
for Hydropower and the Energy Policy Act of 2005 direct Reclamation to
evaluate development of new hydropower projects at Federally-owned facilities
and upgrade or rehabilitate existing hydropower generation facilities, as a
contribution to the nation’s clean energy goals. State policies are also starting to
encourage renewable energy development. Some states have adopted renewable
portfolio standards that require electricity providers to obtain a minimum
percentage of their power from renewable energy resources by a certain date.

Recognizing the current national emphasis on renewable energy and its
extensive existing water infrastructure systems, Reclamation is undertaking the
Hydropower Resource Assessment at Existing Reclamation Facilities (Resource
Assessment) to assess hydropower development at existing facilities to
contribute to nationwide renewable energy strategies. Reclamation identified
530 sites, including reservoir dams, diversion dams, canals, tunnels, dikes and
siphons, for analysis in the Resource Assessment. All 530 sites were considered
in the analysis, of which, 192 sites were determined to have some level of
hydropower potential.

The purpose of the Resource Assessment is to provide information on whether
or not hydropower development at existing Reclamation facilities would be
economically viable and possibly warrant further investigation. The assessment
is mainly targeted towards municipalities and private developers that could
further evaluate the potential to increase hydropower production at Reclamation
sites. Developers could use the information provided in this assessment to
focus more detailed analysis on sites that demonstrate a reasonable potential for
being economically and financially viable. The Resource Assessment is not
intended to provide feasibility level analyses for the potential sites.

Hydropower Assessment Tool

Reclamation developed the Hydropower Assessment Tool to estimate potential
energy generation and economic benefits at the identified Reclamation facilities.
The tool is an Excel spreadsheet model with embedded macro functions.
Minimum input data required include the state the site is located in, a
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Executive Summary

continuous period of daily flow records of at least 1 year (3 years
recommended), defined head water and tail water elevations, and distance to the
nearest transmission or distribution line. Using these inputs, the tool computes
power generation, cost estimates, and economic benefits. The distance to the
nearest transmission or distribution line allows for calculation of a cost of
transmission, but does not necessarily indicate that an interconnection can be
made with the transmission line. Further site specific analysis for transmission
would be needed if a site is pursued.

To estimate power potential, the tool develops flow and net head exceedance
curves and sets design flow and design net head at a 30 percent exceedance
level to calculate installed capacity. The tool then assigns a Pelton, Kaplan,
Francis, or low-head (modified Francis) turbine based on the installed head and
flow capacity and general turbine operating ranges. Monthly and annual energy
generation is calculated based on the selected turbine, turbine efficiency, and
daily hydrologic data.

For the economic calculations, cost curves are embedded in the model to
estimate total construction, development, and annual operation and maintenance
costs. Economic benefits from power generation are based on current and
forecasted energy prices. The benefits analysis also incorporates green
incentives available from existing Federal and state programs. After estimating
annual and total benefits and costs, the tool calculates a benefit cost ratio and
internal rate of return (IRR) for each site as an indicator of economic feasibility.
The benefit cost ratio and IRR are based on a 50 year period of analysis using
the Fiscal Year 2010 Federal discount rate of 4.375 percent.

The Hydropower Assessment Tool is intended for use as a preliminary
evaluation of potential hydropower sites and is valuable for informational
purposes to support further evaluation of a potential site. The tool allows for
the user to change assumptions, such as turbine selection or costs, if additional
site specific information is available. The tool does not substitute the need for a
feasibility study.

Site Evaluation and Results

The first step in the Resource Assessment was collecting available flow, head
water and tail water elevation data for each site; the second step was running the
data through the Hydropower Assessment Tool. Significant efforts were made
to collect hydrologic data for all 530 sites, including obtaining data from
existing stream gages, Reclamation area offices’ and irrigation districts’
records, and field staff knowledge. Data collection and modeling efforts
indicated that each of the 530 sites were in one of the following data categories.
Table ES-1 summarizes how the sites were categorized.

ES-2 DRAFT — November 2010



Executive Summary

1) Site has some level of hydropower potential — Hydrologic data was collected
for the site and the Hydropower Assessment Tool indicated that some level of
hydropower could be generated at the site;

2) Site does not have hydropower potential — Local area knowledge or available
hydrologic data indicated that the site does not have hydropower potential
because flows or net head are too low for hydropower development;

3) Site does not have hydrologic data available — Data collection efforts
indicated that hydrologic data was not available for the site, as needed for
analysis in the Resource Assessment; or

4) Site should be removed from the analysis — The site was either a duplicate to
another site identified, no longer a Reclamation-owned site, had hydropower
already developed or hydropower was being developed at the site.

Table ES-1 Site Summary

No. of Sites

Total Sites Identified 530

Sites with No Hydropower Potential 182

Total Sites with Hydropower Potential 192

Sites with No Available Hydrologic Data 93

Sites Removed from Analysis* 63

1 — Sites were removed from the analysis for various reasons, including duplicate to
another site identified, no longer a Reclamation-owned site, hydropower already

developed or being developed at the site.

Table ES-2 summarizes economic results, indicated by number of sites within
specified benefit cost ratio ranges, for the 192 sites with hydropower potential.
Sites with lower benefit cost ratios would be less economic to develop. In
general, sites with a higher benefit cost ratio had higher installed capacities
(measured in megawatts [MW]) and more annual energy production potential
(measured in megawatt hours [MWHh]).
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Table ES-2 Sites with Hydropower Potential within Benefit Cost Ratio
(with Green Incentives) Ranges

Benefit Cost Ratio Range | No. of Total Installed Total Annual
Sites Capacity (MW) | Production (MWh)
0to 0.25 61 10.6 35,729
0.25t0 0.5 37 17.7 65,652
0.5t0 0.75 29 22.0 88,143
0.75t0 1.0 25 42.4 167,548
1.0t0 2.0 31 74.5 345,482
Greater than or equal to 2.0 9 92.5 449,095
Total 192 259.7 1,151,649

Table ES-3 (at the end of this summary) shows 65 sites with benefit cost ratios
(with green incentives) greater than 0.75. Although the standard for economic
viability is a benefit cost ratio of greater than 1.0, sites with benefit cost ratios
of 0.75 and higher were ranked given the preliminary nature of the analysis. The
results show a potential of approximately 962,000 MWh of energy could be
produced annually at existing Reclamation facilities if all sites with a benefit
cost ratio greater than 0.75 are summed. Individual sites range from a 125 kW
installed capacity to about 26 MW installed capacity.

Because of the uncertainty in green energy incentive prices, benefit cost ratios
with and without green incentives are calculated. State level green incentive
programs in Arizona, California, and Washington can increase economic
benefits, and the resulting benefit cost ratios.

The Resource Assessment considers potential regulatory constraints related to
water supply, fish and wildlife considerations, and effects on Native Americans,
water quality, and recreation. Constraints can either block development
completely or add significant costs for mitigation, permitting, or further
investigation of the site. Table ES-3 identifies if a potential constraint was
applicable to a site. Mitigation costs were added to the total development costs
of the site for any applicable constraints. For this preliminary analysis,
constraints and mitigation costs are identified and added primarily to indicate
that a potential constraint exists and should be further investigated if the site is
pursued for development. Additional constraints could be present at any of the
sites identified in this analysis. Depending on specific environmental and
regulatory issues at a particular site, costs could differ significantly from those
used in the analysis.

The last column in Table ES-3 identifies the confidence level in the hydrologic
data collected for the site. Data was categorized as high, medium, or low
confidence based on data source, availability and consistency of data. It is
important to note that results for sites with low confidence data may not be as
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reliable as sites with higher confidence data. There are 9 sites with low
confidence data in the table, including the third and fifth ranked sites.

Conclusions

The Resource Assessment concludes that substantial hydropower potential
exists at Reclamation sites. Some site analyses are based on over 20 years of
hydrologic data that indicate a high likelihood of generation capability. Table
ES-3 presents 65 of the 530 sites that could be economically feasible to develop
based on available data and study assumptions; of which 33 sites used high
confidence data for the analysis.

The results of the Resource Assessment will be of value to public municipalities
and private developers seeking to add power to their load area or for investment
purposes. It provides a valuable database in which potential sites can be viewed
to help determine whether or not to proceed with a feasibility study. For many
of these Reclamation sites, development would proceed under a Lease of Power
Privilege Agreement as opposed to a Federal Energy Regulatory Commission
(FERC) License. A lease of power privilege (lease) is a contractual right of up
to 40 years given to a non-Federal entity to use a Reclamation facility for
electric power generation. It is an alternative to federal power development
where Reclamation has the authority to develop power on a federal project. The
selection of a Lessee is done through a public process to ensure fair and open
competition though preference is given through the Reclamation Project Act of
1939 to municipalities, other public corporations or agencies, and also to
cooperatives and other nonprofit organizations financed through the Rural
Electrification Act of 1936. In order to proceed under a lease, the project must
have adequate design information, satisfactory environmental analysis/impacts,
and cannot be detrimental to the existing project.

The results could also be used to support an incentive program for hydropower
as a renewable energy source. A large number of projects fall in the gray area
of being economically feasible. The Resource Assessment shows that green
incentives for hydropower development are largely not available in individual
states, but, when they are, can contribute substantially to the economic viability
of a project. For example, state-sponsored programs in Arizona and California
can, in some instances, double the benefit cost ratio for a site. Washington also
has a green incentive program that can contribute to the economic viability of
hydropower development. For the 14 remaining states, renewable energy
incentives for hydropower are not available at the state level. A Federal
incentive program exists, but does not contribute significantly to economic
benefits. Further, if sites are developed by Reclamation, they would not be
eligible for the Federal incentive, but could qualify for state-sponsored
incentives. This analysis could be useful in promoting hydropower at existing
facilities as a low cost and low impact renewable energy source and determining
incentives that would be necessary to stimulate investment.
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The Hydropower Assessment Tool is also a valuable product of this analysis.
The tool provides a first step in identifying if sites should be further analyzed or
if there is clearly no hydropower potential at the site. The tool requires
relatively simple inputs of daily flows, head water elevations, and tail water
elevation and the results are valid information on potential hydropower
production and economic viability. Any site with available flow, head and tail
water elevation data can be analyzed with the tool. It is a time-saving, effective
tool to determine if a site should be further pursued for hydropower
development.
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Table ES-3 Sites with Benefit Cost Ratios (with Green Incentives) Greater than 0.75

Executive Summary

Installed Annual Benefit Benefit Constraint
. . . . . Cost Ratio | Cost Ratio Data
Site ID Site Name State Project Capacity Production . . (see .
With Without Confidence
(MW) (MWh) legend)
Green Green
LC-6 Bartlett Dam Arizona Salt River Project 7.5 36,880 3.52 2.26 | F&W; REC | Medium
Central Utah Project -
UC-141 | Sixth Water Flow Control Utah Bonneville Unit 25.8 114,420 3.10 2.92 | F&W; REC | Medium
LC-20 Horseshoe Dam Arizona Salt River Project 13.9 59,854 3.01 1.95 | F&W; REC | Low
GP-146 | Yellowtail Afterbay Dam Montana PSMBP - Yellowtail 9.2 68,261 2.65 2.49 | - Medium
New
UC-19 Caballo Dam Mexico Rio Grande 3.3 26,916 2.58 2.43 | F&W Low
Central Utah Project -
UC-185 | Upper Diamond Fork Flow Utah Bonneville Unit 12.2 52,161 2.38 2.24 | F&W; REC | Medium
GP-99 Pueblo Dam Colorado Fryingpan-Arkansas 13.0 55,620 2.36 2.22 | F&W High
Colorado-Big
GP-43 Granby Dam Colorado Thompson 6.7 31,164 2.21 2.08 | F&W High
MP-30 Prosser Creek Dam California Washoe 0.9 3,819 2.00 1.06 | - High
PN-6 Arthur R. Bowman Dam Oregon Crooked River 3.3 18,282 1.95 1.84 | REC High
ucC-89 M&D Canal - Shavano Falls | Colorado Uncompahgre 2.9 15,419 1.89 1.77 | - Low
GP-56 Huntley Diversion Dam Montana Huntley 2.4 17,430 1.86 1.75 | - Medium
MP-2 Boca Dam California Truckee Storage 1.2 4,370 1.68 0.90 | REC; H&A | High
Spanish Fork Flow Control Central Utah Project -
UC-159 | Structure Utah Bonneville Unit 8.1 22,920 1.67 1.57 | F&W Medium
MP-36 Rye Patch Dam Nevada Humboldt 1.2 4,837 1.63 0.87 | - Medium
MP-8 Casitas Dam California Ventura River 1.0 3,280 1.56 0.83 | - High
GP-23 Clark Canyon Dam Montana PSMBP - East Bench 3.1 13,689 1.51 1.41 | WQ High
Navajo Dam Diversion New
UC-103 | Works Mexico Navajo Indian Irrigation 2.8 10,226 1.48 1.40 | - Medium
PN-31 Easton Diversion Dam Washington | Yakima 1.1 7,400 1.42 1.33 | - High
UC-52 Gunnison Tunnel Colorado Uncompahgre 3.8 19,057 1.41 133 | - Medium
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Table ES-3 Sites with Benefit Cost Ratios (with Green Incentives) Greater than 0.75

Installed Annual Benefit Benefit Constraint
. . . . . Cost Ratio | Cost Ratio Data
Site ID Site Name State Project Capacity Production A . (see .
With Without Confidence
(MW) (MWh) legend)
Green Green
Central Utah Project -
UC-144 | Soldier Creek Dam Utah Bonneville Unit 0.4 2,909 1.39 1.31 | F&W High
Helena Valley Pumping
GP-52 Plant Montana PSMBP - Helena Valley 2.6 9,608 1.38 1.29 | - High
UC-131 | Ridgway Dam Colorado Dallas Creek 34 14,040 1.35 1.27 | F&W High
Arizona-
LC-24 Laguna Dam California Yuma Project 0.1 1,228 1.35 0.87 | H&A Low
GP-41 Gibson Dam Montana Sun River 8.5 30,774 1.33 1.24 | - High
South Canal, Sta. 181+10,
UC-147 | "Site #4" Colorado Uncompahgre 3.0 15,536 1.30 1.22 | - Medium
GP-95 Pathfinder Dam Wyoming North Platte 0.7 5,508 1.24 1.16 | REC; FP High
Central Utah Project -
UC-162 | Starvation Dam Utah Bonneville Unit 3.0 13,168 1.23 1.16 | F&W High
GP-46 Gray Reef Dam Wyoming PSMBP - Glendo 2.1 13,059 1.20 1.12 | FP High
MP-32 Putah Diversion Dam California Solano 04 1,924 1.16 0.62 | F&W Medium
South Canal, Sta 19+10
UC-146 | "Site #1" Colorado Uncompahgre 2.5 12,576 1.16 1.09 | - Medium
UC-179 | Taylor Park Dam Colorado Uncompahgre 25 12,488 1.12 1.05 | F&W High
South
GP-93 Pactola Dam Dakota PSMBP - Rapid Valley 0.6 2,725 1.07 1.01 | REC High
F&W; REC;
uC-49 Grand Valley Diversion Dam | Colorado Grand Valley 2.0 14,246 1.11 1.04 | H&A Medium
New
uUC-57 Heron Dam Mexico San Juan-Chama 2.7 8,874 1.09 1.03 | F&W Medium
South Canal, Sta. 106+65,
UC-150 | "Site #3" Colorado Uncompahgre 2.2 11,343 1.09 1.02 | - Medium
Lower Yellowstone
GP-73 Diversion Dam Montana Lower Yellowstone 2.7 21,035 1.07 1.01 | F&W; FP Medium
GP-126 | Twin Lakes Dam (USBR) Colorado Fryingpan-Arkansas 1.0 5,648 1.06 1.00 | F&W High
UC-154 | Southside Canal (2 drops) Colorado Collbran 2.0 6,557 1.05 0.99 | - Low
Arizona-
LC-21 Imperial Dam California Boulder Canyon Project 11 5,325 1.04 0.68 | F&W Low
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Table ES-3 Sites with Benefit Cost Ratios (with Green Incentives) Greater than 0.75

Executive Summary

Installed Annual Benefit Benefit Constraint
. . . . . Cost Ratio | Cost Ratio Data
Site ID Site Name State Project Capacity Production A . (see .
With Without Confidence
(MW) (MWh) legend)
Green Green
PN-104 | Wikiup Dam Oregon Deschutes 4.0 15,650 0.98 0.92 | REC High
PN-34 Emigrant Dam Oregon Rogue River Basin 0.7 2,619 0.99 0.93 | - High
Central Utah Project -
UC-177 | Syar Tunnel Utah Bonneville Unit 1.8 7,982 0.99 0.93 | F&W; REC | Medium
New
UC-174 | Sumner Dam Mexico Carlsbad 0.8 4,300 0.98 0.92 | F&W Medium
UC-51 Gunnison Diversion Dam Colorado Uncompahgre 14 9,220 0.95 0.89 | F&W Medium
PN-12 Cle Elum Dam Washington | Yakima 7.2 14,911 0.95 0.89 | - High
GP-136 | Willwood Diversion Dam Wyoming Shoshone 1.1 6,337 0.94 0.89 | FP High
PN-80 Ririe Dam Idaho Ririe River 1.0 3,778 0.94 0.89 | - High
UC-155 | Southside Canal (3 drops) Colorado Collbran 1.7 5,344 0.93 0.88 | - Low
UC-132 | Rifle Gap Dam Colorado Silt 0.3 1,740 0.92 0.86 | F&W High
PN-87 Scoggins Dam Oregon Tualatin 1.0 3,683 0.92 0.86 | - High
PN-49 Keechelus Dam Washington | Yakima 2.4 6,746 0.85 0.80 | REC High
South PSMBP Cheyenne
GP-5 Angostura Dam Dakota Diversion 0.9 3,218 0.90 0.84 | - High
PN-59 McKay Dam Oregon Umatilla 1.4 4,344 0.88 0.83 | - High
GP-129 | Virginia Smith Dam Nebraska PSMBP - North Loup 1.6 9,799 0.87 0.82 | - Low
PN-95 Sunnyside Diversion Dam Washington | Yakima 1.4 10,182 0.86 0.81 | H&A Medium
UC-72 Joes Valley Dam Utah Emery County 1.6 6,596 0.85 0.80 | F&W; REC | High
PN-88 Scootney Wasteway Washington | Columbia Basin 2.3 11,238 0.84 0.79 | - Low
South Canal, Sta. 427+00,

UC-148 | "Site #5" Colorado Uncompahgre 1.4 6,905 0.84 0.79 | - Medium
UC-145 | South Canal Tunnels Colorado Uncompahgre 0.9 4,497 0.84 0.79 | - Medium
GP-117 | St. Mary Canal - Drop 4 Montana Milk River 2.6 8,919 0.81 0.75 | H&A High
GP-42 Glen Elder Dam Kansas PSMBP Glen Elder Unit 1.0 3,713 0.80 0.75 | - High
UC-117 | Paonia Dam Colorado Paonia 1.6 5,821 0.79 0.74 | F&W Medium
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Table ES-3 Sites with Benefit Cost Ratios (with Green Incentives) Greater than 0.75

Installed Annual Benefit Benefit Constraint
. . . . . Cost Ratio | Cost Ratio Data

Site ID Site Name State Project Capacity Production A . (see .

With Without Confidence

(MW) (MWh) legend)

Green Green
PN-44 Haystack Canal Oregon Deschutes 0.8 3,738 0.77 0.72 | - High
GP-39 Fresno Dam Montana Milk River 1.7 6,268 0.76 0.71 | - High

Constraint Legend:
Fish and Wildlife - F&W
Recreation - REC

Historical and Archaeological - H&A

Water Quality - WQ
Fish Passage - FP
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Chapter 1 Introduction

The Bureau of Reclamation (Reclamation) is the largest water supplier in the
United States, owning and operating 188 water projects across the western
states with dams, reservoirs, canals, diversion dams, pipelines, and other
distribution infrastructure. Reclamation also produces hydropower through 58
power plants and 194 generating units in operation at Reclamation-owned
facilities. Reclamation is the second largest producer of hydropower in the
U.S., behind the U.S. Army Corps of Engineers (Corps); however, many
opportunities remain at existing Reclamation facilities to produce additional
hydropower. Recognizing the current national emphasis on renewable energy
and its extensive existing water infrastructure, Reclamation is undertaking the
Hydropower Resource Assessment at Existing Reclamation Facilities (Resource
Assessment) to evaluate hydropower development potential to contribute to
nationwide renewable energy strategies.

1.1 Background

Historically, the primary purposes of Reclamation projects have been
agricultural irrigation and provision of water for municipal and industrial use.
Because of water infrastructure facilities, hydropower has been prominent in
Reclamation’s projects. According to the Federal Economic and Environmental
Principles and Guidelines for Water and Related Land Resources
Implementation Studies (P&Gs), power can be included in multipurpose Federal
Reclamation projects when it is in the national interest, economically justified,
and feasible by engineering and environmental standards. In past studies,
hydropower has often shown clear economic benefits and financial capability of
repaying its share of the Federal investment. Reclamation currently generates
over 42 billion kilowatt hours (kWh) of hydroelectric energy at existing
facilities.

Recent Federal policies and legislation focus on moving the nation towards a
cleaner energy economy that includes developing environmentally appropriate
renewable energy projects involving solar, wind and waves, geothermal,
biofuels, and hydropower. The 2010 Federal Memorandum of Understanding
(MOU) for Hydropower and the Energy Policy Act of 2005, described below,
direct Reclamation to evaluate development of new hydropower projects at
Federally-owned facilities and upgrade or rehabilitate existing hydropower
generation facilities, as a contribution to the nation’s clean energy goals.

State policies are also starting to encourage renewable energy development.
Many states are implementing financial incentives programs targeted to
developers of renewable energy; however, hydropower is not always eligible for
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financial incentives. Most programs focus on solar, wind, and geothermal power
sources. Incentive programs vary by state, but provide a financial mechanism to
make hydropower development more economical.

1.1.1 Federal Memorandum of Understanding for Hydropower
On March 24, 2010, an MOU for Hydropower was signed between the
Department of the Interior (DOI), the Department of Energy (DOE) and the
Department of Army (DOA) that represents a new approach to hydropower
development — a strategy that can increase the production of clean, renewable
power while avoiding or reducing environmental impacts and enhancing the
viability of ecosystems. By signing the MOU, the federal agencies agree to
focus on increasing energy generation at federally-owned facilities and explore
opportunities for new development of low-impact hydropower. The MOU aims
to increase communication among federal agencies and strengthen the long-
term relationship among them to prioritize the generation and development of
sustainable hydropower.

Objectives of the MOU include:

e Identify specific Federal facilities that are well-suited as sites for
sustainable hydropower;

e Upgrade facilities and demonstrate new technologies at existing
hydropower locations;

e Coordinate research and development on advanced hydropower
technologies;

e Increase hydropower generation through low-impact and
environmentally sustainable approaches;

e Integrate policies at the federal level; and

e Collaborate to identify total incremental hydropower resources at
federal facilities.

1.1.2 Section 1834 of the Energy Policy Act of 2005
Section 1834 of the Energy Policy Act of 2005 (Section 1834) required the DOI,
DOA, and DOE to “jointly conduct a study assessing the potential for increasing
electric power production at federally owned or operated water regulation,
storage, and conveyance facilities.” The agencies completed the study entitled
“Potential Hydroelectric Development at Existing Federal Facilities” (1834
Study) in May 2007. The 1834 Study inventoried sites that have potential, with
or without modification, of producing additional hydroelectric power for public
consumption. The initial sites for the DOI included 530 sites at Reclamation
facilities and 123 sites at Bureau of Indian Affairs facilities. The 1834 Study
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also analyzed 218 sites at Corps facilities. The Corps represented the DOA in
the study.

The analysis in the 1834 Study applied three screenings to identify sites with the
most hydropower development potential. Sites were screened out if analysis
indicated that sites 1) produced less than 1 megawatt (MW) capacity or had less
than10 feet of hydraulic head; 2) conflicted with water and land use legislations;
and 3) had a calculated benefit cost ratio less than 1.0. In the 1834 Study, 80 of
the 530 Reclamation sites made it to the third screening step and had a power
production and benefit-cost analysis completed. Of the 80 sites, 6 sites had a
benefit cost ratio greater than 1.0. The sites were Prosser Creek Dam, Rye Patch
Dam, and Bradbury Dam in the Mid-Pacific Region, Helena Valley Pumping
Plant and Yellowtail Afterbay Dam in the Great Plains Region, and the Sixth
Water Flow Control Structure in the Upper Colorado Region.

In summary, the 1834 Study provided an indication of remaining potential for
hydropower development on Federal facilities. With further investigation, these
sites may be viable to produce hydropower in the future.

1.1.3 State Renewable Energy Programs
Many state governments have reported goals of increasing the percentage of
renewable energy in the state's electricity portfolio. To help meet this goal,
states are implementing financial incentive programs to encourage development
and use of renewable energy. Incentives are available in various forms. Some
states offer performance-based incentives that generally include a utility
providing cash payment to a renewable energy developer based on the amount
of kwWh of renewable energy generated. Most state programs are installation-
based meaning developers receive a one-time payment, rebate, or tax credit for
installing a renewable energy facility. Although most states have implemented
renewable energy programs, eligibility of hydropower, in particular, is very
limited to receive renewable energy incentives.

1.2 Purpose and Objectives

Due to increased Federal and state renewable energy interests, Reclamation is
reevaluating potential hydropower development at Reclamation-owned
facilities. Numerous sites analyzed in the 1834 Study were either removed by
the various screening processes or were not found to have net benefits are
actively being developed by private entities. Some sites have been developed,
including Jordanelle Dam in Utah, Pineview Dam in Utah, Arrowrock Dam in
Idaho, Quincy Chute in Washington, and others. Increased power value
forecasts and renewable energy incentives could be enticing private entities to
pursue hydropower projects. As a result, the Commissioner of Reclamation has
directed the Power Resources Office to update and expand the scope and
economic analysis of the original 1834 Study.
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The Hydropower Resource Assessment at Existing Reclamation Facilities has
the following study objectives:

e Assess the potential for developing new hydropower capacity and
generation at existing Reclamation facilities.

e Determine the economic viability of hydropower production at existing
Reclamation facilities.

e Document economically viable opportunities for future hydroelectric
power development.

The assessment is mainly targeted towards providing preliminary information
for municipalities and private developers that could further evaluate the
potential to increase hydropower production at Reclamation sites. Developers
could use the information provided in this assessment to focus more detailed
analysis on sites that demonstrate a reasonable potential for being economically
and financially viable.

1.3 Resource Assessment Overview

The 530 Reclamation-owned sites identified in the 1834 Study are used as the
starting point for the Resource Assessment. Figure 1-1 shows the distribution of
the 530 sites in the five Reclamation regions, Great Plains, Lower Colorado,
Mid-Pacific, Pacific Northwest, and Upper Colorado, which make up the
assessment study area.

Rather than applying a screening process as used in the 1834 Study, the
Resource Assessment evaluates all sites with available hydrologic data,
including those with low hydraulic head, low capacity, or regulatory conflicts,
as potential for new hydropower development. For this assessment,
Reclamation developed and applied the Hydropower Assessment Tool, an
Excel-based model, to evaluate power generation potential and economic
benefits and costs of each site. In addition to analysis of each site, the Resource
Assessment also added some key components to the analysis not included in the
1834 Study, including:

e Green incentives in the economic benefits analysis.

e Turbine types and efficiency specified for each site as indicated by the
available hydraulic head and flow.

e Actual or estimated distances and costs of transmission lines.

e Calculation of the internal rates of return.
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e Maps of each site to identify locations related to potential sensitive
water and land use areas that may preclude or constrain development.

The Resource Assessment provides a “big picture” analysis of potential
hydropower sites. Because of the geographic scope of the analysis, many
general assumptions had to be applied to determine hydropower production
potential and estimate economic benefits and costs. The analysis provides
preliminary comparison among potential sites, which gives Reclamation further
understanding of hydropower development potential at existing facilities. All
sites would have to be investigated in further detail through feasibility,
environmental, design, and permitting studies.

1.4 Public Input

The public has the opportunity to provide input and comments on the Resource
Assessment Draft Report. As part of the public process, Reclamation posted the
Notice of Availability of the Draft Report in the Federal Register and made the
draft available to the public.

1.5 Report Content

This report is organized into the following sections.

Chapter 1 Introduction: Presents the background, purpose and objectives, and
overview for the Hydropower Resource Assessment at Existing Reclamation
Facilities.

Chapter 2 Hydropower Site Data Collection: Discusses methods to collect
head water elevation, tail water elevation, and flow data for the 530 sites in
study area.

Chapter 3 Site Analysis Methods and Assumptions: Summarizes
methodology to estimate potential power generation at each site, economic
benefits related to power production and green incentives, site development and
operation and maintenance (O&M) costs, and potential environmental and
regulatory constraints.

Chapter 4 Hydropower Assessment Tool: Describes components and
application of the Hydropower Assessment Tool developed for this study to
evaluate power production potential, benefit cost ratio, and internal rate of
return (IRR) of potential hydropower sites.

Chapter 5 Site Evaluation Results: Presents results of the Resource
Assessment, organized by Reclamation region.

Chapter 6 Conclusions: Summarizes study results and conclusions, and uses
for future hydropower analyses.

Chapter 7 References: Lists references used to develop the report.
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Chapter 2 Hydropower Site Data Collection

The Resource Assessment evaluates potential hydropower development at the
530 Reclamation facilities inventoried in the 1834 Study. Table 2-1 summarizes
the number of sites in each Reclamation region. For analysis purposes, each site
is labeled with the region initials and a number, based on alphabetical order of
the sites in the region. Table 2-4 (at the end of this section) lists the sites and
identification numbers and Appendix A lists the sites, state, Reclamation
project, and assigned site identification numbers.

Table 2-1 Number of Sites in Each Reclamation Region

Reclamation Region Number of Sites | Site Identification Numbering
Great Plains (GP) 146 GP-1to GP-146
Lower Colorado (LC) 30 LC-1to LC-30
Mid-Pacific (MP) 44 MP-1 to MP-44
Pacific Northwest (PN) 105 PN-1 to PN-105
Upper Colorado (UC) 205 UC-1 to UC-205
Total 530 -

Data needed for each site includes site coordinates, proximity to transmission
lines, flow, and head water and tail water elevations. This section describes data
necessary to complete the analysis, data sources, and confidence levels in the
data collected. For 93 sites, no hydrologic data were available after several
attempts of collecting data from hydrologic gages, local Reclamation area
offices, and local water or irrigation districts. These sites were recorded as “No
hydrologic data available” and were not carried through to the hydropower
generation and economic analysis phase of the Resource Assessment.

2.1 Site Location and Proximity Data

Reclamation operates 188 projects within the 17 western states. Potential
hydropower sites are distributed among these projects and states. The 1834
Study identified potential hydropower sites by name of the canal, dam, siphon,
or other infrastructure, the associated Reclamation project, and the state.

Site coordinates were also collected for the majority of sites. Coordinates were
not available for 21 of the 530 sites. Figures 2-1 through 2-10 show the
distribution and location of sites, with available coordinate data, for each region.
Regions are split among the figures because of the region size and to better
show site locations.

2-1 DRAFT — November 2010



CANADA GP114

GP115 GP117 GP138
GP116
GP72 GP47

GP68 .
. GP127 Havre

hitefish

GP103 GPo8 GP47 GP39 GP94 :
apa1 GP31 cpga  \*9
GP118 cpas GP128
@reat Falls
GP37 GP74
GP120

GP74
. Montana

Missoula
Helen
*,

v
’?7@@7 GP56
GP51 % D @
< Qf\ GP27
Dany 6 GP52 Kp _7 G\ GPG
Great Plains apras 0 oo L8
.illon
C’i GP136 Q\ GP146
GP8 Lovell
GP24

GP23 @ Cody
GP4

GP49 Buf.falo
Dut;ois

Sugar City GP140 GP144

ldaho L Jackson GP145
Carey Pacific Northwest

©

GP143

Wyoming GP142
. GP141 Casper
. @ Boulder GP95
Rupert
@ GP157 Gp137 GP97 \/QC\
GP96 GP46
Ed.en
Smithfield Rawlins
Rock S.pnngs
Ogaen Evanston GP108

@ @ GP132

GP133
L1
per Colorado W e
vran GP43
Krem.mllng
Colorado
n East C.arbon
Area of Interest .@
\e? Green.River Grand Junction
ISOURCES: ESRI, Bureau of Reclamation, Andé133 ¥hgine®rig, NationalAtias.gov
0 20 40 80
i i  — ]
O Bureau of Reclamation Assessment Site o

AE Comm #: 12813 9-21-10 JLA

Figure 2-1 : Great Plains Region (Northwest) Assessment Site Location Map



CANADA

Area of Interest

GP50
North

Montana Dakota

Glendive
o

ismarck amestown
GP73 ickinson @ @3

GP29 Mott GP59
Scra.nton

Lem.mon
GP11 Buffalo
GP10 GP58
GP107

GPY3 Redfield
Great Plains . sSiEen
Sundance
/ Renid Ci Dakota
apid City
GP62 /O L100) o, )
Newcastle
GP28 O/ GP5
GP77

W _ GP13 oglala
yoming
GP32 GPGG/ Chaaron GP76 Valentine
GP129
GP131 GP53 GP65 GP61
GP67
‘Wheatland GP33

Nebraska GP26
GP81

Bridgeport GP35 GP102 GP9 ord

GP90

GP54 GP25

GP70 GP124 GP75
GP92 GP109 & GP16
GP30 Grand Island
GP34 GP105 .
GP113 GP121
GP18
GP122
GP101 GP123 A@ .
G GP112 McCook
Denver
*
CoIorado@ Kansas
Burlir.1gton @Iand
SOURCES: ESRI, Bureau of Reclamation, Anderson Engineering, NationalAtlas.gov .Hays
0 20 40 80
. . [ == ]
O Bureau of Reclamation Assessment Site Miles

AE Comm #: 12813 9-21-10 JLA

Figure 2-2 : Great Plains Region (Northeast) Assessment Site Location Map




Rapid City

GP40

\ ©
Newc.astle
South
. Ogl.ala Dakota
Riverton . . .
Boulder Casper Chadron Valentine
Wyoming
Eden .Rawlins Wheatland N e b ras k a
Rock Springs Bridgeport ond
Cheyen nef ,Grand Island
. Fort Collin.s
Vernal 6
. McCook
GP78 Kremmling POl ctoo P2
GP57 ~ - O—— G\
GP45 0 GPJUeg;grz ap12 — O R GP71
6 BurlingtonGoodland GP130 GP63 GP139 GP42
GP2pd Colorado Springs . .
. GP86 GP88 GP99 Hays Salina
Moab Kansas P19
ﬁ%gl Colorado @
Las Animas
GP126 @
Blar;ding GP21 /O ita

e Great Plains wellingtor
Chama _Boise City GP87 Blackwell
ackwe
GP104 5Pag Enid
GP36
Upper Colarado \
Santa Fe _ *
Albuguerque @ Amarillo_[555) Eik cuy Oklakhoma Clty
Grants ° . ~
Santa Rosa Mangum
New . GP14
M e X | co Fort Sumner @
e Wichita Falls Ardmore
Socorro GP3
*Lubbock GP83
1.'ruth or Consequences @
Texas @
@ Carlsbad Abiléne
Las es @
Am@
Pecos San Angelo
Balmor.hea@ @
GP125 Austin*
GP22
San Antonio
Area of Interest
SOURCES: ESRI, Bureau of Reclamation, Anderson Engineering, NationalAtlas.gov
0 30 60 120
. . T
O Bureau of Reclamation Assessment Site Miles
AE Comm #: 12813 9-21-10 JLA

Figure 2-3 : Great Plains Region (South) Assessment Site Location Map
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Figure 2-4 : Lower Colorado Region Assessment Site Location Map
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Figure 2-9 : Upper Colorado Region (West) Assessment Site Location Map
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Figure 2-10 : Upper Colorado Region (East) Assessment Site Location Map
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The Idaho National Engineering and Environmental Laboratory (INL) provided
proximity data related to site locations, based on the site coordinates. Proximity
data include distance of site to nearest population center, road, substation, and
transmission line. INL also provided the voltage of nearest transmission or
distribution lines, power line operator and substation name.

The distance from the site to transmission line and transmission line voltage
were used in estimating costs of potential hydropower development at a site. If
INL did not have transmission data available for a particular site, a 5.0 mile
default distance from the site to the transmission line was used in the analysis.
This reflects an average transmission line distance based on the available data
for the remainder of sites. The default transmission voltage value used was 115
kilo voltage (kV), which is considered an average kV for transmission lines.
Data for transmission or distribution line kV provided by INL went from 35 kV
up to 500 kV. The distance to the nearest transmission line does not necessarily
indicate that an interconnection can be made with the transmission line. Further
site specific analysis for transmission would be needed if a site is pursued.
Chapter 3 discusses cost estimating methods and assumptions for transmission.

2.2 Site Hydrologic Data

2.2.1 Flow

Hydrologic data, including flow and net hydraulic head, or net head, are
necessary to calculate potential power generation at a site. Net head is the
difference between head water and tail water elevations. Power generation can
be estimated using the following formula:

Power [kWh] = (Flow [cfs] * Net Head [feet] * Efficiency)/11.8"

Flow, head water and tail water data are typically available from flow meter or
gage measurements, reservoir elevations, and project design specifications.
Efficiency is dependent on the turbine design capacity, operating capacity, and
turbine type. Chapter 3 discusses efficiency assumptions used in the power
generation analysis of the Hydropower Assessment Tool. The following
sections describe flow and net head data required and available for the analysis.

The analysis requires daily flow data measured in cubic feet per second (cfs).
Historic flow records for the sites were used, as available. A minimum of 1 year
of flow records was required for analysis. Sites with data that indicated zero
flows would not have any power potential and were not carried forward in the
analysis. The 530 sites analyzed are either dams/diversion dams (spillways or
outlet works) or canal/tunnels or dikes/siphons, which have different flow
mechanisms, as described in the following sections.

! 11.8 is a constant factor used to convert mechanical horsepower into electrical energy.
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Reservoir Dams and Diversion Dams

Flows are typically measured as releases from the reservoir or diversions from a
main canal or water way. Some of the diversion dams in the analysis are used
for irrigation purposes and divert during the irrigation season; therefore, there
are about 6 months of flow through the facility.

Flows through spillways or outlet works are typically monitored and recorded
by the operating facilities; these data sources were used for the analysis. If no
recorded data was available at the site, local knowledge was used to estimate the
average flow through the facility. In some cases, particularly where the site uses
flows from a flood control channel, the local representatives with knowledge of
the site indicated that flow through the site was too sporadic or low for
hydropower generation. In these instances, it was documented that the site had
“no hydropower potential” and the site was not further analyzed.

Canals and Tunnels

Sites on canals and tunnels are mostly locations of elevation drops where head
can be captured to generate power. Some canal drops are an obvious change in
elevation; however, other elevation changes can occur over a long distance,
sometimes miles. For elevation drops over long distances, head losses and flows
in various sites along the canal would need to be further evaluated to determine
if there is hydropower potential and where a power plant could be installed.
Some canals and tunnel sites analyzed in this Resource Assessment fall into this
category; Reclamation is further evaluating these sites. Hydropower potential
in canals or tunnels could also exist at a turnout or siphon used to move water
from a larger canal into laterals or smaller canals for delivery. For some of
these points of delivery, hydraulic head needs to be reduced to manage the flow
of water. Similar to diversion dams, some of the canals and tunnels are also for
irrigation purposes with only seasonal flows.

Flows records through canals and tunnels are usually recorded and monitored
by Reclamation or U.S. Geological Survey (USGS) gages or by the operating
facility. In sites without readily available flow data, local authorities or
irrigation districts were contacted for estimates on flow. In some instances,
local districts had hard copy, written flow data that was used for the analysis.
Local officials also provided information about some sites, particularly if they
had sporadic or no flows for hydropower production. If the sites were
determined to have no flows, it was noted to have “no hydropower potential”
and was not further analyzed.

Dikes and Siphons

Some sites identified in the 1834 Study are dikes. Dikes typically impound
water and do not have any flow releases. As a result, the dikes included in this
study were assumed to have “no hydropower potential” because of zero flows.
If a local representative had data indicating the site was not a typical dike and
did have flows, then it was documented and carried forward in the analysis. The
same approach applied to sites that were siphons.
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2.2.2 Net Hydraulic Head

In addition to flow, sites require a positive net head for hydropower
development. Net head is calculated as the difference between head water and
tail water elevation. In general, a minimum of 3 feet of head is required to
generate some hydropower. For some sites without historic records, local staff
was able to provide information about available head at the sites. If sites had
minimal head available (i.e., less than 3 feet), which occurred mostly in canals
and tunnels, they were noted to have “no hydropower potential” due to the
limited head available to move water within the canal or tunnel.

For reservoir dams and diversion dams, the recorded variable reservoir
elevations at the site were used as the head water elevation and the tail water
elevation was estimated from record drawings. Tail water elevation was a
constant.

For most canals and tunnels, net head was a constant reflecting the elevation
drop in the facilities. Some canals had similar elevation data as reservoirs
where head water elevation varied and tail water elevation was constant.

2.3 Data Sources

Various data sources provided flow, head water and tail water data for the
analysis. For many sites, Reclamation owns the site but has transferred
operation and maintenance to a local irrigation district. Therefore, local
irrigation districts assisted in data collection.

e Hydromet — Reclamation operates a network of automated hydrologic
and meteorologic monitoring stations throughout the Pacific Northwest
and Great Plains region. Hydromet collects remote field data and
transmits it via satellite to provide real-time water management
capability. Hydromet data is then integrated with other sources of
information to provide streamflow forecasting and current runoff
conditions for river and reservoir operations. Hydromet provides daily
flow and elevation data.

e USGS Water Data - USGS surface-water data includes more than
850,000 station years of time-series data that describe stream levels,
streamflow, reservoir and lake levels, surface-water quality, and
rainfall. The data are collected by automatic recorders and manual
measurements. Data is available real-time, daily, monthly, and
annually. Daily data is available at 25,290 surface water sites.

e 1834 Study — Efforts to complete the 1834 Study included data
collection for the 530 sites. Hydrologic data required for the 1834
Study is the same as data needed for the Resource Assessment. As a
result of screening criteria, hydrologic data was not collected on many
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of the sites. However, sites that made it to the final phase of analysis in
the 1834 Study had hydrologic data available.

e Project Data Book — The Water and Power Resources Service Project
Data (1981) (Project Data Book) contains descriptive and technical
information for existing Reclamation water projects and facilities,
including engineering designs. The Project Data Book was used to
identify tail water elevation for most sites and head water elevation for
some sites, if it were not available through other sources. Tail water
elevation was identified based on elevation of outlet works in the
design drawings.

e Reclamation Area Offices’ or Irrigation Districts’ records —
Reclamation’s area offices or irrigation districts operating the site
maintain flow data for some sites. Daily data was provided in Excel
files or in written records.

e Reclamation Area Offices’ and Irrigation Districts’ staff knowledge -
Avrea office and irrigation district staff had local knowledge of some
sites through operation, maintenance, or inspection and could provide
general knowledge on flow and head data. This local information was
applied, as necessary and applicable, to some sites and assigned a “low
confidence” in the analysis (see below). Most often, staff knowledge
was applied if the site did not have hydropower potential, as staff
generally knew about flow magnitude and frequency and if head was
available for hydropower production.

2.4 Data Confidence Levels

The Resource Assessment is very data-intensive. Collecting daily flow, head
water and tail water data over multiple years for 530 sites posed several
challenges. Best efforts were made to collect complete data for all sites;
however, some sites had missing or incomplete data. In most instances,
incomplete data was manipulated in order to be adequate for the planning level
of analysis in the Resource Assessment. Sites with completely missing
hydrologic data were left out of the analysis and documented in this report. As
a result of the variability in data, Reclamation has assigned confidence ratings
to data collected for each site based on the source, availability and consistency
of data. Data was classified as high, medium, or low confidence, defined
below.

e High Confidence: assigned to data downloaded from Hydromet,
USGS gages, or data collected from the previously conducted 1834
Study. Data has continuous daily data sets for a minimum of three
years.
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Medium Confidence: assigned to data downloaded from Hydromet or
USGS that had data gaps. Some of the data downloaded from the
Hydromet or USGS sites had missing data points, either single data
points or weeks to months of missing data. This data was still valuable
and adequate to use for the planning level analysis in the Resource
Assessment; therefore, data gaps were filled in using best professional
judgment. For example, for single gaps, the previous data point could
be repeated and for consecutive gaps, linear interpolation could be
applied. Medium confidence was also assigned to data provided as
monthly averages for flow and net head from irrigation records. The
monthly averages were used as daily data points in order to run the
Hydropower Assessment Tool.

Low Confidence: assigned to sites where no historical hydrologic
records were available. Local area office staff were contacted and
provided estimates on flow and head available for hydropower
generation based on local knowledge of the site. If staff had local
knowledge of the site, it was included as information available on the
site, but assigned a low confidence rating. Low confidence was also
assigned to sites that had data available, but the local staff suspected
inaccuracies in the data based on local knowledge.

Table 2-2 Number of High, Medium, and Low Confidence Sites per
Region

High Confidence | Medium Confidence | Low Confidence
Great Plains 60 17 60
Lower Colorado 0 2 18
Mid-Pacific 5 11 19
Pacific Northwest 28 7 35
Upper Colorado 28 36 48
Total 121 73 180

Results from low confidence data, though useful to analyze a site’s potential at
this preliminary level of investigation, should not be used for more detailed or
feasibility level analyses. Efforts to collect more reliable data (i.e. higher
confidence) should be made in subsequent analyses.

2.5 Data Gaps

Though Reclamation made significant efforts to research and find hydrologic
data for all the 530 sites, there were some sites that had no hydrologic data
available. Efforts were made to minimize the number of sites with no
hydrologic data available by collecting information from local staff about
known flows and head at the site. Mostly field staff knowledgeable of the site
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provided this data. Sites with information provided by local staff were given a
low confidence rating because historic records were not available. Table 2-3
gives the number for sites in each region with “No hydrologic data available”.
These 93 sites were not further analyzed in the Resource Assessment.

Table 2-3 Number of Sites with “No hydrologic data available” per

Region
Number of Sites with
Reclamation Region Total Number of Sites “No hydrologic data
available”
Great Plains 146 1
Lower Colorado 30 8
Mid-Pacific 44 6
Pacific Northwest 105 15
Upper Colorado 205 63
Total 530 93

2.6 Site Data Summary

Site location, proximity, and hydrologic data are unique to each of the 530 sites.
Reclamation was able to collect data needed for the Hydropower Assessment
Tool for the majority of sites. Table 2-4 summarizes data or information
available, hydropower potential, and data confidence levels for the 530 sites.
Information or data available indicates if any hydrologic data was available on
the site from the sources listed in Section 2.3, including local knowledge. The
hydropower potential column indicates if any hydropower potential exists at the
site; however, a “yes” does not mean that the site is economically viable. Dash
marks indicate sites that were removed from the analysis. Sites were removed
from the analysis because of various reasons, including if the site was duplicate
to another, if hydropower was already developed or being developed, or if
Reclamation no longer owned the site. These sites were identified and not
further analyzed in the Resource Assessment.
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Table 2-4 Site Data Availability Summary

Information/ Hydropower Data Notes
Site ID Site Name Data Available Potential Confidence includi f hvd il
(yes/no) (yes/no) Level (including reason for no hydropower potential)
A-Drop Project, Greenfield Main Canal Model estimated that flows are too low for hydropower
GP-1 Drop yes no High development
Data indicated there is no drop into the canal; therefore, no
GP-2 Almena Diversion Dam yes no Low head is available for hydropower development
Model estimated that flows are too low for hydropower
GP-3 Altus Dam yes no Medium development
GP-4 Anchor Dam yes yes High
GP-5 Angostura Dam yes yes High
Facility only operates seasonally and has limited flows for
GP-6 Anita Dam yes no Low hydropower development
Data indicated flows are too low for hydropower
GP-7 Arbuckle Dam yes no Low development, about 1 cfs constant downstream release
GP-8 Barretts Diversion Dam yes yes Medium
Data indicated there is no drop into the canal; therefore, no
GP-9 Bartley Diversion Dam yes no Low head is available for hydropower development
GP-10 Belle Fourche Dam yes yes High
GP-11 Belle Fourche Diversion Dam yes no Low Data indicated flows are too low for hydropower development
GP-12 Bonny Dam yes yes High
Model estimated that flows are too low for hydropower
GP-13 Box Butte Dam yes no Low development
GP-14 Bretch Diversion Canal yes yes Medium
GP-15 Bull Lake Dam yes yes High
Data indicated there is no drop into the canal; therefore, no
GP-16 Cambridge Diversion Dam yes no Low head is available for hydropower development
GP-17 Carter Creek Diversion Dam yes no Low Data indicated flows are too low for hydropower development
GP-18 Carter Lake Dam No. 1 yes yes High
Model estimated that flows are too low for hydropower
GP-19 Cedar Bluff Dam yes no High development
GP-20 Chapman Diversion Dam yes no Low Data indicated flows are too low for hydropower development
Model estimated that flows are too low for hydropower
GP-21 Cheney Dam yes no High development
GP-22 Choke Canyon Dam yes yes Low
GP-23 Clark Canyon Dam yes yes High
GP-24 Corbett Diversion Dam yes yes High
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Information/ Hydropower Data Notes
Site ID Site Name Data Available Potential Confidence . . .
(yes/no) (yes/no) Level (including reason for no hydropower potential)
GP-25 Culbertson Diversion Dam yes no Low Data indicated flows are too low for hydropower development
GP-26 Davis Creek Dam yes no Low Data indicated flows are too low for hydropower development
GP-27 Deaver Dam yes no Low Data indicated flows are too low for hydropower development
GP-28 Deerfield Dam yes yes High
GP-29 Dickinson Dam yes yes High
GP-30 Dixon Canyon Dam yes no Low Data indicated flows are too low for hydropower development
GP-31 Dodson Diversion Dam yes yes Low
GP-32 Dry Spotted Tail Diversion Dam yes no Low Data indicated flows are too low for hydropower development
Data indicated there is no drop into the canal; therefore, no
GP-33 Dunlap Diversion Dam yes no Low head is available for hydropower development
GP-34 East Portal Diversion Dam yes yes High
GP-35 Enders Dam yes yes High
GP-36 Fort Cobb Dam yes no Low Data indicated flows are too low for hydropower development
GP-37 Fort Shaw Diversion Dam yes yes Medium
GP-38 Foss Dam yes yes Low
GP-39 Fresno Dam yes yes High
GP-40 Fryingpan Diversion Dam yes no Low Data indicated flows are too low for hydropower development
GP-41 Gibson Dam yes yes High
GP-42 Glen Elder Dam yes yes High
GP-43 Granby Dam yes yes High
GP-44 Granby Dikes 1-4 yes no Low Data indicated flows are too low for hydropower development
GP-45 Granite Creek Diversion Dam yes no Low Data indicated flows are too low for hydropower development
GP-46 Gray Reef Dam yes yes High
Greenfield Project, Greenfield Main
GP-47 Canal Drop yes yes Low
GP-48 Halfmoon Creek Diversion Dam yes no Low Data indicated flows are too low for hydropower development
GP-49 Hanover Diversion Dam - - - Reclamation does not own the site
GP-50 Heart Butte Dam yes yes High
GP-51 Helena Valley Dam yes yes High
GP-52 Helena Valley Pumping Plant yes yes High
GP-53 Horse Creek Diversion Dam yes no Low Data indicated flows are too low for hydropower development

2-19 DRAFT — November 2010




Hydropower Site Data Collection
Chapter 2

Table 2-4 Site Data Availability Summary

Information/ Hydropower Data Notes
Site ID Site Name Data Available Potential Confidence includi f hvd ial
(yes/no) (yes/no) Level (including reason for no hydropower potential)

GP-54 Horsetooth Dam yes yes High

Model estimated that flows are too low for hydropower
GP-55 Hunter Creek Diversion Dam yes no Medium development
GP-56 Huntley Diversion Dam yes yes Medium
GP-57 Ivanhoe Diversion Dam yes no Low Data indicated flows are too low for hydropower development
GP-58 James Diversion Dam yes yes High
GP-59 Jamestown Dam yes yes High

Johnson Project, Greenfield Main Canal

GP-60 Drop yes yes Medium

Data indicated there is no drop into the canal; therefore, no
GP-61 Kent Diversion Dam yes no Low head is available for hydropower development

Model estimated that flows are too low for hydropower
GP-62 Keyhole Dam yes no High development
GP-63 Kirwin Dam yes yes High

Knights Project, Greenfield Main Canal Model estimated that flows are too low for hydropower

GP-64 Drop yes no Medium development

Model estimated that flows are too low for hydropower
GP-65 Lake Alice Lower 1-1/2 Dam yes no Low development
GP-66 Lake Alice No. 1 Dam yes no Low Data indicated flows are too low for hydropower development
GP-67 Lake Alice No. 2 Dam yes yes Medium
GP-68 Lake Sherburne Dam yes yes Medium

Model estimated that flows are too low for hydropower
GP-69 Lily Pad Diversion Dam yes no Low development
GP-70 Little Hell Creek Diversion Dam yes no Low Data indicated flows are too low for hydropower development

Model estimated that flows are too low for hydropower
GP-71 Lovewell Dam yes no High development
GP-72 Lower Turnbull Drop Structure - - - Site already has hydropower developed or being developed
GP-73 Lower Yellowstone Diversion Dam yes yes Medium

Model estimated that flows are too low for hydropower
GP-74 Mary Taylor Drop Structure yes no Medium development
GP-75 Medicine Creek Dam yes yes High
GP-76 Merritt Dam yes yes Low
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Information/ Hydropower Data Notes
Site ID Site Name Data Available Potential Confidence . . .
(yes/no) (yes/no) Level (including reason for no hydropower potential)
GP-77 Merritt Dam - - - Duplicate site, same as Merritt Dam
Middle Cunningham Creek Diversion Model estimated that flows are too low for hydropower
GP-78 Dam yes no Low development
GP-79 Midway Creek Diversion Dam yes no Low Data indicated flows are too low for hydropower development
Mill Coulee Canal Drop, Upper and Model estimated that flows are too low for hydropower
GP-80 Lower Drops Combined yes no Medium development
Model estimated that flows are too low for hydropower
GP-81 Minatare Dam yes no High development
GP-82 Mormon Creek Diversion Dam yes no Low Data indicated flows are too low for hydropower development
GP-83 Mountain Park Dam yes no Low Data indicated flows are too low for hydropower development
Model estimated that flows are too low for hydropower
GP-84 Nelson Dikes C yes no High development
GP-85 Nelson Dikes DA yes yes High
GP-86 No Name Creek Diversion Dam yes no Low Data indicated flows are too low for hydropower development
GP-87 Norman Dam yes no Low Data indicated flows are too low for hydropower development
GP-88 North Cunningham Creek Diversion Dam yes no Low Data indicated flows are too low for hydropower development
GP-89 North Fork Diversion Dam yes no Low Data indicated flows are too low for hydropower development
GP-90 North Poudre Diversion Dam - - - Reclamation does not own the site
GP-91 Norton Dam yes yes High
GP-92 Olympus Dam yes yes High
GP-93 Pactola Dam yes yes High
Model estimated that flows are too low for hydropower
GP-94 Paradise Diversion Dam yes no High development
GP-95 Pathfinder Dam yes yes High
GP-96 Pathfinder Dike yes no Low Data indicated flows are too low for hydropower development
GP-97 Pilot Butte Dam yes yes High
GP-98 Pishkun Dike - No. 4 yes yes High
GP-99 Pueblo Dam yes yes High
GP-100 Ralston Dam yes no Low Data indicated flows are too low for hydropower development
Model estimated that flows are too low for hydropower
GP-101 Rattlesnake Dam yes no High development
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GP-102 Red Willow Dam yes yes High
GP-103 Saint Mary Diversion Dam yes yes High
GP-104 Sanford Dam yes no Low Data indicated flows are too low for hydropower development
GP-105 Satanka Dike yes no Low Data indicated flows are too low for hydropower development
GP-106 Sawyer Creek Diversion Dam yes no Low Data indicated flows are too low for hydropower development
GP-107 Shadehill Dam yes yes High
GP-108 Shadow Mountain Dam yes yes High

Model estimated that flows are too low for hydropower
GP-109 Soldier Canyon Dam yes no High development

South Cunningham Creek Diversion

GP-110 Dam yes no Low Data indicated flows are too low for hydropower development
GP-111 South Fork Diversion Dam yes no Low Data indicated flows are too low for hydropower development
GP-112 South Platte Supply Canal Diverion Dam - - - Reclamation does not own the site
GP-113 Spring Canyon Dam yes no Low Data indicated flows are too low for hydropower development
GP-114 St. Mary Canal - Drop 1 yes yes High
GP-115 St. Mary Canal - Drop 2 yes yes High
GP-116 St. Mary Canal - Drop 3 yes yes High
GP-117 St. Mary Canal - Drop 4 yes yes High
GP-118 St. Mary Canal - Drop 5 yes yes High
GP-119 St. Vrain Canal - - - Reclamation does not own the site
GP-120 Sun River Diversion Dam yes yes High

Data indicated there is no drop into the canal; therefore, no
GP-121 Superior-Courtland Diversion Dam yes no Low head is available for hydropower development
GP-122 Trenton Dam yes yes High
GP-123 Trenton Dam - - - Duplicate site, same as Trenton Dam

Site has no flow available for hydropower during irrigation

season; structures are open during remainder of year with no
GP-124 Tub Springs Creek Diversion Dam yes no Low available head for hydropower development

Site has less than one year of data available, not sufficient to
GP-125 Twin Buttes Dam no - - estimate potential for hydropower development
GP-126 Twin Lakes Dam (USBR) yes yes High
GP-127 Upper Turnbull Drop Structure - - - Site already has hydropower developed or being developed
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GP-128 Vandalia Diversion Dam yes yes Medium
GP-129 Virginia Smith Dam yes yes Low
GP-130 Webster Dam yes yes High
Site has only one year of data available. Based on one year
GP-131 Whalen Diversion Dam yes yes High data, hydropower may be a potential at the site
GP-132 Willow Creek Dam yes yes High
Model estimated that flows are too low for hydropower
GP-133 Willow Creek Dam (MT) yes no Medium development
GP-134 Willow Creek Forebay Diversion Dam yes no Low Data indicated flows are too low for hydropower development
GP-135 Willwood Canal yes yes Medium
GP-136 Willwood Diversion Dam yes yes High
GP-137 Wind River Diversion Dam yes yes High
Woods Project, Greenfield Main Canal
GP-138 Drop yes yes Low
Data indicated there is no drop into the canal; therefore, no
GP-139 Woodston Diversion Dam yes no Low head is available for hydropower development
GP-140 Wyoming Canal - Sta 1016 yes yes Low
GP-141 Wyoming Canal - Sta 1490 yes yes Low
GP-142 Wyoming Canal - Sta 1520 yes yes Low
GP-143 Wyoming Canal - Sta 1626 yes yes Low
GP-144 Wyoming Canal - Sta 1972 yes yes Low
GP-145 Wyoming Canal - Sta 997 yes yes Low
GP-146 Yellowtail Afterbay Dam yes yes Medium
Site is a siphon entrance, data indicated flows are too low for
LC-1 Agua Fria River Siphon yes no Low hydropower development (approximately 25 cfs)
LC-2 Agua Fria Tunnel no - - No hydrologic data available
Data indicated no head is available for hydropower
development (approximately 1.97 feet of head); many power
LC-3 All American Canal yes no Low plants already exist on the canal
LC-4 All American Canal Headworks - - - Duplicate site
LC-5 Arizona Canal no - - No hydrologic data available
LC-6 Bartlett Dam yes yes Medium
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LC-7 Buckskin Mountain Tunnel no - - No hydrologic data available
LC-8 Burnt Mountain Tunnel no - - No hydrologic data available

Data indicated no head is available for hydropower
LC-9 Centennial Wash Siphon yes no Low development

Data indicated no head is available for hydropower
LC-10 Coachella Canal yes no Low development (16.81 feet of head over 123 miles)
LC-11 Consolidated Canal no - - No hydrologic data available
LC-12 Cross Cut Canal no - - No hydrologic data available

Data indicated no head is available for hydropower
LC-13 Cunningham Wash Siphon yes no Low development
LC-14 Eastern Canal no - - No hydrologic data available
LC-15 Gila Gravity Main Canal Headworks yes yes Medium

Data indicated no head is available for hydropower
LC-16 Gila River Siphon yes no Low development (approximately 3.27 feet of head)
LC-17 Grand Canal no - - No hydrologic data available

Data indicated no head is available for hydropower
LC-18 Granite Reef Diversion Dam yes no Low development (approximately 1.5 feet of head)

Data indicated no head is available for hydropower
LC-19 Hassayampa River Siphon yes no Low development
LC-20 Horseshoe Dam yes yes Low
LC-21 Imperial Dam yes yes Low

Data indicated no head is available for hydropower
LC-22 Interstate Highway Siphon yes no Low development

Data indicated no head is available for hydropower
LC-23 Jackrabbit Wash Siphon yes no Low development
LC-24 Laguna Dam yes yes Low

Data indicated no head is available for hydropower
LC-25 New River Siphon yes no Low development
LC-26 Palo Verde Diversion Dam - - - Reclamation does not own the site
LC-27 Reach 11 Dike yes no Low Dike structure, no flows available for hydropower generation

Data indicated no head is available for hydropower
LC-28 Salt River Siphon Blowoff yes no Low development

Data indicated no head is available for hydropower
LC-29 Tempe Canal yes no Low development
LC-30 Western Canal yes no Low Data indicated no head is available for hydropower
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development
MP-1 Anderson-Rose Dam yes yes Medium
MP-2 Boca Dam yes yes High
MP-3 Bradbury Dam yes yes Medium
MP-4 Buckhorn Dam (Reclamation) yes no Low Data indicated flows are too low for hydropower development
Data indicated there is no effective flow through the facility; it
MP-5 Camp Creek Dam yes no Low is diversion dam collecting runoff
Data indicated there is no effective flow through the facility; it
MP-6 Carpenteria yes no Low is a regulating dam
MP-7 Carson River Dam no - - No hydrologic data available
MP-8 Casitas Dam yes yes High
Model estimated that flows are too low for hydropower
MP-9 Clear Lake Dam yes no Medium development
MP-10 Contra Loma Dam no - - No hydrologic data available
Data indicated no head is available for hydropower
development ; all the head is being used to move the water
MP-11 Derby Dam yes no Low from Truckee River to Lahontan dam
MP-12 Dressler Dam - - - Site was de-authorized and was not build
Site is a very old facility built in 1908 and has unconventional
MP-13 East Park Dam yes no Low outlet works
Dam is a widening in the canal, there is no flow to capture for
MP-14 Funks Dam yes no Low hydropower development
MP-15 Gerber Dam yes yes Medium
Site is a regulating reservoir with a Safety of Dams restriction
on use of the dam. Little inflows other than local drainage
MP-16 Glen Anne Dam yes no Low which gets released into a creek
MP-17 John Franchi Dam no - - No hydrologic data available
MP-18 Lake Tahoe Dam yes yes High
MP-19 Lauro Dam yes no Low Data indicated flows are too low for hydropower development
Site is a detention dam and only discharges stream flows of
only a few cfs during the winter/spring with occasional
MP-20 Little Panoche Detention Dam yes no Low increases based on rainfall in watershed
Site is a detention dam operated under Corps flood operating
MP-21 Los Banos Creek Detention Dam yes no Low criteria. Infrequent discharges of 100 to 400 cfs are made
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through outlet works
MP-22 Lost River Diversion Dam no - - No hydrologic data available
MP-23 Malone Diversion Dam yes yes Medium
MP-24 Marble Bluff Dam yes yes High
Site is a terminal reservoir for the Contra Costa Canal and
supplies water to the City of Martinez and Shell Oil under
pressure; would not want to lose any head for hydropower
MP-25 Martinez Dam yes no Low development
MP-26 Miller Dam no - - No hydrologic data available
MP-27 Mormon Island Auxiliary Dike yes no Low Data indicated flows are too low for hydropower development
Data indicated no head is available for hydropower
MP-28 Northside yes no Low development
Data indicated flows are too low for hydropower
MP-29 Ortega yes no Low development, small regulating reservoir
MP-30 Prosser Creek Dam yes yes High
MP-31 Putah Creek Dam yes yes Medium
MP-32 Putah Diversion Dam yes yes Medium
MP-33 Rainbow Dam yes yes Medium
MP-34 Red Bluff Dam yes no Low
Data indicated no flow or head is available for hydropower
MP-35 Robles Dam yes no Low development, diversion structure
MP-36 Rye Patch Dam yes yes Medium
Site is a terminal/balancing reservoir; reservoir head is
MP-37 San Justo Dam yes no Low needed to deliver water in the system
MP-38 Sheckler Dam no - - No hydrologic data available
MP-39 Sly Park Dam - - - Reclamation does not own the site
Site holds back contaminated water from past mining; not a
MP-40 Spring Creek Debris Dam yes no Low source for hydropower development
MP-41 Sugar Pine - - - Reclamation does not own the site
Data indicated flows are too low for hydropower
MP-42 Terminal Dam yes no Low development, siphon diversion
Model estimated that flows are too low for hydropower
MP-43 Twitchell Dam yes no Medium development
MP-44 Upper Slaven Dam yes yes Medium
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PN-1 Agate Dam yes yes High
PN-2 Agency Valley yes yes High
Data indicated no head is available for hydropower
PN-3 Antelope Creek yes no Low development, irrigation turnout
Data indicated no head is available for hydropower
PN-4 Arnold Dam yes no Low development, check structure
PN-5 Arrowrock Dam - - - Site exempted - FERC docket number 4656
PN-6 Arthur R. Bowman Dam yes yes High
Data indicated no flow or head is available for hydropower
PN-7 Ashland Lateral yes no Low development
Data indicated no head is available for hydropower
PN-8 Beaver Dam Creek yes no Low development
PN-9 Bully Creek yes yes High
PN-10 Bumping Lake yes yes High
Data indicated flows are too low for hydropower
PN-11 Cascade Creek yes no Low development, site is very remote and difficult to access
PN-12 Cle Elum Dam yes yes High
Data indicated flows are too low for hydropower
PN-13 Clear Creek yes no Low development; site is also called Clear Lake
PN-14 Col W.W. No 4 no - - No hydrologic data available
PN-15 Cold Springs Dam yes yes High
PN-16 Conconully yes no Low Data indicated flows are too low for hydropower development
Data indicated flows are too low for hydropower
PN-17 Conde Creek yes no Low development, site is a collection dam for Howard Prairie Dam
PN-18 Cowiche - - - Site exempted - FERC docket number 7337
PN-19 Crab Creek Lateral #4 no - - No hydrologic data available
PN-20 Crane Prairie yes yes High
PN-21 Cross Cut - - - Site exempted - FERC docket number 3991
Data indicated no head is available for hydropower
PN-22 Daley Creek yes no Low development, site is very remote and difficult to access
Data indicated flows are too low for hydropower
PN-23 Dead Indian yes no Low development, no diversion at the site
PN-24 Deadwood Dam yes yes High
PN-25 Deer Flat East Dike yes no Low Dike structure, no flows available for hydropower generation
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PN-26 Deer Flat Middle yes no Low Dike structure, no flows available for hydropower generation
PN-27 Deer Flat North Lower yes no Low Dike structure, no flows available for hydropower generation
PN-28 Deer Flat Upper yes no Low Dike structure, no flows available for hydropower generation
PN-29 Diversion Canal Headworks no - - No hydrologic data available
PN-30 Dry Falls - Main Canal Headworks - - - Site exempted - FERC docket number 2849
PN-31 Easton Diversion Dam yes yes High
PN-32 Eltopia Branch Canal - - - Site exempted - FERC docket number 3842
PN-33 Eltopia Branch Canal 4.6 - - - Site exempted - FERC docket humber 3842
PN-34 Emigrant Dam yes yes High
PN-35 Esquatzel Canal no - - No hydrologic data available
PN-36 Feed Canal no - - No hydrologic data available
PN-37 Fish Lake yes yes High
PN-38 Fourmile Lake - - - Reclamation does not own the site
Site has very limited storage area and no available hydrologic
PN-39 French Canyon yes no Low data
PN-40 Frenchtown no - - No hydrologic data available
PN-41 Golden Gate Canal yes yes Low
Model estimated that flows are too low for hydropower
PN-42 Grassy Lake yes no High development
PN-43 Harper Dam yes yes Low
PN-44 Haystack yes yes High
Model estimated that flows are too low for hydropower
PN-45 Howard Prairie Dam yes no High development
Data indicated no flow or head is available for hydropower
development, very shallow and small regulating pond,
available net head is approximately 5 feet and has no flow for
PN-46 Hubbard Dam yes no Low most of the year
Data indicated flows are too low for hydropower
development, site is a reregulating reservoir with very low
PN-47 Hyatt Dam yes no Low flows
PN-48 Kachess Dam yes yes Medium
PN-49 Keechelus Dam yes yes High
PN-50 Keene Creek - - - Site already has hydropower developed or being developed
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Data indicated no head is available for hydropower
development. Remote site with limited accessibility; diverts
PN-51 Little Beaver Creek yes no Low water into Howard Prairie
PN-52 Little Wood River Dam yes yes High
PN-53 Lytle Creek yes yes Low
PN-54 Main Canal No. 10 no - - No hydrologic data available
PN-55 Main Canal No. 6 no - - No hydrologic data available
PN-56 Mann Creek yes yes High
PN-57 Mason Dam yes yes High
PN-58 Maxwell Dam yes yes Medium
PN-59 McKay Dam yes yes High
PN-60 Mile 28 - on Milner Gooding Canal - - - Site already has hydropower developed or being developed
PN-61 Mora Canal Drop - - - Site exempted - FERC docket number 3403
Reclamation does not own the site; preliminary permit has
PN-62 North Canal Diversion Dam - - - been issued for the North Unit
PN-63 North Unit Main Canal no - - No hydrologic data available
Data indicated no head is available for hydropower
development, site is a diversion structure with approximately
PN-64 Oak Street yes no Low 1 foot of available head
PN-65 Ochoco Dam yes yes High
PN-66 Orchard Avenue - - - Site already has hydropower developed or being developed
PN-67 Owyhee Tunnel No. 1 - - - Site exempted - FERC docket number 4359
PN-68 PEC Mile 26.3 no - - No hydrologic data available
Data indicated no head is available for hydropower
PN-69 Phoenix Canal yes no Low development , very small drop over weir
PN-70 Pilot Butte Canal no - - No hydrologic data available
PN-71 Pinto Dam no - - No hydrologic data available
PN-72 Potholes Canal Headworks - - - Site exempted - FERC docket number P-2840
PN-73 Potholes East Canal - PEC 66.0 - - - Site exempted - FERC docket number P-3843
PN-74 Potholes East Canal 66.0 - - - Site exempted - FERC docket humber 3843
PN-75 Prosser Dam - - -
PN-76 Quincy Chute Hydroelectric - - - Site exempted - FERC docket number 2937
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Site is a road culvert, a penstock would be necessary for
PN-77 RB4C W. W. Hwy26 Culvert yes no Low hydropower generation
PN-78 Reservoir "A" yes yes High
PN-79 Ringold W. W. no - - No hydrologic data available
PN-80 Ririe Dam yes yes High
Data indicated no head is available for hydropower
development. Very small structure with approximately 2 feet
PN-81 Rock Creek yes no Low of available head
Site receives excess flows from Yakima project with a drop of
20-25 feet. Available flows used for existing Reclamation
PN-82 Roza Diversion Dam yes no Low power plant and fish mitigation
PN-83 Russel D Smith Dam no - - No hydrologic data available
Site includes 9 drop structures with less than 2 feet of head
available at each drop. Estimating piping distance to be 5
miles for 5 feet of head, project considered uneconomical
PN-84 Saddle Mountain W. W. yes no Low based on estimated data
PN-85 Salmon Creek - - - Duplicate site, same as Salmon Lake
Data indicated there are no flows for hydropower
PN-86 Salmon Lake yes no Low development
PN-87 Scoggins Dam yes yes High
PN-88 Scootney Wasteway yes yes Low
Model estimated that flows are too low for hydropower
PN-89 Soda Creek yes no Medium development
Data indicated no head is available for hydropower
PN-90 Soda Lake Dike yes no Low development, site is a reregulating dike
Model estimated that flows are too low for hydropower
PN-91 Soldier’'s Meadow Dam yes no Medium development
Data indicated flows are too low for hydropower
development, estimate of 10 cfs for 4 months of the year with
PN-92 South Fork Little Butte Creek yes no Low 5 feet of head
PN-93 Spectacle Lake Dike yes no Low All available flows through the site are used for irrigation
PN-94 Summer Falls on Main Canal no - - No hydrologic data available
PN-95 Sunnyside Dam yes yes Medium
Data indicated no head is available for hydropower
PN-96 Sweetwater Canal yes no Low development , irrigation structure with head less than 2 feet

2-30 DRAFT — November 2010




Table 2-4 Site Data Availability Summary

Chapter 2
Hydropower Site Data Collection

Information/ Hydropower Data Notes
Site ID Site Name Data Available Potential Confidence includi f hvd ial
(yes/no) (yes/no) Level (including reason for no hydropower potential)
available
PN-97 Thief Valley Dam yes yes Medium
Site has a prime anadromous fish spotting facility with no flow
PN-98 Three Mile Falls yes no Low available for generation
PN-99 Tieton Diversion - - - Site already has hydropower developed or being developed
PN-100 Unity Dam yes yes Medium
PN-101 Warm Springs Dam yes yes High
Model estimated that flows are too low for hydropower
PN-102 Wasco Dam yes no High development
Data indicated no head is available for hydropower
development , small diversion structure with less than 2 feet
PN-103 Webb Creek yes no Low of head available
PN-104 Wickiup Dam yes yes High
PN-105 Wild Horse - BIA yes yes High
Data indicated no head is available for hydropower
UcC-1 Alpine Tunnel yes no Low development, site is underground
uc-2 Alpine-Draper Tunnel - - - Reclamation does not own the site
Reclamation does not own the site, site is owned by a State
UcC-3 American Diversion Dam - - - department
uc4 Angostura Diversion yes yes High
ucC-5 Arthur V. Watkins Dam yes yes High
UC-6 Avalon Dam yes yes High
Azeotea Creek and Willow Creek
uc-7 Conveyance Channel Station 1565+00 yes yes Low
Azeotea Creek and Willow Creek
uUC-8 Conveyance Channel Station 1702+75 yes yes Low
Azeotea Creek and Willow Creek
uc-9 Conveyance Channel Station 1831+17 yes yes Low
Azotea Creek and Willow Creek Model estimated that head is too low for hydropower
UC-10 Conveyance Channel Outlet yes no Low development
UC-11 Azotea Tunnel yes yes High
UcC-12 Beck's Feeder Canal no - - No hydrologic data available
UC-13 Big Sandy Dam yes yes Medium
uc-14 Blanco diversion Dam yes yes Medium
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UC-15 Blanco Tunnel yes yes Medium
UC-16 Brantley Dam yes yes Medium
uc-17 Broadhead Diversion Dam no - - No hydrologic data available
uUC-18 Brough's Fork Feeder Canal no - - No hydrologic data available
UC-19 Caballo Dam yes yes Low
UC-20 Cedar Creek Feeder Canal no - - No hydrologic data available
ucC-21 Cottonwood Creek/Huntington Canal - - - Duplicate site, same as Swasey Diversion
ucC-22 Crawford Dam yes yes High
uc-23 Currant Creek Dam yes yes High

Data indicated no head is available for hydropower
ucC-24 Currant Tunnel yes no Low development, site is underground
UC-25 Dam No. 13 - - - Title transfers are in progress, no longer a Reclamation site
UC-26 Dam No. 2 - - - Title transfers are in progress , no longer a Reclamation site
uc-27 Davis Aqueduct yes no Low Not a feasible site
uC-28 Dolores Tunnel yes yes Medium
ucC-29 Docs Diversion Dam yes no Low Data indicated flows are too low for hydropower development
UC-30 Duchesne Diversion Dam - - - Duplicate site, same as Duchesne Tunnel

Model estimated that flows are too low for hydropower
UC-31 Duchesne Tunnel yes no Medium development
uUc-32 Duschense Feeder Canal - - - Reclamation does not own the site, it is a BIA structure
UC-33 East Canal no - - No hydrologic data available

Model estimated that flows are too low for hydropower
ucC-34 East Canal yes no Medium development
UC-35 East Canal Diversion Dam no - - No hydrologic data available
UC-36 East Canyon Dam yes yes High
uc-37 East Fork Diversion Dam no - - No hydrologic data available

Data indicated no head is available for hydropower

development, all the head available is being used to move
UC-38 Eden Canal yes no Low water in the canal

Model estimated that flows are too low for hydropower
UC-39 Eden Dam yes no High development
UC-40 Ephraim Tunnel no - - No hydrologic data available
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uC-41 Farmington Creek Stream Inlet no - - No hydrologic data available
uc-42 Fire Mountain Diversion Dam no - - No hydrologic data available
ucC-43 Florida Farmers Diversion Dam no - - No hydrologic data available
ucC-44 Fort Sumner Diversion Dam yes yes High
uUC-45 Fort Thornburgh Diversion Dam no - - No hydrologic data available
UC-46 Fruitgrowers Dam yes yes High

Model estimated that flows are too low for hydropower
uc-47 Garnet Diversion Dam yes no Medium development

Data indicated no head is available for hydropower
ucC-48 Gateway Tunnel yes no Low development , site is a 3.2-mile long tunnel
ucC-49 Grand Valley Diversion Dam yes yes Medium
UC-50 Great Cut Dike yes no Low Dike structure, no flows available for hydropower generation
UC-51 Gunnison Diversion Dam yes yes Medium
UC-52 Gunnison Tunnel yes yes Medium

Data indicated no head is available for hydropower
UC-53 Hades Creek Diversion Dam yes no Low development

Data indicated no head is available for hydropower
UC-54 Hades Tunnel yes no Low development, site is underground
UC-55 Haights Creek Stream Inlet no - - No hydrologic data available
UC-56 Hammond Diversion Dam yes yes Medium
uC-57 Heron Dam yes yes Medium
UC-58 Highline Canal no - - No hydrologic data available
UC-59 Huntington North Dam yes yes High
UC-60 Huntington North Feeder Canal no - - No hydrologic data available
uC-61 Huntington North Service Canal - - - Duplicate site, same Huntington North Dam
uC-62 Hyrum Dam yes yes High
UC-63 Hyrum Feeder Canal no - - No hydrologic data available
ucC-64 Hyrum-Mendon Canal no - - No hydrologic data available
UC-65 Indian Creek Crossing Div. Dam - - - Site no longer exists
UC-66 Indian Creek Dike - - - Site no longer exists
uC-67 Inlet Canal yes yes Medium
UC-68 Ironstone Canal yes no Low Model estimated that flows are too low for hydropower
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development
UC-69 Ironstone Diversion Dam no - - No hydrologic data available
Model estimated that head is too low for hydropower
UC-70 Isleta Diversion Dam yes no Low development
UC-71 Jackson Gulch Dam - - - Site already has hydropower developed or being developed
UC-72 Joes Valley Dam yes yes High
UC-73 Jordanelle Dam - - - Site already has hydropower developed or being developed
Data indicated no head is available for hydropower
UC-74 Knight Diversion Dam yes no Low development
Model estimated that flows are too low for hydropower
UC-75 Layout Creek Diversion Dam yes no Low development
UC-76 Layout Creek Tunnel no - - No hydrologic data available
Data indicated no head is available for hydropower
development , all the head available is being used to move
ucC-77 Layton Canal yes no Low water in the canal
UC-78 Leasburg Diversion Dam no - - No hydrologic data available
uc-79 Leon Creek Diversion Dam no - - No hydrologic data available
Site is a buried siphon structure that offers no effective
access and no potential for hydropower development -
redesign and construction would be needed to maintain
uC-80 Little Navajo River Siphon yes no Low design flow, available head is approximately 7 feet
Model estimated that flows are too low for hydropower
uUC-81 Little Oso Diversion Dam yes no Medium development
uc-82 Little Sandy Diversion Dam no - - No hydrologic data available
uC-83 Little Sandy Feeder Canal no - - No hydrologic data available
ucC-84 Lost Creek Dam yes yes High
Model estimated that flows are too low for hydropower
UC-85 Lost Lake Dam yes no Low development
Data indicated no head is available for hydropower
UC-86 Loutzenheizer Canal yes no Low development
Model estimated that flows are too low for hydropower
ucC-87 Loutzenheizer Diversion Dam yes no Low development
uC-88 Lucero Dike yes no Low Dike structure, no flows available for hydropower generation
UC-89 M&D Canal-Shavano Falls yes yes Low
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UC-90 Madera Diversion Dam no - - No hydrologic data available
uc-91 Main Canal - - - Duplicate site, same as Newton Dam
ucC-92 Means Canal - - - Duplicate site, same as Big Sandy Dam
UC-93 Meeks Cabin Dam yes yes High
uC-94 Mesilla Diversion Dam no - - No hydrologic data available
UC-95 Middle Fork Kays Creek Stream Inlet no - - No hydrologic data available
UC-96 Midview Dam - - - Reclamation does not own the site, it is a BIA structure
uc-97 Mink Creek Canal no - - No hydrologic data available
uC-98 Montrose and Delta Canal yes yes Low
ucC-99 Montrose and Delta Div. Dam no - - No hydrologic data available
UC-100 Moon Lake Dam yes yes High
UC-101 Murdock Diversion Dam - - - Title transfers are in progress, no longer Reclamation sites
No flow data available at site. Approximate head available at
UC-102 Nambe Falls Dam no - - site varies between 121-130 feet.
UC-103 Navajo Dam Diversion Works yes yes Medium
Model estimated that flows are too low for hydropower
UC-104 Newton Dam yes no High development
UC-105 Ogden Brigham Canal no - - No hydrologic data available
UC-106 Ogden Valley Canal - - - Duplicate site, same as Ogden Valley Diversion Dam
ucC-107 Ogden Valley Diversion Dam no - - No hydrologic data available
UC-108 Ogden-Brigham Canal - - - Duplicate site
UC-109 Olmstead Diversion Dam no - - No hydrologic data available
UC-110 Olmsted Tunnel - - - Title transfers are in progress, no longer a Reclamation site
UC-111 Open Channel #1 - - - Duplicate site, same flow as Vat Tunnel (Baffled channels)
UC-112 Open Channel #2 - - - Duplicate site, same flow as Water Hollow Tunnel
Model estimated that flows are too low for hydropower
UC-113 Oso Diversion Dam yes no Medium development
ucC-114 Oso Feeder Conduit no - - No hydrologic data available
No flow data available at site. Approximate head available at
UC-115 Oso Tunnel no - - site is 72.25 feet
UC-116 QOutlet Canal yes yes Medium
uC-117 Paonia Dam yes yes Medium

2-35 DRAFT — November 2010




Hydropower Site Data Collection
Chapter 2

Table 2-4 Site Data Availability Summary

Information/ Hydropower Data Notes
Site ID Site Name Data Available Potential Confidence includi f hvd ial
(yes/no) (yes/no) Level (including reason for no hydropower potential)

Uc-118 Park Creek Diversion Dam no - - No hydrologic data available

Data indicated flows are too low for hydropower
UC-119 Percha Arroyo Diversion Dam yes no Low development, diverts only seasonal storm water flow
UC-120 Percha Diversion Dam no - - No hydrologic data available

Data indicated flows are too low for hydropower
uc-121 Picacho North Dam yes no Low development, diverts only seasonal storm water flow

Data indicated flows are too low for hydropower
uC-122 Picacho South Dam yes no Low development, diverts only seasonal storm water flow
UC-123 Pineview Dam - - - Site already has hydropower developed or being developed
UC-124 Platoro Dam yes yes High
UC-125 Provo Reservoir Canal - - - Title transfers are in progress, no longer a Reclamation site
UC-126 Red Fleet Dam yes yes High

Model estimated that flows are too low for hydropower
uc-127 Rhodes Diversion Dam yes no Low development

Structure is a valve and not a viable site for hydropower
ucC-128 Rhodes Flow Control Structure yes no Low development

Data indicated no head is available for hydropower
uC-129 Rhodes Tunnel yes no Low development, site is underground
UC-130 Ricks Creek Stream Inlet no - - No hydrologic data available
UC-131 Ridgway Dam yes yes High
UC-132 Rifle Gap Dam yes yes High

Site has dam safety issues, not a feasible site due to safety
UC-133 Riverside Diversion Dam yes no Low concerns
UC-134 S. Ogden Highline Canal Div. Dam no - - No hydrologic data available
UC-135 San Acacia Diversion Dam yes yes Medium
UC-136 Scofield Dam yes yes High
UC-137 Selig Canal yes yes Low
UC-138 Selig Diversion Dam no - - No hydrologic data available
UC-139 Sheppard Creek Stream Inlet no - - No hydrologic data available
UC-140 Silver Jack Dam yes yes High
UC-141 Sixth Water Flow Control yes yes Medium
UC-142 Slaterville Diversion Dam no - - No hydrologic data available
UC-143 Smith Fork Diversion Dam no - - No hydrologic data available
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Information/ Hydropower Data Notes
Site ID Site Name Data Available Potential Confidence . . .
(yes/no) (yes/no) Level (including reason for no hydropower potential)
ucC-144 Soldier Creek Dam yes yes High
UC-145 South Canal Tunnels yes yes Medium
UC-146 South Canal, Sta 19+ 10 "Site #1" yes yes Medium
ucC-147 South Canal, Sta. 181+10, "Site #4" yes yes Medium
UC-148 South Canal, Sta. 472+00, "Site #5" yes yes Medium
UC-149 South Canal, Sta. 72+50, Site #2" no - - No flow data was available for Fairview
UC-150 South Canal, Sta.106+65, "Site #3" yes yes Medium
UC-151 South Feeder Canal no - - No hydrologic data available
UC-152 South Fork Kays Creek Stream Inlet no - - No hydrologic data available
UC-153 Southside Canal no - - No hydrologic data available
Southside Canal, Sta 171+ 90 thru 200+
UC-154 67 (2 canal drops) yes yes Low
Southside Canal, Sta 349+ 05 thru 375+
UC-155 42 (3 canal drops) yes yes Low
UC-156 Southside Canal, Station 1245 + 56 no - - No hydrologic data available
UC-157 Southside Canal, Station 902 + 28 no - - No hydrologic data available
UC-158 Spanish Fork Diversion Dam no - - No hydrologic data available
UC-159 Spanish Fork Flow Control Structure yes yes Medium
UC-160 Spring City Tunnel no - - No hydrologic data available
UC-161 Staight Creek Stream Inlet no - - No hydrologic data available
UC-162 Starvation Dam yes yes High
UC-163 Starvation Feeder Conduit Tunnel no - - No hydrologic data available
UC-164 Stateline Dam yes yes High
UC-165 Station Creek Tunnel no - - No hydrologic data available
UC-166 Steinaker Dam yes yes High
Data indicated no head is available for hydropower
development, all the head available is being used to move
UC-167 Steinaker Feeder Canal yes no Low water in the canal
UC-168 Steinaker Service Canal no - - No hydrologic data available
UC-169 Stillwater Tunnel yes yes Medium
UC-170 Stoddard Diversion Dam no - - No hydrologic data available
UC-171 Stone Creek Stream Inlet no - - No hydrologic data available
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Table 2-4 Site Data Availability Summary

Information/ Hydropower Data Notes
Site ID Site Name Data Available Potential Confidence includi f hvd ial
(yes/no) (yes/no) Level (including reason for no hydropower potential)
Model estimated that head is too low for hydropower
UC-172 Strawberry Tunnel Turnout yes no Low development
UC-173 Stubblefield Dam - - - Title transfers are in progress, no longer a Reclamation site
uUcC-174 Sumner Dam yes yes Medium
Model estimated that flows are too low for hydropower
UC-175 Swasey Diversion Dam yes no Medium development
UC-176 Syar Inlet - - - Duplicate site, same as Syar Tunnel
uc-177 Syar Tunnel yes yes Medium
UC-178 Tanner Ridge Tunnel no - - No hydrologic data available
UC-179 Taylor Park Dam yes yes High
UC-180 Towoac Canal no - - No hydrologic data available
Model estimated that flows are too low for hydropower
UC-181 Trial Lake Dam yes no Low development
uC-182 Tunnel #1 no - - No hydrologic data available
UC-183 Tunnel #2 no - - No hydrologic data available
uUC-184 Tunnel #3 no - - No hydrologic data available
Upper Diamond Fork Flow Control
UC-185 Structure yes yes Medium
Duplicate site, same Upper Diamond Fork Flow Control
UC-186 Upper Diamond Fork Tunnel - - - Structure
ucC-187 Upper Stillwater Dam yes yes Medium
Model estimated that flows are too low for hydropower
UC-188 Vat Diversion Dam yes no Medium development
Data indicated no head is available for hydropower
development , all the head available is being used to move
UC-189 Vat Tunnel yes no Low water in the tunnel
UC-190 Vega Dam yes yes Medium
UC-191 Vermejo Diversion Dam - - - Title transfers are in progress, no longer a Reclamation site
Model estimated that flows are too low for hydropower
uC-192 Washington Lake Dam yes no Low development
Model estimated that flows are too low for hydropower
UC-193 Water Hollow Diversion Dam yes no Low development
UC-194 Water Hollow Tunnel - - - Duplicate site, same as Open Channel 2
UC-195 Weber Aqueduct yes no Low Data indicated no head is available for hydropower
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Information/ Hydropower Data Notes
Site ID Site Name Data Available Potential Confidence includi f hvd ial
(yes/no) (yes/no) Level (including reason for no hydropower potential)
development
UC-196 Weber-Provo Canal yes yes Low
ucC-197 Weber-Provo Diversion Canal yes yes Medium
UC-198 Weber-Provo Diversion Dam - - - Duplicate site, same as Weber-Provo Canal
UC-199 Wellsville Canal no - - No hydrologic data available
Model estimated that head is too low for hydropower
UC-200 West Canal yes no Low development
uUC-201 West Canal Tunnel - - - Duplicate site, same as West Canal
Data indicated no head is available for hydropower
development, all the head available is being used to move
UC-202 Willard Canal yes no Low water in the canal
Data indicated no head is available for hydropower
UC-203 Win Diversion Dam yes no Low development
Structure is a valve, not a viable site for hydropower
UC-204 Win Flow Control Structure yes no Low development
UC-205 Yellowstone Feeder Canal no - - No hydrologic data available
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Chapter 3 Site Analysis Methods and
Assumptions

This chapter describes the methods and assumptions used for the sites’ power
potential and economic analysis. Figure 3-1 shows the general steps of the
analysis.

This analysis estimates power production, economic benefits, and costs of the
potential hydropower development at the sites, as described in Sections 3.1, 3.2,
and 3.3. The final calculation is a benefit cost ratio and internal rate of return
(IRR) to evaluate the overall economic effectiveness of power production at
each site, as described in Section 3.4. The analysis is conducted using the
Hydropower Assessment Tool, which is described in Chapter 4. The Granby
Dam site in Colorado in the Great Plains region is used as an example in this
chapter to further explain how methods and assumptions were applied.
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Figure 3-1 Resource Assessment Process Flow Chart
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3.1 Power Production Potential

The first step to assess the feasibility of hydropower at a site is to determine the
amount of power that can be produced at the site, which is primarily a product
of the flow rate and head. Higher flow and higher head mean more available
power. Data collection efforts described in Chapter 2 provided the flow and
head data needed to determine the power production potential. Flow rate and
head measurements are used to define the hydropower system, including turbine
capacity, type, and efficiency. Because of the broad geographic scope and
preliminary planning level assessment, this analysis assumes that the
hydropower plant would be located at the site (i.e., no extensive penstocks are
assumed) and there would be one turbine operating unit. These assumptions
should be revisited if a particular site if further analyzed. The following sections
describe design factors and assumptions applied in the power production
analysis.

3.1.1 Design Head and Flow

The analysis develops flow and net head exceedance curves using flow, head
water, and tail water input data. Figures 3-2 and 3-3 show example flow and net
head exceedance curves for the Granby Dam. Exceedance curves indicate the
percentage of time a particular flow or head is possible for a given set of
historic hydrologic and head data.

For this analysis, design flow and design head for the turbine are set at the 30
percent exceedance level. For purposes of this analysis, the 30 percent
exceedance level represents a generally held industry standard which would
result in an estimate in the range of the optimal installed capacity per dollar of
capital investment. For the Granby Dam site, based on the exceedance curves,
30 percent flow exceedance is about 450 cfs and 30 percent net head
exceedance is about 205 feet. The installed capacity of the turbine is selected
based on this flow and net head.

3.1.2 Turbine Selection and Efficiency
After the design flow and head are calculated for each site, a specific turbine
type is selected for the site. In general, turbines can be classified as impulse
turbines or reaction turbines. Impulse turbines operate in air, driven by one or
more high velocity jets of water. Impulse turbines are typically used with high-
head systems and use nozzles to produce high velocity jets. Reaction turbines
run fully immersed in water and are typically used in lower-head systems. In
most cases, the impulse and reaction turbines in use today are designs named
after their inventors. Examples of impulse turbines include Pelton and Turgo.
Examples of reaction turbines include Francis, Kaplan, and Propeller. This
analysis assigns Pelton, Kaplan, Francis turbine to each potential hydropower
site based on the design head and flow and typical operating ranges of the
turbine types.
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Figure 3-3 Granby Dam Net Head Exceedance Curve
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500 kW Canyon Pelton Turbine for Colorado
Springs Utility

Figure 3-4 is the turbine selection matrix used in the analysis. The matrix also
includes a low-head turbine, which, for this analysis, is considered a modified
Francis turbine. Based on the calculated design head of 206 feet and design flow
of 451 cfs at the Granby Dam site, the turbine selection matrix indicates that a
Francis turbine should be selected for this site.

Turbines operate at varying efficiency levels. The turbine runs most efficiently
when it turns exactly fast enough to consume all the energy of the water. Hill
diagrams, or performance curves, are developed to show efficiency at different
operating percentages of design flow and head. Hill diagrams for Pelton,
Francis, and Kaplan turbines are used in the analysis to evaluate turbine
efficiency at different operating levels.

The following sections further describe the turbine types and efficiency levels
used in the hydropower analysis.

Pelton Turbine

Pelton turbines are widely used in hydropower plants
with high heads. Pelton turbines are impulse type
turbines that use the kinetic energy in water. When
water passes from the pressure water pipe to the spray
head, it forms a jet stream which forces the turbine
rotation. The runner is fixed on a shaft, and the
rotational motion of the turbine is transmitted by the

~ shaft to a generator. These turbines typically operate
economically with the lowest discharges.

Figure 3-5 depicts a generalized hill diagram for a
Pelton turbine. As the diagram indicates, Pelton
turbines are able to operate and produce energy over a
relatively broad range of hydraulic head and flow. They are also most efficient
at high heads of over 200 feet. The bounded region in the diagram shows the
approximate limits of normal operation with percent design head and power (or
flow) defining the turbine efficiency, as shown on the efficiency curves.
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Figure 3-5 Pelton Turbine Hill Diagram

Kaplan Turbine

Kaplan turbines are primarily used in the low head range with large volumes of
water. The turbine is made up of adjustable runner blades and adjustable wicket
gates that control the flow. The adjustable runner blades enable high efficiency
even in the range of partial load; and, there is little drop in efficiency due to
head variation or load, but over a more narrow range than Pelton turbines.
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Figure 3-6 shows a generalized hill diagram for a Kaplan turbine depicting
efficiencies for a range of operating heads and flows. A typical Kaplan turbine
can operate between 65 percent and 125 percent of the design head and down to
roughly 20 percent of the design flow.
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Figure 3-6 Kaplan Turbine Hill Diagram
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Francis turbines are primarily used for medium to high head hydropower plants.
The Francis runner is typically fitted directly to the generator shaft, which

.

Y . S -
720 kW Canyon Francis for Swalley
Irrigation District, Ponderosa Hydro

supports compact construction and low maintenance.
Francis turbines are characterized by their optimal
efficiency and high speed ranges. Francis turbine can
adjust quickly to varying flows. The turbines
typically have a worm-scroll case structure that
directs water flow in easily and smoothly, and
therefore, improves the overall turbine efficiency.

Figure 3-7 shows a generalized hill diagram for a
Francis turbine. A typical Francis turbine has high
efficiencies in a range of 65 percent to 125 percent of
design head and can have relatively high efficiencies
down to about 25 percent of the design flow. For

example, the Granby Dam site turbine, with a design head of 206 feet and flow
of 451 cfs, would operate most efficiently when head is between about 134 feet
and 258 feet, and can operate efficiently when flow is about 113 cfs.

Low-Head Turbine

A number of the Reclamation sites that were analyzed had relatively low heads
(less than 20 feet) and/or low flows (less than 10 cfs). These sites were
generally sized at less than 100 kW. In these cases, a downsized Francis turbine
with a set operating efficiency of 75 percent was used to estimate power

production.
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Figure 3-7 Francis Turbine Hill Diagram
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3.1.3 Power Production Calculations
Using available head and flow data, selected design head, flow, turbine type and
efficiency, the analysis estimates average monthly and annual power generation
at each site. Table 3-1 shows monthly average capacity and energy produced,
and plant capacity factors, at Granby Dam. Average capacity indicates the
average kKW of capacity for each month. For example, the plant design capacity
(also known as installed capacity) is 6,733 kW (6.733 MW), but the machine
only produces the equivalent power 53.9 percent (plant factor) of the time.
Therefore, the average plant capacity is approximately 54 percent of the
installed capacity. Average energy is the average power production each month
at the site. The average energy values are used to calculate power generation
benefits, described in Section 3.2.1.

Table 3-1 Generation Summary for Granby Dam

Site
Average Capacity Average Energy

Months (kW) (MWh)
January 5,388 3,879
February 4,954 3,329
March 3,463 2,493
April 2,547 1,834

May 1,323 953
June 1,705 1,228
July 4,208 3,030
August 4,425 3,186
September 3,732 2,687
October 2,539 1,828
November 3,829 2,757
December 5,500 3,960
Annual 31,164
Plant Design Capacity (kW) 6,733

Average Plant Capacity (kW) 3,632

Plant Peak Capacity (kW) 7,136

Plant Factor 0.539

3.2 Benefits Evaluation

This analysis evaluates the economic benefits of potential hydropower
development at the identified sites. The conceptual basis for the economic
benefits of a new hydropower facility is society’s willingness to pay for
additional energy. The economic procedures for assessing willingness to pay
values can be costly and time consuming, especially when considering the
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number, size, and geographic range of the sites included in this report.
Therefore, an expedited method of estimating benefits was necessary.

Federal planning supports valuing the benefits of new hydroelectric power by
use of market prices, which is the method used in this analysis. Because a focus
of this report is identifying potential opportunities from a private hydropower
development perspective, it is important to recognize other cost savings, or
benefits, to a private developer. Given the current national emphasis on
renewable energy development, green incentive programs are available that
could reduce total development costs. This analysis quantifies potential green
incentives available to support hydropower development based on the best
available data.

The following sections further describe methods and data to quantify economic
benefits from power generation and green incentives.

3.2.1 Power Generation

The Northwest Power and Conservation Council (Council) 6th Northwest
Conservation and Electric Power Plan (February 2010) provided projections of
regional wholesale power market prices, which were used to quantify economic
benefits from new power generation. The Council used the AURORAX™®
Electric Market Model to forecast market prices. Prices are forecast each year
through 2030 and were projected to increase in real terms at a rate above
inflation. Hourly prices in the model are based on the variable cost of the most
expensive generating plant or increment of load curtailment needed to meet load
for each hour of the forecast period. With AURORA*™®, the Council simulated
plant dispatch in 16 load-resource areas making up the Western Electricity
Coordinating Council electric reliability area. The forecast prices vary across
the load resource areas.

Because of the large geographic scope of this report, the hydropower
assessment is performed on a state level. Thirteen of the 16 AURORA™® |oad
resource areas are located in the western United States. In some instances, the
13 areas did not correspond with a state boundary; in these cases, the prices
were configured to best represent an entire state. In addition, the eastern tier of
Reclamation states was not included in the 13 areas; for these states, the average
prices across the 13 areas were utilized. Table 3-2 summarizes how the areas in
AURORA™® were adjusted to a state basis for use in the hydropower
assessment.
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*MP® Areas

Resource Assessment

State Corresponding AURORA*™® Area(s)
Arizona Arizona

California Average of California North and California South
Colorado Colorado

Idaho Idaho South

Kansas Average of 13 AURORA™™ areas

Montana Montana East

Nebraska Average of 13 AURORA™™ areas

Nevada Average of Nevada North and Nevada South
New Mexico New Mexico

North Dakota Average of all 13 AURORA™® areas
Oklahoma Average of all 13 AURORA™® areas
Oregon Pacific Northwest West

South Dakota

Average of all 13 AURORA™® areas

Texas

Average of all 13 AURORA™® areas

Utah Utah
Wyoming Wyoming
Washington Pacific Northwest

The analysis uses monthly “all hours” prices, which incorporate peak and off-
peak prices. Prices were adjusted from 2006 to 2010 dollars to match
construction and O&M costs using the AURORA*™® general inflation index of
1.098. The analysis calculates benefits over a 50 year period of analysis;
therefore, energy prices are required through 2060. The analysis assumes that
the monthly 2030 forecast prices remain constant through 2060. Table 3-3
shows “all hours” energy price forecasts for January for five states in the
hydropower assessment. There are similar price forecasts for each month for
each state in the analysis. The prices for Colorado are used to calculate power
benefits for the Granby Dam site. The prices were multiplied by monthly power
generation to calculate the economic benefit. The Hydropower Assessment Tool
contains the complete price forecast data.

Table 3-3 All-hours Price Forecasts for January from 2014 through

2060 ($/MWh)

Year Arizona California | Colorado Idaho Kansas
2014 $55.39 $60.99 $54.85 $54.53 $56.21
2015 $60.17 $65.97 $59.55 $59.33 $60.91
2016 $63.42 $69.52 $63.75 $63.19 $64.76
2017 $66.55 $72.27 $67.97 $66.81 $68.19
2018 $68.40 $73.97 $70.31 $68.70 $70.25
2019 $70.17 $75.96 $71.92 $70.96 $72.20
2020 $71.79 $77.53 $74.34 $72.60 $74.01
2021 $73.37 $79.47 $75.24 $74.37 $75.77
2022 $75.02 $81.35 $76.00 $75.75 $77.21
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Table 3-3 All-hours Price Forecasts for January from 2014 through
2060 ($/MWh)

Year Arizona California | Colorado Idaho Kansas
2023 $76.92 $84.03 $77.25 $77.74 $79.34
2024 $77.93 $85.39 $78.91 $78.87 $80.61
2025 $79.80 $87.46 $79.72 $80.52 $82.23
2026 $80.46 $88.67 $80.02 $81.43 $83.25
2027 $81.16 $89.63 $79.92 $82.21 $83.88
2028 $81.94 $90.86 $79.86 $83.34 $84.93
2029 $82.48 $91.57 $80.42 $84.29 $85.77
2030-2060 $83.23 $92.66 $81.20 $84.94 $86.66

3.2.2 Green Incentives
A wide variety of financial incentives for the implementation of renewable
energy generation are available for new facilities within the United States;
however, hydropower generation is not eligible in many programs. Therefore,
even with the wide range of incentives available, incentives are limited for
hydropower. This analysis incorporated financial incentives currently available
for the generation of hydropower.

This analysis focuses on performance-, or generation-, based incentives, which
generally include a utility providing cash payment to a renewable energy
generator based on the amount of kilowatt hours (kWh) of renewable energy
generated. Performance-based incentives are potentially available for
hydropower generation for Arizona, California, and Washington states and at
the Federal level.

Installation-based incentives, in the form of rebates, tax credits, or grants, are
also available for new renewable energy generation. These incentives vary
depending on location, ownership, generation capacity, and date of
implementation and must be evaluated on a case by case basis. As a result,
installation-based incentives are not included in the calculation of green
benefits, but are described in further detail in Appendix B.

Federal Performance-based Incentives

The federal renewable electricity production tax credit is a per-kilowatt-hour tax
credit for electricity generated by qualified energy resources and sold by the
taxpayer to an unrelated person during the taxable year. Credits are generally
given for 10 years following in service date. The tax credit is $0.011 per kWh
for facilities in service by December 31, 2013. If sites are developed by
Reclamation, they would not be eligible for the Federal incentive, but could
qualify for state-sponsored incentives, described below.
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State Performance-based Incentives
Performance-based incentives at the state level are only available for Arizona,
California, and Washington. Arizona and Washington allow the state incentives
to be stacked with the Federal incentive described above. Many of the
remaining states have a wide range of financial incentives for renewable energy
but those incentives do not include hydropower generation. Some states do not
have any performance-based incentive programs available. Table 3-4
summarizes performance-based incentives for all states included in the analysis
for hydropower. Appendix B provides further detail on implementation
requirements for performance-based incentives.
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Table 3-4 Available Hydropower Performance Based Incentives ($/kWh)

State Incentive Value Notes
Arizona $0.054 20 year ggreeme?t, can be stacked with
Federal incentive™.
Applicable to small hydropower facilities up
N to 3 MW, 20 year agreement, cannot be
California $0.0984 stacked with Federal incentive or
participate in other state programs.
Colorado Use Federal incentive rate No state performance-based incentives
available
1daho Use Eederal incentive rate No §tate performance-based incentives
available
Kansas Use Federal incentive rate No state performance-based incentives
available
Use Federal incentive rate Performance-based incentives do not apply
Montana
to hydropower
Use Federal incentive rate No state performance-based incentives
Nebraska :
available
Use Federal incentive rate Performance-based incentives available,
Nevada i >
but cannot be quantified at this time
. Use Federal incentive rate Performance-based incentives do not apply
New Mexico

to hydropower

North Dakota

Use Federal incentive rate

Performance-based incentives do not apply
to hydropower

Oklahoma

Use Federal incentive rate

No state performance-based incentives
available

Oregon

Use Federal incentive rate

No state performance-based incentives
available

South Dakota

Use Federal incentive rate

No state performance-based incentives
available

Use Federal incentive rate

Performance-based incentives do not apply

Texas to hydropower
Utah Use Federal incentive rate Performance-based incentives do not apply
to hydropower
. Use Federal incentive rate No state performance-based incentives
Wyoming :
available
. Available in first year of service, can be
Washington $0.21 kwh stacked with Federal incentive
Notes:

1 — Federal incentive rate is $0.011 per KWh for the first 10 years of service
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If the site is located in Arizona, California, or Washington, the state incentive
was applied, with applicable rules indicated in Table 3-4. The Federal incentive
was also included, if allowed, in total green incentive benefits. Note California
renewable energy programs do not allow stacking with the Federal incentive
program. Green energy benefits for all other states were calculated using the
Federal incentive rate. For example, the Granby Dam site is located in
Colorado; therefore, the Federal incentive rate of $0.011 for the first 10 years
was applied to calculate green energy benefits.

3.3 Cost Estimates

This analysis incorporates cost estimating functions for construction costs, other
non-construction development costs, and for the various annual expenses that
would be expected for operations. Construction costs include those for the
major equipment components, ancillary mechanical and electrical equipment,
and the civil works. In estimating the total cost of development, various costs
are added to the construction cost such as those required for licensing and a
menu of potentially required mitigation costs, depending on the specifics of the
project. The annual operation and maintenance expenses encompass water and
hydraulic expenses, fees and taxes in addition to maintenance expenses, and
funds for major component replacement or repair.

Cost estimates for the individual components were based on studies previously
performed by INL in 2003 and from more recent experience data. The INL
analysis was based on a survey of a wide range of cost components and a large
number and sizes of projects and essentially involved a historical survey of
costs associated with different existing facilities proved effective in estimating
costs on a wide physical and geographic range of potential sites. These costs
included licensing, construction, fish and wildlife mitigation, water quality
monitoring, and O&M, as well as other categories of costs with the cost factors
dependent on the size of the generating capacity of a proposed facility. INL
acquired historical data on licensing, construction, and environmental mitigation
from a number of sources including Federal Energy Regulatory Commission
(FERC) environmental assessment and licensing documents, U.S. Energy
Information Administration data, Electric Power Research Institute reports, and
other reports on hydropower construction and environmental mitigation.

Cost estimating equations were then derived through generalized least squares
regression techniques where the only statistically significant independent
variable for each cost estimator was plant capacity. All data in the INL report
were escalated to 2002 dollars. For purposes of the current study, the cost
estimating equations were updated to 2010 by escalating the INL equations
based on applicable Reclamation cost indices.

A summary of the cost estimating equations is provided in Appendix C.
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3.3.1 Construction Costs
Total construction costs within the assessment tool include those for civil
works, turbines, generators, balance of plant mechanical and electrical,
transformers and transmission lines. Other additions include contingences,
sales taxes, and engineering and construction management. These construction
costs reflect those that would be applicable to all projects but do not include
potential mitigation measures which are subsequently included in the total
development cost.

In estimating these costs, project information carried over from other
worksheets within the model includes the plant capacity, turbine type, the
design head, generator rotational speed, and transmission line length and
voltage. Applicable cost equations are then applied to develop estimates for the
specific cost categories. To the summation of these costs is applied a
contingency of 20 percent, a state sales tax based on the project location, and an
assumed engineering and construction management cost of 15 percent.

3.3.2 Total Development Costs
The total development cost includes the construction cost with the addition of a
variety of other costs that are, or may be, required. Those additional costs,
applicable to all projects include licensing costs and the transmission-line right-
of-way.

Other costs that may apply, depending on the specific site, include fish passage
requirements, historical and archaeological studies, water quality monitoring,
and mitigation for fish and wildlife, and recreation. The magnitude of the above
mitigation costs is dependent on the installed capacity of the project. In general,
mitigation costs would increase the larger the project. The constraints analysis,
described in Section 3.5, was used to determine if the above environmental and
mitigation costs should be applied to the total development cost. If a site was
located in an area of a potential constraint, costs were assumed to apply to the
site. Table 3-5 summarizes how regulatory constraints were interpreted as
mitigation costs. For some sites, Reclamation’s area offices had additional data
on fish and wildlife, fish passage, and water quality issues at particular sites.
Relevant mitigation costs were also added based on the local data provided. In
the example for the Granby Dam site, the Reclamation area office indicated a
fish and wildlife constraint could be present at the site; therefore, mitigation
costs were added to the total development costs. In general, mitigation costs are
very site-specific and should be reevaluated if a site is further analyzed.
Mitigation costs could differ significantly than those presented in this analysis.
Further, additional constraints may exist at the sites that are not identified in this
analysis, which could also add to total development costs.
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Table 3-5 Association Between Mitigation Costs and Constraints

Mitigation Cost Categories

Constraints Applicable to Mitigation Costs

Fish and Wildlife

Critical Habitat, National Wildlife Refuge

Recreation

National Forest, National Park, National Historic Area, National
Monuments, Wild and Scenic Rivers, Wilderness Preservation
Areas, National Wildlife Refuge

Historical and Archaeological

Indian Lands, National Historic Areas

Water Quality

Need more site specific information to apply water quality

mitigation costs. Received data for some sites from Reclamation
area offices. Some monitoring is included in annual O&M costs
as water expenses

Fish Passage

Need more site specific information to apply fish passage costs.
Received data for some sites from Reclamation area offices.

3.3.3 Operation and Maintenance Costs

The O&M costs reflect a variety of expenses and fees expected for most
projects. These expenses include fixed and variable O&M expenses, federal
fees or charges from FERC or other agencies, charges for transmission of power
generated or interconnection fees, insurance, taxes, overhead, and the long-term
funding of major repairs. The estimates for these expenses are based on either
the installed capacity or the total construction cost, with several costs estimated
as fixed lump sums. Similar to power prices and total development costs, O&M
costs are expressed in 2010 dollars.

3.3.4 Cost Calculations

Table 3-6 summarizes the costs calculated for the Granby Dam sites based on
the above discussion of construction, development, and O&M costs. Appendix
C includes cost equations. Cost calculations are similar for all sites. In general,
turbine and generator costs are the highest components of total construction
costs. Granby Dam site is 1.23 miles away from a transmission line, which is a
relatively short distance, and results in lower transmission line construction
costs. As noted above, distance to the transmission line does not necessarily
indicate that an interconnection to the line is permissible. Further evaluation of
the site may result in different transmission costs. The total development cost
and annual O&M costs are used to calculate the present value of costs for the
benefit cost analysis.

The cost per installed capacity ($/installed kW) is also calculated for each site to
indicate development feasibility as related to costs. Potential hydropower sites
that have a $/installed kW in the range of less than $3,000-$6,000/installed kW
are typically more feasible than sites with higher $/installed kW. The Granby
Dam site has a calculated $/installed kW of $1,957/kW.
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Table 3-6 Example Costs for Granby Dam Site

Total Direct Construction Cost 7,735,675
Civil Works 1,201,871
Turbine(s) 1,622,296
Generator(s) 1,382,381
Balance of Plant Mechanical 324,459
Balance of Plant Electrical 483,833
Transformer 148,944
Transmission-Line 283,797
Contingency (20%) 1,089,516
Sales Taxes 189,576
Engineering and CM (15%) 1,009,001
Total Development Costs 13,177,464
Licensing Cost 2,963,819
Total Direct Construction Cost 7,735,675
T-Line Right-of-Way 44,869
Fish & Wildlife Mitigation 2,433,101
Recreation Mitigation 0
Historical & Archeological 0
Water Quality Monitoring 0
Fish Passage 0
Annual O&M Expense 420,999
Fixed Annual O&M 108,678
Variable O&M 119,551
FERC Charges 10,321
Transmission / Interconnection 10,000
Insurance 23,207
Taxes 92,828
Management / Office / Overhead 38,678
Major Repairs Fund 7,736
Reclamation / Federal Administration 10,000

3.4 Benefit Cost Ratio and Internal Rate of Return

The final step of the analysis is the calculation of the benefit cost ratio and IRR.
Both are calculated over the 50-year period of analysis, 2011 to 2060. The
construction period is assumed to be 3 years for all sites. Annual O&M costs
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begin after construction of the site is complete. Benefits, both power production
and green energy benefits, also begin after construction is complete.

The benefit cost ratio compares the present value of benefits during the period
of analysis to the present value of costs. The present value is calculated using
the Fiscal Year 2010 Federal discount rate of 4.375 percent. A benefit cost ratio
greater than 1.0 indicates the quantified benefits exceed costs for the project.

The IRR is an alternate measure of the worth of an investment. It is the discount
rate that makes the present value of benefits equal to the present value of costs.
Investments with higher IRRs are more economically favorable than
investments with IRRs. IRR can be computed as a negative value, which
clearly indicates that the project is uneconomic. In these cases, the results show
a “negative” rather than a negative numeric estimate, due to limitations in
Excel.

Table 3-7 summarizes the benefit cost ratio and IRR calculated for the Granby
Dam site. The analysis presents the benefit cost ratio and IRR with and without
green incentive benefits. The same calculations are made for all sites with
available data.

Table 3-7 Granby Dam Site Benefit Cost Ratio and IRR

Summary
Present Worth of Costs" (million $) $19.4
Present Worth of Benefits* (with Green
Incentive) (million $) $42.9
Present Worth of Benefits* (w/o Green
Incentive) (million $) $40.1
Benefit Cost Ratio (with Green) 2.21
IRR (with Green) 13.3%
Benefit Cost Ratio (w/o Green) 2.08
IRR (w/o Green) 11.8%

Note:

1 . .
- Total and Present Value Costs Calculated over 50-year Period of Analysis at 4.375%
discount rate

3.5 Constraints Analysis

For this analysis, constraints are defined as land or water use regulations that
could potentially affect development of hydropower sites. Constraints can
either block development completely or add significant costs for mitigation,
permitting, or further investigation of the site. Table 3-5 summarizes how
constraints were incorporated into the development costs for a site.
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3.5.1 Potential Regulatory Constraints
This study considers the following regulatory designations as potential
constraints to hydropower development. Some constraints, such as National
Parks, prohibit development within regulatory boundaries. For other constraints,
management agencies would need to be consulted for potential development of
a site.

e National Wildlife Refuges — public lands and water set aside to protect
and restore fish and wildlife habitat. Allows some recreational uses
including fishing, hunting, observation, photography, education, and
interpretation. United States Fish and Wildlife Service (USFWS)
manages the National Wildlife Refuge System.

e Wild and Scenic Rivers — selected rivers classified as wild, scenic, or
recreational to be preserved in free-flowing conditions. Designation
neither prohibits development nor gives the federal government control
over private property. The Bureau of Land Management (BLM),
National Park Service (NPS), USFWS, and US Forest Service (USFW)
can administer the National Wild and Scenic Rivers System.

e National Parks — lands reserved for natural, scenic, and historic
properties for use by current and future generations. Established as an
act of the United States Congress. National Park Service manages
National Park System. Hydropower development is not allowed in
National Parks.

e National Monuments — historic landmarks, historic and prehistoric
structures, and other objects of historic or scientific interest. The
President can declare a National Monument without the approval of
Congress. BLM, NPS, USFWS, or USFS can administer National
Monuments.

e Wilderness Study Areas — lands managed to preserve natural
conditions, but are not included in the National Wilderness Preservation
System until Congress passes wilderness legislation. Some WSAs
permit motorized uses, such as off-road vehicles. Bureau of Land
Management manages Wilderness Study Areas.

e Critical Habitat — lands designated as essential to the conservation of a
species lists on the Federal Endangered Species Act. Designation does
not set up a preserve or refuge and does not necessarily prohibit
development. Applies when federal funding, permits, or projects are
involved. USFWS and National Oceanic and Atmospheric
Administration administer the Endangered Species Act.

e Wilderness Preservation Area - lands managed to preserve natural
conditions under the National Wilderness Preservation System.
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Activities restricted to non-motorized uses. BLM, NPS, USFWS, or
USFS own and administer Wilderness Preservation Areas.

e National Forest - forest and woodland areas managed by the USFS.
Commercial uses, such as timber harvesting, livestock grazing are
permitted, as well as recreation uses.

e National Historic Areas - protected areas of national historic
significance including districts, sites, buildings, structures, or other
historic objects. Listed on the National Register of Historic Places. NPS
administers National Historic Areas.

e Indian Lands - lands with boundaries established by treaty, statute, or
executive or court order, recognized by the Federal government as
territory in which American Indian tribes have primary governmental
authority. The Bureau of Indian Affairs administers land held in trust for
American Indians, Indian tribes, and Alaska Natives.

3.5.2 Constraint Mapping

The above regulatory constraints have been mapped using Geographic
Information System (GIS) data. Figure 3-8 shows the constraint boundaries
mapped within Reclamation’s regions. Appendix F discusses sources for GIS
data. Using site coordinate data, the hydropower assessment sites were added to
the constraints maps. If a site is close to or within a constraint area, it was
assumed that the regulatory constraint is applicable to the site. As discussed in
Section 3.3.2, the appropriate development costs were then applied to the site.

3.5.3 Local Information for Fish and Wildlife and Fish Passage Constraints

Reclamation’s regional and area offices provided additional information on
potential fish and wildlife and fish passage constraints. Fish and wildlife and
fish passage issues could add significant development costs to a project site.
Although this analysis cannot identify specific issues for each site, it has
attempted to capture if potential issues may be present at the site. If
Reclamation’s offices identified that fish and wildlife and fish passage were a
potential constraint at the site, mitigation costs were added to the total
development costs of the site. As noted previously, depending on specific
issues, costs could differ significantly from those used in the analysis. Because
of the preliminary nature and geographic scope of the analysis, all sites could
not be evaluated individually for fish and wildlife concerns.
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Chapter 4 Hydropower Assessment Tool

Reclamation developed the Hydropower Assessment Tool to estimate potential
energy generation and economic benefits at the identified Reclamation facilities.
The Hydropower Assessment Tool incorporates all the analysis components and
assumptions described in Chapter 3. Data described in Chapter 2, including the
state the site is located in, flow, head water and tail water elevation, and
transmission line distance, is required for input into the model at a minimum.
Appendix D includes a detailed user’s manual for the Hydropower Assessment
Tool. This chapter describes the model software, components, uses, and
limitations.

4.1 Model Software

The Hydropower Assessment Tool is an Excel spreadsheet model with
embedded macro functions programmed in Visual Basic. Microsoft Excel 2007
was used to develop the model.

4.2 Model Components

The Hydropower Assessment Tool spreadsheet includes 14 separate tabs or
worksheets, including several input data sheets, worksheets that contain
information used as databases within the model, and worksheets that perform
calculations. The calculations are based on the data input for a specific site and
from the internal databases. The worksheets are set up in user friendly and
logical sequence with only 2 worksheets requiring input from the user. This
section summarizes the worksheets in the model; the bold headers below are the
actual names of the worksheets in the model. Appendix D includes detailed
discussion of data and calculations performed in each worksheet.

e USBR - includes the Disclaimer Statement and a link to the Start
worksheet.

e Start —includes instructions for use of the model and cells where non-
hydrologic inputs (state, transmission line voltage and distance, and
constraints) are made. This worksheet also includes the buttons to run
the model. There are three steps to running the model, which should be
run in sequence from top to bottom. The model run is complete when the
Results worksheet is displayed.
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4.3 Model Usage

Input Data — where the daily flow data, head water and tail water
elevation is input. A minimum of 1 year of data is required and there can
be no blanks in the sequence.

Flow Exceedance — develops and displays the flow duration curve
based on input flow data.

Net Head Exceedance - develops and displays the net head duration
curve based on input head water and tail water elevation data.

Turbine Type — includes the turbine selection matrix (Figure 3-4) and
selects a turbine based on 30 percent flow and net head exceedance.
Also includes Pelton, Francis, and Kaplan turbine efficiencies tables
based on Hill diagram performance curves and a generator speed matrix
used in the cost calculations.

Generation — performs the power and energy generation calculations.

Power Exceedance — shows the power exceedance curve calculated
based on generation calculations in the previous worksheet.

Plant Cost — calculates cost estimates for construction, total
development cost, and estimated annual costs.

BC Ratio and IRR - presents the stream of benefits and costs over the
the 50-year period of analysis and calculates the benefit cost ratio and
IRR.

Results — presents a comprehensive summary of results of energy
generation calculation and the economic analysis.

Price Projections — includes the monthly price forecasts through 2060
for each state included in the analysis to calculate power generation
benefits.

Green Incentives — includes the performance-based green incentive
values used for each state to calculate green incentive benefits.

Templates — shows the input data required in the model, in the
appropriate format to run the model.

The Hydropower Assessment Tool can be used in the evaluation of any
potential hydropower site that has a continuous period of daily flow records,
defined head water and tail water elevations, and the distance to the nearest
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transmission line. The model can use this minimum amount of data to perform
the complete evaluation. For those sites that would likely be required to
implement mitigation measures, a menu of options is provided that when
selected, estimated additional costs for the selected mitigation measure is added
to total development costs.

The Hydropower Assessment Tool is intended for use as a preliminary
evaluation of potential hydropower sites and is valuable for informational
purposes to support further evaluation of a potential site. It includes general,
industry accepted assumptions for site development, including installed capacity
and turbine selection and efficiency. The tool also considers appropriate project
costs and economic benefits to indicate potential economic viability of a site.
The model uses a “base-load” operation with no hour to hour shaping of
releases to match load. Under a base-load operation, it is assumed that a power
plant would not affect water deliveries from the facility.

The Hydropower Assessment Tool does not indicate feasibility of a site.
Reclamation has made the Hydropower Assessment Tool available for public
use with the following disclaimer statement:

“This is an “open source” software tool developed by the Bureau of
Reclamation (Reclamation) and the contractor Anderson Engineering
for the Hydropower Resource Assessment at Existing Reclamation
Facilities Report, and it has been made available for public use. Itis
important to recognize that the tool has been developed using broad
power and economic criteria, and it is only intended for preliminary
assessments of potential hydropower sites. This tool cannot take the
place of a detailed hydropower feasibility study. There are no
warranties, express or implied, for the accuracy or completeness of or
any resulting products from the utilization of the tool.”

4.4 Application and Limitations

The model is generally applicable to sites that are undeveloped from a
hydroelectric perspective but do have some infrastructure in place that would
assist in development, such as a small dam or water conveyance feature.
Although it can be used to analyze other sites, the cost estimating portion of the
model would likely contain increased error in the results as it does not account
for substantial features such as new dams. In these cases, additional cost
estimates for such features would need to be made and put into the cost
estimating portion of the model manually.

Limitations of the model are related to its intended use as a planning level tool
for preliminary evaluations of potential hydroelectric sites. Assumptions in the
model were simplified to apply to 530 sites that had varying infrastructure
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(reservoirs, diversion dams, canals, etc.), broad range of flow and net head
values, and were spread across 17 states.

Hydropower plants can be designed to meet specific site characteristics. For
example, a penstock can be installed to control flow, multiple turbines can be
installed to maximize power production, or turbines can be specified to meet
various operating conditions. Design features can significantly affect the power
production and costs of a hydropower plant. The Hydropower Assessment Tool
does not evaluate cost or energy production at this level of detail. The tool does
allow for the user to input site-specific data if it is available.

FERC permitting and environmental mitigation costs can vary significantly
based on the site. The Hydropower Assessment Tool includes cost functions for
FERC licensing and mitigation, in which costs increase with installed capacity.
Various types of licensing could occur, such as lease of power privilege from
Reclamation or a FERC license application that depend on the specific site
features and are not necessarily based on installed capacity. In addition,
environmental conditions could be present that require significant mitigation
actions. The cost equations for mitigation costs do not consider site specific
conditions. The Hydropower Assessment Tool’s cost estimates identify and are
representative of general costs, but the user must recognize that specific site
features could significantly affect licensing and mitigation costs.

Other model limitations include those cases with unusual duration curves, such
as an irrigation canal with extended no flow periods, or extremely low flows
generally that result in an unreasonable selection of turbine capacity based on
the flow duration curve. Similarly, sites with extremely low heads tend to result
in very high cost estimates. In either of these cases, or combined, the resulting
installed cost per kW can be unreasonable.

The benefit cost ratio and IRR calculations are sensitive not only to the power
generation and cost estimating assumptions, but also to the power price
assumptions. The price data included in the Hydropower Assessment Tool
reflects prices which are forecast to increase greater than the general level of
inflation in the next two decades. If current prices had been used, the computed
benefit cost ratios and IRRs would have been less. In addition, the Hydropower
Assessment Tool allows the user to input the relevant discount rate to compute
the present worth of benefits and costs for the benefit cost ratio. In order to
compare the economic performance of the sites on a consistent basis, results in
this report reflect use of the Fiscal Year 2010 federal discount rate of 4.375
percent. The appropriate discount rate for a private developer may be higher or
lower. Section 5.6 presents a sensitivity analysis on varying discount rates for
selected potential hydropower sites.
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After data collection and model development tasks were completed, sites were
analyzed using the Hydropower Assessment Tool to determine potential power
production and costs and benefits of hydropower development.

As described in previous sections, there are some key indicators to assess if a
site has hydropower production potential and if it would be economic to
develop. These indicators are valuable in deciding if a site should be further
analyzed. To summarize, these indicators include the following:

e Installed Capacity — measures power potential at a site based on design
flow and net head.

e Annual Production — estimates potential energy production of a
hydropower plant at a site.

e Plant Factor — indicates how often the hydropower plant operates at the
installed capacity. Typically a higher plant factor indicates a more
feasible site.

e Cost per Installed Capacity - indicates development feasibility as
related only to costs. Potential hydropower sites that have a $/installed
KW in the range of less than $3,000-$6,000/installed kW are typically
more feasible than sites with higher $/installed kW.

e Benefit Cost Ratio — compares benefits and costs of potential
hydropower development at the site. A benefit cost ratio greater than
1.0 indicates benefits are greater than costs.

e Internal Rate of Return — measures the worth of an investment. It is the
discount rate that makes the present value of benefits equal to the
present value of costs. Investments with higher IRRs are more
economically favorable than investments with lower IRRs.

The following sections present power production and economic results of the
site evaluations by Reclamation region. It is important to note the data
confidence levels associated with the sites when reviewing the results. If the
data has a low confidence, it should be considered in interpreting the results.
Appendix E includes detailed results of all sites run through the Hydropower
Assessment Tool. Appendix F includes detailed tables and figures of potential
regulatory constraints relative to each site.
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5.1 Great Plains Region

This section first provides an overview of the Resource Assessment results for
sites in the Great Plains region, including an inventory of sites analyzed,
number of sites within specified benefit cost ratio ranges, and a ranking of the
sites with benefit cost ratios greater than 0.75. The overview then discusses
some features of the top two ranked sites, as determined by the hydropower
production, economic, and constraints analyses. This discussion provides a
general snapshot of the analysis conducted for each site ran through the
Hydropower Assessment Tool. Because of the amount of total sites analyzed,
individual discussion of each site is not possible within the scope the Resource
Assessment. Sections 5.1.2, 5.1.3, and 5.1.4 summarize power production,
economic results, and constraints for the remainder of sites.

5.1.1 Overview
Reclamation identified a total of 146 sites at existing facilities in the Great
Plains region to analyze hydropower development potential. Table 5-1
summarizes the sites relative to data availability and hydropower potential.
Reclamation’s area offices provided much of the local knowledge for sites that
do not have hydropower potential. In total, 63 of the 146 total sites would not
have hydropower potential based on the available data sources.

Table 5-1 Site Inventory in Great Plains Region

No. of
Sites
Total Sites Identified 146
Sites with No Hydropower Potential 63
Sites with No Available Hydrologic Data 1
Total Sites with Hydropower Potential 74
Sites Removed from Analysis (see Table 2-4) 8

The Hydropower Assessment Tool calculates a benefit cost ratio for each site
analyzed with hydropower potential. The benefit cost ratio is a good indicator if
the site should be further analyzed. Benefits cost ratios were calculated with and
without green incentive benefits incorporated. The average difference between
benefit cost ratio with and without green incentives for the sites analyzed in the
Great Plains region was 0.04. In other words, on average, green incentives
increased the benefit cost ratio by about 0.04. Table 5-2 summarizes the number
of sites within different ranges of benefit cost ratios, with green incentives.
Forty-two of the sites analyzed in the model had benefit cost ratios (with green
incentives) less than 0.5. The Great Plains region has 12 sites with benefit cost
ratios (with green incentives) greater than 1.0.
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Table 5-2 Benefit Cost Ratio (with Green Incentives)
Summary of Sites Analyzed in Great Plains Region

No. of
Sites
Analyzed with Hydropower Assessment Tool* 93
No Hydropower Potential (as determined by model) 20
Benefit Cost Ratio (with Green Incentives) from:
0to 0.25 22
0.25t0 0.5 20
0.5t0 0.75 13
0.75t0 1.0 6
1.0to 2.0 9
Greater than or equal to 2.0 3

Notes:

! Whalen Dam site only had one year of data available, so the model could
not complete calculations. It is assumed to have hydropower potential, but a
benefit cost ratio was not calculated for it.

% The model determined no hydropower potential if flows were too low for
development. In some instances, the estimated design head and/or flow were
0, which also indicates no hydropower potential, although the model
completed calculations.

Table 5-3 identifies and ranks the sites in the Great Plains region with benefit
cost ratios (with green incentives) above 0.75. Although the standard for
economic viability is a benefit cost ratio of greater than 1.0, sites with benefit
cost ratios of 0.75 and higher were ranked given the preliminary nature of the
analysis.

The Yellowtail Afterbay Dam ranked the highest in the region with a benefit
cost ratio of 2.65 and an IRR of 15.7 percent. Yellowtail Afterbay Dam is part
of the Pick-Sloan Missouri Basin Program (PSMBP) in Montana. The Federal
green incentive rate was applied to calculate economic benefits; Montana does
not have available state performance based incentives for hydropower. The
model selected a Kaplan turbine for the Yellowtail Afterbay Dam site, which
has an installed capacity of about 9 MW and annual energy production of about
68,000 MWh, which was the highest of the sites listed in Table 5-3. Figure 5-1
shows the Yellowtail Afterbay Dam site. The site is near the Crow Indian
Reservation.

The Pueblo Dam site ranked the second highest in the region with a benefit cost
ratio of 2.72 and an IRR of 14.2 percent. Pueblo Dam is part of Reclamation’s
Fryingpan-Arkansas Project in Colorado. The Federal green incentive rate was
applied to calculate economic benefits. The model selected a Francis turbine
for the Pueblo Dam site, with an installed capacity of 13 MW and annual energy
production of about 55,600 MWh. Figure 5-2 shows the Pueblo Dam site and
associated constraints. The site does not conflict with the regulatory constraints
considered in this analysis.
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Table 5-3 Sites with Benefit Cost Ratio (With Green Incentives) Greater than 0.75 in Great Plains

Region
Benefit
Cost per Cost
Installed Annual Installed Ratio IRR
Data Capacity | Production Plant Capacity With With

Site ID Site Name Confidence (kW) (MWh) Factor ($/kW) Green Green
GP-146 | Yellowtail Afterbay Dam | Medium 9,203 68,261 0.86 $2,544 2.65 15.7%
GP-99 Pueblo Dam High 13,027 55,620 0.50 $1,683 2.36 14.2%
GP-43 Granby Dam High 6,733 31,164 0.54 $1,957 2.21 13.3%
GP-56 Huntley Diversion Dam Medium 2,426 17,430 0.84 $3,442 1.86 10.9%
GP-23 Clark Canyon Dam High 3,078 13,689 0.52 $2,595 151 8.5%

Helena Valley Pumping
GP-52 Plant High 2,626 9,608 0.43 $2,116 1.38 7.8%
GP-41 Gibson Dam High 8,521 30,774 0.42 $2,326 1.33 7.1%
GP-95 Pathfinder Dam High 743 5,508 0.86 $6,020 1.24 6.2%
GP-46 Gray Reef Dam High 2,067 13,059 0.74 $5,323 1.20 6.0%

Lower Yellowstone
GP-73 Diversion Dam Medium 2,719 21,035 0.90 $7,257 1.07 5.0%
GP-93 Pactola Dam High 596 2,725 0.53 $3,705 1.07 5.1%

Twin Lakes Dam
GP-126 | (USBR) High 981 5,648 0.67 $5,119 1.06 4.9%

Willwood Diversion
GP-136 | Dam High 1,062 6,337 0.69 $6,344 0.94 3.9%
GP-5 Angostura Dam High 947 3,218 0.40 $3,357 0.90 3.3%
GP-129 | Virginia Smith Dam Low 1,607 9,799 0.71 $7,216 0.87 3.2%
GP-117 | St. Mary Canal - Drop 4 | High 2,569 8,919 0.40 $3,820 0.81 2.5%
GP-42 Glen Elder Dam High 1,008 3,713 0.43 $4,332 0.80 2.3%
GP-39 Fresno Dam High 1,661 6,268 0.44 $4,296 0.76 1.9%
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5.1.2 Power Production
Table 5-4 summarizes potential power production at sites in the Great Plains
region. Sites are listed in sequential order by the site identification number.
Sites with no hydropower potential are not included in the table. Based on
available hydrologic data, the model estimated that the sites could have a total
power capacity of about 85 MW and could produce about 403,000 MWh of
energy annually. Economic costs and benefits are not considered in these
results. Section 5.1.3 presents economic results of the Great Plains region sites.
The table also shows the distance from the site to the nearest transmission line
(T-line in table). Long distances to the transmission line can add significant
costs to hydropower development, and affect the economic viability. There are
6 sites with transmission line distances greater than 10 miles.

For the Pathfinder Dam site (GP-95), Reclamation developed hydropower from
Pathfinder Reservoir via a 3-mile tunnel to Fremont Canyon Power Plant. Most
of the release from Pathfinder Reservoir goes through Reclamation’s existing
Fremont Canyon Power Plant, and the only consistent flow available at
Pathfinder Dam for future power development would be about 75 cfs.

Table 5-4 Hydropower Production Summary for Sites in Great Plains Region

Design Design | Installed Annual Plant T- Line
Site ID Site Name Head Flow Capacity | Production Factor Distance

(feet) (cfs) (kW) (MWH) (miles)

GP-4 Anchor Dam 60 17 62 126 0.23 15.95
GP-5 Angostura 119 110 947 3,218 0.40 3.58
GP-8 Barretts Diversion Dam 15 106 102 546 0.62 1.44
GP-10 Belle Fourche Dam 50 160 497 1,319 0.31 0.35
GP-12 Bonny Dam 70 8 36 238 0.77 3.58
GP-14 Bretch Diversion Canal 8 51 24 111 0.54 1.34
GP-15 Bull Lake Dam 50 299 933 2,302 0.29 4.68
GP-18 Carter Lake Dam No. 1 178 82 1,055 3,100 0.34 3.17
GP-22 Choke Canyon 71 38 194 1,199 0.72 1.44
GP-23 Clark Canyon Dam 88 484 3,078 13,689 0.52 0.33
GP-24 Corbett Diversion Dam 12 850 638 2,846 0.52 2.80
GP-28 Deerfield Dam 107 18 138 694 0.59 1.70
GP-29 Dickinson Dam 27 4 7 31 0.51 0.26
GP-31 Dodson Diversion Dam 26 86 140 566 0.47 0.42
GP-34 East Portal Diversion Dam 10 452 283 1,799 0.74 0.01
GP-35 Enders Dam 62 60 267 762 0.33 6.73
GP-37 Fort Shaw Diversion Dam 9 325 183 1,111 0.71 8.21
GP-38 Foss Dam 35 23 49 242 0.58 3.76
GP-39 Fresno Dam 47 560 1,661 6,268 0.44 1.69
GP-41 Gibson Dam 140 845 8,521 30,774 0.42 19.11
GP-42 Glen Elder Dam 69 201 1,008 3,713 0.43 3.35
GP-43 Granby Dam 207 451 6,733 31,164 0.54 1.23
GP-46 Gray Reef Dam 22 1,504 2,067 13,059 0.74 0.01

Greenfield Project, Greenfield

GP-47 Main Canal Drop 38 100 238 830 0.41 1.49
GP-50 Heart Butte Dam 58 70 294 1,178 0.47 0.50
GP-51 Helena Valley Dam 10 197 126 152 0.14 0.56
GP-52 Helena Valley Pumping Plant 140 260 2,626 9,608 0.43 0.56
GP-54 Horsetooth Dam 129 41 380 930 0.29 2.47
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Table 5-4 Hydropower Production Summary for Sites in Great Plains Region

Design Design | Installed Annual Plant T- Line
Site ID Site Name Head Flow Capacity | Production Factor Distance
(feet) (cfs) (kW) (MWH) (miles)
GP-56 Huntley Diversion Dam 8 4,850 2,426 17,430 0.84 5.00
GP-58 James Diversion Dam 5 583 193 825 0.50 5.87
GP-59 Jamestown Dam 31 50 113 338 0.35 1.05
Johnson Project, Greenfield
GP-60 Main Canal Drop 46 61 203 525 0.30 2.80
GP-63 Kirwin Dam 69 36 179 466 0.30 7.98
GP-67 Lake Alice No. 2 Dam 3 101 18 50 0.32 3.11
GP-68 Lake Sherburne Dam 45 317 898 1,502 0.19 6.91
Lower Yellowstone Diversion
GP-73 Dam 5 8,360 2,719 21,035 0.90 1.46
GP-75 Medicine Creek Dam 66 58 276 1,001 0.42 2.42
GP-76 Merritt Dam 113 200 1,631 8,438 0.60 25.87
GP-85 Nelson Dikes DA 17 46 48 116 0.28 3.01
GP-91 Norton Dam 49 2 6 24 0.47 0.36
GP-92 Olympus Dam 42 107 284 1,549 0.64 0.09
GP-93 Pactola Dam 154 53 596 2,725 0.53 0.26
GP-95 Pathfinder Dam 135 76 743 5,508 0.86 2.33
GP-97 Pilot Butte Dam 49 477 1,448 4,884 0.39 0.32
GP-98 Pishkun Dike - No. 4 22 447 610 1,399 0.27 8.51
GP-99 Pueblo Dam 183 987 13,027 55,620 0.50 0.84
GP-102 Red Willow Dam 68 5 21 148 0.83 1.71
GP-103 Saint Mary Diversion Dam 5 534 178 720 0.47 1.96
GP-107 Shadehill Dam 64 70 322 1,536 0.55 7.32
GP-108 Shadow Mountain Dam 37 45 119 777 0.76 1.96
GP-114 St. Mary Canal - Drop 1 36 537 1,212 4,838 0.46 10.33
GP-115 St. Mary Canal - Drop 2 29 537 974 3,887 0.46 9.83
GP-116 St. Mary Canal - Drop 3 26 537 887 3,538 0.46 9.60
GP-117 St. Mary Canal - Drop 4 66 537 2,569 8,919 0.40 8.58
GP-118 St. Mary Canal - Drop 5 57 537 1,901 7,586 0.46 8.58
GP-120 Sun River Diversion Dam 45 716 2,015 8,645 0.50 16.61
GP-122 Trenton Dam 55 52 208 570 0.32 3.00
GP-126 Twin Lakes Dam (USBR) 46 344 981 5,648 0.67 0.68
GP-128 Vandalia Diversion Dam 32 161 326 1,907 0.68 0.37
GP-129 Virginia Smith Dam 72 310 1,607 9,799 0.71 21.69
GP-130 Webster Dam 72 15 66 164 0.29 6.72
GP-132 Willow Creek Dam 90 42 272 863 0.37 1.89
GP-135 Willwood Canal 37 297 687 3,134 0.53 1.52
GP-136 Willwood Diversion Dam 41 414 1,062 6,337 0.69 1.52
GP-137 Wind River Diversion Dam 19 335 398 1,595 0.47 2.13
Woods Project, Greenfield
GP-138 Main Canal Drop 53 225 746 2,680 0.42 3.52
Wyoming Canal - Station
GP-140 1016 13 270 220 939 0.50 1.98
Wyoming Canal - Station
GP-141 1490 40 215 538 2,305 0.50 2.34
Wyoming Canal - Station
GP-142 1520 13 215 175 749 0.50 2.31
Wyoming Canal - Station
GP-143 1626 4 215 52 195 0.43 2.39
Wyoming Canal - Station
GP-144 1972 24 190 285 1,218 0.50 7.31
GP-145 Wyoming Canal - Station 997 17 270 287 1,228 0.50 1.78
GP-146 Yellowtail Afterbay Dam 49 2,979 9,203 68,261 0.86 0.09
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5.1.3 Economic Evaluation
Table 5-5 summarizes the economic evaluation of hydropower development at
sites in the Great Plains region. The benefit cost ratio and IRR are presented
both with and without green incentive benefits. As discussed in Chapter 3, the
benefit cost ratio and IRR are calculated using present value of benefits and
costs over a 50 year period of analysis with a discount rate of 4.375 percent. All
states in the Great Plains region can receive the Federal green incentive for
hydropower development; at this time, there are not performance based state
incentives available for hydropower. The region has many sites that would not
be economical for hydropower production, indicated by high cost per installed
capacity, low benefit cost ratios, and low IRRs.

Chapter 5

Site Evaluation Results

Table 5-5 Economic Evaluation Summary for Sites in Great Plains Region

Total Cost per Benefit Benefit
- Annual Cost IRR Cost IRR
Site ID | Site Name Con?:tructlon 0&M Cost | Installed Ratio Ratio
ost (1,000 $) Capacity
(1,000 $) ' ($/kW) With Green Without Green
GP-4 Anchor Dam $5,656.5 $130.1 $90,738 0.02 <0 0.02 <0
GP-5 Angostura $3,177.8 $121.5 $3,357 0.90 3.3% 0.84 2.8%
Barretts Diversion
GP-8 Dam $1,861.4 $59.7 $18,189 0.27 <0 0.26 <0
GP-10 Belle Fourche Dam $2,842.3 $100.4 $5,725 0.42 <0 0.40 <0
GP-12 Bonny Dam $1,487.0 $50.9 $41,119 0.14 <0 0.14 <0
Bretch Diversion
GP-14 Canal $862.5 $38.8 $36,056 0.11 <0 0.10 <0
GP-15 Bull Lake Dam $6,057.3 $176.1 $6,491 0.37 <0 0.34 <0
Carter Lake Dam
GP-18 No. 1 $3,955.2 $139.5 $3,749 0.70 1.0% 0.66 0.6%
GP-22 Choke Canyon $1,537.0 $60.9 $7,914 0.68 0.5% 0.64 0.2%
GP-23 Clark Canyon Dam $7,986.0 $262.6 $2,595 1.51 8.5% 1.41 7.6%
Corbett Diversion
GP-24 Dam $6,559.8 $160.1 $10,288 0.44 <0 0.41 <0
GP-28 Deerfield Dam $1,392.4 $55.3 $10,109 0.43 <0 0.40 <0
GP-29 Dickinson Dam $248.9 $25.6 $35,096 0.06 <0 0.06 <0
Dodson Diversion
GP-31 Dam $1,450.6 $56.9 $10,346 0.32 <0 0.30 <0
East Portal
GP-34 Diversion Dam $2,730.7 $90.5 $9,660 0.60 <0 0.57 <0
GP-35 Enders Dam $3,549.8 $102.0 $13,297 0.21 <0 0.20 <0
Fort Shaw Diversion
GP-37 Dam $4,583.5 $119.2 $25,041 0.23 <0 0.22 <0
GP-38 Foss Dam $1,700.6 $56.0 $34,680 0.13 <0 0.13 <0
GP-39 Fresno Dam $7,137.1 $224.8 $4,296 0.76 1.9% 0.71 1.5%
GP-41 Gibson Dam $19,816.7 $635.2 $2,326 1.33 7.1% 1.24 6.3%
GP-42 Glen Elder Dam $4,364.3 $146.5 $4,332 0.80 2.3% 0.75 1.9%
GP-43 Granby Dam $13,177.5 $421.0 $1,957 2.21 13.3% 2.08 11.8%
GP-46 Gray Reef Dam $11,003.7 $277.3 $5,323 1.20 6.0% 1.12 5.3%
Greenfield Project,
Greenfield Main
GP-47 Canal Drop $2,201.7 $76.6 $9,265 0.32 <0 0.30 <0
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Table 5-5 Economic Evaluation Summary for Sites in Great Plains Region

Total Cost per Benefit Benefit
i Annual Cost IRR Cost IRR
Site ID | Site Name Consctructlon 0O&M Cost Installt_ad Ratio Ratio
ost (1,000 $) Capacity
(1,000 $) ' ($/kW) With Green Without Green
GP-50 Heart Butte Dam $1,635.4 $67.6 $5,563 0.61 <0 0.58 <0
GP-51 Helena Valley Dam $1,046.0 $48.3 $8,300 0.10 <0 0.09 <0
Helena Valley
GP-52 Pumping Plant $5,557.5 $218.0 $2,116 1.38 7.8% 1.29 6.8%
GP-54 Horsetooth Dam $2,262.4 $82.5 $5,956 0.37 <0 0.34 <0
Huntley Diversion
GP-56 Dam $8,351.9 $268.2 $3,442 1.86 10.9% 1.75 9.7%
James Diversion
GP-58 Dam $4,677.9 $123.4 $24,208 0.18 <0 0.17 <0
GP-59 Jamestown Dam $1,281.8 $51.7 $11,360 0.23 <0 0.21 <0
Johnson Project,
Greenfield Main
GP-60 Canal Drop $2,127.8 $72.6 $10,491 0.21 <0 0.19 <0
GP-63 Kirwin Dam $3,610.8 $98.8 $20,215 0.13 <0 0.12 <0
Lake Alice No. 2
GP-67 Dam $1,489.5 $50.3 $82,349 0.03 <0 0.03 <0
Lake Sherburne
GP-68 Dam $6,696.8 $179.5 $7,454 0.21 <0 0.20 <0
Lower Yellowstone
GP-73 Diversion Dam $19,728.7 $448.1 $7,257 1.07 5.0% 1.01 4.4%
Medicine Creek
GP-75 Dam $2,153.4 $76.3 $7,812 0.42 <0 0.40 <0
GP-76 Merritt Dam $12,636.8 $321.0 $7,749 0.68 1.2% 0.64 0.9%
GP-85 Nelson Dikes DA $1,599.0 $54.4 $33,395 0.06 <0 0.06 <0
GP-91 Norton Dam $232.0 $25.1 $39,494 0.05 <0 0.05 <0
GP-92 Olympus Dam $1,920.5 $73.5 $6,769 0.70 0.7% 0.65 0.3%
GP-93 Pactola Dam $2,206.9 $87.2 $3,705 1.07 5.1% 1.01 4.5%
GP-95 Pathfinder Dam $4,475.5 $114.1 $6,020 1.24 6.2% 1.16 5.6%
GP-97 Pilot Butte Dam $6,392.7 $200.7 $4,415 0.71 1.3% 0.67 1.0%
GP-98 Pishkun Dike - No. 4 $6,719.2 $179.4 $11,019 0.20 <0 0.18 <0
GP-99 Pueblo Dam $21,926.1 $685.7 $1,683 2.36 14.2% 2.22 12.6%
GP-102 | Red Willow Dam $805.6 $37.2 $38,617 0.15 <0 0.14 <0
Saint Mary
GP-103 | Diversion Dam $3,027.3 $90.3 $17,032 0.21 <0 0.20 <0
GP-107 | Shadehill Dam $4,189.4 $117.1 $12,996 0.37 <0 0.34 <0
Shadow Mountain
GP-108 | Dam $1,562.7 $57.8 $13,080 0.44 <0 0.41 <0
St. Mary Canal -
GP-114 | Drop 1 $9,101.2 $243.6 $7,508 0.49 <0 0.46 <0
St. Mary Canal -
GP-115 | Drop 2 $8,400.7 $222.6 $8,626 0.43 <0 0.40 <0
St. Mary Canal -
GP-116 | Drop 3 $8,111.1 $214.2 $9,149 0.40 <0 0.38 <0
St. Mary Canal -
GP-117 | Drop 4 $9,815.7 $294.5 $3,820 0.81 2.5% 0.75 2.0%
St. Mary Canal -
GP-118 | Drop 5 $10,151.6 $285.1 $5,341 0.68 1.0% 0.63 0.7%
Sun River Diversion
GP-120 | Dam $13,980.3 $347.4 $6,938 0.59 <0 0.55 <0
GP-122 | Trenton Dam $2,275.2 $75.8 $10,914 0.23 <0 0.22 <0
Twin Lakes Dam
GP-126 | (USBR) $5,021.4 $153.5 $5,119 1.06 4.9% 1.00 4.4%
GP-128 | Vandalia Diversion $2,298.7 $82.8 $7,054 0.71 1.1% 0.66 0.7%
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Table 5-5 Economic Evaluation Summary for Sites in Great Plains Region

Total Cost per Benefit Benefit
- Annual Cost IRR Cost IRR
Site ID | Site Name Constuction | ogmcost | (nstalled | ooy Ratio
ost (1,000 $) Capacity
(1,000 $) ' ($/kW) With Green Without Green
Dam
GP-129 | Virginia Smith Dam $11,595.0 $301.7 $7,216 0.87 3.2% 0.82 2.8%
GP-130 | Webster Dam $2,707.6 $75.7 $40,902 0.06 <0 0.06 <0
GP-132 | Willow Creek Dam $1,933.6 $72.0 $7,113 0.39 <0 0.36 <0
GP-135 | Willwood Canal $5,261.7 $134.5 $7,660 0.60 0.1% 0.56 <0
Willwood Diversion
GP-136 | Dam $6,737.5 $171.1 $6,344 0.94 3.9% 0.89 3.4%
Wind River
GP-137 | Diversion Dam $3,896.2 $114.0 $9,795 0.39 <0 0.37 <0
Woods Project,
Greenfield Main
GP-138 | Canal Drop $4,686.0 $144.9 $6,283 0.51 <0 0.47 <0
Wyoming Canal -
GP-140 | Station 1016 $2,870.9 $89.5 $13,079 0.31 <0 0.29 <0
Wyoming Canal -
GP-141 | Station 1490 $3,876.3 $122.0 $7,207 0.55 <0 0.52 <0
Wyoming Canal -
GP-142 | Station 1520 $2,710.8 $83.3 $15,508 0.26 <0 0.24 <0
Wyoming Canal -
GP-143 | Station 1626 $1,337.4 $49.6 $25,531 0.13 <0 0.12 <0
Wyoming Canal -
GP-144 | Station 1972 $4,874.9 $130.1 $17,095 0.25 <0 0.23 <0
Wyoming Canal -
GP-145 | Station 997 $3,062.8 $96.3 $10,670 0.37 <0 0.35 <0
Yellowtail Afterbay
GP-146 | Dam $23,411.8 $739.1 $2,544 2.65 15.7% 2.49 13.9%

5.1.4 Constraints Evaluation
Figures 5-3 through 5-5 show constraints associated with the sites analyzed in
the Hydropower Assessment Tool. Because of the size of the Great Plains
region, the figures divide the map between into northwest, northeast, and
southern areas of the region. Table 5-6 summarizes the number of sites with
potential regulatory constraints in the Great Plains region.

In addition to mapping regulatory constraints, Reclamation staff identified
potential fish and wildlife and fish passage constraints for sites in the Great
Plains region with benefit cost ratios above 0.75. These sites included Lower
Yellowstone Diversion Dam, Twin Lakes Dam, Granby Dam and Pueblo Dam.
Appropriate mitigation costs were added to sites with regulatory or fish
constraints.
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Table 5-6 Number of Sites in the Great Plains
Region with Potential Regulatory Constraints

Regulatory Constraint No. of Sites
Critical Habitat 0
Indian Lands 13
National Forest 11
National Historic Areas 3
National Park 0
Wild & Scenic River 1
Wilderness Preservation Area 9
Wilderness Study Area 0
Wildlife Refuge 3
National Monument 0
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Figure 5-3: Great Plains Region (Northwest) Potential Constraints Map
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Figure 5-4: Great Plains Region (Northeast) Potential Constraints Map
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5.2 Lower Colorado Region

Only 5 sites in the Lower Colorado region were analyzed with the Hydropower
Assessment Tool. This section presents results of all 5 sites and does not
include a ranking with benefit cost ratios greater than 0.75 in a separate table.

5.2.1 Overview
Reclamation identified a total of 30 sites at existing facilities in the Lower
Colorado region for analysis of hydropower development potential. Table 5-7
summarizes the number of sites with data available and no hydropower
potential. Sites analyzed included Bartlett Dam and Gila Gravity Mesa with
medium confidence data and Horseshoe Dam, Imperial Dam, and Laguna Dam
with low confidence data.

Table 5-7 Site Inventory in Lower Colorado Region

No. of
Sites
Total Sites Identified 30
Sites with No Hydropower Potential 15
Sites with No Available Hydrologic Data 8
Total Sites with Hydropower Potential 5
Sites Removed from Analysis (see Table 2-4) 2

Table 5-8 summarizes the number of sites within different ranges of benefit cost
ratios. Three of the 5 sites analyzed in the Lower Colorado region had benefit
cost ratios greater than 1.0; Bartlett Dam in the Salt River Project in Arizona and
Horseshoe and Imperial Dams in the Boulder Canyon Project at the Arizona and
California border. Development rights for hydropower at Bartlett and Horseshoe
Dams are under contract with the Salt River Project.

Table 5-8 Benefit Cost Ratio Summary of Sites
Analyzed in Lower Colorado Region

No. of
Sites
Analyzed with Hydropower Assessment Tool 5
Benefit Cost Ratio (with Green Incentives) from:
0to 0.25 0
0.25to 0.5 0
0.5t0 0.75 1
0.75to 1.0 0
1.0to 2.0 2
Greater than or equal to 2.0 2
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5.2.2 Power Production
Table 5-9 summarizes potential power production at sites in the Lower
Colorado region. Based on available hydrologic data, the model estimated that
the sites could have a total power capacity of about 23 MW and could produce
about 105,000 MWh of energy annually. Horseshoe and Bartlett Dams could
produce the most energy of the five sites. The table also shows the distance
from the site to the nearest transmission line. All sites are within a mile to the
nearest transmission line, except Horseshoe Dam, which is almost 7 miles away
from a transmission line.
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Table 5-9 Hydropower Production Summary for Sites in Lower Colorado Region

_ ' Design Design Install_ed Annue_tl Plant T Line
Site ID Site Name Head (feet) Flow Capacity Production Factor Dlst_ance
(cfs) (kW) (MWH) (miles)
LC-6 Bartlett Dam 251 415 7,529 36,880 0.57 0.06
LC-15 Gila Gravity Main Canal
Headworks 3 1,410 223 1,548 0.81 0.95
LC-20 Horseshoe Dam 142 1,350 13,857 59,854 0.50 6.79
LC-21 Imperial Dam 12 1,500 1,079 5,325 0.57 0.50
LC-24 Laguna Dam 10 200 125 1,228 1.14 0.45

5.2.3 Economic Evaluation
Table 5-10 summarizes the economic evaluation of hydropower development at
sites in the Lower Colorado region. The benefit cost ratio and IRR are
presented both with and without green incentive benefits. Bartlett Dam had the
highest benefit cost ratio (with green incentives) of 3.52 relative to the other
sites. It also had the lowest cost per installed capacity, $1,996 per kW. All sites
analyzed are in Arizona, which assumes a state green incentive of $0.054 per
kWh for 20 years in addition to the Federal incentive of $0.010 per kwWh for 10
years. As aresult, there is a larger difference in the benefit cost ratio with green
incentives versus without green incentives relative to other states that are
eligible for only the Federal incentive. On average, the benefit cost ratio with
green incentives is 0.67 greater than the benefit cost ratio without green
incentives.

Table 5-10 Economic Evaluation Summary for Sites in Lower Colorado Region

Benefit Benefit
. . Con-sr;)rtuatlztion Annual ﬁ]?s?;l?:(; Co;t IRR Cost IRR
Site ID Site Name Cost 0O&M Cost Capacit Ratio Ratio
(1,000 $) pact’y With Green Without Green
(1,000 %) ($/kW) X )
Incentives Incentives
LC-6 Bartlett Dam $15,028.2 $433.1 $1,996 3.52 23.1% 2.26 12.6%
LC-15 Gila Gravity Main

Canal Headworks $3,859.3 $111.2 $17,299 0.58 <0 0.37 <0
LC-20 Horseshoe Dam $29,812.1 $786.6 $2,151 3.01 19.5% 1.95 10.7%
LC-21 Imperial Dam $7,511.2 $208.1 $6,963 1.04 4.9% 0.68 1.2%
LC-24 Laguna Dam $1,099.9 $48.9 $8,794 1.35 8.5% 0.87 3.0%
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5.2.4 Constraints Evaluation

Figure 5-6 shows constraints associated with the sites analyzed in the
Hydropower Assessment Tool. Table 5-11 summarizes the number of sites with
potential regulatory constraints in the Lower Colorado region.

In addition to mapping regulatory constraints, Reclamation staff identified
potential fish and wildlife and fish passage constraints for sites in the Lower
Colorado region with benefit cost ratios above 0.75. These sites included
Bartlett and Horseshoe Dams. Appropriate mitigation costs were added to sites
with regulatory or fish constraints.

Table 5-11 Number of Sites in the Lower
Colorado Region with Potential Regulatory
Constraints

Regulatory Constraint No. of Sites

Critical Habitat 3

Indian Lands

National Forest

National Historic Areas

National Park

Wild & Scenic River

Wilderness Preservation Area

Wilderness Study Area

Wildlife Refuge

OO0 |0 |0 |O|N|N

National Monument

Figure 5-7 shows the Bartlett Dam site. Bartlett Dam is in the Tonto National
Forest, which could require coordination with the USFS for potential
development of the site. The hydropower analysis assumes recreation and fish
and wildlife mitigation costs in the total development costs estimates for the
site. Bartlett Dam has a FERC Preliminary Permit issued on the site; the docket
number is 13819.
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5.3 Mid-Pacific Region
This section is organized similar to the Great Plains region in Section 5.1.

5.3.1 Overview
Reclamation identified a total of 55 sites at existing facilities in the Mid-Pacific
region for analysis of hydropower development potential. Table 5-12
summarizes the number of sites with no data available and hydropower
potential.

Table 5-12 Site Inventory in Mid-Pacific Region

No. of
Sites
Total Sites Identified 44
Sites with No Hydropower Potential 21
Sites with No Available Hydrologic Data 6
Total Sites with Hydropower Potential 14
Sites Removed from Analysis (see Table 2-4) 3

Table 5-13 summarizes the number of sites with hydropower potential within
different ranges of benefit cost ratios. The Mid-Pacific region has 5 sites with
benefit cost ratios greater than 1.0.

Table 5-13 Benefit Cost Ratio Summary of Sites
Analyzed in Mid-Pacific Region

No. of
Sites
Analyzed with Hydropower Assessment Tool 16
No Hydropower Potential (as determined by model)1 2
Benefit Cost Ratio (with Green Incentives) from:
0to 0.25 4
0.25to 0.5 3
0.5t0 0.75 2
0.75to 1.0 0
1.0to 2.0 4
Greater than or equal to 2.0 1

Notes:

! _ The model determined no hydropower potential if flows were too low for
development. In some instances, the estimated design head and/or flow were
0, which also indicates no hydropower potential, although the model
completed calculations.

Table 5-14 identifies and ranks the sites in the Mid-Pacific region with benefit
cost ratios (with green incentives) above 0.75. The Prosser Creek Dam site

ranked the highest in the region with a benefit cost ratio of 2.00 and an IRR of
14.3 percent. Prosser Creek Dam is part of Reclamation’s Washoe Project and
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is in California. The state green incentive rate was applied to calculate
economic benefits, which is $0.0984 per kWh for the 20 years. The model
selected a Francis turbine for the Prosser Creek Dam site, with an installed
capacity of 872 kW and annual energy production of about 3,800 MWh. Figure
5-8 shows the Prosser Creek Dam site, which is in the Tahoe National Forest.
Recreation mitigation costs are added to the total development costs for the site.

The Boca Dam site is ranked the second highest in the region with a benefit cost
ratio of 1.68 and an IRR of 11.3 percent, with green incentives. Similar to
Prosser Creek Dam, Boca Dam is part of the Washoe Project and is in
California. The state incentive was also used to calculate green incentive
benefits. The model selected a Francis turbine for the Boca Dam site, which has
an installed capacity of about 1 MW and annual energy production of about
4,400 MWh. Figure 5-8 also shows the Boca Dam site and associated
constraints. Boca Dam is in the Tahoe National Forest and is included on the
National Register of Historic Places. Recreation and archaeological and
historical mitigation cost are added to the total development costs for the site.

Table 5-14 Sites with Benefit Cost Ratio (With Green Incentives) Greater than 0.75 in Mid-Pacific

Region
Benefit
Cost per Cost
Installed Annual Installed Ratio
Data Capacity | Production Plant Capacity With IRR With
Site ID Site Name Confidence (kW) (MWh) Factor ($/kW) Green Green
MP-30 Prosser Creek Dam High 872 3,819 0.51 $3,549 2.00 14.3%
MP-2 Boca Dam High 1,184 4,370 0.43 $3,693 1.68 11.3%
MP-36 Rye Patch Dam Medium 1,180 4,837 0.48 $4,203 1.63 10.9%
MP-8 Casitas Dam High 1,042 3,280 0.37 $3,183 1.56 10.7%
MP-32 Putah Diversion Dam Medium 363 1,924 0.62 $7,745 1.16 6.3%
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5.3.2 Power Production
Table 5-15 summarizes potential power production at sites in the Mid-Pacific
region. The Mid-Pacific region sites combined have a total capacity of about 7.0
MW and could produce up to about 28,000 MWh of energy annually. Four sites
have the installed capacity of about 1 MW each. The table also shows the
distance from the site to the nearest transmission line. The Gerber Dam and

Rainbow Dam sites are over 10 miles to the nearest transmission lines.

Table 5-15 Hydropower Production Summary for Sites in Mid-Pacific Region

Design Design | Installed Annual Plant T- Line
Site ID Site Name Head Flow Capacity | Production Factor Distance

(feet) (cfs) (kW) (MWH) (miles)
MP-1 Anderson-Rose Dam 12 40 29 126 0.50 0.24
MP-2 Boca Dam 92 179 1,184 4,370 0.43 1.14
MP-3 Bradbury Dam 190 10 142 521 0.43 7.18
MP-8 Casitas Dam 96 151 1,042 3,280 0.37 0.27
MP-15 Gerber Dam 35 112 248 760 0.36 11.30
MP-18 Lake Tahoe Dam 6 729 287 893 0.36 0.05
MP-23 Malone Diversion Dam 8 95 44 147 0.39 4.60
MP-24 Marble Bluff Dam 38 479 1,153 5,624 0.57 7.22
MP-30 Prosser Creek Dam 127 95 872 3,819 0.51 0.497
MP-31 Putah Creek Dam 11 43 28 166 0.70 1.94
MP-32 Putah Diversion Dam 11 553 363 1,924 0.62 2.23
MP-33 Rainbow Dam 29 105 190 998 0.63 13.88
MP-36 Rye Patch Dam 59 322 1,180 4,837 0.48 2.23
MP-44 Upper Slaven Dam 8 316 158 720 0.53 7.25

5.3.3 Economic Evaluation

Table 5-16 summarizes the economic evaluation of hydropower development at
sites in the Mid-Pacific region. Sites in California could receive the state green
incentive. Oregon and Nevada could receive the Federal green incentive for
hydropower development; at this time, there are not performance based state
incentives available for hydropower. On average, for the sites analyzed, the
green incentives resulted in an increase of the benefit cost ratio of about 0.3
than if green incentives were not included. Sites in California gained the most
benefits from green incentives from the state program. Some sites in the Mid-
Pacific region had very high cost per installed capacity, low benefit cost ratios,
and low IRRs, indicating they are clearly not economical to develop.
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Table 5-16 Economic Evaluation Summary for Sites in Mid-Pacific Region

Benefit Benefit
. . Conl-?rtuatl:tion Annual ﬁzfél?:é Co;t IRR Co;t IRR
Site ID Site Name Cost 0O&M Cost Capacit Ratio Ratio
(1,000 $) pacty With Green Without Green
(1,000 $) (B/kW) . .
Incentives Incentives
MP-1 Anderson-Rose
Dam $377.7 $29.8 $12,916 0.21 <0 0.20 <0
MP-2 Boca Dam $4,372.2 $144.1 $3,693 1.68 11.3% 0.90 3.4%
MP-3 Bradbury Dam $3,093.8 $87.0 $21,748 0.30 <0 0.16 <0
MP-8 Casitas Dam $3,318.0 $127.9 $3,183 1.56 10.7% 0.83 2.7%
MP-15 | Gerber Dam $4,890.1 $125.9 $19,733 0.15 <0 0.14 <0
MP-18 | Lake Tahoe Dam $2,494.7 $68.1 $8,686 0.65 <0 0.34 <0
MP-23 | Malone Diversion
Dam $1,835.6 $57.9 $41,464 0.07 <0 0.07 <0
MP-24 | Marble Bluff Dam $8,013.2 $218.2 $6,948 0.72 1.6% 0.68 1.3%
MP-30 | Prosser Creek
Dam $3,095.4 $113.1 $3,549 2.00 14.3% 1.06 4.9%
MP-31 | Putah Creek Dam $960.7 $40.6 $34,903 0.26 <0 0.14 <0
MP-32 | Putah Diversion
Dam $2,815.0 $90.5 $7,745 1.16 6.3% 0.62 0.2%
MP-33 | Rainbow Dam $5,915.8 $142.1 $31,115 0.32 <0 0.17 <0
MP-36 | Rye Patch Dam $4,959.0 $165.0 $4,203 1.63 10.9% 0.87 3.2%
MP-44 | Upper Slaven Dam $3,473.9 $95.6 $21,973 0.21 <0 0.20 <0

5.3.4 Constraints Evaluation
Figures 5-9 and 5-10 show constraints associated with the sites analyzed in the
Hydropower Assessment Tool. The region is separated into north and south.
There are two sites in southern California with hydropower potential in the Mid-
Pacific region. Table 5-17 summarizes the number of sites with potential
regulatory constraints in the Mid-Pacific region.

In addition to mapping regulatory constraints, Reclamation staff identified
potential fish and wildlife and fish passage constraints for sites in the Mid-
Pacific region with benefit cost ratios above 0.75. These sites included Lake
Tahoe Dam and Putah Diversion Dam. Appropriate mitigation costs were added

to sites with regulatory or fish constraints.
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Table 5-17 Number of Sites in the Mid-Pacific
Region with Potential Regulatory Constraints

Regulatory Constraint

No. of Sites

Critical Habitat

2

Indian Lands

National Forest

National Historic Areas

National Park

Wild & Scenic River

Wilderness Preservation Area

Wilderness Study Area

Wildlife Refuge

National Monument

O|Rr OO0 |O0|W |0 |k
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Figure 5-9 : Mid-Pacific Region (North) Potential Constraints Map
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5.4 Pacific Northwest Region

This section is organized similar to the Great Plains region in Section 5.1.

5.4.1 Overview

Reclamation identified a total of 105 sites at existing facilities in the Pacific
Northwest region for analysis of hydropower development potential. Table 5-
18 summarizes the number of sites analyzed in the Pacific Northwest region
with no available data or hydropower potential.

Table 5-18 Site Inventory in Pacific Northwest

Region

No. of
Sites

Total Sites Identified 105

Sites with No Hydropower Potential 36

Sites with No Available Hydrologic Data 15

Total Sites with Hydropower Potential 34

Sites Removed from Analysis (see Table 2-4) 20

Table 5-19 summarizes the number of sites within different ranges of benefit cost

ratios. The Pacific Northwest region has 2 sites with benefit cost ratios greater
than 1.0.

Table 5-19 Benefit Cost Ratio Summary of Sites
Analyzed in Pacific Northwest Region

No. of
Sites
Analyzed with Hydropower Assessment Tool 39
No Hydropower Potential (as determined by model)* 5
Benefit Cost Ratio (with Green Incentives) from:
0to 0.25 10
0.25t0 0.5 5
0.5t0 0.75 7
0.75t0 1.0 10
1.0to 2.0 2
Greater than or equal to 2.0 0
Note:
! The model determined no hydropower potential if flows were too low for
development. In some instances, the estimated design head and/or flow were
0, which also indicates no hydropower potential, although the model
completed calculations.

Table 5-20 identifies and ranks the sites in the Pacific Northwest region with
benefit cost ratios (with green incentives) above 0.75. The Arthur R. Bowman
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Dam site ranked the highest in the region with a benefit cost ratio of 1.95 and an
IRR of 11.5 percent. Arthur R. Bowman Dam is part of Reclamation’s Crooked
River Project and is in Oregon. The Federal green incentive rate was applied to
calculate economic benefits. The model selected a Francis turbine for the
Arthur R. Bowman Dam site, with an installed capacity of about 3 MW and
annual energy production of about 18,000 MWh. Figure 5-11 shows the Arthur
R. Bowman Dam site, which near a portion of the Crooked River classified as a
Wild and Scenic River. Recreation mitigation costs are added to the total
development costs for the site.

The Easton Diversion Dam site is ranked the second highest in the region with a
benefit cost ratio of 1.42 and an IRR of 7.8 percent, with green incentives.
Easton Diversion Dam is part of the Yakima Project in Washington. The state
incentive, stacked with the Federal green incentive rate, was used to calculate
green incentive benefits. The model selected a Kaplan turbine for the Easton
Diversion Dam site, which has an installed capacity of about 1 MW and annual
energy production of 7,400 MWh. Figure 5-12 shows the Easton Diversion
Dam site. There are no constraints directly associated with the site, but it is
close to the Wenatchee National Forest and critical habitat designated for the
Northern Spotted Owl.

Table 5-20 Sites with Benefit Cost Ratio (With Green Incentives) Greater than 0.75 in Pacific
Northwest Region

Benefit
Cost per Cost
Installed Annual Installed Ratio
Data Capacity | Production | Plant Capacity With IRR With
Site ID Site Name Confidence (kW) (MWh) Factor ($/kW) Green Green
PN-6 Arthur R. Bowman Dam High 3,293 18,282 0.65 $2,652 1.95 11.5%
PN-31 Easton Diversion Dam High 1,057 7,400 0.82 $4,636 1.42 7.8%
PN-34 Emigrant Dam High 733 2,619 0.42 $3,012 0.99 4.3%
PN-104 | Wickiup Dam High 3,950 15,650 0.46 $3,837 0.98 4.2%
PN-12 Cle Elum Dam High 7,249 14,911 0.24 $1,877 0.95 3.9%
PN-80 Ririe Dam High 993 3,778 0.44 $3,660 0.94 3.8%
PN-87 Scoggins Dam High 955 3,683 0.45 $3,855 0.92 3.5%
PN-59 McKay Dam High 1,362 4,344 0.37 $3,136 0.88 3.2%
Sunnyside Diversion

PN-95 Dam Medium 1,362 10,182 0.87 $8,847 0.86 3.1%
PN-49 Keechelus Dam High 2,394 6,746 0.33 $2,889 0.85 2.9%
PN-88 Scootney Wasteway Low 2,276 11,238 0.57 $5,540 0.84 2.9%
PN-44 Haystack Canal High 805 3,738 0.54 $5,527 0.77 1.9%
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Figure 5-11: Pacific Northwest Region (West) Arthur R. Bowman Dam Site Map
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5.4.2 Power Production
Table 5-21 summarizes potential power production at sites in the Pacific
Northwest region. The Pacific Northwest region sites combined have a total
capacity of about 38 MW and could produce up to about 146,000 MWh of
energy annually. Cle Elum Dam has the highest installed capacity of the sites
analyzed, about 7 MW. The table also shows the distance from the site to the
nearest transmission line. Nine sites in the region are over 10 miles to the
nearest transmission lines.
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Table 5-21 Hydropower Production Summary for Sites in Pacific Northwest Region

Design Design | Installed Annual Plant T- Line
Site ID Site Name Head Flow Capacity | Production Factor Distance
(feet) (cfs) (kW) (MWH) (miles)
PN-1 Agate Dam 63 23 89 264 0.35 0.75
PN-2 Agency Valley 67 244 1,179 3,941 0.39 22.46
PN-6 Arthur R. Bowman Dam 173 264 3,293 18,282 0.65 5.94
PN-9 Bully Creek Dam 85 51 313 1,065 0.40 19.01
PN-10 Bumping Lake 30 279 521 2,200 0.49 22.78
PN-12 Cle Elum Dam 101 994 7,249 14,911 0.24 2.02
PN-15 Cold Springs Dam 38 28 65 129 0.23 2.51
PN-20 Crane Prairie Dam 18 270 306 1,845 0.70 17.41
PN-24 Deadwood Dam 110 110 871 3,563 0.48 45.01
PN-31 Easton Diversion Dam 46 366 1,057 7,400 0.82 0.32
PN-34 Emigrant Dam 185 55 733 2,619 0.42 0.22
PN-37 Fish Lake 39 36 102 235 0.27 1.50
PN-41 Golden Gate Canal 43 191 514 2,293 0.52 5.00
PN-43 Harper Dam 80 75 434 1,874 0.50 13.50
PN-44 Haystack Canal 57 225 805 3,738 0.54 2.49
PN-48 Kachess Dam 55 358 1,227 3,877 0.37 0.13
PN-49 Keechelus Dam 75 444 2,394 6,746 0.33 1.07
PN-50 Keene Creek 46 52 173 1,005 0.68 1.07
PN-52 Little Wood River Dam 103 200 1,493 4,951 0.39 37.37
PN-56 Mann Creek 113 61 495 2,097 0.50 4.59
PN-57 Mason Dam 139 164 1,649 5,773 0.41 10.82
PN-58 Maxwell Dam 4 467 117 644 0.64 3.99
PN-59 McKay Dam 122 154 1,362 4,344 0.37 2.22
PN-65 Ochoco Dam 60 19 69 232 0.39 2.22
PN-78 Reservoir "A" 60 12 45 169 0.44 2.29
PN-80 Ririe Dam 132 104 993 3,778 0.44 2.27
PN-87 Scoggins Dam 96 138 955 3,683 0.45 2.66
PN-88 Scootney Wasteway 13 2,800 2,276 11,238 0.57 3.65
PN-95 Sunnyside Diversion Dam 6 3,630 1,362 10,182 0.87 5.98
PN-97 Thief Valley Dam 39 150 369 1,833 0.58 2.29
PN-100 Unity Dam 46 106 307 1,329 0.50 25.28
PN-101 Warm Springs Dam 57 346 1,234 3,256 0.31 0.67
PN-104 Wickiup Dam 55 1,157 3,950 15,650 0.46 12.43
PN-105 Wild Horse - BIA 70 53 267 791 0.35 4.22
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5.4.3 Economic Evaluation
Table 5-22 summarizes the economic evaluation of hydropower development at
sites in the Pacific Northwest region. Except for Washington, the other states in
the Pacific Northwest region (sites are primarily in Oregon and Idaho) can
receive the Federal green incentive for hydropower development. On average,
for the sites analyzed, the green incentives only resulted in an increase in the
benefit cost ratio of about 0.04. Some sites in the Pacific Northwest region had
very high cost per installed capacity, low benefit cost ratios, and low IRRs,
indicating they are clearly not economical to develop.

Table 5-22 Economic Evaluation Summary for Sites in Pacific Northwest Region

Total Annual Cost per Bgneflt Benefit
. ost IRR Cost IRR
Site ID | Site Name Consc,:tructlon 0&M |nsta||§d Ratio Ratio
ost Cost Capacity - g
(1,000 $) (1,000 $) (S/kW) With Green Without Green
Incentives Incentives

PN-1 Agate Dam $821.5 $41.8 $9,267 0.24 <0 0.22 <0
PN-2 Agency Valley $10,421.3 $264.2 $8,836 0.36 <0 0.34 <0

Arthur R. Bowman
PN-6 Dam $8,732.2 $279.8 $2,652 1.95 11.5% 1.84 10.3%
PN-9 Bully Creek Dam $8,081.3 $189.5 $25,832 0.13 <0 0.12 <0
PN-10 Bumping Lake $10,270.9 $232.8 $19,720 0.22 <0 0.20 <0
PN-12 Cle Elum Dam $13,606.5 $491.5 $1,877 0.95 3.9% 0.89 3.3%
PN-15 Cold Springs Dam $1,306.8 $48.9 $20,063 0.09 <0 0.08 <0
PN-20 Crane Prairie Dam $8,556.8 $200.5 $27,948 0.23 <0 0.21 <0
PN-24 Deadwood Dam $19,508.9 $428.5 $22,401 0.20 <0 0.19 <0

Easton Diversion
PN-31 Dam $4,899.2 $161.5 $4,636 1.42 7.8% 1.33 7.0%
PN-34 Emigrant Dam $2,208.8 $95.0 $3,012 0.99 4.3% 0.93 3.7%
PN-37 Fish Lake $1,250.1 $49.9 $12,283 0.17 <0 0.16 <0
PN-41 Golden Gate Canal $3,991.1 $121.5 $7,771 0.56 <0 0.53 <0
PN-43 Harper Dam $5,900.9 $152.4 $13,606 0.31 <0 0.29 <0
PN-44 Haystack Canal $4,448.0 $142.6 $5,527 0.77 1.9% 0.72 1.5%
PN-48 Kachess Dam $5,145.3 $171.9 $4,195 0.67 0.6% 0.63 0.3%
PN-49 Keechelus Dam $6,916.7 $227.5 $2,889 0.85 2.9% 0.80 2.4%
PN-50 Keene Creek $1,399.9 $57.4 $8,074 0.62 <0 0.58 <0

Little Wood River
PN-52 Dam $17,927.6 $419.5 $12,010 0.29 <0 0.27 <0
PN-56 Mann Creek $3,554.0 $112.0 $7,173 0.56 <0 0.52 <0
PN-57 Mason Dam $7,272.3 $220.4 $4,411 0.72 1.5% 0.68 1.1%
PN-58 Maxwell Dam $2,075.4 $66.9 $17,765 0.30 <0 0.28 <0
PN-59 McKay Dam $4,271.1 $155.8 $3,136 0.88 3.2% 0.83 2.7%
PN-65 Ochoco Dam $1,308.3 $49.9 $18,850 0.15 <0 0.15 <0
PN-78 Reservoir "A" $1,281.4 $47.8 $28,394 0.12 <0 0.11 <0
PN-80 Ririe Dam $3,635.3 $131.6 $3,660 0.94 3.8% 0.89 3.3%
PN-87 Scoggins Dam $3,681.7 $131.1 $3,855 0.92 3.5% 0.86 3.0%
PN-88 Scootney Wasteway $12,612.0 $354.8 $5,540 0.84 2.9% 0.79 2.5%

Sunnyside Diversion
PN-95 Dam $12,050.8 $312.9 $8,847 0.86 3.1% 0.81 2.7%
PN-97 Thief Valley Dam $2,600.8 $87.2 $7,049 0.64 0.2% 0.60 <0
PN-100 | Unity Dam $9,461.8 $213.5 $30,808 0.14 <0 0.13 <0
PN-101 | Warm Springs Dam $5,051.9 $169.7 $4,095 0.58 <0 0.55 <0
PN-104 | Wickiup Dam $15,154.6 $422.1 $3,837 0.98 4.2% 0.92 3.7%
PN-105 | Wild Horse - BIA $2,914.0 $90.6 $10,917 0.27 <0 0.26 <0
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5.4.4 Constraints Evaluation
Figures 5-13 and 5-14 show constraints associated with the sites analyzed in the
Hydropower Assessment Tool. Because of the size of the region, the figures
split the region into east and west. Table 5-23 summarizes the number of sites
with potential regulatory constraints in the Pacific Northwest region.
Reclamation staff did not identify additional fish and wildlife and fish passage
constraints for sites in the Pacific Northwest region with benefit cost ratios
above 0.75.

Table 5-23 Number of Sites in the Pacific
Northwest Region with Potential Regulatory
Constraints

Regulatory Constraint No. of Sites
Critical Habitat 5
Indian Lands 3
National Forest 13

National Historic Areas 3
National Park 0
Wild & Scenic River 3
Wilderness Preservation Area 1
1
6
0

Wilderness Study Area
Wildlife Refuge
National Monument
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5.5 Upper Colorado Region
This section is organized similar to the Great Plains region in Section 5.1.

5.5.1 Overview
Reclamation identified a total of 205 sites at existing facilities in the Upper
Colorado region for hydropower development potential. Table 5-24
summarizes the number of sites with no data available or no hydropower
potential.

Table 5-24 Site Inventory in Upper Colorado Region

No. of
Sites
Total Sites Identified 205
Sites with No Hydropower Potential 47
Sites with No Available Hydrologic Data 63
Total Sites with Hydropower Potential 65
Sites Removed from Analysis (see Table 2-4) 30

The Hydropower Assessment Tool calculates a benefit cost ratio for each site
analyzed with hydropower potential. The benefit cost ratio is a good indicator if
the site should be further analyzed. Table 5-25 summarizes the number of sites
within different ranges of benefit cost ratios. The Upper Colorado region has 17
sites with benefit cost ratios greater than 1.0.

Table 5-25 Benefit Cost Ratio Summary of Sites
Analyzed in Upper Colorado Region

No. of

Sites
Analyzed with Hydropower Assessment Tool 86
No Hydropower Potential (as determined by model)1 21

Benefit Cost Ratio (with Green Incentives) from:
0to 0.25 24
0.25to 0.5 9
0.5t0 0.75 6
0.75to 1.0 9
1.0to 2.0 14
Greater than or equal to 2.0 3
Notes:

1 — The model determined no hydropower potential if flows were too low for
development. In some instances, the estimated design head and/or flow were
0, which also indicates no hydropower potential, although the model
completed calculations.
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Table 5-26 identifies and ranks the sites in the Upper Colorado region with
benefit cost ratios (with green incentives) above 0.75. The Sixth Water Flow
Control Structure site is ranked the highest in the region with a benefit cost ratio
of 3.10 and an IRR of 17.5 percent, with green incentives. The Sixth Water
Flow Control Structure site is part of Reclamation’s Central Utah Project
Bonneville Unit in Utah. The model selected a Pelton turbine for the site, which
has an installed capacity of about 26 MW and annual energy production of
114,000 MWh. Figure 5-15 also shows the Sixth Water Flow Control Structure
site, which is in the Uinta National Forest. Recreation and fish and wildlife
mitigation costs were added to the site’s total development costs.

The Caballo Dam site is ranked the second highest, but has low confidence data
associated with it. The Upper Diamond Fork Flow Control Structure is ranked
third highest in the region with a benefit cost ratio of 2.38 and an IRR of 13.7
percent. The Upper Diamond Fork Site is part of Reclamation’s Central Utah
Project Bonneville Unit in Utah. The Federal green incentive rate was applied to
calculate economic benefits. The model selected a Francis turbine for the
Upper Diamond Fork site, with an installed capacity of about 12 MW and
annual energy production of about 52,000 MWh. Figure 5-15 also shows the
Upper Diamond Fork site, which is downstream of the Sixth Water Flow
Control Structure. Recreation and fish and wildlife mitigation costs were added
to the total development costs for the site.

Table 5-26 Sites with Benefit Cost Ratio (With Green Incentives) Greater than 0.75 in Upper
Colorado Region

Benefit
Cost per Cost
Installed Annual Installed Ratio
Data Capacity | Production | Plant Capacity With IRR With
Site ID Site Name Confidence (kW) (MWh) Factor ($/kW) Green Green
Sixth Water Flow
UC-141 Control Medium 25,800 114,420 0.52 $1,440 3.10 17.5%
UC-19 Caballo Dam Low 3,260 26,916 0.96 $3,123 2.58 15.1%
Upper Diamond Fork
UC-185 Flow Medium 12,214 52,161 0.50 $1,786 2.38 13.7%
M&D Canal - Shavano
UC-89 Falls Low 2,862 15,419 0.62 $2,532 1.89 11.4%
Spanish Fork Flow
UC-159 Control Structure Medium 8,114 22,920 0.33 $1,607 1.67 9.6%
Navajo Dam Diversion
UC-103 Works Medium 2,751 10,226 0.43 $2,242 1.48 8.5%
UC-52 Gunnison Tunnel Medium 3,830 19,057 0.58 $3,298 1.41 7.8%
UC-144 Soldier Creek Dam High 444 2,909 0.76 $4,032 1.39 7.9%
UC-131 Ridgway Dam High 3,366 14,040 0.49 $2,932 1.35 7.3%
South Canal, Sta.
ucC-147 181+10, "Site #4" Medium 3,046 15,536 0.59 $3,683 1.30 6.9%
UC-162 Starvation Dam High 3,043 13,168 0.50 $3,456 1.23 6.3%
South Canal, Sta
UC-146 19+10 "Site #1" Medium 2,465 12,576 0.59 $4,174 1.16 5.7%
UC-179 Taylor Park Dam High 2,543 12,488 0.57 $4,319 1.12 5.4%
Grand Valley
UC-49 Diversion Dam Medium 1,979 14,246 0.84 $6,513 1.11 5.3%
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Table 5-26 Sites with Benefit Cost Ratio (With Green Incentives) Greater than 0.75 in Upper
Colorado Region

Benefit
Cost per Cost
Installed Annual Installed Ratio
Data Capacity | Production | Plant Capacity With IRR With

Site ID Site Name Confidence (kW) (MWh) Factor ($/kW) Green Green
UC-57 Heron Dam Medium 2,701 8,874 0.38 $2,885 1.09 5.2%

South Canal, Sta.
UC-150 106+65, "Site #3" Medium 2,224 11,343 0.59 $4,440 1.09 5.2%

Southside Canal (2
UC-154 drops) Low 2,026 6,557 0.38 $2,759 1.05 4.8%
uc-177 Syar Tunnel Medium 1,762 7,982 0.53 $4,677 0.99 4.3%
UC-174 Sumner Dam Medium 822 4,300 0.61 $5,101 0.98 4.2%

Gunnison Diversion
UC-51 Dam Medium 1,435 9,220 0.75 $6,670 0.95 3.9%

Southside Canal (3
UC-155 drops) Low 1,651 5,344 0.38 $3,128 0.93 3.7%
UC-132 Rifle Gap Dam High 341 1,740 0.59 $4,621 0.92 3.5%
UC-72 Joes Valley Dam High 1,624 6,596 0.47 $4,777 0.85 3.0%

South Canal, Sta.
UC-148 427+00, "Site #5" Medium 1,354 6,905 0.59 $5,799 0.84 2.8%
UC-145 South Canal Tunnels Medium 884 4,497 0.59 $5,663 0.84 2.8%
uc-117 Paonia Dam Medium 1,582 5,821 0.43 $4,479 0.79 2.3%

5.5.2 Power Production
Table 5-27 summarizes potential power production at sites in the Upper
Colorado region. The Upper Colorado region sites combined have a total
installed capacity of about 107 MW and could produce up to about 469,000
MWh of energy annually. The Sixth Water Flow Control Structure has the
highest installed capacity of the sites analyzed. The table also shows the
distance from the site to the nearest transmission line. Fifteen sites in the region
are over 10 miles to the nearest transmission lines.
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Table 5-27 Hydropower Production Summary for Sites in Upper Colorado Region

Design Design | Installed Annual Plant T- Line
Site ID Site Name Head Flow Capacity | Production Factor Distance
(feet) (cfs) (kW) (MWH) (miles)
UC-4 | Angostura Diversion Dam 3 190 33 91 0.32 0.65
UC-5 | Arthur V. Watkins 25 20 31 122 0.46 1.99
UC-6 | Avalon Dam 17 216 230 1,031 0.52 2.76
Azeotea Creek and Willow
Creek Conveyance Channel
UC-7 | Station 1565+00 18 65 72 240 0.39 5.00
Azeotea Creek and Willow
Creek Conveyance Channel
UC-8 | Station 1702+75 17 65 68 223 0.38 5.00
Azeotea Creek and Willow
Creek Conveyance Channel
UC-9 | Station 1831+17 15 65 60 199 0.38 5.00
UC-11 | Azotea Tunnel 22 65 86 222 0.30 5.00
UC-13 | Big Sandy Dam 51 89 286 884 0.36 21.09
UC-14 | Blanco Diversion Dam 22 35 47 146 0.36 12.93
UC-15 | Blanco Tunnel 109 35 276 849 0.36 12.93
UC-16 | Brantley Dam 15 219 210 697 0.39 2.18
UC-19 | Caballo Dam 43 1,213 3,260 26,916 0.96 1.55
UC-22 | Crawford Dam 135 31 303 1,217 0.47 0.94
UC-23 | Currant Creek Dam 118 17 146 1,003 0.80 11.62
UC-28 | Dolores Tunnel 84 17 103 515 0.58 5.00
UC-36 | East Canyon Dam 170 76 929 3,549 0.44 15.32
UC-44 | Fort Sumner Diversion Dam 14 90 75 378 0.59 5.00
UC-46 | Fruitgrowers Dam 28 17 29 124 0.50 5.66
UC-49 | Grand Valley Diversion Dam 14 2,260 1,979 14,246 0.84 5.00
UC-51 | Gunnison Diversion Dam 17 1,350 1,435 9,220 0.75 5.00
UC-52 | Gunnison Tunnel 70 875 3,830 19,057 0.58 5.00
UC-56 | Hammond Diversion Dam 8 71 35 148 0.49 5.00
UC-57 | Heron Dam 249 150 2,701 8,874 0.38 4.97
UC-59 | Huntington North Dam 55 6 20 51 0.30 0.76
UC-62 | Hyrum Dam 75 90 491 2,052 0.49 8.61
UC-67 | Inlet Canal 159 22 252 966 0.45 5.00
UC-72 | Joes Valley Dam 159 141 1,624 6,596 0.47 7.68
UC-84 | Lost Creek Dam 164 34 410 1,295 0.37 15.99
UC-89 | M&D Canal - Shavano Falls 165 240 2,862 15,419 0.62 5.00
UC-93 | Meeks Cabin Dam 130 169 1,586 4,709 0.35 21.00
UC-98 | Montrose and Delta Canal 3 511 96 478 0.58 5.00
UC-100 | Moon Lake Dam 66 134 634 1,563 0.29 13.18
UC-103 | Navajo Dam Diversion Works 100 381 2,751 10,226 0.43 0.25
UC-116 | Outlet Canal 252 32 586 1,839 0.37 5.00
UC-117 | Paonia Dam 149 147 1,582 5,821 0.43 8.32
UC-124 | Platoro Dam 131 89 845 3,747 0.52 23.64
UC-126 | Red Fleet Dam 115 55 455 1,905 0.49 4.04
UC-131 | Ridgway Dam 181 257 3,366 14,040 0.49 6.62
UC-132 | Rifle Gap Dam 101 46 341 1,740 0.59 0.04
UC-135 | San Acacia Diversion Dam 8 44 20 86 0.50 5.00
UC-136 | Scofield Dam 39 110 266 906 0.40 0.82
UC-137 | Selig Canal 2 186 23 98 0.50 5.00
UC-140 | Silver Jack Dam 103 101 748 2,913 0.46 7.59
UC-141 | Sixth Water Flow Control 1,149 309 25,800 114,420 0.52 6.14
UC-144 | Soldier Creek Dam 233 26 444 2,909 0.76 0.56
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Table 5-27 Hydropower Production Summary for Sites in Upper Colorado Region

Design Design | Installed Annual Plant T- Line
Site ID Site Name Head Flow Capacity | Production Factor Distance
(feet) (cfs) (kW) (MWH) (miles)
UC-145 | South Canal Tunnel 18 785 884 4,497 0.59 5.00
South Canal, Sta 19+10 "Site
UC-146 | #1" 51 773 2,465 12,576 0.59 5.00
South Canal, Sta. 106+65,
UC-150 | "Site #3" 46 773 2,224 11,343 0.59 5.00
South Canal, Sta. 181+10,
UC-147 | "Site #4" 63 773 3,046 15,536 0.59 5.00
South Canal, Sta. 427+00,
UC-148 | "Site #5" 28 773 1,354 6,905 0.59 5.00
UC-154 | Southside Canal (2 drops) 346 81 2,026 6,557 0.38 5.00
UC-155 | Southside Canal (3 drops) 282 81 1,651 5,344 0.38 5.00
Spanish Fork Flow Control
UC-159 | Structure 900 124 8,114 22,920 0.33 3.50
UC-162 | Starvation Dam 144 292 3,043 13,168 0.50 8.90
UC-164 | Stateline Dam 89 44 282 720 0.30 19.35
UC-166 | Steinaker Dam 120 70 603 1,965 0.38 0.99
UC-169 | Stillwater Tunnel 65 88 413 1,334 0.38 12.24
UC-174 | Sumner Dam 114 100 822 4,300 0.61 3.94
UC-177 | Syar Tunnel 125 195 1,762 7,982 0.53 7.68
UC-179 | Taylor Park Dam 141 250 2,543 12,488 0.57 14.62
Upper Diamond Fork Flow
UC-185 | Structure 547 309 12,214 52,161 0.50 4.34
UC-187 | Upper Stillwater Dam 161 50 581 1,904 0.38 12.27
UC-190 | Vega Dam 90 84 548 1,702 0.36 2.81
UC-196 | Weber-Provo Canal 184 32 424 1,844 0.51 34.88
Weber-Provo Diversion
UC-197 | Channel 100 24 173 517 0.35 34.88

5.5.3 Economic Evaluation
Table 5-28 summarizes the economic evaluation of hydropower development at
sites in the Upper Colorado region. All states in the Upper Colorado region can
receive the Federal green incentive for hydropower development. On average,
for the sites analyzed, the green incentives only resulted in an increase in the
benefit cost ratio of about 0.04. Some sites in the Upper Colorado region had
very high cost per installed capacity, low benefit cost ratios, and low IRRs,
indicating they are clearly not economical.

Table 5-28 Economic Evaluation Summary for Sites in Upper Colorado Region

Total Annual Cost per Benefit Benefit

: Cost IRR Cost IRR

. . Construction O&M Installed - -

Site ID Site Name - Ratio Ratio

Cost Cost Capacity h th

(1,000 $) (1,000 $) (S/kW) Wit G_reen Without _Green
Incentives Incentives
Angostura Diversion

UC-4 | Dam $564.2 $33.4 $17,183 0.12 <0 0.11 <0
UC-5 | Arthur V. Watkins $966.1 $40.9 $31,426 0.11 <0 0.10 <0
UC-6 | Avalon Dam $2,260.7 $76.5 $9,818 0.42 <0 0.40 <0
UC-7 | Azeotea Creek and $2,215.3 $66.6 $30,674 0.10 <0 0.10 <0
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Table 5-28 Economic Evaluation Summary for Sites in Upper Colorado Region

Total Annual Cost per Bgneflt Benefit
. . Construction O&M Installed 0§t IRR Co§t IRR
Site ID Site Name c . Ratio Ratio
ost Cost Capacity - -
(1,000 $) (1,000 $) (S/kW) With G_reen Without _Green
Incentives Incentives
Willow Creek
Conveyance Channel
Station 1565+00
Azeotea Creek and
Willow Creek
Conveyance Channel
UC-8 | Station 1702+75 $2,193.0 $65.9 $32,238 0.10 <0 0.09 <0
Azeotea Creek and
Willow Creek
Conveyance Channel
UC-9 | Station 1831+17 $2,149.4 $64.7 $35,760 0.09 <0 0.08 <0
UC-11 | Azotea Tunnel $2,284.3 $68.6 $26,649 0.09 <0 0.09 <0
UC-13 | Big Sandy Dam $9,560.6 $218.0 $33,466 0.10 <0 0.09 <0
UC-14 | Blanco Diversion Dam $4,656.1 $110.7 $98,199 0.03 <0 0.03 <0
UC-15 | Blanco Tunnel $5,526.5 $137.6 $20,041 0.16 <0 0.15 <0
UC-16 | Brantley Dam $1,991.2 $70.5 $9,481 0.32 <0 0.30 <0
Caballo Dam 135
UC-19 $10,180.7 $304.7 $3,123 2.58 15.1% 2.43 %
UC-22 | Crawford Dam $1,592.3 $66.7 $5,264 0.64 <0 0.60 <0
UC-23 | Currant Creek Dam $4,611.2 $114.8 $31,659 0.22 <0 0.21 <0
UC-28 | Dolores Tunnel $2,286.4 $69.4 $22,167 0.21 <0 0.20 <0
UC-36 | East Canyon Dam $8,270.3 $217.0 $8,905 0.44 <0 0.41 <0
Fort Sumner Diversion
UC-44 | Dam $2,213.6 $67.1 $29,472 0.17 <0 0.16 <0
UC-46 | Fruitgrowers Dam $2,166.9 $63.2 $74,134 0.06 <0 0.05 <0
Grand Valley
UC-49 | Diversion Dam $12,887.5 $320.9 $6,513 1.11 5.3% 1.04 4.7%
Gunnison Diversion
UC-51 | Dam $9,573.4 $255.6 $6,670 0.95 3.9% 0.89 3.4%
UC-52 | Gunnison Tunnel $12,634.1 $392.8 $3,298 1.41 7.8% 1.33 6.9%
Hammond Diversion
UC-56 | Dam $1,983.3 $60.2 $57,350 0.07 <0 0.07 <0
UC-57 | Heron Dam $7,792.7 $242.2 $2,885 1.09 5.2% 1.03 4.6%
UC-59 | Huntington North Dam $525.6 $32.0 $26,166 0.07 <0 0.07 <0
UC-62 | Hyrum Dam $5,127.3 $141.9 $10,440 0.40 <0 0.37 <0
UC-67 | Inlet Canal $2,596.5 $82.7 $10,320 0.34 <0 0.32 <0
UC-72 | Joes Valley Dam $7,760.1 $210.5 $4,777 0.85 3.0% 0.80 2.6%
UC-84 | Lost Creek Dam $6,598.9 $164.3 $16,081 0.20 <0 0.19 <0
M&D Canal - Shavano 10.2
UC-89 | Falls $7,247.4 $256.1 $2,532 1.89 11.4% 1.77 %
UC-93 | Meeks Cabin Dam $11,637.2 $302.5 $7,338 0.40 <0 0.38 <0
Montrose and Delta
UC-98 | Canal $2,343.7 $70.8 $24,452 0.19 <0 0.18 <0
UC-100 | Moon Lake Dam $7,418.3 $187.8 $11,706 0.21 <0 0.20 <0
Navajo Dam Diversion
UC-103 | Works $6,169.0 $234.3 $2,242 1.48 8.5% 1.40 7.6%
UC-116 | Outlet Canal $3,264.3 $108.7 $5,569 0.52 <0 0.49 <0
UC-117 | Paonia Dam $7,088.5 $203.8 $4,479 0.79 2.3% 0.74 1.9%
UC-124 | Platoro Dam $10,105.0 $246.5 $11,962 0.38 <0 0.36 <0
UC-126 | Red Fleet Dam $3,032.6 $100.1 $6,662 0.59 <0 0.55 <0
UC-131 | Ridgway Dam $9,867.2 $296.0 $2,932 1.35 7.3% 1.27 6.5%
UC-132 | Rifle Gap Dam $1,574.7 $65.5 $4,621 0.92 3.5% 0.86 2.9%
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Total Annual Cost per Bgneflt Benefit
. . Construction O&M Installed 0§t IRR Co§t IRR
Site ID Site Name c . Ratio Ratio
ost Cost Capacity - -
(1,000 $) (1,000 $) (S/kW) With G_reen Without _Green
Incentives Incentives
San Acacia Diversion
UC-135 | Dam $1,895.0 $57.2 $94,272 0.04 <0 0.04 <0
UC-136 | Scofield Dam $2,174.1 $77.6 $8,182 0.38 <0 0.36 <0
UC-137 | Selig Canal $1,868.6 $57.1 $82,287 0.05 <0 0.05 <0
UC-140 | Silver Jack Dam $4,863.0 $145.6 $6,503 0.57 <0 0.54 <0
Sixth Water Flow 15.7
UC-141 | Control $37,159.3 $1,010.3 $1,440 3.10 17.5% 2.92 %
UC-144 | Soldier Creek Dam $1,789.9 $72.5 $4,032 1.39 7.9% 1.31 7.0%
UC-145 | South Canal Tunnel $5,004.6 $154.9 $5,663 0.84 2.8% 0.79 2.4%
South Canal, Sta
UC-146 | 19+10 "Site #1" $10,289.7 $309.9 $4,174 1.16 5.7% 1.09 5.1%
South Canal, Sta.
UC-150 | 106+65, "Site #3" $9,874.0 $294.9 $4,440 1.09 5.2% 1.02 4.6%
South Canal, Sta.
UC-147 | 181+10, "Site #4" $11,216.1 $344.0 $3,683 1.30 6.9% 1.22 6.2%
South Canal, Sta.
UC-148 | 427+00, "Site #5" $7,849.5 $228.6 $5,799 0.84 2.8% 0.79 2.4%
Southside Canal (2
UC-154 | drops) $5,589.4 $199.7 $2,759 1.05 4.8% 0.99 4.2%
Southside Canal (3
UC-155 | drops) $5,165.5 $180.6 $3,128 0.93 3.7% 0.88 3.2%
Spanish Fork Flow
UC-159 | Control Structure $13,041.8 $435.4 $1,607 1.67 9.6% 1.57 8.6%
UC-162 | Starvation Dam $10,515.8 $302.4 $3,456 1.23 6.3% 1.16 5.6%
UC-164 | Stateline Dam $8,506.2 $195.4 $30,194 0.09 <0 0.08 <0
UC-166 | Steinaker Dam $2,387.8 $94.0 $3,958 0.71 1.0% 0.67 0.6%
UC-169 | Stillwater Tunnel $6,410.5 $161.0 $15,504 0.21 <0 0.20 <0
UC-174 | Sumner Dam $4,192.5 $129.9 $5,101 0.98 4.2% 0.92 3.7%
UC-177 | Syar Tunnel $8,241.1 $222.7 $4,677 0.99 4.3% 0.93 3.8%
UC-179 | Taylor Park Dam $10,981.0 $299.0 $4,319 1.12 5.4% 1.05 4.8%
Upper Diamond Fork 12.3
UC-185 | Flow Structure $21,819.0 $609.2 $1,786 2.38 13.7% 2.24 %
UC-187 | Upper Stillwater Dam $6,063.9 $158.6 $10,430 0.32 <0 0.31 <0
UC-190 | Vega Dam $3,032.1 $104.2 $5,535 0.51 <0 0.48 <0
UC-196 | Weber-Provo Canal $14,265.9 $311.4 $33,647 0.14 <0 0.13 <0
Weber-Provo
UC-197 | Diversion Channel $13,774.7 $291.5 $79,401 0.04 <0 0.04 <0

5.5.4 Constraints Evaluation
Figures 5-16 and 5-17 show constraints associated with the sites analyzed in the
Hydropower Assessment Tool. Because of the size of the Upper Colorado
region, the figures divide the region into east and west. Table 5-29 summarizes
the number of sites with potential regulatory constraints in the Upper Colorado
region. Sixty-nine sites are within National Forests.

In addition to mapping regulatory constraints, Reclamation staff identified
potential fish and wildlife and fish passage constraints for sites in the Upper
Colorado region with benefit cost ratios above 0.75. These sites included
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Caballo Dam, Grand Valley Diversion Dam, Gunnison Diversion Dam, Heron
Dam, Joes Valley Dam, Paonia Dam, Ridgway Dam, Rifle Gap Dam, Sixth
Water Flow Control Structure, Soldier Creek Dam, Spanish Fork Flow Control
Structure, Starvation Dam, Sumner Dam, Syar Tunnel, Taylor Park Dam, and
Upper Diamond Fork Flow Control Structure. Appropriate mitigation costs
were added to sites with regulatory or fish constraints.

Table 5-29 Number of Sites in the Upper
Colorado Region with Potential Regulatory

Constraints

Regulatory Constraint No. of Sites
Critical Habitat 2
Indian Lands 3
National Forest 69
National Historic Areas 5
National Park 0
Wild & Scenic River 0
Wilderness Preservation Area 1
Wilderness Study Area 2
Wildlife Refuge 1
National Monument 0
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5.6 Discount Rate Sensitivity Analysis

In order to compute net present value, it is necessary to discount future benefits
and costs to reflect the time value of money. In general, benefits and costs are
worth more if they are experienced sooner. The higher the discount rate, the
lower is the present value of future cash flows. Federal planning studies require
use of the Federal discount rate for economic analysis, which is published
annually by the Office of Management and Budget. For this study, the Fiscal
Year 2010 Federal Discount Rate of 4.375 percent was used to calculate present
worth of benefits and costs of potential hydropower development.

If private developers or municipalities choose to purse a Reclamation site for
hydropower development, the Federal discount rate may not be applicable. They
would likely face a higher discount rate, depending on ownership and the
financing source. Discount rates could be higher or lower than the current rate
and historically a high has been 12 percent. This section presents a sensitivity
analysis to determine how the benefit cost ratio is affected by varying the
discount rate. The sensitivity analysis was performed on three sites, Sixth
Water Flow Control Structure in the Upper Colorado region, Helena Valley
Pumping Plant in the Great Plains region, and Wikiup Dam in the Pacific
Northwest region, using discount rates of 4.375 percent, 8 percent, and 12
percent.

Figure 5-18 shows the results of the sensitivity analysis of discount rates for the
three sites. Benefit cost ratios are shown with green incentives. Under a 4.375
percent discount rate, the Sixth Water Flow Control Structure and Helena
Valley Pumping Plant sites would be economical to develop because the benefit
cost ratio is greater than 1.0. The Wikiup Dam site would also have potential
with a benefit cost ratio just under 1.0.

With an 8 percent discount rate, the Sixth Water Flow Control Structure site
would still be economical, the Helena Valley Pumping Plant site would have
potential, but the Wikiup Dam site’s benefit cost ratio would fall to 0.67, which
likely indicates it may not be economical to develop the site.

With a 12 percent discount rate, the Sixth Water Flow Control Structure site’s
benefit cost ratio was still well above 1.0, but the Helena Valley Pumping Plant
site’s benefit cost ratio fell to 0.71, which may not be economical to develop.

5-49 DRAFT — November 2010



Chapter 5
Site Evaluation Results

Discount Rate Sensitivity Analysis
3.50

3.00 ‘\\
2.50
wo
2.00 == Sixth Water Flow
\ Control Structure
1.50 1.39 e

Benefit Cost Ratio (with Green)

" —@— Helena Valley Pumping
098 Plant
1.00
098 0.7 Wikiup Dam
0.50 0.67 R
0.47
0.00 !
4.375% 8% 12%

DiscountRate

Figure 5-18 Discount Rate Sensitivity Analysis Results

Figure 5-18 shows that the benefit cost ratio is sensitive to changes in the
discount rate. The benefit cost ratios decreased in the range of 30 percent when
the discount rate was increased to 8 percent from 4.35 percent. The benefit cost
ratios decreased in the range of 50 percent when the discount rate was increased
to 12 percent relative to from 4.35 percent. If private developers or
municipalities face a relative high discount rate, some sites indicated as
economically feasible in this analysis may not be. Developers should consider
this if a site is further pursued.

The sensitivity analysis also shows the contribution of green incentive benefits
in California to the economic viability of a site. California has the most
aggressive incentives of any state in the analysis for hydroelectric development.
In many cases it effectively doubles the avoided cost or the prices typically
received by developers. Figure 5-19 illustrates the difference green incentive
makes for the Rye Patch Dam in California under a 4.375 percent, 8 percent,
and 12 percent discount rate. The benefit cost ratio with green incentives shows
the site would be economical under all discount rates. The benefit cost ratio
without green incentives indicates the site may be economically feasible the
lower discount rate, but the higher discount rates result in a much lower benefit
cost ratio.
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Figure 5-19 Rye Patch Dam Site Discount Rate Sensitivity Analysis
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Chapter 6 Conclusions

This chapter summarizes results of all sites, not separated by region, and
presents conclusions and potential future uses for study results.

6.1 Results Summary

Reclamation initially identified 530 sites, including reservoir dams, diversion
dams, canals, tunnels, dikes and siphons, as potential for adding hydropower.
Table 6-1 summarizes the number of sites analyzed in the Resource Assessment
relative to hydrologic data available and hydropower potential. Ninety-three of
the 530 sites did not have hydrologic data available at the time of this study.
Based on available hydrologic data, information from Reclamation and
irrigation district staff, and calculations from the Hydropower Assessment Tool,
it was determined that 182 of the 530 sites would not have hydropower
potential.

Table 6-1 Site Inventory Summary

No. of Sites
Total Sites Identified 530
Sites with No Hydropower Potential 182
Total Sites with Hydropower Potential 192
Sites with No Available Hydrologic Data 93
Sites Removed from Analysis® 63
1 - Sites were removed from the analysis for various reasons, including duplicate to
another site identified, no longer a Reclamation-owned site, hydropower already
developed or being developed at the site, etc.

The Hydropower Assessment Tool calculated a benefit cost ratio for each site
with available hydrologic data as an indicator of the economic viability of
developing hydropower. Table 6-2 summarizes the number of sites within
different ranges of benefit cost ratios, with green incentives. There were 192
sites with power potential; however, the economic results varied widely and
clearly showed some sites to be uneconomical to develop.
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Table 6-2 Benefit Cost Ratio Summary of Sites With
Hydropower Potential

No. of Sites
Sites with Hydropower Potential 192
Benefit Cost Ratio (with Green Incentives) from:

0to 0.25 61

0.25t0 0.5 37

0.5t0 0.75 29

0.75t0 1.0 25

1.0t0 2.0 31

Greater than or equal to 2.0 9

Table 6-3 presents sites with a benefit cost ratio, with green incentives, greater
than 0.75. Although the standard for economic viability is a benefit cost ratio of
greater than 1.0, sites with benefit cost ratios of 0.75 and higher were ranked
given the preliminary nature of the analysis. Sixty-five sites are listed. The
results show a potential of approximately 210 MW of installed capacity and
962,000 MWh of energy could be produced annually at existing Reclamation
facilities if all sites with a benefit cost ratio greater than 0.75 are summed. It is
important to note that results for sites with low confidence data may not be as
reliable as sites with higher confidence data. There are 9 sites with low
confidence data, including the third and fifth ranked sites. The IRR for sites
listed in Table 6-3 varies from a high of 23.1 percent to a low of 1.9 percent.

Table 6-3 Sites Analyzed with Benefit Cost Ratio (with Green Incentives) Greater than
0.75

Benefit
Data Installed Annual Cost IRR (with
Site ID Site Name/Facility Confidence Capacity Production Ratio Green)
Level (kW) (MWh) (with
Green)

LC-6 Bartlett Dam Medium 7,529 36,880 3.52 23.1%

Sixth Water Flow
UC-141 Control Medium 25,800 114,420 3.10 17.5%
LC-20 Horseshoe Dam Low 13,857 59,854 3.01 19.5%
GP-146 Yellowtail Afterbay Dam | Medium 9,203 68,261 2.65 15.7%
UC-19 Caballo Dam Low 3,260 26,916 2.58 15.1%

Upper Diamond Fork
UC-185 Flow Medium 12,214 52,161 2.38 13.7%
GP-99 Pueblo Dam High 13,027 55,620 2.36 14.2%
GP-43 Granby Dam High 6,733 31,164 2.21 13.3%
MP-30 Prosser Creek Dam High 872 3,819 2.00 14.3%
PN-6 Arthur R. Bowman Dam | High 3,293 18,282 1.95 11.5%

M&D Canal - Shavano
UC-89 Falls Low 2,862 15,419 1.89 11.4%
GP-56 Huntley Diversion Dam Medium 2,426 17,430 1.86 10.9%
MP-2 Boca Dam High 1,184 4,370 1.68 11.3%
UC-159 Spanish Fork Flow Medium 8,114 22,920 1.67 9.6%
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Table 6-3 Sites Analyzed with Benefit Cost Ratio (with Green Incentives) Greater than

0.75
Benefit
Data Installed Annual Cost IRR (with
Site ID Site Name/Facility Confidence Capacity Production Ratio Green)
Level (kW) (MWh) (with
Green)
Control Structure
MP-36 Rye Patch Dam Medium 1,180 4,837 1.63 10.9%
MP-8 Casitas Dam High 1,042 3,280 1.56 10.7%
GP-23 Clark Canyon Dam High 3,078 13,689 151 8.5%
Navajo Dam Diversion
UC-103 Works Medium 2,751 10,226 1.48 8.5%
PN-31 Easton Diversion Dam High 1,057 7,400 1.42 7.8%
UcC-52 Gunnison Tunnel Medium 3,830 19,057 1.41 7.8%
uC-144 Soldier Creek Dam High 444 2,909 1.39 7.9%
Helena Valley Pumping
GP-52 Plant High 2,626 9,608 1.38 7.8%
UC-131 Ridgway Dam High 3,366 14,040 1.35 7.3%
LC-24 Laguna Dam Low 125 1,228 1.35 8.5%
GP-41 Gibson Dam High 8,521 30,774 1.33 7.1%
South Canal, Sta.
UC-147 181+10, "Site #4" Medium 3,046 15,536 1.30 6.9%
GP-95 Pathfinder Dam High 743 5,508 1.24 6.2%
UC-162 Starvation Dam High 3,043 13,168 1.23 6.3%
GP-46 Gray Reef Dam High 2,067 13,059 1.20 6.0%
MP-32 Putah Diversion Dam Medium 363 1,924 1.16 6.3%
South Canal, Sta 19+10
UC-146 "Site #1" Medium 2,465 12,576 1.16 5.7%
UC-179 Taylor Park Dam High 2,543 12,488 1.12 5.4%
GP-93 Pactola Dam High 596 2,725 1.07 5.1%
Grand Valley Diversion
UcC-49 Dam Medium 1,979 14,246 1.11 5.3%
UC-57 Heron Dam Medium 2,701 8,874 1.09 5.2%
South Canal, Sta.
UC-150 106+65, "Site #3" Medium 2,224 11,343 1.09 5.2%
Lower Yellowstone
GP-73 Diversion Dam Medium 2,719 21,035 1.07 5.0%
Twin Lakes Dam
GP-126 (USBR) High 981 5,648 1.06 4.9%
Southside Canal (2
UC-154 drops) Low 2,026 6,557 1.05 4.8%
LC-21 Imperial Dam Low 1,079 5,325 1.04 4.9%
PN-104 Wikiup Dam High 3,950 15,650 0.98 4.2%
PN-34 Emigrant Dam High 733 2,619 0.99 4.3%
ucC-177 Syar Tunnel Medium 1,762 7,982 0.99 4.3%
ucC-174 Sumner Dam Medium 822 4,300 0.98 4.2%
Gunnison Diversion
UC-51 Dam Medium 1,435 9,220 0.95 3.9%
PN-12 Cle Elum Dam High 7,249 14,911 0.95 3.9%
Willwood Diversion
GP-136 Dam High 1,062 6,337 0.94 3.9%
PN-80 Ririe Dam High 993 3,778 0.94 3.8%
Southside Canal (3
UC-155 drops) Low 1,651 5,344 0.93 3.7%
UC-132 Rifle Gap Dam High 341 1,740 0.92 3.5%
PN-87 Scoggins Dam High 955 3,683 0.92 3.5%
PN-49 Keechelus Dam High 2,394 6,746 0.85 2.9%
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Table 6-3 Sites Analyzed with Benefit Cost Ratio (with Green Incentives) Greater than

0.75
Benefit
Data Installed Annual Cost IRR (with
Site ID Site Name/Facility Confidence Capacity Production Ratio Green)
Level (kW) (MWh) (with
Green)
GP-5 Angostura Dam High 947 3,218 0.90 3.3%
PN-59 McKay Dam High 1,362 4,344 0.88 3.2%
GP-129 Virginia Smith Dam Low 1,607 9,799 0.87 3.2%
Sunnyside Diversion
PN-95 Dam Medium 1,362 10,182 0.86 3.1%
UC-72 Joes Valley Dam High 1,624 6,596 0.85 3.0%
PN-88 Scootney Wasteway Low 2,276 11,238 0.84 2.9%
South Canal, Sta.
UC-148 427+00, "Site #5" Medium 1,354 6,905 0.84 2.8%
UC-145 South Canal Tunnels Medium 884 4,497 0.84 2.8%
GP-117 St. Mary Canal - Drop 4 | High 2,569 8,919 0.81 2.5%
GP-42 Glen Elder Dam High 1,008 3,713 0.80 2.3%
ucC-117 Paonia Dam Medium 1,582 5,821 0.79 2.3%
PN-44 Haystack Canal High 805 3,738 0.77 1.9%
GP-39 Fresno Dam High 1,661 6,268 0.76 1.9%
6.2 Conclusions

Recent national policies have focused on increasing domestic renewable energy
development. Hydropower can be a relatively low cost clean energy source.
The purposes of the Resource Assessment were to evaluate hydropower
potential at existing Reclamation facilities and provide information on which
sites may be the most economical for development purposes.

The Resource Assessment concludes that substantial hydropower potential
exists at select Reclamation facilities. Some site analyses are based on over 20
years of hydrologic data that indicate a high likelihood of generation capability.
Table 6-3 presents 65 sites that could be economically feasible to develop,
based on available data and study assumptions. Reclamation may not pursue or
fund site development; however, opportunities may be available to private

developers.

Power generation benefits, calculated using current and forecasted energy
prices, indicate economic benefits from hydropower development could

outweigh costs at many sites. The analysis also shows that Federal and few state
green incentive programs are available to private developers financing a project.
For Arizona, California, and Washington, state-sponsored green incentives can
be a contributing factor in the economic viability of a project. For the
remaining western states in Reclamation’s regions, hydropower is not eligible
for state renewable energy incentives; however, Federal incentives can be
applicable for public municipalities or private developers. The sensitivity
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analysis on varying discount rates shows that project feasibility will be sensitive
to changes in discount rates.

Constraints such as water supply, fish and wildlife considerations, and effects
on Native Americans, water quality, and recreation have precluded development
of additional hydropower in the past. Many of these constraints still exist. Sites
with obvious constraints to development, such as a site location in a National
Park, should not be further investigated, but some constraints may be
accommodated by implementing mitigation. Although mitigation activities can
be costly, power prices and financing options may make these sites worth
further investigation.

Site-specific analysis is necessary if a site will be further pursued for
hydropower potential. Because of the large geographic scope and extensive
number of sites analyzed, the Resource Assessment could not go into great
detail on physical and environmental features that may affect construction
feasibility and development costs for each site. Some sites have particular
physical features that may make construction difficult or more costly. For
example, adding hydropower generation to Navajo Dam Diversion Works could
require putting a power plant underground because the site is not conducive to
retrofitting. Also, the Gunnison Tunnel is an open channel flow conduit, which
may not be conducive to being converted to a pressurized penstock to serve a
power plant. Some sites may also have additional environmental constraints
related to fish habitat and passage not identified in this analysis. The Resource
Assessment does not evaluate sites at this site-specific level of detail, which
could affect the economic results presented in the analysis.

Despite its preliminary level of analysis, the Resource Assessment has provided
valuable information on hydropower potential at existing Reclamation facilities
to advance the objectives of the Federal MOU and help meet the nation’s
renewable energy development goals.

6.3 Potential Future Uses of Study Results

The results of the Resource Assessment will be of value to public municipalities
and private developers seeking to add power to their load area or for investment
purposes. It provides a valuable database in which potential sites can be viewed
to help determine whether or not to proceed with a feasibility study. For many
of these Reclamation sites, development would proceed under a Lease of Power
Privilege Agreement as opposed to a FERC License. A lease of power privilege
is a contractual right of up to 40 years given to a non-Federal entity to use a
Reclamation facility for electric power generation. It is an alternative to federal
power development where Reclamation has the authority to develop power on a
federal project. The selection of a Lessee is done through a public process to
ensure fair and open competition though preference is given through the
Reclamation Project Act of 1939 to municipalities, other public corporations or
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agencies, and also to cooperatives and other nonprofit organizations financed
through the Rural Electrification Act of 1936. In order to proceed under a lease,
the project must have adequate design information, satisfactory environmental
analysis/impacts, and cannot be detrimental to the existing project.

The results could also be used to support an incentive program for hydropower
as a renewable energy source. A large number of projects fall in the gray area
of being economically feasible. The Resource Assessment shows that green
incentives for hydropower development are largely not available in individual
states, but, when they are, can contribute substantially to the economic viability
of a project. A Federal incentive program exists, but does not contribute
significantly to economic benefits. Further, if sites are developed by
Reclamation, they would not be eligible for the Federal incentive, but could
qualify for state-sponsored incentives. This analysis could be useful in
promoting hydropower at existing facilities as a low cost and low impact
renewable energy source and determining incentives that would be necessary to
stimulate investment.

The Hydropower Assessment Tool is a valuable tool for further analysis of
these sites and new sites. The tool is user-friendly and allows simple
adjustments if users have site specific information. Users can input new
hydrologic data, change the turbine selected, and update costs, energy prices,
constraints, green incentives, and/or the discount rate. The tool provides a
valuable first step for understanding potential hydropower production at a site
and if its benefits and costs warrant further investigation.
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Appendix A
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Appendix A Site Identification

The Resource Assessment reevaluates potential hydropower development at the
530 Reclamation-owned facilities inventoried in the 1834 Study. Table A-1
summarizes the number of sites in each Reclamation region. For analysis
purposes, each site is labeled with the region initials and a number, based on
alphabetical order of the sites in the region. Table A-2 lists the sites, state,
Reclamation project, and assigned site identification numbers. These site
identification numbers are carried through the entire report.

Table A-1 Number of Sites in Each Reclamation Region

Reclamation Region

Number of Sites

Site Identification Numbering

Great Plains (GP) 146 GP-1to GP-146
Lower Colorado (LC) 30 LC-1to LC-30

Mid-Pacific (MP) 44 MP-1 to MP-44
Pacific Northwest (PN) 105 PN-1 to PN-105
Upper Colorado (UC) 205 UC-1 to UC-205

Table A-2 Site Identification Inventory

Site ID Site Name State Project/District
A-Drop Project, Greenfield Main

GP-1 Canal Drop Montana Sun River

GP-2 Almena Diversion Dam Kansas PSMBP - Almena

GP-3 Altus Dam Oklahoma W.C. Austin

GP-4 Anchor Dam Wyoming PSMBP - Owl Creek

GP-5 Angostura Dam South Dakota PSMBP Cheyenne Diversion

GP-6 Anita Dam Montana Huntley

GP-7 Arbuckle Dam Oklahoma Arbuckle

GP-8 Barretts Diversion Dam Montana PSMBP - East Bench
PSMBP - Frenchman-

GP-9 Bartley Diversion Dam Nebraska Cambridge

GP-10 Belle Fourche Dam South Dakota Belle Fourche

GP-11 Belle Fourche Diversion Dam South Dakota Belle Fourche

GP-12 Bonny Dam Colorado PSMBP - Armel

GP-13 Box Butte Dam Nebraska Mirage Flats

GP-14 Bretch Diversion Canal Oklahoma Mountain Park

GP-15 Bull Lake Dam Wyoming PSMBP - Riverton
PSMBP - Frenchman-

GP-16 Cambridge Diversion Dam Nebraska Cambridge

GP-17 Carter Creek Diversion Dam Colorado Fryingpan-Arkansas

GP-18 Carter Lake Dam No. 1 Colorado Colorado-Big Thompson

GP-19 Cedar Bluff Dam Kansas PSMBP - Cedar Bluff

GP-20 Chapman Diversion Dam Colorado Fryingpan-Arkansas
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Table A-2 Site Identification Inventory

Site ID Site Name State Project/District
GP-21 Cheney Dam Kansas Wichita
GP-22 Choke Canyon Dam Texas Nueces River
GP-23 Clark Canyon Dam Montana PSMBP - East Bench
GP-24 Corbett Diversion Dam Wyoming Shoshone
PSMBP - Frenchman-
GP-25 Culbertson Diversion Dam Nebraska Cambridge
GP-26 Davis Creek Dam Nebraska PSMBP - North Loup
GP-27 Deaver Dam Wyoming Shoshone
GP-28 Deerfield Dam South Dakota Rapid Valley
GP-29 Dickinson Dam North Dakota PSMBP - Dickinson
GP-30 Dixon Canyon Dam Colorado Colorado-Big Thompson
GP-31 Dodson Diversion Dam Montana Milk River
GP-32 Dry Spotted Tail Diversion Dam Nebraska North Platte
GP-33 Dunlap Diversion Dam Nebraska Mirage Flats
GP-34 East Portal Diversion Dam Colorado Colorado-Big Thompson
PSMBP - Frenchman-
GP-35 Enders Dam Nebraska Cambridge
GP-36 Fort Cobb Dam Oklahoma Washita Basin
GP-37 Fort Shaw Diversion Dam Montana Sun River
GP-38 Foss Dam Oklahoma Washita Basin
GP-39 Fresno Dam Montana Milk River
GP-40 Fryingpan Diversion Dam Colorado Fryingpan-Arkansas
GP-41 Gibson Dam Montana Sun River
GP-42 Glen Elder Dam Kansas PSMBP Glen Elder Unit
GP-43 Granby Dam Colorado Colorado-Big Thompson
GP-44 Granby Dikes 1-4 Colorado Colorado-Big Thompson
GP-45 Granite Creek Diversion Dam Colorado Fryingpan-Arkansas
GP-46 Gray Reef Dam Wyoming PSMBP - Glendo
Greenfield Project, Greenfield Main
GP-47 Canal Drop Montana Sun River
GP-48 Halfmoon Creek Diversion Dam Colorado Fryingpan-Arkansas
GP-49 Hanover Diversion Dam Wyoming PSMBP - Hanover-Bluff
GP-50 Heart Butte Dam North Dakota PSMBP - Heart Butte
GP-51 Helena Valley Dam Montana PSMBP - Helena Valley
GP-52 Helena Valley Pumping Plant Montana PSMBP - Helena Valley
GP-53 Horse Creek Diversion Dam Wyoming North Platte
GP-54 Horsetooth Dam Colorado Colorado-Big Thompson
GP-55 Hunter Creek Diversion Dam Colorado Fryingpan-Arkansas
GP-56 Huntley Diversion Dam Montana Huntley
GP-57 Ivanhoe Diversion Dam Colorado Fryingpan-Arkansas
GP-58 James Diversion Dam South Dakota PSMBP - James Diversion
GP-59 Jamestown Dam North Dakota PSMBP - Jamestown Dam
Johnson Project, Greenfield Main
GP-60 Canal Drop Montana Sun River
GP-61 Kent Diversion Dam Nebraska PSMBP - North Loup
GP-62 Keyhole Dam Wyoming PSMBP - Cheyenne Div.
GP-63 Kirwin Dam Kansas PSMBP - Kirwin

A-2 DRAFT — November 2010




Table A-2 Site Identification Inventory

Appendix A
Site ldentification

Site ID Site Name State Project/District
Knights Project, Greenfield Main
GP-64 Canal Drop Montana Sun River
GP-65 Lake Alice Lower 1-1/2 Dam Nebraska North Platte
GP-66 Lake Alice No. 1 Dam Nebraska North Platte
GP-67 Lake Alice No. 2 Dam Nebraska North Platte
GP-68 Lake Sherburne Dam Montana Milk River
GP-69 Lily Pad Diversion Dam Colorado Fryingpan-Arkansas
GP-70 Little Hell Creek Diversion Dam Colorado Colorado-Big Thompson
GP-71 Lovewell Dam Kansas PSMBP - Bostwick
GP-72 Lower Turnbull Drop Structure Montana Sun River
GP-73 Lower Yellowstone Diversion Dam Montana Lower Yellowstone
GP-74 Mary Taylor Drop Structure Montana Sun River
PSMBP - Frenchman-
GP-75 Medicine Creek Dam Nebraska Cambridge
GP-76 Merritt Dam Nebraska PSMBP Ainsworth Unit
GP-77 Merritt Dam Nebraska PSMBP Ainsworth Unit
Middle Cunningham Creek
GP-78 Diversion Dam Colorado Fryingpan-Arkansas
GP-79 Midway Creek Diversion Dam Colorado Fryingpan-Arkansas
Mill Coulee Canal Drop, Upper and
GP-80 Lower Drops Combined Montana Sun River
GP-81 Minatare Dam Nebraska North Platte
GP-82 Mormon Creek Diversion Dam Colorado Fryingpan-Arkansas
GP-83 Mountain Park Dam Oklahoma Mountain Park
GP-84 Nelson Dikes C Montana Milk River
GP-85 Nelson Dikes DA Montana Milk River
GP-86 No Name Creek Diversion Dam Colorado Fryingpan-Arkansas
GP-87 Norman Dam Oklahoma Norman
North Cunningham Creek
GP-88 Diversion Dam Colorado Fryingpan-Arkansas
GP-89 North Fork Diversion Dam Colorado Fryingpan-Arkansas
GP-90 North Poudre Diversion Dam Colorado Colorado-Big Thompson
GP-91 Norton Dam Kansas PSMBP - Almena
GP-92 Olympus Dam Colorado Colorado-Big Thompson
GP-93 Pactola Dam South Dakota PSMBP - Rapid Valley
GP-94 Paradise Diversion Dam Montana Milk River
GP-95 Pathfinder Dam Wyoming North Platte
GP-96 Pathfinder Dike Wyoming North Platte
GP-97 Pilot Butte Dam Wyoming PSMBP - Riverton
GP-98 Pishkun Dike - No. 4 Montana Sun River
GP-99 Pueblo Dam Colorado Fryingpan-Arkansas
GP-100 | Ralston Dam Wyoming Shoshone
GP-101 | Rattlesnake Dam Colorado Colorado-Big Thompson
PSMBP - Frenchman-
GP-102 | Red Willow Dam Nebraska Cambridge
GP-103 | Saint Mary Diversion Dam Montana Milk River
GP-104 | Sanford Dam Texas Canadian River
GP-105 | Satanka Dike Colorado Colorado-Big Thompson
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Site ID Site Name State Project/District
GP-106 | Sawyer Creek Diversion Dam Colorado Fryingpan-Arkansas
GP-107 | Shadehill Dam South Dakota PSMBP - Shadehill
GP-108 | Shadow Mountain Dam Colorado Colorado-Big Thompson
GP-109 | Soldier Canyon Dam Colorado Colorado-Big Thompson
South Cunningham Creek
GP-110 | Diversion Dam Colorado Fryingpan-Arkansas
GP-111 | South Fork Diversion Dam Colorado Fryingpan-Arkansas
South Platte Supply Canal Diverion
GP-112 | Dam Colorado Colorado-Big Thompson
GP-113 | Spring Canyon Dam Colorado Colorado-Big Thompson
GP-114 | St. Mary Canal - Drop 1 Montana Milk River
GP-115 | St. Mary Canal - Drop 2 Montana Milk River
GP-116 | St. Mary Canal - Drop 3 Montana Milk River
GP-117 | St. Mary Canal - Drop 4 Montana Milk River
GP-118 | St. Mary Canal - Drop 5 Montana Milk River
GP-119 | St Vrain Canal Colorado Colorado-Big Thompson
GP-120 | Sun River Diversion Dam Montana Sun River
GP-121 | Superior-Courtland Diversion Dam | Nebraska PSMBP - Bostwick
GP-122 | Trenton Dam Nebraska PSMBP Cambridge Unit
GP-123 | Trenton Dam Nebraska PSMBP Cambridge Unit
GP-124 | Tub Springs Creek Diversion Dam Nebraska North Platte
GP-125 | Twin Buttes Dam Texas San Angelo
GP-126 | Twin Lakes Dam (USBR) Colorado Fryingpan-Arkansas
GP-127 | Upper Turnbull Drop Structure Montana Sun River
GP-128 | Vandalia Diversion Dam Montana Milk River
GP-129 | Virginia Smith Dam Nebraska PSMBP - North Loup
GP-130 | Webster Dam Kansas PSMBP - Webster
GP-131 | Whalen Diversion Dam Wyoming North Platte
GP-132 | Willow Creek Dam Colorado Colorado-Big Thompson
GP-133 | Willow Creek Dam (MT) Montana Sun River
Willow Creek Forebay Diversion
GP-134 | Dam Colorado Colorado-Big Thompson
GP-135 | Willwood Canal Wyoming Shoshone
GP-136 | Willwood Diversion Dam Wyoming Shoshone
GP-137 | Wind River Diversion Dam Wyoming PSMBP - Riverton
Woods Project, Greenfield Main
GP-138 | Canal Drop Montana Sun River
GP-139 | Woodston Diversion Dam Kansas PSMBP - Webster
GP-140 | Wyoming Canal - Sta 1016 Wyoming PSMBP - Riverton
GP-141 | Wyoming Canal - Sta 1490 Wyoming PSMBP - Riverton
GP-142 | Wyoming Canal - Sta 1520 Wyoming PSMBP - Riverton
GP-143 | Wyoming Canal - Sta 1626 Wyoming PSMBP - Riverton
GP-144 | Wyoming Canal - Sta 1972 Wyoming PSMBP - Riverton
GP-145 | Wyoming Canal - Sta 997 Wyoming PSMBP - Riverton
GP-146 | Yellowtail Afterbay Dam Montana PSMBP - Yellowtall
LC-1 Agua fria River Siphon Arizona Central Arizona Project
LC-2 Agua Fria Tunnel Arizona Central Arizona Project
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Site ID Site Name State Project/District
LC-3 All American Canal California Boulder Canyon Project
LC-4 All American Canal Headworks California Boulder Canyon Project
LC-5 Arizona Canal Arizona Salt River Project
LC-6 Bartlett Dam Arizona Salt River Project
LC-7 Buckskin Mountain Tunnel Arizona Central Arizona Project
LC-8 Burnt Mountain Tunnel Arizona Central Arizona Project
LC-9 Centennial Wash Siphon Arizona Central Arizona Project
LC-10 Coachella Canal California Boulder Canyon Project
LC-11 Consolidated Canal Arizona Salt River Project
LC-12 Cross Cut Canal Arizona Salt River Project
LC-13 Cunningham Wash Siphon Arizona Central Arizona Project
LC-14 Eastern Canal Arizona Salt River Project

Gila Gravity Main Canal
LC-15 Headworks Arizona Gila
LC-16 Gila River Siphon Arizona Central Arizona Project
LC-17 Grand Canal Arizona Salt River Project
LC-18 Granite Reef Diversion Dam Arizona-California Boulder Canyon Project
LC-19 Hassayampa River Siphon Arizona Central Arizona Project
LC-20 Horseshoe Dam Arizona Salt River Project
LC-21 Imperial Dam Arizona-California Boulder Canyon Project
LC-22 Interstate Highway Siphon Arizona Central Arizona Project
LC-23 Jackrabbit Wash Siphon Arizona Central Arizona Project
LC-24 Laguna Dam Arizona-California Yuma Project
LC-25 New River Siphon Arizona Central Arizona Project
LC-26 Palo Verde Diversion Dam Arizona-California Palo Verde Diversion Project
LC-27 Reach 11 Dike Arizona Central Arizona Project
LC-28 Salt River Siphon Blowoff Arizona Central Arizona Project
LC-29 Tempe Canal Arizona Salt River Project
LC-30 Western Canal Arizona Salt River Project
MP-1 Anderson-Rose Dam Oregon Klamath
MP-2 Boca Dam California Truckee Storage
MP-3 Bradbury Dam California Cachuma
MP-4 Buckhorn Dam (Reclamation) California Central Valley
MP-5 Camp Creek Dam California Central Valley
MP-6 Carpenteria California Cachuma
MP-7 Carson River Dam Nevada Newlands
MP-8 Casitas Dam California Ventura River
MP-9 Clear Lake Dam California Klamath
MP-10 Contra Loma Dam California Central Valley
MP-11 Derby Dam Nevada Newlands
MP-12 Dressler Dam Nevada Washoe
MP-13 East Park Dam California Orland
MP-14 Funks Dam California Central Valley
MP-15 Gerber Dam Oregon Klamath
MP-16 Glen Anne Dam California Cachuma
MP-17 John Franchi Dam California Central Valley
MP-18 Lake Tahoe Dam California Newlands
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Site ID Site Name State Project/District
MP-19 Lauro Dam California Cachuma

MP-20 Little Panoche Detention Dam California Central Valley
MP-21 Los Banos Creek Detention Dam California Central Valley
MP-22 Lost River Diversion Dam Oregon Klamath

MP-23 Malone Diversion Dam Oregon Klamath

MP-24 Marble Bluff Dam Nevada Washoe

MP-25 Martinez Dam California Central Valley
MP-26 Miller Dam Oregon Klamath

MP-27 Mormon Island Auxiliary Dike California Central Valley
MP-28 Northside California Orland

MP-29 Ortega California Cachuma

MP-30 Prosser Creek Dam California Washoe

MP-31 Putah Creek Dam California Solano

MP-32 Putah Diversion Dam California Solano

MP-33 Rainbow Dam California Orland

MP-34 Red Bluff Dam California Central Valley
MP-35 Robles Dam California Ventura River
MP-36 Rye Patch Dam Nevada Humboldt

MP-37 San Justo Dam California Central Valley
MP-38 Sheckler Dam Nevada Newlands

MP-39 Sly Park Dam California Central Valley
MP-40 Spring Creek Debris Dam California Central Valley
MP-41 Sugar Pine California Central Valley
MP-42 Terminal Dam California Solano

MP-43 Twitchell Dam California Santa Maria
MP-44 Upper Slaven Dam Nevada Humboldt

PN-1 Agate Oregon Rogue River Basin
PN-2 Agency Valley Oregon Vale

PN-3 Antelope Creek Oregon Rogue River Basin
PN-4 Arnold Oregon Deschutes

PN-5 Arrowrock Idaho Boise

PN-6 Arthur R. Bowman Dam Oregon Crooked River
PN-7 Ashland Lateral Oregon Rogue River Basin
PN-8 Beaver Dam Creek Oregon Rogue River Basin
PN-9 Bully Creek Oregon Vale

PN-10 Bumping Lake Washington Yakima

PN-11 Cascade Creek Idaho Minidoka

PN-12 Cle Elum Dam Washington Yakima

PN-13 Clear Creek Washington Yakima

PN-14 Col W.W. No 4 Washington Columbia Basin
PN-15 Cold Springs Oregon Umatilla

PN-16 Conconully Washington Okanogan

PN-17 Conde Creek Oregon Rogue River Basin
PN-18 Cowiche Washington Yakima

PN-19 Crab Creek Lateral #4 Washington Columbia Basin
PN-20 Crane Prairie Oregon Deschutes
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Site ID Site Name State Project/District
PN-21 Cross Cut Idaho Minidoka

PN-22 Daley Creek Oregon Rogue River Basin
PN-23 Dead Indian Oregon Rogue River Basin
PN-24 Deadwood Dam Idaho Boise

PN-25 Deer Flat East Dike Idaho Boise

PN-26 Deer Flat Middle Idaho Boise

PN-27 Deer Flat North Lower Idaho Boise

PN-28 Deer Flat Upper Idaho Boise

PN-29 Diversion Canal Headworks Oregon Crooked River
PN-30 Dry Falls - Main Canal Headworks | Washington Columbia Basin
PN-31 Easton Diversion Dam Washington Yakima

PN-32 Eltopia Branch Canal Washington Columbia Basin
PN-33 Eltopia Branch Canal 4.6 Washington Columbia Basin
PN-34 Emigrant Oregon Rogue River Basin
PN-35 Esquatzel Canal Washington Columbia Basin
PN-36 Feed Canal Oregon Umatilla

PN-37 Fish Lake Oregon Rogue River Basin
PN-38 Fourmile Lake Oregon Rogue River Basin
PN-39 French Canyon Washington Yakima

PN-40 Frenchtown Montana Frenchtown
PN-41 Golden Gate Canal Idaho Boise

PN-42 Grassy Lake Wyoming Minidoka

PN-43 Harper Oregon Vale

PN-44 Haystack Oregon Deschutes

PN-45 Howard Prairie Oregon Rogue River Basin
PN-46 Hubbard Idaho Boise

PN-47 Hyatt Oregon Rogue River Basin
PN-48 Kachess Dam Washington Yakima

PN-49 Keechelus Dam Washington Yakima

PN-50 Keene Creek Oregon Rogue River Basin
PN-51 Little Beaver Creek Oregon Rogue River Basin
PN-52 Little Wood River Dam Idaho Little Wood River
PN-53 Lytle Creek Oregon Crooked River
PN-54 Main Canal No. 10 Idaho Boise

PN-55 Main Canal No. 6 Idaho Boise

PN-56 Mann Creek Idaho Mann Creek
PN-57 Mason Dam Oregon Baker

PN-58 Maxwell Oregon Umatilla

PN-59 McKay Oregon Umatilla

PN-60 Mile 28 - on Milner Gooding Canal Idaho Minidoka

PN-61 Mora Canal Drop Idaho Boise

PN-62 North Canal Diversion Dam Oregon Deschutes

PN-63 North Unit Main Canal Oregon Deschutes

PN-64 Oak Street Oregon Rogue River Basin
PN-65 Ochoco Oregon Crooked River
PN-66 Orchard Avenue Washington Yakima
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Site ID Site Name State Project/District
PN-67 Owyhee Tunnel No. 1 Oregon Owyhee
PN-68 PEC Mile 26.3 Washington Columbia Basin
PN-69 Phoenix Canal Oregon Rogue River Basin
PN-70 Pilot Butte Canal Oregon Deschutes
PN-71 Pinto Washington Columbia Basin
PN-72 Potholes Canal Headworks Washington Columbia Basin
PN-73 Potholes East Canal - PEC 66.0 Washington Columbia Basin
PN-74 Potholes East Canal 66.0 Washington Columbia Basin
PN-75 Prosser Washington Yakima
PN-76 Quincy Chute Hydroelectric Washington Columbia Basin
PN-77 RB4C W. W. Hwy26 Culvert Washington Columbia Basin
PN-78 Reservoir "A" Idaho Lewiston Orchards
PN-79 Ringold W. W. Washington Columbia Basin
PN-80 Ririe Dam Idaho Ririe River
PN-81 Rock Creek Montana Bitter Root
PN-82 Roza Diversion Dam Washington Yakima
PN-83 Russel D Smith Washington Columbia Basin
PN-84 Saddle Mountain W. W. Washington Columbia Basin
PN-85 Salmon Creek Washington Okanogan
PN-86 Salmon Lake Washington Okanogan
PN-87 Scoggins Oregon Tualatin
PN-88 Scootney Wasteway Washington Columbia Basin
PN-89 Soda Creek Oregon Rogue River Basin
PN-90 Soda Lake Dike Washington Columbia Basin
PN-91 Soldier's Meadow Idaho Lewiston Orchards
PN-92 South Fork Little Butte Creek Oregon Rogue River Basin
PN-93 Spectacle Lake Dike Washington Chief Joseph Dam
PN-94 Summer Falls on Main Canal Washington Columbia Basin
PN-95 Sunnyside Washington Yakima
PN-96 Sweetwater Canal Idaho Lewiston Orchards
PN-97 Thief Valley Oregon Baker
PN-98 Three Mile Falls Oregon Umatilla
PN-99 Tieton Diversion Washington Yakima
PN-100 | Unity Oregon Burnt River
PN-101 | Warm Springs Dam Oregon Vale
PN-102 | Wasco Oregon Wapinitia
PN-103 | Webb Creek Idaho Lewiston Orchards
PN-104 | Wickiup Dam Oregon Deschutes

Duck Valley Irrigation District
PN-105 | Wild Horse - BIA Nevada - BIA
uc-1 Alpine Tunnel Utah Central Utah Project -

Bonneville Unit
uc-2 Alpine-Draper Tunnel Utah Provo River
uc-3 American Diversion Dam New Mexico Rio Grande
uc-4 Angostura Diversion New Mexico Middle Rio Grande
uc-5 Arthur V. Watkins Dam Utah Weber Basin
uC-6 Avalon Dam New Mexico Carlsbad
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Site ID Site Name State Project/District
uc-7 Azeotea Creek and Willow Creek New Mexico San Juan-Chama
Conveyance Channel Station
1565+00
uC-8 Azeotea Creek and Willow Creek New Mexico San Juan-Chama
Conveyance Channel Station
1702+75
ucC-9 Azeotea Creek and Willow Creek New Mexico San Juan-Chama
Conveyance Channel Station
1831+17
ucC-10 Azotea Creek and Willow Creek New Mexico San Juan-Chama
Conveyance Channel Outlet
uc-11 Azotea Tunnel New Mexico San Juan-Chama
ucC-12 Beck's Feeder Canal Utah Sanpete
UC-13 Big Sandy Dam Wyoming Eden
ucC-14 Blanco diversion Dam New Mexico San Juan-Chama
UcC-15 Blanco Tunnel New Mexico San Juan-Chama
UC-16 Brantley Dam New Mexico Brantley
uc-17 Broadhead Diversion Dam Utah Provo River
uC-18 Brough's Fork Feeder Canal Utah Sanpete
uc-19 Caballo Dam New Mexico Rio Grande
ucC-20 Cedar Creek Feeder Canal Utah Sanpete
uc-21 Cottonwood Creek/Huntington Utah Emery County
Canal
uc-22 Crawford Dam Colorado Smith Fork
ucC-23 Currant Creek Dam Utah Central Utah Project -
Bonneville Unit
uc-24 Currant Tunnel Utah Central Utah Project -
Bonneville Unit
ucC-25 Dam No. 13 New Mexico Vermejo
UC-26 Dam No. 2 New Mexico Vermejo
uc-27 Davis Aqueduct Utah Weber Basin
uC-28 Dolores Tunnel Colorado Dolores
uc-29 Docs Diversion Dam Utah Central Utah Project -
Bonneville Unit
UC-30 Duchesne Diversion Dam Utah Provo River
ucC-31 Duchesne Tunnel Utah Provo River
uC-32 Duchesne Feeder Canal Utah Moon Lake
ucC-33 East Canal Utah Newton
uc-34 East Canal Colorado Uncompahgre
UC-35 East Canal Diversion Dam Colorado Uncompahgre
UC-36 East Canyon Dam Utah Weber Basin
uC-37 East Fork Diversion Dam Colorado Collbran
UC-38 Eden Canal Wyoming Eden
uC-39 Eden Dam Wyoming Eden
uC-40 Ephraim Tunnel Utah Sanpete
uc-41 Farmington Creek Stream Inlet Utah Weber Basin
uc-42 Fire Mountain Diversion Dam Colorado Paonia
ucC-43 Florida Farmers Diversion Dam Colorado Florida
ucC-44 Fort Sumner Diversion Dam New Mexico Fort Sumner

A-9 DRAFT — November 2010



Appendix A

Site Identification

Table A-2 Site Identification Inventory

Site ID Site Name State Project/District

UC-45 Fort Thornburgh Diversion Dam Utah Central Utah Project - Vernal
Unit

UC-46 Fruitgrowers Dam Colorado Fruitgrowers Dam

uc-47 Garnet Diversion Dam Colorado Uncompahgre

ucC-48 Gateway Tunnel Utah Weber Basin

ucC-49 Grand Valley Diversion Dam Colorado Grand Valley

UC-50 Great Cut Dike Colorado Dolores

UC-51 Gunnison Diversion Dam Colorado Uncompahgre

UC-52 Gunnison Tunnel Colorado Uncompahgre

uC-53 Hades Creek Diversion Dam Utah Central Utah Project -
Bonneville Unit

uc-54 Hades Tunnel Utah Central Utah Project -
Bonneville Unit

UC-55 Haights Creek Stream Inlet Utah Weber Basin

UC-56 Hammond Diversion Dam New Mexico Hammond

ucC-57 Heron Dam New Mexico San Juan-Chama

uUC-58 Highline Canal Utah Newton

uC-59 Huntington North Dam Utah Emery County

uC-60 Huntington North Feeder Canal Utah Emery County

ucC-61 Huntington North Service Canal Utah Emery County

uC-62 Hyrum Dam Utah Hyrum

UC-63 Hyrum Feeder Canal Utah Hyrum

uC-64 Hyrum-Mendon Canal Utah Hyrum

UC-65 Indian Creek Crossing Div. Dam Utah Strawberry Valley

UC-66 Indian Creek Dike Utah Strawberry Valley

uC-67 Inlet Canal Colorado Mancos

uC-68 Ironstone Canal Colorado Uncompahgre

ucC-69 Ironstone Diversion Dam Colorado Uncompahgre

UC-70 Isleta Diversion Dam New Mexico Middle Rio Grande

uc-71 Jackson Gulch Dam Colorado Mancos

UcC-72 Joes Valley Dam Utah Emery County

UC-73 Jordanelle Dam Utah Central Utah Project -
Bonneville Unit

uc-74 Knight Diversion Dam Utah Central Utah Project -
Bonneville Unit

UC-75 Layout Creek Diversion Dam Utah Central Utah Project -
Bonneville Unit

UC-76 Layout Creek Tunnel Utah Central Utah Project -
Bonneville Unit

uc-77 Layton Canal Utah Weber Basin

UC-78 Leasburg Diversion Dam New Mexico Rio Grande

ucC-79 Leon Creek Diversion Dam Colorado Collbran

uC-80 Little Navajo River Siphon New Mexico San Juan-Chama

ucC-81 Little Oso Diversion Dam Colorado San Juan-Chama

ucC-82 Little Sandy Diversion Dam Wyoming Eden

ucC-83 Little Sandy Feeder Canal Wyoming Eden

uc-84 Lost Creek Dam Utah Weber Basin

uUC-85 Lost Lake Dam Utah Central Utah Project -
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Bonneville Unit

uC-86 Loutzenheizer Canal Colorado Uncompahgre

ucC-87 Loutzenheizer Diversion Dam Colorado Uncompahgre

uC-88 Lucero Dike New Mexico Rio Grande

uC-89 M&D Canal-Shavano Falls Colorado Uncompahgre

UC-90 Madera Diversion Dam Texas Balmorhea

uc-91 Main Canal Utah Newton

ucC-92 Means Canal Wyoming Eden

UC-93 Meeks Cabin Dam Wyoming Lyman

uC-94 Mesilla Diversion Dam New Mexico Rio Grande

UC-95 Middle Fork Kays Creek Stream Utah Weber Basin

Inlet

UC-96 Midview Dam Utah Moon Lake

uc-97 Mink Creek Canal Idaho Preston Bench

uC-98 Montrose and Delta Canal Colorado Uncompahgre

uC-99 Montrose and Delta Div. Dam Colorado Uncompahgre

UC-100 | Moon Lake Dam Utah Moon Lake

UC-101 | Murdock Diversion Dam Utah Provo River

UC-102 | Nambe Falls Dam New Mexico San Juan-Chama

UC-103 | Navajo Dam Diversion Works New Mexico Navajo Indian Irrigation

UC-104 | Newton Dam Utah Newton

UC-105 | Ogden Brigham Canal Utah Ogden River

UC-106 | Ogden Valley Canal Utah Weber Basin

UC-107 | Ogden Valley Diversion Dam Utah Weber Basin

UC-108 | Ogden-Brigham Canal Utah Ogden River

UC-109 | Olmstead Diversion Dam Utah Central Utah Project -
Bonneville Unit

UC-110 | Olmsted Tunnel Utah Provo River

UC-111 | Open Channel #1 Utah Central Utah Project -
Bonneville Unit

UC-112 | Open Channel #2 Utah Central Utah Project -
Bonneville Unit

UC-113 | Oso Diversion Dam Colorado San Juan-Chama

UC-114 | Oso Feeder Conduit New Mexico San Juan-Chama

UC-115 | Oso Tunnel New Mexico San Juan-Chama

UC-116 | Outlet Canal Colorado Mancos

UC-117 | Paonia Dam Colorado Paonia

UC-118 | Park Creek Diversion Dam Colorado Collbran

UC-119 | Percha Arroyo Diversion Dam New Mexico Rio Grande

UC-120 | Percha Diversion Dam New Mexico Rio Grande

UC-121 | Picacho North Dam New Mexico Rio Grande

UC-122 | Picacho South Dam New Mexico Rio Grande

UC-123 | Pineview Dam Utah Ogden River

UC-124 | Platoro Dam Colorado San Luis Valley

UC-125 | Provo Reservoir Canal Utah Provo River

UC-126 | Red Fleet Dam Utah Central Utah Project - Jensen

Unit
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Table A-2 Site Identification Inventory

Site ID Site Name State Project/District
UC-127 | Rhodes Diversion Dam Utah Central Utah Project -
Bonneville Unit
UC-128 | Rhodes Flow Control Structure Utah Central Utah Project -
Bonneville Unit
UC-129 | Rhodes Tunnel Utah Central Utah Project -
Bonneville Unit
UC-130 | Ricks Creek Stream Inlet Utah Weber Basin
UC-131 | Ridgway Dam Colorado Dallas Creek
UC-132 | Rifle Gap Dam Colorado Silt
UC-133 | Riverside Diversion Dam Texas Rio Grande
UC-134 | S.Ogden Highline Canal Div. Dam Utah Ogden River
UC-135 | San Acacia Diversion Dam New Mexico Middle Rio Grande
UC-136 | Scofield Dam Utah Scofield
UC-137 | Selig Canal Colorado Uncompahgre
UC-138 | Selig Diversion Dam Colorado Uncompahgre
UC-139 | Sheppard Creek Stream Inlet Utah Weber Basin
UC-140 | Silver Jack Dam Colorado Bostwick Park
UC-141 | Sixth Water Flow Control Utah Central Utah Project -
Bonneville Unit
UC-142 | Slaterville Diversion Dam Utah Weber Basin
UC-143 | Smith Fork Diversion Dam Colorado Smith Fork
UC-144 | Soldier Creek Dam Utah Central Utah Project -
Bonneville Unit
UC-145 | South Canal Tunnels Colorado Uncompahgre
UC-146 | South Canal, Sta 19+ 10 "Site #1" Colorado Uncompahgre
UC-147 | South Canal, Sta. 181+10, "Site Colorado Uncompahgre
#4"
UC-148 | South Canal, Sta. 472+00, "Site Colorado Uncompahgre
#5"
UC-149 | South Canal, Sta. 72+50, Site #2" Colorado Uncompahgre
UC-150 | South Canal, Sta.106+65, "Site #3" | Colorado Uncompahgre
UC-151 | South Feeder Canal Utah Sanpete
UC-152 | South Fork Kays Creek Stream Utah Weber Basin
Inlet
UC-153 | Southside Canal Colorado Collbran
UC-154 | Southside Canal, Sta 171+ 90 thru Colorado Collbran
200+ 67 (2 canal drops)
UC-155 | Southside Canal, Sta 349+ 05 thru | Colorado Collbran
375+ 42 (3 canal drops)
UC-156 | Southside Canal, Station 1245 + Colorado Collbran
56
UC-157 | Southside Canal, Station 902 + 28 Colorado Collbran
UC-158 | Spanish Fork Diversion Dam Utah Strawberry Valley
UC-159 | Spanish Fork Flow Control Utah Central Utah Project -
Structure Bonneville Unit
UC-160 | Spring City Tunnel Utah Sanpete
UC-161 | Staight Creek Stream Inlet Utah Weber Basin
UC-162 | Starvation Dam Utah Central Utah Project -
Bonneville Unit
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UC-163 | Starvation Feeder Conduit Tunnel Utah Central Utah Project -
Bonneville Unit

UC-164 | Stateline Dam Utah Lyman

UC-165 | Station Creek Tunnel Utah Preston Bench

UC-166 | Steinaker Dam Utah Central Utah Project - Vernal
Unit

UC-167 | Steinaker Feeder Canal Utah Central Utah Project - Vernal
Unit

UC-168 | Steinaker Service Canal Utah Central Utah Project - Vernal
Unit

UC-169 | Stillwater Tunnel Utah Central Utah Project -
Bonneville Unit

UC-170 | Stoddard Diversion Dam Utah Weber Basin

UC-171 | Stone Creek Stream Inlet Utah Weber Basin

UC-172 | Strawberry Tunnel Turnout Utah Central Utah Project -
Bonneville Unit

UC-173 | Stubblefield Dam New Mexico Vermejo

UC-174 | Sumner Dam New Mexico Carlsbad

UC-175 | Swasey Diversion Dam Utah Emery County

UC-176 | Syar Inlet Utah Central Utah Project -
Bonneville Unit

UC-177 | Syar Tunnel Utah Central Utah Project -
Bonneville Unit

UC-178 | Tanner Ridge Tunnel Utah Central Utah Project -
Bonneville Unit

UC-179 | Taylor Park Dam Colorado Uncompahgre

UC-180 | Towaoc Canal Colorado Delores

UC-181 | Trial Lake Dam Utah Central Utah Project -
Bonneville Unit

UC-182 | Tunnel #1 Colorado Grand Valley

UC-183 | Tunnel #2 Colorado Grand Valley

UC-184 | Tunnel #3 Colorado Grand Valley

UC-185 | Upper Diamond Fork Flow Control Utah Central Utah Project -

Structure Bonneville Unit

UC-186 | Upper Diamond Fork Tunnel Utah Central Utah Project -
Bonneville Unit

UC-187 | Upper Stillwater Dam Utah Central Utah Project -
Bonneville Unit

UC-188 | Vat Diversion Dam Utah Central Utah Project -
Bonneville Unit

UC-189 | Vat Tunnel Utah Central Utah Project -
Bonneville Unit

UC-190 | Vega Dam Colorado Collbran

UC-191 | Vermejo Diversion Dam New Mexico Vermejo

UC-192 | Washington Lake Dam Utah Central Utah Project -
Bonneville Unit

UC-193 | Water Hollow Diversion Dam Utah Central Utah Project -
Bonneville Unit

UC-194 | Water Hollow Tunnel Utah Central Utah Project -

Bonneville Unit
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Appendix A

Site Identification

Table A-2 Site Identification Inventory

Site ID Site Name State Project/District

UC-195 | Weber Aqueduct Utah Weber Basin

UC-196 | Weber-Provo Canal Utah Provo River

UC-197 | Weber-Provo Diversion Canal Utah Provo River

UC-198 | Weber-Provo Diversion Dam Utah Provo River

UC-199 | Wellsville Canal Utah Hyrum

UC-200 | West Canal Colorado Uncompahgre

UC-201 | West Canal Tunnel Colorado Uncompahgre

UC-202 | Willard Canal Utah Weber Basin

UC-203 | Win Diversion Dam Utah Central Utah Project -
Bonneville Unit

UC-204 | Win Flow Control Structure Utah Central Utah Project -
Bonneville Unit

UC-205 | Yellowstone Feeder Canal Utah Moon Lake
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Appendix B Green Incentives Programs

A wide variety of financial incentives for the implementation of renewable
energy generation are available for new facilities within the United States,
assuming they meet what can be very specific criteria. Often hydroelectric
power generation does not meet the criteria. Hydropower does qualify for
Federal incentives, but most states offer no or limited incentives for
hydropower. This section details financial incentives currently available for the
installation and generation of hydropower within specific states.

B.1 Types of Incentives and Policies Renewable Energy

While the financial incentives model has focused on performance-, or
generation-, based incentives, several types of incentives are potentially
available for the implementation of hydropower electricity generation at both
the state and federal levels. These incentives need to be assessed on a case by
case basis as they can vary depending on location, ownership, generation
capacity, and date of implementation.

Corporate or Property Tax Credits

Generally administered by states, these incentives provide corporations with tax
credits, deductions, and/or exemptions typically associated with the
implementation of renewable energy facilities. In a few cases, these tax
incentives are based on the amount of energy produced at a facility. Individual
state tax incentives generally have a maximum amount of credit or deduction
allowed and in some cases cannot be stacked with or take if federal tax
incentives are also available.

For most states, there are limitations in types of renewable energy that are
eligible and the amounts that can be claimed.

PACE Financing

Property-Assessed Clean Energy (PACE) financing is generally a type of loan,
administered by local government who are authorized by the state, which is
repaid typically via a special assessment on the owner’s property over time.

Utility Rebate Programs

These are programs offered by utilities to encourage development of renewable
energy and energy efficiency measures. These programs typically target
specific types of renewable energy systems (such as photovoltaic or
hydropower) and can be used by utilities to help them meet renewable portfolio
standards or other renewable power generation requirements.
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Green Incentives Programs

Performance-Based Incentives

Also known as generation-based or production-based incentives, these types of
incentives can include a wide range of financial mechanisms that generally
include a utility providing case payment to a renewable energy generator based
on the amount of kilowatt hours (kWh) of renewable energy generated. These
incentives commonly are accompanied by strict limitations for types of
renewable energies included and other incentives that can be used when also
receiving the performance-based incentives.

B.2 Federal Incentives for Hydroelectric Power Generation

As shown in the tables attached to this memorandum, the primary incentives
available for renewable energy on a federal basis are the Production Tax Credit
(PTC) or Investment Tax Credit (ITC). While these are two separate programs,
as of 2009, facilities that qualify for the PTC could opt instead for two other
options (not in addition to):

e Taking the federal business energy investment tax credit (ITC) which
incentivizes the implementation of renewable energy versus

e Receive an equivalent cash grant from the U.S. Treasury Department
Both options generally equal 30% of eligible costs.

It should be noted that in 2009 and 2010 there have been several bills within
both the US House and Senate that address energy, including renewable energy
generation, impacts on climate change, and renewable portfolio standards
(RPS). While to date, none of the bills or initiatives have successfully
navigated the legislative branches, discussions continue to particularly focus on
a federal RPS which would proponents feel would standardize renewable
energy generation requirements and incentives nationwide.

B.3 State Incentives for Hydroelectric Power Generation

Generation-, or performance-, based and installation-based incentives also exist
on a state by state basis. In many cases, state incentives can be utilized along
with federal incentives, further enhancing financial opportunities; however
navigating program details are very important as each program has different
thresholds, allowed installation size and renewable generation type.

It was generally noted, for the states included in this project, many states have a
wide range of financial incentives for renewable energy but those incentives do
not include hydroelectric power generation. State incentives are listed
individually in the tables attached at the end of the technical memorandum.
Additional details and insights specific to state programs (where necessary) are
also provided below.
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Appendix B Green Incentives Programs

Arizona

Incentive programs within Arizona are primarily funded by utilities looking to
comply with the state’s RPS. These programs are administered by the
individual utilities, require that the hydropower generation facility surrender
their Renewable Energy Credits (RECs) and have limitation on the amount of
incentives received from other sources.

Similar to most states, property tax exemptions are also available.

California

California’s renewable energy program is both extensive and complex. Many
of the energy initiatives in the state are driven by their existing RPS regulations,
which require utilities to meet a 20% renewable generation requirement by
2010, and by the Global Warming Solutions Act of 2006 (AB 32), which
includes a variety of complementary measures to reduce GHG emissions such
as adding a RPS of 33% by 2020 for utilities in state.

While a range of incentives exist, California’s regulatory landscape can be
difficult to navigate and may result in additional costs to project
implementation, reducing the net benefit of renewable energy incentives. The
incentives noted here do not take these potential direct and indirect financial
costs into account, primarily because they must be evaluated on an individual
project basis. Therefore it is important for any project developer to consider
both the location and regulatory requirements in each unique location in
California.

Colorado

While there is a renewable portfolio goal in Colorado (30% by 2020), incentives
for hydro power are primarily in the form of utility rebates focused on
installations (versus generation). In addition to the utilities, grant programs and
rebates are available for installation of hydro power in several communities
throughout the state

Idaho
The state currently has no RPS regulation or goal. Available incentives are in
the form of tax refunds and bonds.

Kansas
While there is a RPS in Kansas (20% by 2020), incentives for hydro power are
primarily in the form of tax credits focused on installations (versus generation).

Montana

While there is a RPS in Montana (15% by 2015), incentives associated with this
program and purchases of RECs are for solar, wind, and geothermal explicitly.
(No listings for hydro power).

Incentives for hydro power are primarily in the form of tax credits and
exemptions, focused on installations (versus generation).
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Nebraska
The state currently has no RPS regulation or goal. Only limited tax incentives
are available and focused on wind power generation specifically.

Nevada

Nevada does have an active REC market which utilities participate in to meet
the 25% by 2025 standard. As with all markets, in the absence of a federal RPS
and uncertainty of what will happen if a federal program is, or is not,
implemented, this market is in a state of flux. Also similar to other REC state
and regional markets, RECs associated with solar energy are typically sold for
much higher than any other renewable energy, including hydropower. As with
all RECs, it is highly recommended that a producer consult a respected REC
broker specific to their property location and generation capacity as prices can
vary widely based on utility, number of RECs generated and length of contract.

In addition to the REC potential incentives, other implementation-based
incentives such as tax credits and PACE funding are available in the state, based
on location.

New Mexico

While there is a RPS in New Mexico (20% by 2020), incentives associated with
this program and purchases of RECs are for solar explicitly. (No listings for
hydropower).

North Dakota

While there is a RPS in North Dakota (10% by 2015), this RPS is considered a
very low/easily achievable standard in comparison to other states. In addition,

available incentives, including tax credits are focused on solar and wind energy
explicitly. (No listings for hydro power).

Oklahoma

While there is a RPS in Oklahoma (15% by 2015), only minimal incentives are
available explicitly for hydro power, in particular PACE funding for
implementation.

Oregon

Oregon has a 25% by 2025 RPS that does include hydro power in its listing of
eligible RECs, though limited information is available on RECs specifically
traded for hydro power generation. All available utility rebates, generally
driven by compliance with the state RPS, for are focused on solar power
generation and/or energy efficiency at commercial, industrial, and residential
locations.

Oregon does have a wide range of loan, tax and grant incentives available for
the implementation of hydro power within the state.
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South Dakota

Similar to North Dakota, South Dakota has a 10% by 205 RPS goal that does
include hydro power in its listing of eligible RECs, however the goal is for
renewable, recycled and conserved energy. All available utility rebates,
generally driven by compliance with the state RPS, for are focused energy
efficiency at commercial and residential locations. Property tax exemptions for
hydropower generation facilities are available.

Texas

Texas’ renewable power generation market has been largely focused on wind
and some solar generation. There are numerous implementation-based
incentives, though those also are focused on solar and wind technologies
explicitly.

Utah

Nevada does have an active REC market which utilities participate in to meet
the 20% by 2025 standard. As with all markets, in the absence of a federal RPS
and uncertainty of what will happen if a federal program is, or is not,
implemented, this market is in a state of flux. Also similar to other REC state
and regional markets, RECs associated with solar energy are typically sold for
much higher than any other renewable energy, including hydropower. As with
all RECs, it is highly recommended that a producer consult a respected REC
broker specific to their property location and generation capacity as prices can
vary widely based on utility, number of RECs generated and length of contract.

There are numerous implementation-based incentives, though they are also
focused on solar and wind technologies explicitly.

Washington

Incentive programs within Washington are primarily funded by utilities looking
to comply with the state’s RPS. These programs are administered by the
individual utilities, require that the hydropower generation facility surrender
their Renewable Energy Credits and have limitation on the amount of incentives
received from other sources.

Wyoming
The state currently has no RPS regulation or goal. Available incentives are in
the form of sales tax exemptions.

B.4 Summary Tables

Table B-1 summarizes the green incentives rates used in the analysis for each
state. Tables B-2 through B-19 summarize incentive programs available from
Federal and State programs. Due to the complexity and variability of the
implementation-based incentives, only generation-based incentives have been
included in the Hydropower Assessment Tool.
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Table B-1 Performance Based Incentives ($/kWh)

State

Incentive Value

Notes

Arizona

$0.054

20 year agreement, can be
stacked with Federal incentive®.

California

$0.0984

Applicable to small hydropower
facilities up to 3 MW, 20 year
agreement, cannot be stacked
with Federal incentive or
participate in other state
programs.

Colorado

Use Federal incentive rate

No state performance-based
incentives available

Idaho

Use Federal incentive rate

No state performance-based
incentives available

Kansas

Use Federal incentive rate

No state performance-based
incentives available

Montana

Use Federal incentive rate

Performance-based incentives do
not apply to hydropower

Nebraska

Use Federal incentive rate

No state performance-based
incentives available

Nevada

Use Federal incentive rate

Performance-based incentives
available, but cannot be quantified
at this time

New Mexico

Use Federal incentive rate

Performance-based incentives do
not apply to hydropower

North Dakota

Use Federal incentive rate

Performance-based incentives do
not apply to hydropower

Oklahoma

Use Federal incentive rate

No state performance-based
incentives available

Oregon

Use Federal incentive rate

No state performance-based
incentives available

South Dakota

Use Federal incentive rate

No state performance-based
incentives available

Texas

Use Federal incentive rate

Performance-based incentives do
not apply to hydropower

Utah

Use Federal incentive rate

Performance-based incentives do
not apply to hydropower

Wyoming

Use Federal incentive rate

No state performance-based
incentives available

Washington

$0.21

Available in first year of service,
can be stacked with Federal
incentive

Notes:

1 — Federal incentive rate is $0.011 per KWh for the first 10 years of service
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Table B-2 Federal Incentives

Program

Renewable Electricity Production Tax
Credit (PTC)

Business Energy Investment Tax Credit
(ITC)

USDA - Rural Energy for America Program
(REAP) Grants

Incentive Type

Corporate Tax Credit

Corporate Tax Credit or Federal Grant

Federal Grant Program

The federal renewable electricity production
tax credit (PTC) is a per-kilowatt-hour tax
credit for electricity generated by qualified

The American Recovery and Reinvestment
Act of 2009 allows taxpayers, eligible for
the federal PTC, to take the federal

REAP promotes energy efficiency and

Description energy resources and sold by the taxpayer business energy investment tax credit renewable energy for agricultural producers
to an unrelated person during the taxable (ITC) or to receive a grant from the U.S. and rural small businesses.
year. Credits generally given for 10 years Treasury Department instead of taking the
following in service date. PTC for new installations.

» "USDA will also make competitive grants to
eligible entities to provide assistance to
agricultural producers and rural small

» businesses “to become more energy efficient”
Aoplicabil Qualified hydroelectric generation in service é’ o - and "o use ren:ewable energy technologies
pplicability by Dec. 31, 2013 e PTC qualified facility and resources.” These grants are generally
B ’ e available to state government entities, local
o governments, tribal governments, land-grant
o colleges and universities, rural electric
s cooperatives and public power entities, and
5 other entities, as determined by the USDA."
Amount of Program units 0.75¢/kWh in 1993 dollars g N . . Competitive grants of up to 25% project cost;
Incentive & |30% of eligible cost for implementation loan up to $25M. Grants and _Loans may
$/kWh $0.011 (2010 to 2013) 2 combine for up to 75% of project costs.

Can this be used with other
incentives?

a) The tax credit is reduced for projects that
receive other federal tax credits, grants, tax-
exempt financing, or subsidized energy
financing.

b) PTC eligible facilities can opt for ITC or
equiv. cash grant approximately equal to
30% of eligible costs

¥

This would be instead of the PTC: cannot
be combined with other federal tax credit
incentives.

Additional info

2009 tax form 8835
(http://www.irs.gov/publirs-pdf/f8835.pdf) and
2009 tax form 3800
(http://www.irs.gov/publ/irs-pdf/f3800.pdf)

Amounts available: $60 million for FY 2010,
$70 million for FY 2011, and $70 million for
FY 2012.

Source

Internal revenue services: 26 USC section
45; American recovery and reinvestment act
of 2009:
http://thomas.loc.gov/home/h1/Recovery_Bill
_Div_B.pdf

American recovery and reinvestment act
of 2009:
http://thomas.loc.gov/home/h1/Recovery_B
ill_Div_B.pdf




Table B-3 Arizona State Incentives

APS - Renewable Energy Incentive

TEP - Renewable Energy Credit Purchase

UES - Renewable Energy Credit Purchase

Energy Equipment Property Tax

Program Program Program Program Exemption
?;;:twe Utility Rebate Program Utility Rebate Program Utility Rebate Program Property Tax Incentive
Renewable Incentive Program. Arizona Through the Renewable Incentive Program,
. . gram, Tucson Electric Power (TEP) created the UniSource Energy Services (UES) offers For property tax assessment purposes,
Public Service (APS) offers customers who h . ) . .
L . . SunShare Program. TEP offers these customers who install various renewable these devices [renewable energy including
Description install various renewable energy sources | . . . . .
) ) . incentives in exchange for the renewable energy sources the opportunity to sell the low-impact hydropower] are considered to
the opportunity to sell the credits associated e ; . .
) energy certificates they generate credits associated with the energy generated add no value to the property.
with the energy generated to APS. to UES
PS Incentives are available for a variety of |The technologies now eligible for funding
L renewable en.ergy technologies installed in through'the RECPP all qualify under All technologies eligible for Arizona's Any property installing renewable energy
Applicability the APS service area. Amounts vary based |Arizona's renewable energy standard (RES) . :
. . ) Renewable Energy Standard (RES). equipment in AZ
on the type of technology used and the including commercial small hydro. Hydro
scope of your project. must be installed in TEP's service area. »
o
>
APS requires you to call with specific ‘g
project information to discuss the 2
Amour.mt of Prggram groductlon ba.lsedllncenFlves. No upfront Performance-based incentives (PBIs) Performance-based incentives (PBIs) 3 Deper?dant on P.roperty:l tax exemption
Incentive units (implementation) incentives are available ® associated with installation cost.
under this program (though other incentive R}
values mirror TEP's program) s
B
2
$0.060 (10yr agreement), $0.056 (15yr $0.060 (10yr agreement), $0.056 (15yr 8
agreement), $0.054 (20yr agreement) signed |agreement), $0.054 (20yr agreement) signed <
$/kWh in 2010-2014 (tenative for 2011-2014 and in 2010-2014 (tenative for 2011-2014 and 2
dependant on ACC incentive approval). PBI [dependant on ACC incentive approval). PBI
can't exceed 60% of real project cost can't exceed 60% of real project cost
. Yes with restrictions (must pay for 15% of Yes with restrictions (must pay for 15% of
Can this be . - . .
. Yes with restrictions (must pay for 15% of |project cost after all state and federal project cost after all state and federal B L
used with . ; . L . ; . L . Implication is yes though not explicitly
other project cost after all state and federal incentives). Exception: may not receive incentives). Exception: may not receive stated
incentives? incentives) incentives if other utility incentives are incentives if other utility incentives are ’
) applied. Note RECs are sold. applied. Note RECs are sold.
The PBI are awarded via a bid process, so  |The PBI are awarded via a bid process, so Documentation on installtion and cost must
Additional lower bids have a higher potential for lower bids have a higher potential for be submitted to County Assessor no less
info aceptance. aceptance. then 6 months before "the notice of full cash
http://www.tep.com/Green/Home/hydro.asp |http://uesaz.com/Green/Home/hydro.asp value is issued for the initial valuation year."
APS: Solar and Renewable Energy: .
Source http://www.aps.com/main/green/choice/sola TEP: Green Energy - UES: Green Energy - http://uesaz.com/Green/

r/default.html

http://www.tep.com/Green/




Table B-4 California State Incentives

Program

California Feed-In Tariff

Incentive Type

Performance-Based Incentive

Description

The California feed-in tariff allows eligible customer-
generators to enter into 10-, 15- or 20-year
standard contracts with their utilities to sell the
electricity produced by small renewable energy
systems at time-differentiated market-based
prices.

Applicability

Small hydro electric (up to 3MW), electricity is sold
to

Amount of Program units

MPR vary by year and contract size (10, 15, or 20-
year agreements)

| .
ncentive $/kWh

(2010): 10-yr $0.09357/kWh, 15-yr $0.09591/kWh,
20-yr $0.09840/kKWh,

Can this be used with other
incentives?

No: cannot participate in other state programs

Additional info

REC are surrendered for life of contract to one of
the three publicly-owned utilities (SCE, PG&E,
SDG&E). CPUC: Energy Division Resolution E-
4137

Source

CPUC, Feed-in Tariff program page:
http://www.cpuc.ca.gov/PUC/energy/Renewables/h
ot/feedintariffs.htm

Note: SMUD also has a feed in tariff program, however as of July 2010 it is over
subscribed and only accepting applications as a "waiting list"

Also note: REC program is being revised to include tRECs in the next year. This could
change performance incentives in CA.

' Non-Generation based Incentives ‘

Local Option - Municipal Energy Districts

PACE Financing

Property-Assessed Clean Energy (PACE) financing
effectively allows property owners to borrow money
to pay for energy improvements. The amount
borrowed is typically repaid via a special
assessment on the property over a period of years.
Only certain communties included

All this is determined on a case by case/community
by community basis. Recommend reviewing for
specific implementation only. Local options also
available for property and sales tax incentives
which should be reviewed for specific installations.
Note that in CA PACE loans require the owner
agree to contractual assessments on their property
tax bill for up to 20 yrs.




Table B-5 Colorado State Incentives

Program

Incentive Type

Description

Applicability

Amount of Program units
Incentive $/kwh

Can this be used with other
incentives?

Additional info

Y

Non-Generation based Incentives

Roaring Fork Valley - Sun Power
Pioneers Rebate Program

Holy Cross Energy - WE
CARE Rebates

La Plata Electric Association
Renewable Generation
Rebate Program

New Energy
Economic
Development Grant

Improvement Districts for Energy
Efficiency and Renewable Energy
Improvements

Local Rebate Program

Utility Rebate Program

Utility Rebate Program

The Community Office for
Resource Efficiency (CORE), a
nonprofit organization promoting
renewable energy and energy
efficiency in western Colorado,
offers residential and commercial
rebates within the Roaring Fork
Valley for the installation of
photovoltaic, solar hot water, and
micro hydro systems.

Holy Cross Energy's WE
CARE (With Efficiency,
Conservation And
Renewable Energy)
Program offers a $1.50-per
watt DC incentive for
renewable energy
generation using wind,
hydroelectric, photovoltaic,
biomass or geothermal
technology.

To support and encourage the
use of renewable generation,
by offering customers
payments for Renewable
Energy Credits (RECs) as
environmental attributes on
approved installations

Commercial small hydro systems
installed within specific Colorado
zip codes

Systems must be within
Holy Cross’s service
territory and connected to
Holy Cross Energy's
electric system to qualify
for renewable energy
incentives.

small hydro up to 10,000 watts
(10 kW)

$0.50/Watt installed

$1.50/Watt installed ($1
rebate, $0.50 REC
purchase for 10 years)

Need to contact LPEA for
specific project pricingREC
purchased for 10 year

Yes

Yes, though note REC are
sold here (can only sell

Yes, though note REC are sold
here (can only sell once)

For up to 2kW systems ($1000
maximum rebate). Additional
information:
http://www.aspencore.org/file/COR
E_Rebates_files/2010-04-
16%20Microhydro%20Guidelines
%20%26%20Pre-Application.pdf

Up to 50% of installed
costs, maximum of $9000.
systems larger than 6kW
are eligible (but capped at
$9000)

Policy was updated mid June
2010. Estimated cap is at
$7000 per facility.

$2M in funding
approved in 2009.
Additional funding
may be available in
the future, but
nothing currently.

PACE Financing

Property-Assessed Clean Energy
(PACE) financing effectively allows
property owners to borrow money to
pay for energy improvements. The
amount borrowed is typically repaid
via a special assessment on the
property over a period of years. Only
certain communties included

All this is determined on a case by
case/community by community
basis. Recommend reviewing for
specific implementation only. Local
options also available for property
and sales tax incentives which
should be reviewed for specific
installations




Table B-6 Idaho State Incentives

Program

Renewable Energy Equipment Sales Tax Refund

Renewable Energy Project Bond Program

Incentive Type

Sales Tax Incentive

State Bond Program

Idaho offers a sales-and-use tax rebate for qualifying
equipment and machinery used to generate electricity

Allows independent (non-utility) developers of

Description from fuel cells, low-impact hydro, wind, geothermal renewable energy projects in the state to request
resources, biomass, cogeneration, solar and landfill financing from the Idaho Energy Resources Authority,
gas.

Applicability Any renewable system generating at least 25 kW All renewables

Program units
Amount of 100% of sales tax (6% of equipment sales price
Incentive $/kWh assuming tax was paid)

Can this be used with other
incentives?

Yes

Additional info

‘ Non-Generation based Incentives ‘

Valid for purchases through July 1, 2011

Table B-7 Kansas State Incentives

Program

=

Renewable Electricity Facility Tax Credit
(Corporate)

Renewable Energy Property Tax Exemption

Incentive Type

Corporate Tax Credit

Property Tax Incentive

Kansas provides an investment tax credit for certain

Exempts renewable energy equipment from property

Can this be used with other
incentives?

Not explicit, but implied yes

Not explicit, but implied yes

(7]
(]
2
Description e |renewable energy facilities constructed between taxes
§ January 1, 2007 and December 31, 2011 ’
B |Facility must be owned by and located on the property
Applicability E of a commercial, industrial or ag business; project must |Renewable sources implemented after Jan 1, 1999
= [|runfor 10 years
o
Program units s i i i
Amour_1t of 9 S |109% of first $50,000,000: 5% of costs above $50M. Property tax exemption from power generation
Incentive $/kWh o equipment
[
Q
c
o
P

Additional info

¥

Tax credit claimed in equal amounts over ten years.
This is also known as the "Renewable Electric
Cogeneration Facility Tax Credit", Reference KS Statue
79-201




Table B-8 Montana State Incentives

Program

Renewable Portfolio Standard

Corporate Property Tax Reduction for
New/Expanded Generating Facilities

Renewable Energy Systems Exemption

Incentive Type

Description
Applicability
Program units
Amount of
Incentive
$/kWh

Can this be used with other
incentives?

Additional info

While MT has a 15% by 2015 RPS, all
incentives and REC purchases are focused
on Solar, Wind and Geothermal... no hydro

' Non-Generation based Incentives ‘

Property Tax Incentive

Property Tax Incentive

This incentive reduces the local mill levy
during the first nine years of operation,
subject to approval by the local government.

Montana's property tax exemption for
recognized non-fossil forms of energy
generation to be claimed for 10 years after
installation of the property.

Generating plants producing one megawatt
(MW) or more with an alternative renewable
energy source are eligible for the new or
expanded industry property tax reduction

Small hydropower facilitiest at commercial,
industrial, ag, or residential locations

Each year thereafter, the taxable value
percentage is increased in equal increments
until the full taxable value is attained in the
tenth year. Only on local taxes

Property tax incentive for up to $100,000 for
non-residential structures.

Not explicit, but implied yes.

Not explicit, but implied yes.

Source

PSR Authority:
http://www.mtrules.org/gateway/ruleno.asp?
RN=38.5.8301

Table B-9 Nebraska State Incentives

Program

Incentive Type

Description

Applicability

Amount of

. Program units
Incentive

$/kWh

Can this be used with other
incentives?

None found for NE: focus is on energy
efficency within the state with one tax
incentive available for renewables (wind
projects only)




Table B-10 Nevada State Incentives

Program

Portfolio Energy Credits

NV Energy -
RenewableGenerations Rebate
Program

Local Option - Special
Improvement Districts

Renewable Energy Systems
Property Tax Exemption

Incentive Type

Performance-Based Incentive

State Rebate Program

PACE Financing

Property Tax Incentive

Rebates made available to NV
Energy customers to encourage

Property-Assessed Clean Energy
(PACE) financing effectively
allows property owners to borrow
money to pay for energy

Value added from renewable

Can this be used with other

Yes, however systems installed via
NV Energy rebate program have

Yes, BUT: selling PEC here -

basis. Recommend reviewing for
specific implementation only.

Description Nevada's Energy Portfolio Standard . . improvements. The amount energy generation is exempt from
implemenation of renewable borrowed is typically repaid via a |property taxes
energies in line with NV's RPS . ypically rep property

special assessment on the
property over a period of years.
Only certain communties included
Customer-maintained distributed *
- renewable energy systems receive a 9@ |Small hydroelectric LMW and .
Applicabilit ) 2
PP y 0.05 adder for each kilowatt-hour € [smaller All hydroelectric
generated. ]
£
Program units Between $0.50 and $3 per kWh 2
i n -
Amount of estimated 8 Non-net metered system $2.80/W, 100% of value added to property
Incentive - [net metered system $2.50/W exempt
$/kwh Must see a broker, note that higher .g (under 2010/2011 program) Al this is determined b
values for solar are typical o IS IS determined on a case by
e case/community by community
<]
Q
c
o
z

incentives?

already surrendered their PEC and
therefore have nothing to sell into this
system

cannot participate/resell PEC as
it's gone.

Additional info

PEC prices are in a state of flux and it
is currently not advised to include a
price for PEC (or any form of REC)
on a generic basis for those systems
in an open market situation.

Note PECs are typically issued for 4
years.

¥

Maximum incentive is $560,00 for
net metered system, $500,000

Local options also available for
property and sales tax incentives
which should be reviewed for
specific installations

Yes

Source

PUCN:
http://pucwebl.state.nv.us/PUCN/Re
newableEnergy.aspx?AspxAutoDetec
tCookieSupport=1




Table B-11 New Mexico State Incentives

Program

Incentive Type

Description

Applicability

Program units
$/kwh

Amount of Incentive

Can this be used with other incentives?

Additional info

None found for NM:All performance based incentives are focusd
on Photovoltaics (only one incentive for Wind Energy
generation)

Table B-12 North Dakota State Incentives

Program

Incentive Type

Description

Applicability

Program units
$/kWh

Amount of Incentive

Can this be used with other incentives?

Additional info

None found for ND:Focus is on solar and win energy generation
(hydro isn’t even listed for the corporate tax credit incentives)

Table B-13 Oklahoma State Incentives

Program

Incentive Type

Description

Applicability

Program units
Amount of Incentive

$/kWh

Can this be used with other incentives?

Additional info

lNon-Generation based Incentivesl

Local Option - County Energy District Authority

PACE Financing

Property-Assessed Clean Energy (PACE) financing
effectively allows property owners to borrow money to pay for
energy improvements. The amount borrowed is typically
repaid via a special assessment on the property over a
period of years. Only certain communties included

All this is determined on a case by case/community by
community basis. Recommend reviewing for specific
implementation only. Local options also available for
property and sales tax incentives which should be reviewed
for specific installations




Table B-14 Oregon State Incentives

Program

Incentive Type

Description

Applicability

Program units

Amount of

Incentive
$/kWh

Can this be used with other
incentives?

Additional info

=

Non-Generation based Incentives

Business Energy Tax Credit

Local Option - Local
Improvement Districts

Renewable Energy
Systems Exemption

Community Renewable Energy
Feasibility Fund Program

Corporate Tax Credit

PACE Financing

Property Tax Incentive

State Grant Program
(competitive)

Oregon's Business Energy
Tax Credit (BETC) is for
investments in energy
conservation, recycling,
renewable energy resources,
sustainable buildings, and less-
polluting transportation fuels.

Property-Assessed Clean
Energy (PACE) financing
effectively allows property
owners to borrow money to pay
for energy improvements. The
amount borrowed is typically
repaid via a special assessment
on the property over a period of
years. Only certain communties
included

Value added from renewable
energy generation is exempt
from property taxes

The Oregon Department of
Energy (ODOE) provides grants
for feasibility studies for
renewable energy, heat, and fuel
projects under the Community
Renewable Energy Feasibility
Fund (CREFF). Funding for the
program comes from a settlement
between the Oregon Department
of Justice and Reliant Energy.

Any Oregon business may
qualify. Hydroelectrict energy
is eligible

Tax credit equal to 50%
certified project costs, over 5
years (10% per year); up to
$10 million

Yes

All this is determined on a case
by case/community by
community basis. Recommend
reviewing for specific
implementation only. Local
options also available for
property and sales tax incentives
which should be reviewed for
specific installations

All hydroelectric

Commercial Hydroelectric 25 kw
to 10 MW sized projects

100% of value added to
property exempt

Up to $50,000 grant, though this
is a competitive bid process with
awards ranging from $100,000 to
$500,000

Yes

Yes

Program expires 7/1/2012
currently.

Approximately $200,000 availabe
in 2010




Table B-15 South Dakota State Incentives

Program

Renewable Energy Systems Exemption

Incentive Type

Property Tax Incentive

Value added from renewable energy generation is exempt

Description

from property taxes
Applicability All hydroelectric generation facilities, less than 5 MW
Amount of Program units $50,000 or 70% of the assessed value of eligible property,
Incentive $/kWh whichever is greater

Can this be used with other incentives?

Yes

Additional info

Program effective as of 7/1/10. Credit available the first

‘Non-Generation based Incentives‘

three years in service

Table B-16 Texas State Incentives

Program

Incentive Type

Description

Applicability

Amount of Program units
Incentive $/kWh

Can this be used with other incentives?

Additional info

Numerous production and implementation based incentives,
however they are all focused on PV, solar, and wind generation
technologies specifically.




Table B-17 Utah State Incentives

Program

Incentive Type

Description

Applicability

Amount of Program units
Incentive $/kWh

Can this be used with other incentives?

Additional info

-Numerous production and implementation based incentives, however
they are all focused on PV, solar, and wind generation technologies
specifically.

-Hydro is listed as an accepted REC in UT (small hydro owners can net
meter) and an active market for REC's exists.However the rate is
project specific and varies based on market conditions.

Table B-18 Wyoming State Incentives

Program

Incentive Type

Description

Applicability

Amount of Program units
Incentive $/kWh

Can this be used with other incentives?

Additional info

Generation based Incentives‘

‘Non

Renewable Energy Equipment Sales Tax Refund

Sales Tax Incentive

Idaho offers a sales-and-use tax rebate for qualifying equipment and
machinery used to generate electricity from renewables including
hydroelectric

Any renewable system generating at least 25 kW

100% of sales tax (4% of equipment sales price assuming tax was paid)

Yes

Valid for purchases through June 30, 2012




Table B- 19 Washington State Incentives

Program

Chelan County PUD - Sustainable Natural
Alternative Power Producers Program

Orcas Power & Light - Production Incentive

Incentive Type

Performance-Based Incentive

Performance-Based Incentive

Sustainable Natural Alternative Power (SNAP)
program encourages customers to install
alternative power generators and connect them to

Orcas Power and Light (OPALCO), an electric
cooperative serving Washington's San Juan

Description N ; S Islands, provides a production-based incentive for
the District's electrical distribution system by ) . .
- . . residential and commercial members who generate
offering an incentive payment based on the . . .
\ . energy from wind and micro-hydroelectric sources.
system's production
Applicabilit Hydroelectric systems up to 25kW, Chelan County |Small hydroelectric systems (up to 100kW) in
PP y PUD customers OPALCO area
Program units Dependant on total sellers in program, varies by $1.50kWh (first year production only), up to $4500
Amount of year max
Incentive
$/kWh $0.21/kWh (2010) $1.50/kWh

Can this be used with other
incentives?

Yes

Yes but note that RECs are being surrendered
here

Additional info

Program currently includes 5 kw of small hydro.
Additional benefits associated with net metering,
but no additional payments.

To receive an incentive, members must sign an
Agreement for Interconnection granting OPALCO
rights to the system’s Green Tags (renewable
energy certificates)

Source

PUD SNAP producer program:
http://www.chelanpud.org/become-a-snap-
producer.html

OPALCO: http://lwww.opalco.com/energy-
services/renewable-generation/




Appendix C
Cost Estimate

Appendix C Cost Estimate

The hydropower assessment tool incorporates cost estimating functions for
construction costs, other non-construction development costs, and for the
various annual expenses that would be expected for operations. Construction
costs include those for the major equipment components, ancillary mechanical
and electrical equipment, and the civil works. In estimating the total cost of
development, various costs are added to the construction cost such as those
required for licensing and a menu of potentially required mitigation costs,
depending on the specifics of the project. The annual operation and
maintenance expenses encompass fees and taxes in addition to maintenance
expenses and funds for major component replacement or repair.

Cost estimates for the individual components were based on studies previously
performed by the Idaho National Engineering and Environmental Laboratory
(INL) in 2003 and from more recent experience data. The INL analysis was
based on a survey of a wide range of cost components and a large number and
sizes of projects and essentially involved a historical survey of costs associated
with different existing facilities. These costs included licensing, construction,
fish and wildlife mitigation, water quality monitoring, and operations and
maintenance (O&M), as well as other categories of costs with the cost factors
dependent on the size of the generating capacity of a proposed facility. INL
acquired historical data on licensing, construction, and environmental mitigation
from a number of sources including Federal Energy Regulatory Commission
(FERC) environmental assessment and licensing documents, U.S. Energy
Information Administration data, Electric Power Research Institute reports, and
other reports on hydropower construction and environmental mitigation

Cost estimating equations were then derived through generalized least squares
regression techniques where the only statistically significant independent
variable for each cost estimator was plant capacity. All data in the INL report
were escalated to 2002 dollars. For purposes of the current study, the cost
estimating equations were updated to 2010 based on escalating the INL
equations based on applicable USBR cost indices. For construction years
beyond 2010, the assessment tool assumes an escalation of 2.5% and is applied
to the total development cost.

C.1 Construction Costs
Total construction costs within the assessment tool include those for civil

works, turbines, generators, balance of plant mechanical and electrical,
transformers and transmission lines. Other additions include contingences,

C-1 DRAFT — November 2010



Appendix C
Cost Estimate

sales taxes, and engineering and construction management. These construction
costs reflect those that would be applicable to all projects but do not include
potential mitigation measures which are subsequently included in the total
development cost.

In estimating these costs, project information carried over from other
worksheets within the model includes the plant capacity, turbine type, the
design head, generator rotational speed, and transmission line length and
voltage. Applicable cost equations are then applied to develop estimates for the
specific cost categories. To the summation of these costs is applied a
contingency of 20%, a state sales tax based on the project location, and an
assumed engineering and construction management cost of 15%. The
associated equations developed are shown in Table C-1.

C.2 Total Development Costs

The total development cost includes the construction cost with the addition of a
variety of other costs that are, or may be, required. Those additional costs
applicable to all projects include any escalation from the 2010 time-frame,
licensing costs, and the transmission-line right-of-way. Other costs that may
apply, depending on the specific site, include fish passage requirements,
historical and archaeological studies, water quality monitoring, and mitigation
for fish and wildlife, and recreation. The requirements for specific sites are
carried over to the cost estimating worksheet from previously input site specific
information. These other costs are all estimated based on the installed capacity
of the project. The associated equations developed are shown in Table C-1.

C.3 Operation and Maintenance Costs

The operation and maintenance costs reflect a variety of expenses and fees
expected for most projects. These expenses include fixed and variable O&M
expenses, federal fees or charges from FERC or other agencies, charges for
transmission of power generated or interconnection fees, insurance, taxes,
overhead, and the long-term funding of major repairs. Fixed and variable O&M
costs include water quality monitoring, other water expenses, hydraulic
expenses, electric expenses, and rent. The estimates for these expenses are
based on either the installed capacity or the total construction cost, with several
costs estimated as fixed lump sums. The associated cost equations developed
are shown in Table C-1.
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Table C-1

Summary of Cost Estimating Equations

Appendix C
Cost Estimate

Cost Item

Cost Equation

Comment

Construction Costs:

Applied cost factor based on
experience and judgment for

Civil Works Cost ($) = (0.40) x (Turbine Cost + Generator Cost) relatively small scale hydroelectric
developments.
Kaplan at less than or equal to 100-foot head:
Cost ($) = (Capacity, MW)*%x 909,000 x 2.71826 00013 x design head)
Kaplan at greater than 100-foot head:
_ . 072 . -0.38
Cost (.$) = 5,240,000x(Capacity, MW)~"“ x Design Head Kaplan and Francis turbine cost
Francis at less than or equal to 100-foot head: . regression equations escalated from
Cost ($) = (Capacity, MW)*"* x 760,000 x 2.71828"0-003 x Design Head) 2002 INEL regression equations by
Turbine(s) Francis at greater than 100-foot head: 31% based on USBR cost indices.
_ . 071 . 0.42 Pelton turbine costs estimated at
Cost ($) = 3,930,000 x (Capacity, MW)"'~ x (Design Head) 80% of Francis turbine with Low
Pelton: Head Turbine estimated at Francis
Cost ($) = 0.8 x 3,930,000 x (Capacity, MW)*"* x Design Head **? turbine cost.
Low Head:
Cost ($) = (Capacity, MW)*"* x 760,000 x 2.71828"0-003 x Design Head)
Escalated from 2002 INEL general
Generator(s) Cost ($) = 3,900,000 x (Capacity, MW)®*®*x (Generator Speed, RPM)** | regression equation by 31% based

on USBR cost indices.

Balance of Plant Mechanical

Cost ($) = (0.20) x (Turbine Cost)

Applied cost factor based on
experience and judgment for
relatively small scale hydroelectric
developments.

Balance of Plant Electrical

Cost ($) = (0.35) x (Generator Cost)

Applied cost factor based on
experience and judgment for
relatively small scale hydroelectric
developments.

Transformer

Cost ($) = 14,866 — (0.001 x (Capacity, kW/.9)%) +
(25,403 x (Capacity, kW/.9))

Cost regression equation developed
based on recent experience,
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Table C-1

Summary of Cost Estimating Equations

Cost Item

Cost Equation

Comment

published recent bids, and kVA.
Assumes 0.9 power factor.

T-Line

Cost ($) = (Length, miles) x (100,000/mile if less then 69 kV)

Cost ($) = (Length, miles) x (200,000/mile if less then or equal
to 115 kV)

Cost ($) = (Length, miles) x (230,000/mile if greater then 115 kV)

Estimated costs per mile based on
current generic costs based on line
capacity.

Contingency

Cost ($) = (0.20) x (Sum of above Direct Construction Costs)

Assumed 20% of the total of the other
direct construction costs not including
the sales tax and E&CM.

Sales Tax

Cost ($) = (State Rate %) x (Sum of Other Direct Construction Costs)

Tax rate applied to previous sum of
construction costs based on project
location.

Engineering and Construction Management

Cost ($) = (0.15) x (Sum of Other Direct Construction Costs)

Assumed 15% of the total of the other
direct construction costs.

Total Development Costs:

Licensing Cost

Cost ($) = (780,000) x (Capacity, MW)>’

Escalated from 2002 INEL value for
undeveloped sites by 30% based on
USBR cost indices.

T-Line Right-of-Way

Cost ($) = (Length, miles) x (5,280x150/43,560)x(2,000)

Assumed 150-foot right-of-way with
land cost of $2,000 per acre.

Fish and Wildlife Mitigation

Cost ($) = 390,000 x (Capacity, MW)*

Escalated from 2002 INEL value for
undeveloped sites by 30% based on
USBR cost indices.

Recreation Mitigation

Cost ($) = 260,000 x (Capacity, MW)*?’

Escalated from 2002 INEL value by
30% based on USBR cost indices.

Historical & Archeological

Cost ($) = 130,000 x (Capacity, MW)*"

Escalated from 2002 INEL value by
30% based on USBR cost indices.

Water Quality Monitoring

Cost ($) = 520,000 x (Capacity, MW)%*

Escalated from 2002 INEL value by
30% based on USBR cost indices.

Fish Passage

Cost ($) = 1,300,000 x (Capacity, MW)>>°

Escalated from 2002 INEL value by
30% based on USBR cost indices.
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Summary of Cost Estimating Equations

Appendix C
Cost Estimate

Cost Item

Cost Equation

Comment

Operation and Maintenance Costs:

Fixed Annual Operation & Maintenance

Cost ($) = (26,000) x (Capacity, MW)%"

Escalated from 2002 USBR value by
30% based on USBR cost indices.

Variable Operation and Maintenance

Cost ($) = (26,000) x (Capacity, MW)°#°

Escalated from 2002 USBR value by
30% based on USBR cost indices.

FERC Charges

Cost ($) = 1.53277 x (Capacity, KW)

Capacity charge as used in 2002
report.

Transmission / Interconnection

Cost ($) = 10,000

Assumed value as used in 2002
report.

Estimated value as used in 2002

Insurance Cost ($) = (Total Direct Construction Cost) x (0.003) report
Taxes Cost ($) = (Total Direct Construction Cost) x (0.012) rEeS;Ic:Tr]tated value as used in 2002
Management Cost ($) = (Total Direct Construction Cost) x (0.005) Estimated value as used in 2002

report.

Major Repairs Fund

Cost ($) = (Total Direct Construction Cost) x (0.001)

Estimated value as used in 2002
report.

Reclamation / Federal Administration

Cost ($) = 10,000

Assumed value as used in 2002
report.
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Using the Hydropower Assessment Tool

Appendix D Using the Hydropower
Assessment Tool

Reclamation in conjunction with the contractor Anderson Engineering
developed the Hydropower Assessment Tool to estimate potential energy
generation and economic benefits at the identified 530 Reclamation facilities. It
Is important to recognize that the tool has been developed using broad power
and economic criteria, and it is only intended for preliminary assessments of
potential hydropower sites. This tool cannot take the place of a detailed
hydropower feasibility study.

Reclamation has made the Hydropower Assessment Tool available for public
use with the following disclaimer statement:

“This is an “open source” software tool developed by the Bureau of
Reclamation (Reclamation) and the contractor Anderson Engineering for the
Hydropower Resource Assessment at Existing Reclamation Facilities Report,
and it has been made available for public use. It is important to recognize that
the tool has been developed using broad power and economic criteria, and it is
only intended for preliminary assessments of potential hydropower sites. This
tool cannot take the place of a detailed hydropower feasibility study. There are
no warranties, express or implied, for the accuracy or completeness of or any
resulting products from the utilization of the tool.”

The Hydropower Assessment Tool is an Excel spreadsheet model with
embedded macro functions programmed in Visual Basic. Microsoft Excel 2007
was used to develop the model. To run the model successfully you must have a
moderate working knowledge of Microsoft excel.

Chapter 3 of the report describes the assumptions built into the model; this
appendix serves more as a user’s manual for the Hydropower Assessment Tool.

D.1 Before You Begin

Enabling Macros: If you use Excel 2007 the program will not run until macros
are enabled. To enable macros:

1. Go to Office Button at the upper left corner of the excel spreadsheet
when you start Excel and click on Excel Options.

2. Under the Popular tab check the Show Developer Tab as shown in the
screen shot below.
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3. After the Show developer tab is checked the Developer tab will show
up in the Office Ribbon. Go to the Developer tab click Macro security
and then go to the Macro Settings tab. In the Macro Settings tab
check the Enable all macros as shown in the screen shot.
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Data required to run the tool: The following information will need to be
entered into the model for the analysis:

1. Daily upstream dam or headwater water elevation and flow through
the potential site. This information must be on a daily basis and must
be for at least one full year (minimum 365 day). The user should
preferably enter only even full year increments of data in order to
have a non-biased representation of annual records. The
recommended data period is either on a water year or calendar year
basis. Although some “missing” and “bad data” checking capabilities
are included in the model, the user should ensure the data entered are
correct. An example set of data of select years for A.R. Bowman
Dam are included in the model.

2. Daily headwater and tailwater elevations entered should be referenced
to the same period. Alternatively, if the tailwater elevation is
constant it can be entered as a constant/single value.

3. Transmission voltage and the estimated transmission line length also
need to be entered to estimate the development cost of the project.
The model will pick a default of 115kV, but this value can be over
ridden if site specific information exists.

4. Site location i.e. the State the facility is located in needs to be entered
for estimating the power values and the green incentives revenue.

5. The user can select if various mitigation cost should be added to the
total development cost of the site.

D.2 Tool Components

Available Worksheets

[yEsana yaninran

USBR | Start  Input Data ' Flow Exceedance . Net Head Exceedance . Turbine Type  Generation  Power Exceedance . Plant Cost

LU BT e W T TR D e Tl T T

The Hydropower Assessment Tool spreadsheet includes 14 separate tabs or
worksheets, including several input data sheets, worksheets that contain
information used as databases within the model, and worksheets that perform
calculations. The calculations are based on the data input for a specific site and
from the internal databases. The worksheets are set up in user friendly and
logical sequence with only 2 worksheets requiring input from the user. This
section summarizes the worksheets in the model; the bold headers below are the
actual names of the worksheets in the model.

e USBR - includes the Disclaimer Statement and a link to the Start
worksheet.
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Start — includes instructions for use of the model and cells where
non-hydrologic inputs (state, transmission line voltage and distance,
and constraints) are made. This worksheet also includes the command
buttons to run the model. There are three steps to running the model,
which should be run in sequence from top to bottom. The model run
is complete when the Results worksheet is displayed.

Input Data — where the daily flow data, head water and tail water
elevation is input. A minimum of 1 year of data is required and there
can be no blanks in the sequence.

Flow Exceedance — develops and displays the flow duration curve
based on input flow data.

Net Head Exceedance - develops and displays the net head duration
curve based on input head water and tail water elevation data.

Turbine Type — includes the turbine selection matrix (Figure 3-4)
and selects a turbine based on 30 percent flow and net head
exceedance. Also includes Pelton, Francis, and Kaplan turbine
efficiencies tables based on Hill diagram performance curves and a
generator speed matrix used in the cost calculations.

Generation — performs the power and energy generation calculations.

Power Exceedance — shows the power exceedance curve calculated
based on generation calculations in the previous worksheet.

Plant Cost — calculates cost estimates for construction, total
development cost, and estimated annual costs.

BC Ratio and IRR - presents the stream of benefits and costs over
the the 50-year period of analysis and calculates the benefit cost ratio
and IRR.

Results — presents a comprehensive summary of results of energy
generation calculation and the economic analysis.

Price Projections — includes the monthly price forecasts through
2060 for each state included in the analysis to calculate power
generation benefits.

Green Incentives — includes the performance-based green incentive
values used for each state to calculate green incentive benefits.

Templates — show the input data required in the model, in the
appropriate format to run the model.
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Start and Input Tab

The Start tab is where the program execution occurs. Most of the user
interaction will occur in the start tab. The worksheet contains the instructions
for the model. There are three buttons to be clicked in the order described
below to complete the three steps of the analysis. A new user should follow the
instructions provided in the Start tab and shown in Figure D-1.
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Read and Follow the Directions Below

1. Start by entering data forthe yellow highlighted items in the "Start” and the "Input
Data" tabs.

2. Manually scan the input data for bad data points or missing data.

J. Press the "Preprocess Data” button (below) - This completes and formats datain
“Input Data" tab

3

Preprocessing Complete
Preprocess Data K
@ \ 3

4, Seach for bad data by clicking on Input Data tab then click on
Auditing= Error Checking at top of page.

5. Click "Produce Exceedance Chart" button (below).

6. Review sorted data in "Flow Exceedance” tab. Qutliers will appear at the top
bottom of the list. If bad data points are found, note the date, go back into
Data" tab, comrect the appropnate flows /head and click on the "Produ
Chart" button again to produce a new Flow Exceedance Chart
T.If no changes were made to Input data tab, proceed to st

Produce Exceedance Chart

¥ y 4

_The defalult
edance from Net
ermdden by userin

8. Review the model selected value for Turbine Design Head (B1
value of the Turbine Design Head is set at 30% of Net Head Ex
Exceedance chart. Default turbine design head value can be
cell B17.
9. Review the model selected value for Turbine Design Flg# (B18). The defalult
value of the Design Flow is set at 30% of Flow Exceedange. Default turbine design
flow can be overridden by user in cell B18.

10. Press "Complete Analysis Calculation” button (bel
and benefit-cost analysis.

) to complete the energy

’ /

Complete Analysis Calculation

&4

11. Review calculation results on the Results Workshest
12. Click on "File" > "Save As" > Enter new file name and save

Command Buttons: Click
to progressively perform
the analysis

Figure D-1 Screen Shot of Start Tab-Program Execution Flow Chart
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Bureau of Reclamation - Hydropower Assessment Tool

Facility Name

Agency

Analysis Performed by

Project Location (State):

l:l indicates required user inputs

Data Analysis:

Data Set yrs
Max Head ft
Min Head ft
Max Flow cfs
Min Flow cfs
Turbine Selection Input/Analysis:

Turbine Design Head ft
Turbine Design flow cfs

Turbine Type

Generator Speed rpm
Max Generating Head Limit ft
Min Generating Head Limit ft
Max Generating Flow Limit cfs
Min Generating Flow Limit cfs

|:| indicates the default/model recommended value; Value can be overridden by user
-

Powerplant Cost Estimate Input:
Transmission Voltage

R

T kV

T-Line Length

[miles

Fish and Wildlife Mitigation

1

Recreation Mitigation

Historical & Archaeological

Water Quality Monitoring

Fish Passage Required

Ll

l:l indicates required user inputs

I:l indicates the default/model recommended value; Value can be overridden by user

Figure D-2 Screen Shot of Start Tab-Data Input Windows
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al G18 - |
Y A B C D E G H J
1 | - Input Data
2 Data Source -
Headwater | Tailwater
Date Elevation | Elevation | Net head Flow
(midiy) () () (t) (cfs)
|Constant Tailwater Elevation [ft |

w| oo~ o & w

i
-
o

1
12
13
14
15

Notes for user:

1.Input daily head tailwater elevation and flow data into columns AB,C and E.

2.If tailwater level is constant, it can be entered in cell H4. This value will

override the values entered in the Tailwater Elevation column (column C).

3.Met head will be calculated after pressing "Preprocess Data” button on Start tab.

Figure D-3 Screen Shot of Input Data Worksheet

D.3 Using the Tool

1. Start by Saving the Workbook to a Different Name

Save the “Generic” workbook under a different name that preferably helps to
identify the project. To save the workbook under s different name go to File >
Save As, enter the desired name for the file and then click the Save button.

2. Entering Data

Enter data into the required fields highlighted in yellow in the Start tab (See
Figure D-2).Cells highlighted in blue are optional entries, the model will use the
default value unless the user overrides the default value.

Daily headwater water elevation and flow through the potential site should be
entered in the Input data tab (See Figure D-3). Tailwater elevation can be
entered as daily values or a constant elevation can be entered in the input data
tab (See Figure D-3).

Input data (Date, Head, Flow, and Location) must be entered or transferred into
the proper input columns/cells for the program to produce accurate results. The
model will not run if there are blank cells or bad data in the input data columns.

3. Running the Analysis

The analysis runs in three steps, described below.

Step 1: Preprocess Data

After entering all the required user input data into the model, the user needs to
follow the instructions provided in the Start tab to progressively execute the
analysis. The model has an example data built in to provide initial
understanding of how the tool functions.
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Use Demonstration Data

To use the demonstration data, click on the =~ AR-BowmanDam — }tton in the
Start tab. The required user input information for Arthur R. Bowman Dam in
Oregon will be transferred into the respective input fields. The user can now run
the model with the example site data. To input new data, the user will need to
Clear Charts — Start Over, and input new data in the process described above.

Preprocess Data

To start the analysis, the user should click on the ‘ button.
The model at this point will check if all the required data entries have been
made and calculate net head using the headwater and tailwater input data. The
model has some intrinsic data checking capabilities. If the data entry is not
complete an error message will show up in the message box next to the
command button. Any missing data is considered an error and the model cannot
run without filling out the missing information. For example, if the daily head

and flow data entered is less than a year i.e. less than 365 data points, the

Error - Insufficient data (< 365 data points|
in all)

following message will show up in the message
box adjacent to the Preprocess Data button.

A minimum of 1 year of data is required to run the model but the confidence in
the results of the model increases with more data points. If the data set has less
than 3 years of data a warning message will show up

Waming - Insufficient data (< 3 years),
Low Confidence

indicating low confidence. The user can continue
to run the model with existing data or try to get more data to increase the
confidence in the results.

When more than 3 years of complete data is entered and the preprocessing step

is complete the following message will show up in the message box
Preprocessing Complete

to indicate the completion of the preprocessing step

in the analysis.

Step 2: Produce Exceedance Chart

Click on the Freduce Exceedance Ghart [y, ion in the Start tab to complete the second

step of the analysis. At this step, the tool will create exceedance charts using the
flow and net head data. Turbines will be sized using the flow exceedance and
net head exceedance curves. Turbine design head and flow is defaulted to 30%
exceedance level. These values can be overridden by the user in the Start tab
(See Figure D-2) after the completion of the preprocess step. The tool will use
the new overridden values in the final step of the analysis. If the design flow is
less than 0.5 cfs the following error message will show up

Error - Flow too low for hydropower
Development

indicating the analysis cannot be completed as the site
does not have any hydropower potential.
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After the design flow and head are calculated for each site, a specific turbine
type is selected for the site using the design head and design flow. The turbine
type chosen by the model is based on the turbine selection matrix shown in the
Turbine Type worksheet assuming a single turbine unit for the project. The user
can change the selected turbine type in the Start tab. The change should be
completed before the last step of the analysis.

Step 3: Complete Analysis Calculations

Complete Analysis Calculation

Click on the button to complete the analysis. Note that
this step in the analysis includes many calculations which might slow down the
computer. It is suggested not to have multiple Excel file or large files open
while this step runs.

The calculations include:

e Power and Energy Calculations: The calculations occur in the
Generation worksheet. Using available head and flow data, selected
design head, flow, turbine type and efficiency, the model estimates
average monthly and annual power generation at each site. The
available head and flow data is converted to generating head and flow
data if the available flow and head meets the design limitations i.e. if
the available flow is greater than the maximum allowable design flow
capacity, the flow is constrained to the upper (Qmax) . Relevant
information is noted in the Notes column in the Generation tab (See
Figure D-4). This tab also has two summary tables with information
regarding the plant generation capacity and the monthly/annual
production rates (See Figure D-4). The model assumes that the plant
generation and development costs are calculated based on a single
turbine plant.
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A.R. Bowman Dam - Generation

Water Tailwater Generating | Generating Day
Date Elevation | Elevation MNet head Flow Head Flow Power Energy
(midly) [Fr) (fr) [fr) [cfs) Notes | = (k) | = [cfs)| = (kW) v | [kWH ~ Plant Generation Summary:

12005 323464 062,60 122.04 271 @ Omat, 152,04 2E4.00 3474 23,373 Plant Design Capacity (kW) 1.292
22006 323472 3062.60 18242 75 Q> Gmax, 1821z 2E4.00 3476 23,410 Mumber of Data 10,592
W3H2005 323482 306260 182,23 27 G Omat, 15222 2E4.00 3472 23460 Data Years 29.00
2005 3234.90 3062.60 182,30 88 G Gmax, 15220 2E4.00 3479 23492 Total Data Period Energy (kWH) 540,722 4117
WEL2005 323443 306260 182,33 87 Q: Gmas, 18233 Z64.00 3473 23,506 Average Plant Capacity (kW] 2127
L2006 323496 3062.60 182,36 a0 G Gmax, 195238 2E4.00 3,480 23,520 Plant Peak Capacity (k') 2,628
WT2005 323495 306260 182 35 345 > Gmas, 15235 264.00 3,480 83515 Plant Factor 0.G46]
WR2005 318698 062,60 124,38 52 G« Emin, 13428 0.00 i 0

WIH2005 312697 3062.60 124.37 62 G Qmin, 134,37 0.00 i i

042005 eEaT 062,60 124.27 52 G« Emin, 13427 0.00 i 0

1H1#2005 HEESE 3062.60 124.26 [ G @min, 134,26 0.00 i i

W242005 8686 306260 124.26 52 G« EImin, 134,26 0.00 i 0

WH2005 686 306260 134,26 [ < Qmin, 134,26 000 [i] [i

W42005 FE4.75 306260 215 22| HeHmin, Q< GQrmin, 0.00 0.00 i i

WEIZ005 E4EE 206260 1206 33| HsHmin, Q< Gmin, 0.0 000 1] ] Plant Monthly Generation:

1HE/Z005 FE4.51 05260 112.01 23] HeHmin, Q<Gmin, 0.00 000 0 i Days | Average | Average

WFZ005 TE2 46 3062.60 109.86 26 He<Hrmin, 0.00 8612 i i Months with | Capacity | Energy

WE42005 TE2EL 206260 0.0 07 H:Hrmin, 000 107,24 [i] [i Data (kW) [MWH)

W2005 HELTT 062,60 1017 07 HeHrmin, 0.00 107,34 0 0 January 243 1.215 275

W20F2006 HELO0 3062.60 10.40 108 He<Hrmin, 0.00 107 57 i 0 February” 213 1,525 1092

WEIWZ006 3xTAz 306260 165.32 o 16632 2426 270 EBE 436 March 393 1,335 1,393

WERI2006 4 3062.60 1E5.54 4 165,54 22426 2774 EE5T4 April 270 2,763 1,989

232006 g4 306260 166.51 o 16651 2426 2778 EBE.£23 May 393 3,126) 2,250

W2H2006 3859 3062.60 165.99 4 166.99 22426 2, EE,755 June 270 2,102 2,23

WZEL2005 3880 306260 166.20 2 166 20 2426 2785 B340 July 599 2,986 2,150

W2EF2006 398 3062.60 166,28 4 16628 22426 2788 £6.412 August 299 2,243 2,047

W2TH2005 321918 3062.60 16658 04 166 58 22426 2.0 EE,993 September 870 2,387 1718

W2BH2006 31939 3062.60 1E6.79 4 166,79 22426 2,796 E7.077 October 299 1,564 1,126

292005 321961 3062.60 167.01 04 16701 22426 2799 67,166 November 870 245 &1

WI0F2006 3983 306260 157.23 4 165722 22426 2802 7,264 December 299 1,108 76

WEZ005 322003 306260 157.43 4 165742 22426 2808 7,336 Annual® 18,282

202005 3220.22 306260 157.62 204 167 62 224.26 2,809 E7.41 * Foor non-leap year

24242008 3220.38 062,60 157.78 4 6778 22426 28N ETATE

222006 322064 3062.60 152.04 ] 162.04 22426 2,816 E7.580

2442008 322083 062,60 158.23 4 6222 22426 2813 E7.E56

HRIONR rMnd ANR? RO 1R2 dd 4 1R2 dd 4 PR el [==R 1] Mnotac for ncar-

kM| USBR . Start . Input Data Flow Exceedance Met Head Exceedance . Turbine Type | Generation . Powe[|[N | 3

Figure D-4 Screen Shot of Generation Worksheet
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Cost Calculations: Cost calculations occur in the Plant Cost
worksheet (See Figure D-5). The cost analysis incorporated
construction cost, other non-construction development costs (i.e.,
licensing/permitting costs) and O&M costs. Information in the Site
Information table (Rows 6 to 23 in Figure D-5) shows the site specific
information that is used in the cost analysis. Most of this information
is imported from the Start or Input data tab or is based on the
calculations using the information provided in the Start or Input Data
worksheets.

The total construction cost, development costs and annual O&M
expense tables have the breakdown of the cost items included to
calculate the total development/construction cost and Annual O&M
expenses. Cells highlighted in light green in the Plant Cost worksheet
can be updated or changed by the user.

D-12 DRAFT — November 2010



Appendix D
Using the Hydropower Assessment Tool

A E [ u] E F G H
Bureau of Reclamation-Hydropower Assessment Plant Cost Estimate (Based on
1 Single-Unit Plant Only)
2
3
4 Undeveloped Site: State Sales Tax Rate:
£ Site Information State State Sales Tax (%)
7 | Unit Capacity [Mw] 3.29 Arizona 560
2 Mumber of Units 1 California 8.25
9 | Plant Capacity [IMw) 3.29 Colorado 2.90
10| Turbire Type Francis ldaho 6.00
11 | Design Head [it] 172 66 Kansas 530
12 | Unit Speed [REM) GO0 Montana 0.00
13 | Estimated Generation Woltage [KV] 418 Nebraska 5.50
14 | Transmission Yaoltage [KY- £9,115] 115 Nevada §.85
15 | T-Line Length [miles) 360 New Mexico 5.00
16 | Mew Transformer YES Naorth Dakota 5.00
17 | Fizh and Wildlife Mitigation  [Tesiho) o Oklahoma 4.50
12 | Recreation Mitigation [tesiho) Mo Oregon 0.00
19 | Histarical & Archiclogical  [Yesihao) Mo South Dakota 4.00
20 | water Quality Manitoring  ['resfhla) Mo Texas 625
21 | Fizh Passage Required  [YesiMo) o Utah 470
22 | State Sales Tan Fiate (3] 0.0 Wyoming 4.00
23  Construction Year 200 Washington 5.50
24
26 Total Direct Construction Cost 5,246,287
26 | Civil Works 718,894
27 | Turbine(s) 1052846
28 | Generator 744288 -
L r?:;:grrel;:;[llated after preszsing "Complete Analysiz
29 | Balance of Plant Mechanical AR el o b,
260,526 2. IFuser has more detailed cost infarmation values andfor
30 | Balance of Flant Electrical formula's highlighted in light green can be updated.
31 | Transtormer 94425
32 | T-Line 720,000 I .I
33 | Contingency [20:] FE0332
34 |Sales Tanes 0
35 | Engineering and CM [153) E94,298
3
47 Total Development Costs TAT3I 609
38 | Cost Escalation Factor from 2010 1]
39 | Licensing Cost 1,796,412
40 | Total Direct Construction Cost 5,248,287
4 | T-Line Right-of-w'ay 130,909
42 | Fizh & Wildlife Mitigatian 0
42 | Becreation Mitigation 1 i i T
44 | Historical & Archiclogical 1] LlcenSIng/Permlttlng COStS
45 | water Guality Monitoring 0 I
A ish B 1 !
47 | Other [defing) 0
48 | Other [define) 0
13
50 Annual D&M Ezpense 266 236
51 |Fized Annual O&M E3557
52 | YWariable QM ET4E0
53 |FEHRC Charges 5,047 .
54 | Transmiszion f Interconnection 10,000 EXpeCted addltlonal cost (nOt
55 | Insurance B already included in the analysis)
BB | Tanes Bz 955
57 | Management § Office { Owerhead B2
58 | Major Fepairs Fund 5,24E
WAI A Hmin 10000
B0 | Onker [define] 0
Bl | Other (define 1]
B3
M4 kM Met Head Exceedance -~ Turbine Type .~ Generation -~ Power Exceedance | Plant Cost .~ BC Ratio and

Figure D-5 Screen Shot of Plant Cost Worksheet
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Benefit-Cost (BC) Ratio and Internal Rate of Return (IRR)
Calculation: The calculations occur in the BC Ratio and IRR
worksheet (See Figure D-6). The benefits analysis quantifies the
green incentives and the power market price based on the project
location (state). The power generation income and green energy
income is calculated in column F and G in the BC Ratio and IRR
worksheet (See Figure D-6). The construction cost is distributed
equally within the first 3 years of project implementation i.e. from
2011-2014 for all sites. Income from power generation and green
incentives and annual O&M expenses are calculated over the
consecutive 47 year period after construction of project. The benefit
cost ratio compares the present value of benefits during the period of
analysis to the present value of costs (using a discount rate of
4.375%). The user can choose to enter a different interest rate if
applicable. Figure D-6 highlights where the discount rate can be
changed in the worksheet.

The IRR is an alternate measure of the worth of an investment. Due to
limitations in Excel, highly negative IRR results cannot be computed.
Since a negative IRR indicates that a project is clearly uneconomic,
the results (cells K 14 and K 17) show a “negative” rather than a
negative numeric estimate.

- Power Generation Income: Price forecasts from the
AURORAXmMp® Electric Market Model had to be adjusted
to a state basis for use in model (see Chapter 3 for further
discussion). The resulting price projections in $/MWhr
were compiled in the Price Projects worksheet (see Figure
D-7). The Price Projections worksheet works as a lookup
table for the model’s power generation income
calculations. Thus if the user has additional information
regarding the power market and chooses to update or
change any of the prices, the change should be made in the
Price Projections worksheet. The user assumes
responsibility for changes to the Price Projection
worksheet and associated results.

- Green Incentives: The green incentives values were also
compiled in a manner and format similar to the energy
prices. This information has been made available to the
user in the Green Incentives worksheet (see Figure D-8).
The Green Incentives tab also works as a lookup table for
the green incentives calculations. Since the renewable
energy generation (green energy) market is still evolving
and the information provided in the green incentives need
to be updated regularly for better accuracy of results, the
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model allows the user to make changes to the values
provided in the Green Incentives worksheet. The user
assumes responsibility for changes to the Green Incentives
worksheet and associated results.

D-15 DRAFT — November 2010



Appendix D
Using the Hydropower Assessment Tool

) E Ei =] E F G H I J K L 5
1 Benefit-Cost (BC) Ratio and Internal Rate of Return (IRR) T
2 Notes for user:
3 |1 BCratio caleulation uges FY 2000 Federal Discount Rate of 43753 to compute present value of benefits and costs [discount rate is calculation input)
4 | 2. IRR s the computed discount rate which equates the present walue of benefits to the present value of costs [discount rate is calculation output]
b | 3. Costs and benefits are discounted to YYear 2000 [current year]
E | 4. Mominal construction costs, O costs, and benefits are expressed at 2000 price level
T | B Z-year construction period is 20011-2003, and 113 of costs are expended each year
& | E. Annual 0&M espenditures and power generation benefits begin in 2014, the First year after construction is complete
4 | 7. Costz and benefits are evaluated over a 50-year period of analysis, 2001-2060
10 | 8. Benefits computed from average monthly generation [worksheet "Generation™] and Aurora model prices [worksheet "Price Projections"]
1| 8. Oue tolimitations in excelhighly negative IRR results can not be computed Since a negative IRF indicates that a project is clearly uneconomic,no numeric estimates are provided far any negative IRR results and the result iz simply identified |
12 | Input ¥ariables from "Plant Cost™ Worksheet With Green Incentive:
13 Construction Cost $7.172.609 Benefit-Cost Ratio: 2.25]
# O&M Cost $266,226 IRR: 13.8%|
5 Assumptions Without Green Incentive:
13 Discount Hate| 4.3?57.' I .I Benefit-Cost Ratio: 211
7 IRR: 12.3%|
13
Construction Annual Generation | Green Energy Worth of |Present Worth| Met Benefits | Net Benefits
Cost OM&R: Cost Fresent Income Frice Benefits (with] of Benefits |or Net Costs |or Net Costs | 5
(2010 (2010 Worth of (2010 (2010 Green (wio Green | (with Green | (w/o Green
1 Calendar Year Dollars) Dallars) | Total Costs Costs Dollars) Dollars)  |Total Benefits| Incentive) Incentive) Incentive) Incentive)
] 20 2ma 30 0 30 30 30 30
21 2im $2.291202 $2,291,203 $2,290,972 0 0 32,391,203 -$2,291,203
22 2z $2,391203 2,391,203 2,134,944 30 30 -$2,391, 203 -$2,391,203
23 203 $2,391,203 $2,391,203 #2,102,340 0 30 -$2,391,203 -$2,391,203
24 204 $26E,236 $26E,236 F224.327 #1,005,348 201,098 #1206 446 F1.016,534 $247,092 $940,210 F73IAN2
26 25 $266,236 F26E,236 F214,924 1,075,565 201,095 $1,279,663 $1,033,030 870,691 F1.013, 426 #512,324
26 2Me $266,236 $266,236 $205,915 F1148176 $201,092 #1347 274 $1042,022 886,487 $1081,038 $873,940
[-11] 20580 266,236 $E266,236 48,018 1,479,856 0 1,479,256 FE66,907 266,907 $1.213,620 1213620
E1 2051 266,236 $26E6,236 $46,008 $1479,256 30 $1.473,256 $266,719 265,719 $1.213,620 $#1.213620
B2 z052 266,236 $E266,236 +44,077 1,479,856 0 1,479,256 245,000 245,000 $1.213,620 1213620
B3 2063 $266,236 $266,236 $42,230 1,483,354 30 $1,483,354 $236,286 $235,286 #1.217.118 #1.217.115
E4 2054 266,236 $266,236 $40,460 #1479,856 0 $1479,956 FE24892 $224.892 $1.213,620 #2zezo]|
ES 2055 $266,236 $266,236 $38,764 1,479,866 30 $1,473,856 216,465 $215,465 $1.213,620 #2tzEe0] [T
EE 2056 266,236 $266,236 37,139 #1479,856 0 $1479,956 F206,424 F206,434 $1.213,620 $1.212620
ET 2067 266,236 $266, 236 $36,582 1,483,354 30 1,483,354 $198,248 198,243 1,217,118 #1,217,118
1] 2068 $266,236 $266,236 34,091 #1479,256 30 $1479,256 $129,491 139,491 $1.213,620 F1.213620
E3 2053 266,236 $266, 236 $32,662 1,479,866 30 $1,473,856 $181548 131543 $1.213,620 $1.213620
il 2080 266,236 $266.236 F3.293 #1.479.256 30 $1479,256 $172938 $173.938 $1.213.620 F1.213620
T1
T2 Total 7,173,608 312,513,098 $19,688,705 $11,228,391 $£8,632,205 $2.212.831 168,845,136 326,203,045 $23,683,994 349,158,430 346,345,435
T3 Average 266,236 1417 706 47,084
4 —
75 E
Ho4 b M Turbine Type Generation Power Exceedance Plant Cost | BC Ratio and IRR . Results Price Projecti[JFl I | 0

Table D-6 Screen Shot of BC Ratio and IRR Worksheet
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b} E 5 u] E F G H il 18 L [l ] u]
1 |MONTHLY ENERGY PRICE PROJECTIONS E
2
3 | Prices in $/MWH
4
5 | Notes for user:
E 1. Base data source: Aurora madel run, provided by Morthwest Power Planning Council for Bth Power Plan
T |2 Aurora 2006 nominal prices were indexzed ba 2010 price level to match project costs, using Aurora "Genlnfl" warksheet
g | 3. Prices were disaggregated from Aurora regional basis to a state basis; prices For eastern tier of Reclamation states set equal to average of all ather Reclamation states I .I
9 | 4. |tiz azsumed that power generation begins in 2004, the first year after construction is complets, and prices are evaluated over a 47 year period, 2014-2080
10| B Burora price projections were uged bor years 2014-20:30; after that the 2030 Surora projection iz used for the period 2001-2080
1
12
13 | Sum of 2000 Price State Mame
14 | Report_Muaonth Report_ear Arizona California* Colorado Idaho Kansas Y Montana Mebraska Mevada ~ Mew Metico | Morth Dakota Oklahoma Oregon ~ Gouth Dakat3 Te
15 1 2014 +65.24 $60.93 $54.05 +h4.02 $56.21 $52.66 $56.21 $57.82 $53.69 $56.21 $56.21 $62.68 $56.21
16 2015 6017 $66.97 $59.65 i R $60.91 $57.62 $60.91 $E2.14 $62.24 6091 $E60.91 $E3ED $60.91
17 2016 $E342 $69.52 $63.75 36213 36476 $E1.38 +E4.7E $E66.61 $E2.08 6476 $E4.TE $E7AT 6476
12 2017 $EE.5G Frazv $E67.97 6681 $62.19 $E4.43 6219 6806 $E7.22 36219 $62.19 £7074 6219
13 2018 $E2.40 F72.97 #7031 HE2.70 $70.25 $EE.TE #7025 $70.82 $E9.06 $70.25 $70.25 $T2ET $70.25
20 2019 FT017 $75.96 #7192 #7096 Fra.z0 $E68.72 #ra.z0 F727T 7161 Fre.z0 Frez $74.09 F72.20
21 2020 F7174 F77.53 F74.04 #T2E0 $74.01 F70.73 F74.01 F74.48 $7342 F74.01 740 $76E.29 F74.01
2z 2021 $T337 F79.47 $75.24 HT437 F76.77 $T265 FTRTT FTE.43 $75.55 FTEIT F7E.77 $77.93 FTE.IT
23 2022 $76.02 458135 $7E.00 #7676 F77.2 $7368 F77.21 #7810 $7E.96 F77.21 F77.2 $7a.04 #7721
24 2022 $TE.A2 $24.03 $77.25 L7774 #7824 £75.7H Ep el $20.4 £7R.TT $79.24 #7924 $E154 $79.24
20 2024 $T7.A2 $26.23 EFEE| +TRET $20.61 $TEH 2061 $21.72 $7A.TE 2061 $20.61 $E2ET $20.61
25 2025 $7A.80 $274E $ra.T2 HB0.52 3223 $7am $E223 $3363 F31.13 F32.23 $32.23 $84.28 F32.23
27 2028 $E04E 3867 $20.02 $3142 $23.25 71 +82.25 33479 $82.25 $33.25 $33.25 $85.62 $33.25
28 2027 F31L16 $29.63 $79.92 221 2308 £79.47 +B3.88 26,76 $82T4 $93.88 $23.08 $86.20 $93.88
24 2028 F21.94 $90.86 $79.06 fitiel) $24.93 $20.08 +84.93 $26.91 $83.69 $24.93 $24.92 $E7.E9 $24.93
a0 2029 $R248 #3157 $20.42 H84.29 $26.77 HE1EE HERTY $27.96 $84.25 F26.77 $25.77 $88.58 $86.77
il 2030 $8323 $92.68 #81.20 #84.94 $86.66 #8262 pit $89.6 $86.32 $86.66 $86.66 #8971 $86.66
3z 2031 $5323 $92.66 #5120 +54.94 F86.66 $8262 H56.66 $55.16 $85.32 8666 $86.66 #5371 F86.66
3 2032 $83.23 $92.66 #5120 +54.94 8666 $8262 +E6.66 $285.16 $86.32 $86.66 $36.66 #2371 $86.66
a4 2033 $83.23 $92.66 #5120 +54.94 8666 $8262 +E6.66 $285.16 $86.32 $86.66 $36.66 #2371 $86.66
i) 2034 $EI2E $92.66 $81.20 $E4.94 2666 $22.62 +EE.EE $25.6 $85.22 3666 $36.6E +83.71 $36.66
bl 2035 $EI2D $92.66 $81.20 $84.94 33666 $22.62 +EE.EE $25.08 $86.a2 $36.66 $3E.6E +83.71 $36.66
3T 2038 e $92.66 $81.20 +84.94 33666 42262 +EE.EE $25.08 $86.32 $36.66 3666 +89.71 $36.66
bt 2037 $E323 $92.68 $#81.20 +84.94 $26.6E $22.62 +BE.EE $25.06 $86.22 $26.66 $26.66 #8971 $86.66
) 2038 $8322 $92.68 #81.20 $84.94 $26.6E $22.52 HBE.EE $29.6 $85.22 8666 $26.66 #8971 8666
40 2034 $8322 $92.68 #81.20 $84.94 $26.6E $22.52 HBE.EE $29.6 $85.22 8666 $26.66 #8971 8666
41 2040 $8323 $92.68 #81.20 #84.94 $86.66 #8262 pit $89.6 $86.32 $86.66 $86.66 #8971 $86.66
4z 2041 $5323 $92.66 #5120 +54.94 F86.66 $8262 H56.66 $55.16 $85.32 8666 $86.66 #5371 F86.66 -
H 4 rH Generation -~ Power Bxceedance -~ Plant Cost BC Ratio and IRR Results | Price Projections < Green Ind(SMl[Lu] 3

Figure D-7: Screen Shot of the Price Projections Worksheet
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A E [ [m} E F G H | J K L I '} [u]} F
1 | Summary of Green Incentives
Maximum Incentive ($/kWH]) for State/Region

2
3
4
F Plant Capacity M'l.l'
B
7
g
4

FReport_''ear Arizaona California Colorado Idzho Kansas Montana Mebraska Mevada Iew Megico |Maorth Dakaota)  Oklahoma Oregon South Dakota) Tenas Utah
2014 F0.0650 F0.010 30.0110 F0.010 F0.0110 F0.010 F0.010 $0.0110 F0.010 30.0110 F0.010 F0.010 $0.010 F0.010 $0.01
2me 00650 $0.010 20.010 $0.010 0.0110 $0.010 $0.010 40.010 $0.010 20.010 $0.010 0,010 40.010 $0.010 $0.01

10 2Me 00650 $0.010 20.010 $0.010 0.0110 $0.010 $0.010 40.010 $0.010 20.010 $0.010 0,010 40.010 $0.010 $0.01
1 2m? $0.0550 $0.010 £0.010 $0.010 0.0110 $0.010 $0.010 $0.010 $0.010 0.010 $0.010 0,010 £0.010 $0.010 0.0
1z 2ms $0.0850 $0.010 £0.0110 $0.010 £0.0110 $0.0110 $0.010 £0.0110 $0.010 £0.0110 $0.0110 $0.010 £0.0110 $0.010 0.0
12 2ma $0.0850 $0.010 £0.0110 $0.010 £0.0110 $0.0110 $0.010 £0.0110 $0.010 £0.0110 $0.0110 $0.010 £0.0110 $0.010 0.0
14 2020 $0.0650 F0.010 #0.0110 F0.010 F0.0110 F0.010 $0.010 $0.0110 F0.010 #0.0110 F0.010 F0.010 $0.010 F0.010 $0.01
15 202 F0.0650 F0.010 30.0110 F0.010 F0.0110 F0.010 F0.010 $0.0110 F0.010 30.0110 F0.010 F0.010 $0.010 F0.010 $0.01
16 2022 F0.0650 F0.010 30.0110 F0.010 F0.0110 F0.010 F0.010 $0.0110 F0.010 30.0110 F0.010 F0.010 $0.010 F0.010 $0.01
17 2022 00650 $0.010 20.010 $0.010 0.0110 $0.010 $0.010 40.010 $0.010 20.010 $0.010 0,010 40.010 $0.010 $0.01
12 2024 $0.0550 $0.010 £0.010 $0.010 0.0110 $0.010 $0.010 $0.010 $0.010 0.010 $0.010 0,010 £0.010 $0.010 0.0
13 2025 $0.0540 £0.0000 $0.0000 £0.0000 $0.0000 $0.0000 £0.0000 $0.0000 £0.0000 $0.0000 $0.0000 £0.0000 $0.0000 £0.0000 $0.00C
20 20ze $0.0540 £0.0000 $0.0000 £0.0000 $0.0000 $0.0000 £0.0000 $0.0000 £0.0000 $0.0000 $0.0000 £0.0000 $0.0000 £0.0000 $0.000
21 2027 $0.0540 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.000
22 2028 $0.0540 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.000
23 2029 $0.0540 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.00¢
24 2020 $0.0540 £0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 £0.0000 $0.0000 $0.0000 $0.0000 $0.0000 £0.0000 $0.00C
25 204 $0.0540 £0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 £0.0000 $0.0000 $0.0000 $0.0000 $0.0000 £0.0000 $0.00C
2B nzz $0.0540 £0.0000 $0.0000 £0.0000 $0.0000 $0.0000 £0.0000 $0.0000 £0.0000 $0.0000 $0.0000 £0.0000 $0.0000 £0.0000 $0.00C
a7 pel kK] $0.0540 £0.0000 $0.0000 £0.0000 $0.0000 $0.0000 £0.0000 $0.0000 £0.0000 $0.0000 $0.0000 £0.0000 $0.0000 £0.0000 $0.000
28 2034 $0.0540 £0.0000 $0.0000 £0.0000 $0.0000 $0.0000 £0.0000 $0.0000 £0.0000 $0.0000 $0.0000 £0.0000 $0.0000 £0.0000 $0.000
28 2036 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.000
a0 2036 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.00¢
i | 2037 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.00¢
22 20ze $0.0000 £0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 £0.0000 $0.0000 $0.0000 $0.0000 $0.0000 £0.0000 $0.00C
32 ekt $0.0000 £0.0000 $0.0000 £0.0000 $0.0000 $0.0000 £0.0000 $0.0000 £0.0000 $0.0000 $0.0000 £0.0000 $0.0000 £0.0000 $0.00C
a4 2040 $0.0000 £0.0000 $0.0000 £0.0000 $0.0000 $0.0000 £0.0000 $0.0000 £0.0000 $0.0000 $0.0000 £0.0000 $0.0000 £0.0000 $0.00C
25 204 $0.0000 £0.0000 $0.0000 £0.0000 $0.0000 $0.0000 £0.0000 $0.0000 £0.0000 $0.0000 $0.0000 £0.0000 $0.0000 £0.0000 $0.000
3B 2042 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.000
a7 2043 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.000
38 2044 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.00¢
28 2045 $0.0000 £0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 £0.0000 $0.0000 $0.0000 $0.0000 $0.0000 £0.0000 $0.00C
40 204E $0.0000 £0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 $0.0000 £0.0000 $0.0000 $0.0000 $0.0000 $0.0000 £0.0000 $0.00C
4 2047 $0.0000 £0.0000 $0.0000 £0.0000 $0.0000 $0.0000 £0.0000 $0.0000 £0.0000 $0.0000 $0.0000 £0.0000 $0.0000 £0.0000 $0.000
a2 A 00NN 01 00N 401NN 010000 4+ 0700 0NN +0 NN 0 NANN 010000 010N 40NN 0 00N 00000 01 (NN 4+ 00T
M4 F M Plant Cost BC Ratio and IRR Results Price Projections | Green Incentives .~ Templates | 4

Figure D-8: Screen Shot of Green Incentives Worksheet
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D.4 Analysis Results

The Results worksheet (see Figure D-9) summarizes key results from the
analysis about the site characteristics and relative economics of implementing
the project. The user should review the flow exceedance and net head
exceedance worksheets for a better understanding of the hydrological aspects of
the site.

The value of the Hydropower Assessment Tool is that it allows a very quick
assessment of a site’s potential. The model is reliable in making preliminary
analysis as it calculates the key factors that can influence the project’s
economical potential. It also displays some key design factors, such as
installation capacity and plant factor to assist in decision making.
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=

= =
= ™

Benefit/'Cost Analysis

Projected expenditure to implement project

' Total Construction Cost 5 773,609

' Annual O&M Cost § 266,236

2 projected Total Cost over

50 year period 5 14,225,391

Projected revenue after implementation of project

' Power generation income

for 2014 to 2060 $ 66,632,205

' Green Energy Sellback

income for 2014 to 2060 5 2,212,931

* projected Total Revenue

over 50 year period (with

Green Incentives) 5 25,203,046
Projected Total Revenue

over 50 year period (wio

Green Incentives) -] 23,683,994

Benefit'Cost Ratio (with

Green incentives) 2.25

Benefit/'Cost Ratio (wio

Green incentives) 2.11

Internal Rate of Return {with

Green incentives) 13.8%

Internal Rate of Return [wio

Green incentives) 12.3%

Installed Cost § per kW | 5 2178

Note:
1

* expressed in present worth

M o L

1 Bureau of Reclamation - Hydropower Assessment Tool
2
3 Facility Name A.R. Bowman Dam
4 Agency Bureau of Reclamation
5 Analysis Performed by
6 Project Location (State) Oregon
7
8 Results
9 Input Data Analysis
10 Data Set 29 |years
11 |Max Head 190.1]ft
12 Min Head 109.7 |t
13 |Max Flow 3,280|cfs
14 Min Flow T|cfs
15
16 Turbine Selection Analysis
17  Selected Turbine Type Francis
18 Selected Design Head 173 |ft
19 Selected Design flow 264 |cfs
20 Generator Speed 600 |rpm

o 21 Max Head Limit 215.7|ft
22 Min Head Limit 112.2|ft
23 Max Flow Limit 264|cfs
24 Min Flow Limit 53|cfs
25
26 | Power Generation Analysis
27 |Installed Capacity 3,293 kW
28 Plant Factor 0.65
29 |Projected Monthly Production:
30 January 875|MWH
H February* 1,092 | MWH
32 March 1,393 | MWH
33 April 1,989 | MWH
34 May 2,250 MWH
35 June 2,233 | MWH
36 July 2,150 | MWH
ar August 2,047 |MWH
38 September 1,718 MWH
39 October 1,126 MWH
40 November 611 MWH
41 December 796|MWH
42 Annual production™ 18,282 | MWH

43
44

* For non-leap year

expressed in nominal 2010 dollars
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D.5 Contact Information

Reclamation has provided contact information for further information on the
Hydropower Assessment Tool, as shown in the Start worksheet and below.

36

37 For help contact:

38 Michael Pulskamp,

39 Program Analyst- Power Resources Office
40 |Bureau of Reclamation

41 |303-445-2931

42 mpulskamp@usbr.gov
43

44 Use Demonstration Data
45 Clear Charts - Start Over AR. Bowman Dam

45
47

43
Aq
M 4 » M| |JSBR | Start - Input Data Flow Exceedance Met Head Exce

Please note:

e Modifying the cell locations, inserting columns or rows into the
spreadsheet may cause inaccurate or unexpected results.

e Project data (Date, Head & Flow) must be entered or transferred
into the proper input columns for the program to produce accurate
results. There must be no blank or empty cells in the data record.

e Command buttons must be pressed in sequence from 1 to 3. The
analysis is not complete until buttons have in sequence with the
same data set.

e This tool has been developed using broad power and economic
criteria, and is only intended for preliminary assessments of
potential hydropower sites.

e There are no warranties, express or implied, for the accuracy or
completeness of or any resulting products from the utilization of the
Hydropower Assessment Tool. See Reclamation’s Disclaimer
Statement on the USBR worksheet.
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Appendix E Site Evaluation Results

This appendix presents the detailed results reported by the Hydropower
Assessment Tool for all sites run through the model.

E.1 Site Ranking

Tables E-1 and E-2 rank al sites run through the Hydropower Assessment Tool
from highest benefit cost ratio to lowest benefit cost ratio, incorporating green
incentives and without green incentives. The table does not include sites with no
data available. Chapter 5 of the report discusses results by Reclamation region
and ranks sites by region according to the benefit cost ratio with green
incentives.

E.2 Detailed Results Tables

Tables E-3 through E-7 include detailed site evaluation results for power
generation and the economic analysis. The results format is taken directly from
the Results worksheet in the Hydropower Assessment Tool. The tables show
results for all site run through the model, even those that were determined not to
have hydropower potential.
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Table E-1 Ranked Site Specific Results from Highest Benefit Cost Ratio to Lowest Benefit Cost Ratio with Green Incentives

Site ID Site Name/Facility Data Installed Annual Total $/Installed BC Ratio | IRR with
Confidence | Capacity | Production | Development Capacity with Green
Level (kW) (MWh) Cost (%) Green
LC-6 Bartlett Dam Medium 7,529 36,880 $15,028,173 $1,996 3.52 23.1%
UC-141 Sixth Water Flow Control Medium 25,800 114,420 $37,159,287 $1,440 3.10 17.5%
LC-20 Horseshoe Dam Low 13,857 59,854 $29,812,051 $2,151 3.01 19.5%
GP-146 Yellowtail Afterbay Dam Medium 9,203 68,261 $23,411,831 $2,544 2.65 15.7%
UC-19 Caballo Dam Low 3,260 26,916 $10,180,737 $3,123 2.58 15.1%
Upper Diamond Fork Flow
UC-185 Structure Medium 12,214 52,161 $21,818,997 $1,786 2.38 13.7%
GP-99 Pueblo Dam High 13,027 55,620 $21,926,121 $1,683 2.36 14.2%
GP-43 Granby Dam High 6,733 31,164 $13,177,464 $1,957 2.21 13.3%
MP-30 Prosser Creek Dam High 872 3,819 $3,095,446 $3,549 2.00 14.3%
PN-6 Arthur R. Bowman Dam High 3,293 18,282 $8,732,172 $2,652 1.95 11.5%
UC-89 M&D Canal - Shavano Falls Low 2,862 15,419 $7,247,437 $2,532 1.89 11.4%
GP-56 Huntley Diversion Dam Medium 2,426 17,430 $8,351,948 $3,442 1.86 10.9%
MP-2 Boca Dam High 1,184 4,370 $4,372,184 $3,693 1.68 11.3%
Spanish Fork Flow Control
UC-159 Structure Medium 8,114 22,920 $13,041,830 $1,607 1.67 9.6%
MP-36 Rye Patch Dam Medium 1,180 4,837 $4,958,990 $4,203 1.63 10.9%
MP-8 Casitas Dam High 1,042 3,280 $3,318,002 $3,183 1.56 10.7%
GP-23 Clark Canyon Dam High 3,078 13,689 $7,986,020 $2,595 1.51 8.5%
UC-103 Navajo Dam Diversion Works Medium 2,751 10,226 $6,168,961 $2,242 1.48 8.5%
PN-31 Easton Diversion Dam High 1,057 7,400 $4,899,217 $4,636 1.42 7.8%
UC-52 Gunnison Tunnel Medium 3,830 19,057 $12,634,089 $3,298 1.41 7.8%
UC-144 Soldier Creek Dam High 444 2,909 $1,789,921 $4,032 1.39 7.9%
GP-52 Helena Valley Pumping Plant High 2,626 9,608 $5,557,498 $2,116 1.38 7.8%
UC-131 Ridgway Dam High 3,366 14,040 $9,867,220 $2,932 1.35 7.3%
LC-24 Laguna Dam Low 125 1,228 $1,099,940 $8,794 1.35 8.5%
GP-41 Gibson Dam High 8,521 30,774 $19,816,721 $2,326 1.33 7.1%
South Canal, Sta. 181+10, "Site
UcC-147 #4" Medium 3,046 15,536 $11,216,051 $3,683 1.30 6.9%
GP-95 Pathfinder Dam High 743 5,508 $4,475,519 $6,020 1.24 6.2%
UC-162 Starvation Dam High 3,043 13,168 $10,515,755 $3,456 1.23 6.3%
GP-46 Gray Reef Dam High 2,067 13,059 $11,003,696 $5,323 1.20 6.0%
MP-32 Putah Diversion Dam Medium 363 1,924 $2,815,050 $7,745 1.16 6.3%
South Canal, Sta 19+10 "Site
UC-146 #1" Medium 2,465 12,576 $10,289,728 $4,174 1.16 5.7%
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Table E-1 Ranked Site Specific Results from Highest Benefit Cost Ratio to Lowest Benefit Cost Ratio with Green Incentives

Site ID Site Name/Facility Data Installed Annual Total $/Installed BC Ratio | IRR with
Confidence | Capacity | Production | Development Capacity with Green
Level (kW) (MWh) Cost ($) Green
UC-179 Taylor Park Dam High 2,543 12,488 $10,980,962 $4,319 1.12 5.4%
UC-49 Grand Valley Diversion Dam Medium 1,979 14,246 $12,887,516 $6,513 1.11 5.3%
UC-57 Heron Dam Medium 2,701 8,874 $7,792,674 $2,885 1.09 5.2%
South Canal, Sta. 106+65, "Site
UC-150 #3" Medium 2,224 11,343 $9,874,013 $4,440 1.09 5.2%
GP-93 Pactola Dam High 596 2,725 $2,206,949 $3,705 1.07 5.1%
Lower Yellowstone Diversion
GP-73 Dam Medium 2,719 21,035 $19,728,714 $7,257 1.07 5.0%
GP-126 Twin Lakes Dam (USBR) High 981 5,648 $5,021,388 $5,119 1.06 4.9%
UC-154 Southside Canal (2 drops) Low 2,026 6,557 $5,589,424 $2,759 1.05 4.8%
LC-21 Imperial Dam Low 1,079 5,325 $7,511,232 $6,963 1.04 4.9%
PN-34 Emigrant Dam High 733 2,619 $2,208,830 $3,012 0.99 4.3%
ucC-177 Syar Tunnel Medium 1,762 7,982 $8,241,128 $4,677 0.99 4.3%
UC-174 Sumner Dam Medium 822 4,300 $4,192,460 $5,101 0.98 4.2%
PN-104 Wickiup Dam High 3,950 15,650 $15,154,628 $3,837 0.98 4.2%
UC-51 Gunnison Diversion Dam Medium 1,435 9,220 $9,573,414 $6,670 0.95 3.9%
PN-12 Cle Elum Dam High 7,249 14,911 $13,606,459 $1,877 0.95 3.9%
GP-136 Willwood Diversion Dam High 1,062 6,337 $6,737,492 $6,344 0.94 3.9%
PN-80 Ririe Dam High 993 3,778 $3,635,269 $3,660 0.94 3.8%
UC-155 Southside Canal (3 drops) Low 1,651 5,344 $5,165,493 $3,128 0.93 3.7%
UC-132 Rifle Gap Dam High 341 1,740 $1,574,737 $4,621 0.92 3.5%
PN-87 Scoggins Dam High 955 3,683 $3,681,655 $3,855 0.92 3.5%
GP-5 Angostura High 947 3,218 $3,177,810 $3,357 0.90 3.3%
PN-59 McKay Dam High 1,362 4,344 $4,271,128 $3,136 0.88 3.2%
GP-129 Virginia Smith Dam Low 1,607 9,799 $11,594,970 $7,216 0.87 3.2%
PN-95 Sunnyside Diversion Dam Medium 1,362 10,182 $12,050,834 $8,847 0.86 3.1%
UC-72 Joes Valley Dam High 1,624 6,596 $7,760,073 $4,777 0.85 3.0%
PN-49 Keechelus Dam High 2,394 6,746 $6,916,669 $2,889 0.85 2.9%
PN-88 Scootney Wasteway Low 2,276 11,238 $12,612,015 $5,540 0.84 2.9%
South Canal, Sta. 427+00, "Site
UC-148 #5" Medium 1,354 6,905 $7,849,454 $5,799 0.84 2.8%
UC-145 South Canal Tunnel Medium 884 4,497 $5,004,587 $5,663 0.84 2.8%
GP-117 St. Mary Canal - Drop 4 High 2,569 8,919 $9,815,666 $3,820 0.81 2.5%
GP-42 Glen Elder Dam High 1,008 3,713 $4,364,329 $4,332 0.80 2.3%
UC-117 Paonia Dam Medium 1,582 5,821 $7,088,510 $4,479 0.79 2.3%
PN-44 Haystack Canal High 805 3,738 $4,447,990 $5,527 0.77 1.9%
GP-39 Fresno Dam High 1,661 6,268 $7,137,116 $4,296 0.76 1.9%
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Table E-1 Ranked Site Specific Results from Highest Benefit Cost Ratio to Lowest Benefit Cost Ratio with Green Incentives

Site ID Site Name/Facility Data Installed Annual Total $/Installed BC Ratio | IRR with
Confidence | Capacity | Production | Development Capacity with Green
Level (kW) (MWh) Cost ($) Green
PN-57 Mason Dam High 1,649 5,773 $7,272,253 $4,411 0.72 1.5%
MP-24 Marble Bluff Dam High 1,153 5,624 $8,013,175 $6,948 0.72 1.6%
UC-166 Steinaker Dam High 603 1,965 $2,387,768 $3,958 0.71 1.0%
GP-97 Pilot Butte Dam High 1,448 4,884 $6,392,727 $4,415 0.71 1.3%
GP-128 Vandalia Diversion Dam Medium 326 1,907 $2,298,653 $7,054 0.71 1.1%
GP-18 Carter Lake Dam No. 1 High 1,055 3,100 $3,955,227 $3,749 0.70 1.0%
GP-92 Olympus Dam High 284 1,549 $1,920,496 $6,769 0.70 0.7%
GP-22 Choke Canyon Low 194 1,199 $1,536,973 $7,914 0.68 0.5%
GP-76 Merritt Dam Low 1,631 8,438 $12,636,814 $7,749 0.68 1.2%
GP-118 St. Mary Canal - Drop 5 High 1,901 7,586 $10,151,559 $5,341 0.68 1.0%
PN-48 Kachess Dam Medium 1,227 3,877 $5,145,312 $4,195 0.67 0.6%
MP-18 Lake Tahoe Dam High 287 893 $2,494,688 $8,686 0.65 | Negative
PN-97 Thief Valley Dam Medium 369 1,833 $2,600,835 $7,049 0.64 0.2%
uC-22 Crawford Dam High 303 1,217 $1,592,302 $5,264 0.64 | Negative
PN-50 Keene Creek 0 173 1,005 $1,399,926 $8,074 0.62 | Negative
GP-50 Heart Butte Dam High 294 1,178 $1,635,421 $5,563 0.61 | Negative
GP-34 East Portal Diversion Dam High 283 1,799 $2,730,720 $9,660 0.60 | Negative
GP-135 Willwood Canal Medium 687 3,134 $5,261,726 $7,660 0.60 0.1%
GP-120 Sun River Diversion Dam High 2,015 8,645 $13,980,285 $6,938 0.59 | Negative
UC-126 Red Fleet Dam High 455 1,905 $3,032,604 $6,662 0.59 | Negative
PN-101 Warm Springs Dam High 1,234 3,256 $5,051,928 $4,095 0.58 | Negative
Gila Gravity Main Canal
LC-15 Headworks Medium 223 1,548 $3,859,340 $17,299 0.58 | Negative
UC-140 Silver Jack Dam High 748 2,913 $4,862,978 $6,503 0.57 | Negative
PN-41 Golden Gate Canal Low 514 2,293 $3,991,136 $7,771 0.56 | Negative
PN-56 Mann Creek High 495 2,097 $3,554,047 $7,173 0.56 | Negative
GP-141 Wyoming Canal - Station 1490 Low 538 2,305 $3,876,323 $7,207 0.55 | Negative
UC-116 Outlet Canal Medium 586 1,839 $3,264,264 $5,569 0.52 | Negative
UC-190 Vega Dam Medium 548 1,702 $3,032,141 $5,535 0.51 | Negative
Woods Project, Greenfield Main
GP-138 Canal Drop Low 746 2,680 $4,685,969 $6,283 0.51 | Negative
GP-114 St. Mary Canal - Drop 1 High 1,212 4,838 $9,101,244 $7,508 0.49 | Negative
GP-24 Corbett Diversion Dam High 638 2,846 $6,559,821 $10,288 0.44 | Negative
UC-36 East Canyon Dam High 929 3,549 $8,270,262 $8,905 0.44 | Negative
GP-108 Shadow Mountain Dam High 119 777 $1,562,696 $13,080 0.44 | Negative
GP-28 Deerfield Dam High 138 694 $1,392,385 $10,109 0.43 | Negative
GP-115 St. Mary Canal - Drop 2 High 974 3,887 $8,400,704 $8,626 0.43 | Negative
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Table E-1 Ranked Site Specific Results from Highest Benefit Cost Ratio to Lowest Benefit Cost Ratio with Green Incentives

Site ID Site Name/Facility Data Installed Annual Total $/Installed BC Ratio | IRR with
Confidence | Capacity | Production | Development Capacity with Green
Level (kW) (MWh) Cost ($) Green
UC-6 Avalon Dam High 230 1,031 $2,260,737 $9,818 0.42 | Negative
GP-10 Belle Fourche Dam High 497 1,319 $2,842,301 $5,725 0.42 | Negative
GP-75 Medicine Creek Dam High 276 1,001 $2,153,439 $7,812 0.42 | Negative
GP-116 St. Mary Canal - Drop 3 High 887 3,538 $8,111,143 $9,149 0.40 | Negative
UC-93 Meeks Cabin Dam High 1,586 4,709 $11,637,232 $7,338 0.40 | Negative
UC-62 Hyrum Dam High 491 2,052 $5,127,320 $10,440 0.40 | Negative
GP-137 Wind River Diversion Dam High 398 1,595 $3,896,191 $9,795 0.39 | Negative
GP-132 Willow Creek Dam High 272 863 $1,933,591 $7,113 0.39 | Negative
UC-136 Scofield Dam High 266 906 $2,174,096 $8,182 0.38 | Negative
UcC-124 Platoro Dam High 845 3,747 $10,105,041 $11,962 0.38 | Negative
GP-145 Wyoming Canal - Station 997 Low 287 1,228 $3,062,770 $10,670 0.37 | Negative
GP-15 Bull Lake Dam High 933 2,302 $6,057,328 $6,491 0.37 | Negative
GP-107 Shadehill Dam High 322 1,536 $4,189,377 $12,996 0.37 | Negative
GP-54 Horsetooth Dam High 380 930 $2,262,404 $5,956 0.37 | Negative
PN-2 Agency Valley High 1,179 3,941 $10,421,296 $8,836 0.36 | Negative
UC-67 Inlet Canal Medium 252 966 $2,596,526 $10,320 0.34 | Negative
ucC-187 Upper Stillwater Dam Medium 581 1,904 $6,063,924 $10,430 0.32 | Negative
GP-31 Dodson Diversion Dam Low 140 566 $1,450,591 $10,346 0.32 | Negative
Greenfield Project, Greenfield
GP-47 Main Canal Drop Low 238 830 $2,201,700 $9,265 0.32 | Negative
UC-16 Brantley Dam Medium 210 697 $1,991,209 $9,481 0.32 | Negative
MP-33 Rainbow Dam Medium 190 998 $5,915,822 $31,115 0.32 | Negative
PN-43 Harper Dam Low 434 1,874 $5,900,898 $13,606 0.31 | Negative
GP-140 Wyoming Canal - Station 1016 Low 220 939 $2,870,873 $13,079 0.31 | Negative
MP-3 Bradbury Dam Medium 142 521 $3,093,810 $21,748 0.30 | Negative
PN-58 Maxwell Dam Medium 117 644 $2,075,365 $17,765 0.30 | Negative
PN-52 Little Wood River Dam High 1,493 4,951 $17,927,590 $12,010 0.29 | Negative
GP-8 Barretts Diversion Dam Medium 102 546 $1,861,363 $18,189 0.27 | Negative
PN-105 Wild Horse - BIA High 267 791 $2,913,968 $10,917 0.27 | Negative
MP-31 Putah Creek Dam Medium 28 166 $960,746 $34,903 0.26 | Negative
GP-142 Wyoming Canal - Station 1520 Low 175 749 $2,710,752 $15,508 0.26 | Negative
GP-144 Wyoming Canal - Station 1972 Low 285 1,218 $4,874,922 $17,095 0.25 | Negative
PN-1 Agate Dam High 89 264 $821,478 $9,267 0.24 | Negative
GP-122 Trenton Dam High 208 570 $2,275,189 $10,914 0.23 | Negative
GP-37 Fort Shaw Diversion Dam Medium 183 1,111 $4,583,528 $25,041 0.23 | Negative
GP-59 Jamestown Dam High 113 338 $1,281,781 $11,360 0.23 | Negative
PN-20 Crane Prairie Dam High 306 1,845 $8,556,793 $27,948 0.23 | Negative
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Appendix E

Site Evaluation Results

Table E-1 Ranked Site Specific Results from Highest Benefit Cost Ratio to Lowest Benefit Cost Ratio with Green Incentives

Site ID Site Name/Facility Data Installed Annual Total $/Installed BC Ratio | IRR with
Confidence | Capacity | Production | Development Capacity with Green
Level (kW) (MWh) Cost ($) Green

UcC-23 Currant Creek Dam High 146 1,003 $4,611,170 $31,659 0.22 | Negative
PN-10 Bumping Lake High 521 2,200 $10,270,852 $19,720 0.22 | Negative
UC-100 Moon Lake Dam High 634 1,563 $7,418,311 $11,706 0.21 | Negative
GP-35 Enders Dam High 267 762 $3,549,766 $13,297 0.21 | Negative
UC-169 Stillwater Tunnel Medium 413 1,334 $6,410,507 $15,504 0.21 | Negative
ucC-28 Dolores Tunnel Medium 103 515 $2,286,410 $22,167 0.21 | Negative
GP-68 Lake Sherburne Dam Medium 898 1,502 $6,696,814 $7,454 0.21 | Negative
GP-103 Saint Mary Diversion Dam High 178 720 $3,027,290 $17,032 0.21 | Negative
MP-1 Anderson-Rose Dam Medium 29 126 $377,651 $12,916 0.21 | Negative
MP-44 Upper Slaven Dam Medium 158 720 $3,473,921 $21,973 0.21 | Negative

Johnson Project, Greenfield
GP-60 Main Canal Drop Medium 203 525 $2,127,797 $10,491 0.21 | Negative
UC-84 Lost Creek Dam High 410 1,295 $6,598,925 $16,081 0.20 | Negative
PN-24 Deadwood Dam High 871 3,563 $19,508,880 $22,401 0.20 | Negative
GP-98 Pishkun Dike - No. 4 High 610 1,399 $6,719,164 $11,019 0.20 | Negative
uC-98 Montrose and Delta Canal Low 96 478 $2,343,749 $24,452 0.19 | Negative
GP-58 James Diversion Dam High 193 825 $4,677,903 $24,208 0.18 | Negative
PN-37 Fish Lake High 102 235 $1,250,122 $12,283 0.17 | Negative
UC-44 Fort Sumner Diversion Dam High 75 378 $2,213,556 $29,472 0.17 | Negative
UC-15 Blanco Tunnel Medium 276 849 $5,526,538 $20,041 0.16 | Negative
PN-65 Ochoco Dam High 69 232 $1,308,297 $18,850 0.15 | Negative
MP-15 Gerber Dam Medium 248 760 $4,890,102 $19,733 0.15 | Negative
GP-102 Red Willow Dam High 21 148 $805,550 $38,617 0.15 | Negative
GP-12 Bonny Dam High 36 238 $1,487,032 $41,119 0.14 | Negative
PN-100 Unity Dam Medium 307 1,329 $9,461,845 $30,808 0.14 | Negative
UC-196 Weber-Provo Canal Low 424 1,844 $14,265,913 $33,647 0.14 | Negative
GP-38 Foss Dam Low 49 242 $1,700,561 $34,680 0.13 | Negative
PN-9 Bully Creek Dam High 313 1,065 $8,081,316 $25,832 0.13 | Negative
GP-63 Kirwin Dam High 179 466 $3,610,812 $20,215 0.13 | Negative
GP-143 Wyoming Canal - Station 1626 Low 52 195 $1,337,439 $25,531 0.13 | Negative
PN-78 Reservoir "A" High 45 169 $1,281,384 $28,394 0.12 | Negative
uc-4 Angostura Diversion Dam High 33 91 $564,216 $17,183 0.12 | Negative
UC-5 Arthur V. Watkins High 31 122 $966,052 $31,426 0.11 | Negative
GP-14 Bretch Diversion Canal Medium 24 111 $862,485 $36,056 0.11 | Negative

Azeotea Creek and Willow

Creek Conveyance Channel
UC-7 Station 1565+00 Low 72 240 $2,215,330 $30,674 0.10 | Negative
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Appendix E
Site Evaluation Results

Table E-1 Ranked Site Specific Results from Highest Benefit Cost Ratio to Lowest Benefit Cost Ratio with Green Incentives

Site ID Site Name/Facility Data Installed Annual Total $/Installed BC Ratio | IRR with
Confidence | Capacity | Production | Development Capacity with Green
Level (kW) (MWh) Cost ($) Green

Azeotea Creek and Willow

Creek Conveyance Channel
UC-8 Station 1702+75 Low 68 223 $2,192,951 $32,238 0.10 | Negative
GP-51 Helena Valley Dam High 126 152 $1,046,031 $8,300 0.10 | Negative
UC-13 Big Sandy Dam Medium 286 884 $9,560,553 $33,466 0.10 | Negative
ucC-11 Azotea Tunnel High 86 222 $2,284,345 $26,649 0.09 | Negative
UC-164 Stateline Dam High 282 720 $8,506,193 $30,194 0.09 | Negative

Azeotea Creek and Willow

Creek Conveyance Channel
ucC-9 Station 1831+17 Low 60 199 $2,149,369 $35,760 0.09 | Negative
PN-15 Cold Springs Dam High 65 129 $1,306,811 $20,063 0.09 | Negative
MP-23 Malone Diversion Dam Medium 44 147 $1,835,590 $41,464 0.07 | Negative
UC-56 Hammond Diversion Dam Medium 35 148 $1,983,289 $57,350 0.07 | Negative
UC-59 Huntington North Dam High 20 51 $525,589 $26,166 0.07 | Negative
GP-29 Dickinson Dam High 7 31 $248,938 $35,096 0.06 | Negative
GP-85 Nelson Dikes DA High 48 116 $1,599,029 $33,395 0.06 | Negative
GP-130 Webster Dam High 66 164 $2,707,650 $40,902 0.06 | Negative
UC-46 Fruitgrowers Dam High 29 124 $2,166,884 $74,134 0.06 | Negative
GP-91 Norton Dam High 6 24 $232,028 $39,494 0.05 | Negative
uC-137 Selig Canal Low 23 98 $1,868,628 $82,287 0.05 | Negative
UC-135 San Acacia Diversion Dam Medium 20 86 $1,895,014 $94,272 0.04 | Negative

Weber-Provo Diversion
uUcC-197 Channel Medium 173 517 $13,774,659 $79,401 0.04 | Negative
UC-14 Blanco Diversion Dam Medium 47 146 $4,656,148 $98,199 0.03 | Negative
GP-67 Lake Alice No. 2 Dam Medium 18 50 $1,489,497 $82,349 0.03 | Negative
GP-4 Anchor Dam High 62 126 $5,656,534 $90,738 0.02 | Negative
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Appendix E

Site Evaluation Results

Table E-2 Ranked Site Specific Results from Highest Benefit Cost Ratio to Lowest Benefit Cost ratio Without Green

Incentives
Site ID Site Name/Facility Data Installed Annual Total $/Installed BC Ratio | IRR with
Confidence | Capacity | Production | Development Capacity with Green
Level (kW) (MWh) Cost ($) Green
UC-141 Sixth Water Flow Control Medium 25,800 114,420 $37,159,287 $1,440 2.92 15.7%
GP-146 Yellowtail Afterbay Dam Medium 9,203 68,261 $23,411,831 $2,544 2.49 13.9%
UC-19 Caballo Dam Low 3,260 26,916 $10,180,737 $3,123 2.43 13.5%
LC-6 Bartlett Dam Medium 7,529 36,880 $15,028,173 $1,996 2.26 12.6%
Upper Diamond Fork Flow
UC-185 Structure Medium 12,214 52,161 $21,818,997 $1,786 2.24 12.3%
GP-99 Pueblo Dam High 13,027 55,620 $21,926,121 $1,683 2.22 12.6%
GP-43 Granby Dam High 6,733 31,164 $13,177,464 $1,957 2.08 11.8%
LC-20 Horseshoe Dam Low 13,857 59,854 $29,812,051 $2,151 1.95 10.7%
PN-6 Arthur R. Bowman Dam High 3,293 18,282 $8,732,172 $2,652 1.84 10.3%
uC-89 M&D Canal - Shavano Falls Low 2,862 15,419 $7,247,437 $2,532 1.77 10.2%
GP-56 Huntley Diversion Dam Medium 2,426 17,430 $8,351,948 $3,442 1.75 9.7%
Spanish Fork Flow Control
UC-159 Structure Medium 8,114 22,920 $13,041,830 $1,607 1.57 8.6%
GP-23 Clark Canyon Dam High 3,078 13,689 $7,986,020 $2,595 141 7.6%
UC-103 Navajo Dam Diversion Works Medium 2,751 10,226 $6,168,961 $2,242 1.40 7.6%
PN-31 Easton Diversion Dam High 1,057 7,400 $4,899,217 $4,636 1.33 7.0%
UcC-52 Gunnison Tunnel Medium 3,830 19,057 $12,634,089 $3,298 1.33 6.9%
UC-144 Soldier Creek Dam High 444 2,909 $1,789,921 $4,032 1.31 7.0%
GP-52 Helena Valley Pumping Plant High 2,626 9,608 $5,557,498 $2,116 1.29 6.8%
UC-131 Ridgway Dam High 3,366 14,040 $9,867,220 $2,932 1.27 6.5%
GP-41 Gibson Dam High 8,521 30,774 $19,816,721 $2,326 1.24 6.3%
South Canal, Sta. 181+10, "Site
UC-147 #4" Medium 3,046 15,536 $11,216,051 $3,683 1.22 6.2%
GP-95 Pathfinder Dam High 743 5,508 $4,475,519 $6,020 1.16 5.6%
UC-162 Starvation Dam High 3,043 13,168 $10,515,755 $3,456 1.16 5.6%
GP-46 Gray Reef Dam High 2,067 13,059 $11,003,696 $5,323 1.12 5.3%
South Canal, Sta 19+10 "Site
UC-146 #1" Medium 2,465 12,576 $10,289,728 $4,174 1.09 5.1%
MP-30 Prosser Creek Dam High 872 3,819 $3,095,446 $3,549 1.06 4.9%
UC-179 Taylor Park Dam High 2,543 12,488 $10,980,962 $4,319 1.05 4.8%
UC-49 Grand Valley Diversion Dam Medium 1,979 14,246 $12,887,516 $6,513 1.04 4.7%
UC-57 Heron Dam Medium 2,701 8,874 $7,792,674 $2,885 1.03 4.6%
South Canal, Sta. 106+65, "Site
UC-150 #3" Medium 2,224 11,343 $9,874,013 $4,440 1.02 4.6%
GP-93 Pactola Dam High 596 2,725 $2,206,949 $3,705 1.01 4.5%
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Appendix E

Site Evaluation Results

Table E-2 Ranked Site Specific Results from Highest Benefit Cost Ratio to Lowest Benefit Cost ratio Without Green

Incentives
Site ID Site Name/Facility Data Installed Annual Total $/Installed BC Ratio | IRR with
Confidence | Capacity | Production | Development Capacity with Green
Level (kW) (MWh) Cost ($) Green
Lower Yellowstone Diversion
GP-73 Dam Medium 2,719 21,035 $19,728,714 $7,257 1.01 4.4%
GP-126 Twin Lakes Dam (USBR) High 981 5,648 $5,021,388 $5,119 1.00 4.4%
UC-154 Southside Canal (2 drops) Low 2,026 6,557 $5,589,424 $2,759 0.99 4.2%
PN-34 Emigrant Dam High 733 2,619 $2,208,830 $3,012 0.93 3.7%
uc-177 Syar Tunnel Medium 1,762 7,982 $8,241,128 $4,677 0.93 3.8%
UcC-174 Sumner Dam Medium 822 4,300 $4,192,460 $5,101 0.92 3.7%
PN-104 Wickiup Dam High 3,950 15,650 $15,154,628 $3,837 0.92 3.7%
MP-2 Boca Dam High 1,184 4,370 $4,372,184 $3,693 0.90 3.4%
UC-51 Gunnison Diversion Dam Medium 1,435 9,220 $9,573,414 $6,670 0.89 3.4%
PN-12 Cle Elum Dam High 7,249 14,911 $13,606,459 $1,877 0.89 3.3%
GP-136 Willwood Diversion Dam High 1,062 6,337 $6,737,492 $6,344 0.89 3.4%
PN-80 Ririe Dam High 993 3,778 $3,635,269 $3,660 0.89 3.3%
UC-155 Southside Canal (3 drops) Low 1,651 5,344 $5,165,493 $3,128 0.88 3.2%
MP-36 Rye Patch Dam Medium 1,180 4,837 $4,958,990 $4,203 0.87 3.2%
LC-24 Laguna Dam Low 125 1,228 $1,099,940 $8,794 0.87 3.0%
PN-87 Scoggins Dam High 955 3,683 $3,681,655 $3,855 0.86 3.0%
UC-132 Rifle Gap Dam High 341 1,740 $1,574,737 $4,621 0.86 2.9%
GP-5 Angostura High 947 3,218 $3,177,810 $3,357 0.84 2.8%
MP-8 Casitas Dam High 1,042 3,280 $3,318,002 $3,183 0.83 2.7%
PN-59 McKay Dam High 1,362 4,344 $4,271,128 $3,136 0.83 2.7%
GP-129 Virginia Smith Dam Low 1,607 9,799 $11,594,970 $7,216 0.82 2.8%
PN-95 Sunnyside Diversion Dam Medium 1,362 10,182 $12,050,834 $8,847 0.81 2.7%
UC-72 Joes Valley Dam High 1,624 6,596 $7,760,073 $4,777 0.80 2.6%
PN-49 Keechelus Dam High 2,394 6,746 $6,916,669 $2,889 0.80 2.4%
PN-88 Scootney Wasteway Low 2,276 11,238 $12,612,015 $5,540 0.79 2.5%
South Canal, Sta. 427+00, "Site

UC-148 #5" Medium 1,354 6,905 $7,849,454 $5,799 0.79 2.4%
UC-145 South Canal Tunnel Medium 884 4,497 $5,004,587 $5,663 0.79 2.4%
GP-117 St. Mary Canal - Drop 4 High 2,569 8,919 $9,815,666 $3,820 0.75 2.0%
GP-42 Glen Elder Dam High 1,008 3,713 $4,364,329 $4,332 0.75 1.9%
UcC-117 Paonia Dam Medium 1,582 5,821 $7,088,510 $4,479 0.74 1.9%
PN-44 Haystack Canal High 805 3,738 $4,447,990 $5,527 0.72 1.5%
GP-39 Fresno Dam High 1,661 6,268 $7,137,116 $4,296 0.71 1.5%
PN-57 Mason Dam High 1,649 5,773 $7,272,253 $4,411 0.68 1.1%
LC-21 Imperial Dam Low 1,079 5,325 $7,511,232 $6,963 0.68 1.2%
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Appendix E
Site Evaluation Results

Table E-2 Ranked Site Specific Results from Highest Benefit Cost Ratio to Lowest Benefit Cost ratio Without Green

Incentives
Site ID Site Name/Facility Data Installed Annual Total $/Installed BC Ratio | IRR with
Confidence | Capacity | Production | Development Capacity with Green
Level (kW) (MWh) Cost ($) Green
MP-24 Marble Bluff Dam High 1,153 5,624 $8,013,175 $6,948 0.68 1.3%
UC-166 Steinaker Dam High 603 1,965 $2,387,768 $3,958 0.67 0.6%
GP-97 Pilot Butte Dam High 1,448 4,884 $6,392,727 $4,415 0.67 1.0%
GP-128 Vandalia Diversion Dam Medium 326 1,907 $2,298,653 $7,054 0.66 0.7%
GP-18 Carter Lake Dam No. 1 High 1,055 3,100 $3,955,227 $3,749 0.66 0.6%
GP-92 Olympus Dam High 284 1,549 $1,920,496 $6,769 0.65 0.3%
GP-22 Choke Canyon Low 194 1,199 $1,536,973 $7,914 0.64 0.2%
GP-76 Merritt Dam Low 1,631 8,438 $12,636,814 $7,749 0.64 0.9%
GP-118 St. Mary Canal - Drop 5 High 1,901 7,586 $10,151,559 $5,341 0.63 0.7%
PN-48 Kachess Dam Medium 1,227 3,877 $5,145,312 $4,195 0.63 0.3%
MP-32 Putah Diversion Dam Medium 363 1,924 $2,815,050 $7,745 0.62 0.2%
PN-97 Thief Valley Dam Medium 369 1,833 $2,600,835 $7,049 0.60 | Negative
uc-22 Crawford Dam High 303 1,217 $1,592,302 $5,264 0.60 | Negative
PN-50 Keene Creek 0 173 1,005 $1,399,926 $8,074 0.58 | Negative
GP-50 Heart Butte Dam High 294 1,178 $1,635,421 $5,563 0.58 | Negative
GP-34 East Portal Diversion Dam High 283 1,799 $2,730,720 $9,660 0.57 | Negative
GP-135 Willwood Canal Medium 687 3,134 $5,261,726 $7,660 0.56 | Negative
UC-126 Red Fleet Dam High 455 1,905 $3,032,604 $6,662 0.55 | Negative
GP-120 Sun River Diversion Dam High 2,015 8,645 $13,980,285 $6,938 0.55 | Negative
PN-101 Warm Springs Dam High 1,234 3,256 $5,051,928 $4,095 0.55 | Negative
UC-140 Silver Jack Dam High 748 2,913 $4,862,978 $6,503 0.54 | Negative
PN-41 Golden Gate Canal Low 514 2,293 $3,991,136 $7,771 0.53 | Negative
PN-56 Mann Creek High 495 2,097 $3,554,047 $7,173 0.52 | Negative
GP-141 Wyoming Canal - Station 1490 Low 538 2,305 $3,876,323 $7,207 0.52 | Negative
UC-116 Outlet Canal Medium 586 1,839 $3,264,264 $5,569 0.49 | Negative
UC-190 Vega Dam Medium 548 1,702 $3,032,141 $5,535 0.48 | Negative
Woods Project, Greenfield Main
GP-138 Canal Drop Low 746 2,680 $4,685,969 $6,283 0.47 | Negative
GP-114 St. Mary Canal - Drop 1 High 1,212 4,838 $9,101,244 $7,508 0.46 | Negative
GP-24 Corbett Diversion Dam High 638 2,846 $6,559,821 $10,288 0.41 | Negative
UC-36 East Canyon Dam High 929 3,549 $8,270,262 $8,905 0.41 | Negative
GP-108 Shadow Mountain Dam High 119 777 $1,562,696 $13,080 0.41 | Negative
GP-28 Deerfield Dam High 138 694 $1,392,385 $10,109 0.40 | Negative
GP-115 St. Mary Canal - Drop 2 High 974 3,887 $8,400,704 $8,626 0.40 | Negative
UC-6 Avalon Dam High 230 1,031 $2,260,737 $9,818 0.40 | Negative
GP-10 Belle Fourche Dam High 497 1,319 $2,842,301 $5,725 0.40 | Negative
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Appendix E

Site Evaluation Results

Table E-2 Ranked Site Specific Results from Highest Benefit Cost Ratio to Lowest Benefit Cost ratio Without Green

Incentives
Site ID Site Name/Facility Data Installed Annual Total $/Installed BC Ratio | IRR with
Confidence | Capacity | Production | Development Capacity with Green
Level (kW) (MWh) Cost ($) Green
GP-75 Medicine Creek Dam High 276 1,001 $2,153,439 $7,812 0.40 | Negative
UC-93 Meeks Cabin Dam High 1,586 4,709 $11,637,232 $7,338 0.38 | Negative
GP-116 St. Mary Canal - Drop 3 High 887 3,538 $8,111,143 $9,149 0.38 | Negative
Gila Gravity Main Canal
LC-15 Headworks Medium 223 1,548 $3,859,340 $17,299 0.37 | Negative
UC-62 Hyrum Dam High 491 2,052 $5,127,320 $10,440 0.37 | Negative
GP-137 Wind River Diversion Dam High 398 1,595 $3,896,191 $9,795 0.37 | Negative
GP-132 Willow Creek Dam High 272 863 $1,933,591 $7,113 0.36 | Negative
UC-136 Scofield Dam High 266 906 $2,174,096 $8,182 0.36 | Negative
UC-124 Platoro Dam High 845 3,747 $10,105,041 $11,962 0.36 | Negative
GP-145 Wyoming Canal - Station 997 Low 287 1,228 $3,062,770 $10,670 0.35 | Negative
MP-18 Lake Tahoe Dam High 287 893 $2,494,688 $8,686 0.34 | Negative
GP-107 Shadehill Dam High 322 1,536 $4,189,377 $12,996 0.34 | Negative
GP-15 Bull Lake Dam High 933 2,302 $6,057,328 $6,491 0.34 | Negative
GP-54 Horsetooth Dam High 380 930 $2,262,404 $5,956 0.34 | Negative
PN-2 Agency Valley High 1,179 3,941 $10,421,296 $8,836 0.34 | Negative
UC-67 Inlet Canal Medium 252 966 $2,596,526 $10,320 0.32 | Negative
ucC-187 Upper Stillwater Dam Medium 581 1,904 $6,063,924 $10,430 0.31 | Negative
GP-31 Dodson Diversion Dam Low 140 566 $1,450,591 $10,346 0.30 | Negative
UC-16 Brantley Dam Medium 210 697 $1,991,209 $9,481 0.30 | Negative
Greenfield Project, Greenfield
GP-47 Main Canal Drop Low 238 830 $2,201,700 $9,265 0.30 | Negative
PN-43 Harper Dam Low 434 1,874 $5,900,898 $13,606 0.29 | Negative
GP-140 Wyoming Canal - Station 1016 Low 220 939 $2,870,873 $13,079 0.29 | Negative
PN-58 Maxwell Dam Medium 117 644 $2,075,365 $17,765 0.28 | Negative
PN-52 Little Wood River Dam High 1,493 4,951 $17,927,590 $12,010 0.27 | Negative
GP-8 Barretts Diversion Dam Medium 102 546 $1,861,363 $18,189 0.26 | Negative
PN-105 Wild Horse - BIA High 267 791 $2,913,968 $10,917 0.26 | Negative
GP-142 Wyoming Canal - Station 1520 Low 175 749 $2,710,752 $15,508 0.24 | Negative
GP-144 Wyoming Canal - Station 1972 Low 285 1,218 $4,874,922 $17,095 0.23 | Negative
PN-1 Agate Dam High 89 264 $821,478 $9,267 0.22 | Negative
GP-122 Trenton Dam High 208 570 $2,275,189 $10,914 0.22 | Negative
GP-37 Fort Shaw Diversion Dam Medium 183 1,111 $4,583,528 $25,041 0.22 | Negative
GP-59 Jamestown Dam High 113 338 $1,281,781 $11,360 0.21 | Negative
PN-20 Crane Prairie Dam High 306 1,845 $8,556,793 $27,948 0.21 | Negative
UC-23 Currant Creek Dam High 146 1,003 $4,611,170 $31,659 0.21 | Negative
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Appendix E
Site Evaluation Results

Table E-2 Ranked Site Specific Results from Highest Benefit Cost Ratio to Lowest Benefit Cost ratio Without Green

Incentives
Site ID Site Name/Facility Data Installed Annual Total $/Installed BC Ratio | IRR with
Confidence | Capacity | Production | Development Capacity with Green
Level (kW) (MWh) Cost ($) Green
PN-10 Bumping Lake High 521 2,200 $10,270,852 $19,720 0.20 | Negative
GP-35 Enders Dam High 267 762 $3,549,766 $13,297 0.20 | Negative
UC-100 Moon Lake Dam High 634 1,563 $7,418,311 $11,706 0.20 | Negative
UC-169 Stillwater Tunnel Medium 413 1,334 $6,410,507 $15,504 0.20 | Negative
UC-28 Dolores Tunnel Medium 103 515 $2,286,410 $22,167 0.20 | Negative
GP-68 Lake Sherburne Dam Medium 898 1,502 $6,696,814 $7,454 0.20 | Negative
MP-1 Anderson-Rose Dam Medium 29 126 $377,651 $12,916 0.20 | Negative
GP-103 Saint Mary Diversion Dam High 178 720 $3,027,290 $17,032 0.20 | Negative
MP-44 Upper Slaven Dam Medium 158 720 $3,473,921 $21,973 0.20 | Negative
UC-84 Lost Creek Dam High 410 1,295 $6,598,925 $16,081 0.19 | Negative
Johnson Project, Greenfield
GP-60 Main Canal Drop Medium 203 525 $2,127,797 $10,491 0.19 | Negative
PN-24 Deadwood Dam High 871 3,563 $19,508,880 $22,401 0.19 | Negative
GP-98 Pishkun Dike - No. 4 High 610 1,399 $6,719,164 $11,019 0.18 | Negative
UC-98 Montrose and Delta Canal Low 96 478 $2,343,749 $24,452 0.18 | Negative
MP-33 Rainbow Dam Medium 190 998 $5,915,822 $31,115 0.17 | Negative
GP-58 James Diversion Dam High 193 825 $4,677,903 $24,208 0.17 | Negative
MP-3 Bradbury Dam Medium 142 521 $3,093,810 $21,748 0.16 | Negative
PN-37 Fish Lake High 102 235 $1,250,122 $12,283 0.16 | Negative
UC-44 Fort Sumner Diversion Dam High 75 378 $2,213,556 $29,472 0.16 | Negative
UC-15 Blanco Tunnel Medium 276 849 $5,526,538 $20,041 0.15 | Negative
PN-65 Ochoco Dam High 69 232 $1,308,297 $18,850 0.15 | Negative
GP-102 Red Willow Dam High 21 148 $805,550 $38,617 0.14 | Negative
MP-31 Putah Creek Dam Medium 28 166 $960,746 $34,903 0.14 | Negative
MP-15 Gerber Dam Medium 248 760 $4,890,102 $19,733 0.14 | Negative
GP-12 Bonny Dam High 36 238 $1,487,032 $41,119 0.14 | Negative
PN-100 Unity Dam Medium 307 1,329 $9,461,845 $30,808 0.13 | Negative
UC-196 Weber-Provo Canal Low 424 1,844 $14,265,913 $33,647 0.13 | Negative
GP-38 Foss Dam Low 49 242 $1,700,561 $34,680 0.13 | Negative
PN-9 Bully Creek Dam High 313 1,065 $8,081,316 $25,832 0.12 | Negative
GP-63 Kirwin Dam High 179 466 $3,610,812 $20,215 0.12 | Negative
GP-143 Wyoming Canal - Station 1626 Low 52 195 $1,337,439 $25,531 0.12 | Negative
PN-78 Reservoir "A" High 45 169 $1,281,384 $28,394 0.11 | Negative
uc-4 Angostura Diversion Dam High 33 91 $564,216 $17,183 0.11 | Negative
UC-5 Arthur V. Watkins High 31 122 $966,052 $31,426 0.10 | Negative
GP-14 Bretch Diversion Canal Medium 24 111 $862,485 $36,056 0.10 | Negative
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Appendix E

Site Evaluation Results

Table E-2 Ranked Site Specific Results from Highest Benefit Cost Ratio to Lowest Benefit Cost ratio Without Green

Incentives
Site ID Site Name/Facility Data Installed Annual Total $/Installed BC Ratio | IRR with
Confidence | Capacity | Production | Development Capacity with Green
Level (kW) (MWh) Cost ($) Green

Azeotea Creek and Willow

Creek Conveyance Channel
UC-7 Station 1565+00 Low 72 240 $2,215,330 $30,674 0.10 | Negative

Azeotea Creek and Willow

Creek Conveyance Channel
uUC-8 Station 1702+75 Low 68 223 $2,192,951 $32,238 0.09 | Negative
UC-13 Big Sandy Dam Medium 286 884 $9,560,553 $33,466 0.09 | Negative
GP-51 Helena Valley Dam High 126 152 $1,046,031 $8,300 0.09 | Negative
uC-11 Azotea Tunnel High 86 222 $2,284,345 $26,649 0.09 | Negative
UC-164 Stateline Dam High 282 720 $8,506,193 $30,194 0.08 | Negative

Azeotea Creek and Willow

Creek Conveyance Channel
ucC-9 Station 1831+17 Low 60 199 $2,149,369 $35,760 0.08 | Negative
PN-15 Cold Springs Dam High 65 129 $1,306,811 $20,063 0.08 | Negative
UC-56 Hammond Diversion Dam Medium 35 148 $1,983,289 $57,350 0.07 | Negative
MP-23 Malone Diversion Dam Medium 44 147 $1,835,590 $41,464 0.07 | Negative
UC-59 Huntington North Dam High 20 51 $525,589 $26,166 0.07 | Negative
GP-29 Dickinson Dam High 7 31 $248,938 $35,096 0.06 | Negative
GP-85 Nelson Dikes DA High 48 116 $1,599,029 $33,395 0.06 | Negative
GP-130 Webster Dam High 66 164 $2,707,650 $40,902 0.06 | Negative
UC-46 Fruitgrowers Dam High 29 124 $2,166,884 $74,134 0.05 | Negative
GP-91 Norton Dam High 6 24 $232,028 $39,494 0.05 | Negative
UC-137 Selig Canal Low 23 98 $1,868,628 $82,287 0.05 | Negative
UC-135 San Acacia Diversion Dam Medium 20 86 $1,895,014 $94,272 0.04 | Negative

Weber-Provo Diversion
uUcC-197 Channel Medium 173 517 $13,774,659 $79,401 0.04 | Negative
UC-14 Blanco Diversion Dam Medium 47 146 $4,656,148 $98,199 0.03 | Negative
GP-67 Lake Alice No. 2 Dam Medium 18 50 $1,489,497 $82,349 0.03 | Negative
GP-4 Anchor Dam High 62 126 $5,656,534 $90,738 0.02 | Negative
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Table

E-3

Great Plains Region Model Results

A-Drop Project, Greenfield

Facility Name Main Canal Drop Altus Dam Anchor Dam Angostura Dam Barretts Diversion Dam Belle Fourche Dam Bonny Dam Box Butte Dam Bretch Diversion Canal Bull Lake Dam Carter Lake Dam No. 1

Agency Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation

Analysis Performed by CDM CDM CDM CDM CDM CDM CDM CDM CDM CDM

Project Location (State) Montana Oklahoma Wyoming Oklahoma Montana South Dakota Colorado Nebraska Oklahoma Wyoming Colorado

Transmission Voltage kv 115 115 115 115|138 69 115 115 115(69 13.8

T-Line Length miles 2.48 5.17 15.95 3.58 1.44 0.35 3.58 5.58 1.34 4.68 3.17

Fish and Wildlife Mitigation No No No No No No No No No No No

Recreation Mitigation No No No No No No No No No No No

Historical & Archaeological No No Yes No No No No No No Yes No

Water Quality Monitoring No No No No Yes No No No No No No

Fish Passage Required No No No No No No No No No No No

Results

Input Data Analysis

Data Set years 6 20 43 53 9 22 30 4 13 37 28

Max Head ft 34.0 178.9 123.5 124.2 15.5 55.9 74.4 38.1 7.7 65.3 190.1

Min Head ft 34.0 0.0 9.3 97.7 15.5 14.7 48.0 14.0 7.7 12.3 93.1

Max Flow cfs 3,842 5,860 377 23,525 471 945 133 167 21,100 3,091 613

Min Flow cfs 0 0 0 0 0 0 3 0 0 0 0

Flow too low for Flow too low for

Turbine Selection Analysis hydropower development  hydropower development

Selected Turbine Type Low Head Low Head Low Head Francis Kaplan Kaplan Low Head Low Head Low Head Kaplan Francis

Selected Design Head ft 34 78 60 119 15 50 70 30 8 50 178

Selected Design flow cfs 0 2 17 110 106 160 8 1 51 299 82

Generator Speed rpm 600 600 600 600 600 600 600 600 600 600

Max Head Limit ft 97.6 75.3 148.9 19.3 62.0 87.8 37.1 9.6 62.3 222.5

Min Head Limit ft 50.8 39.1 77.4 10.1 32.3 45.7 19.3 5.0 32.4 115.7

Max Flow Limit cfs 2 17 110 106 160 8 1 51 299 82

Min Flow Limit cfs 0 3 22 21 32 2 0 10 60 16

Power Generation Analysis

Installed Capacity kw 8 62 947 102 497 36 2 24 933 1,055

Plant Factor 1.45 0.23 0.40 0.62 0.31 0.77 1.08 0.54 0.29 0.34

Projected Monthly Production:
January MWH 3 1 44 79 0 18 1 9 28 0
February* MWH 3 1 59 70 0 18 1 9 18 0
March MWH 3 3 144 81 6 19 1 10 18 2
April MWH 3 13 169 81 23 19 1 11 95 255
May MWH 4 23 401 0 131 21 1 11 267 424
June MWH 4 17 518 0 327 21 1 14 324 417
July MWH 3 16 655 0 366 22 1 9 269 641
August MWH 2 14 642 0 276 22 1 6 563 602
September MWH 2 15 439 0 182 21 0 8 536 494
October MWH 2 12 66 74 8 20 1 8 129 257
November MWH 2 6 43 82 0 18 1 9 31 5
December MWH 3 3 37 79 0 18 1 9 25 4

Annual production* MWH 33 126 3,218 546 1,319 238 11 111 2,302 3,100

* For non-leap year

Benefit/Cost Analysis

Projected expenditure to implement project

1 Total Construction Cost $ 1,813,007 | $ 5,656,534 | $ 3,177,810 | $ 1,861,363 | $ 2,842,301 | $ 1,487,032 | $ 1,899,150 | $ 862,485 | $ 6,057,328 | $ 3,955,227

1 Annual O&M Cost $ 54,828 | $ 130,052 | $ 121,485 | $ 50,724 | $ 100,376 | $ 50,926 | $ 55,826 | $ 38,820 | $ 176,140 | $ 139,455

2 Projected Total Cost over 50 year period $ 2,620,053 | $ 7,460,318 | $ 5,034,454 | $ 2,749,734 | $ 4,358,672 | $ 2,252,702 | $ 2,716,567 | $ 1,468,229 | $ 8,631,063 | $ 6,061,450

Projected revenue after implementation of project

1 Power generation income for 2014 to 2060 $ 123,374 | $ 451,294 | $ 11,936,970 | $ 1,993,322 | $ 4,891,813 | $ 851,997 | $ 39,631 | $ 409,255 | $ 8,356,187 | $ 11,194,103

[T Green Energy Sellback income for 2014 to

2060 $ 4,054 | $ 15,199 | $ 389,396 | $ 66,111 | $ 159,657 | $ 28,777 | $ 1,295 | $ 13,453 | $ 278,570 | $ 375,082

2 Projected Total Revenue over 50 year period

(with Green Incentives) $ 46,594 | $ 170,824 | $ 4,505,953 | $ 751,998 | $ 1,846,892 | $ 324,805 | $ 14,961 | $ 154,571 | $ 3,158,576 | $ 4,264,177

2 Projected Total Revenue over 50 year period

(w/o Green Incentives) $ 43,811 | $ 160,391 | $ 4,238,654 | $ 706,617 | $ 1,737,296 | $ 305,052 | $ 14,071 | $ 145,336 | $ 2,967,353 | $ 4,006,704

Benefit/Cost Ratio (with Green incentives) 0.02 0.02 0.90 0.27 0.42 0.14 0.01 0.11 0.37 0.70

Benefit/Cost Ratio (w/o Green incentives) 0.02 0.02 0.84 0.26 0.40 0.14 0.01 0.10 0.34 0.66

Internal Rate of Return (with Green incentives) Negative Negative 3.3%]|Negative Negative Negative Negative Negative Negative 1.0%

Internal Rate of Return (w/o Green incentives) Negative Negative 2.8%|Negative Negative Negative Negative Negative Negative 0.6%

Installed Cost $ per kW [$ 224,191 $ 90,738 [ $ 3,357 [ $ 18,189 [ $ 5,725 | $ 41,119 1,017,890 [ $ 36,056 | $ 6,491 | $ 3,749




Table E-3

Great Plains Region Model Results

Facility Name Cedar Bluff Dam Cheney Dam Choke Canyon Dam Clark Canyon Dam Corbett Diversion Dam Deerfield Dam Dickinson Dam Dodson Diversion Dam East Portal Diversion Dam Enders Dam Fort Shaw Diversion Dam

Agency Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation Burreau of Reclamation

Analysis Performed by CDM CDM CDM CDM CDM CDM CDM CDM CDM CDM CDM

Project Location (State) Kansas Kansas Texas Montana Wyoming South Dakota North Dakota Montana Colorado Nebraska Montana

Transmission Voltage kv 115(138 138 138 115 69|69 138 13.8 115 69

T-Line Length miles 10.68 7.13 1.44 0.33 2.80 1.70 0.26 0.42 0.01 6.73 8.21

Fish and Wildlife Mitigation No No No No No No No No No No No

Recreation Mitigation No No No No No No No No No No No

Historical & Archaeological No No No No No No Yes Yes No No No

Water Quality Monitoring No No No Yes No No No No No No No

Fish Passage Required No No No No Yes No No No No No No

Results

Input Data Analysis

Data Set years 18 30 17 41 9 30 53 15 31 54 11

Max Head ft 131.7 39.4 82.3 110.7 12.0 109.1 31.7 26.0 10.0 75.9 9.0

Min Head ft 49.8 26.0 16.8 36.0 12.0 39.2 17.6 26.0 10.0 27.0 9.0

Max Flow cfs 400 1,750 1,820 2,586 7,447 85 4,531 6,445 569 1,107 8,485

Min Flow cfs 0 0 0 23 0 0 0 0 0 0 19

Flow too low for

Turbine Selection Analysis hydropower development

Selected Turbine Type Low Head Low Head Francis Francis Kaplan Francis Low Head Kaplan Kaplan Francis Kaplan

Selected Design Head ft 32 71 88 12 107 27 26 10 62 9

Selected Design flow cfs 2 38 484 850 18 4 86 452 60 325

Generator Speed rpm 600 600 300 600 600 600 600 600 600 600

Max Head Limit ft 39.7 88.4/ 110.1 15.0 133.4 33.8 32.5 12.5 77.6 11.3

Min Head Limit ft 20.6 46.0 57.2 7.8 69.4 17.6 16.9 6.5 40.3 5.8

Max Flow Limit cfs 2 38 484 850 18 4 86 452 60 325

Min Flow Limit cfs 0 8 97 170 4 1 17 90 12 65

Power Generation Analysis

Installed Capacity kw 3 194 3,078 638 138 7 140 283 267 183

Plant Factor 0.48 0.72 0.52 0.52 0.59 0.51 0.47 0.74 0.33 0.71

Projected Monthly Production:
January MWH 1 95 744 0 32 1 30 199 35 138
February* MWH 1 91 683 0 32 2 36 180 40 127
March MWH 1 97 688 0 52 3 84 160 46 95
April MWH 1 98 832 194 81 3 42 116 56 82
May MWH 2 103 1,566 496 82 3 50 139 64 100
June MWH 2 99 1,926 501 76 4 64 113 91 126
July MWH 1 107 1,900 519 72 4 60 165 166 37
August MWH 1 105 1,596 515 73 3 52 165 119 44
September MWH 1 106 1,107 476 66 2 35 142 50 51
October MWH 1 100 862 145 56 2 46 102 35 83
November MWH 1 101 917 0 40 2 43 127 30 102
December MWH 1 99 866 0 31 2 23 192 30 128

Annual production* MWH 12 1,199 13,689 2,846 694 31 566 1,799 762 1,111

* For non-leap year

Benefit/Cost Analysis

Projected expenditure to implement project

1 Total Construction Cost $ 2,729,764 | $ 1,536,973 | $ 7,986,020 | $ 6,559,821 | $ 1,392,385 | $ 248,938 | $ 1,450,591 | $ 2,730,720 | $ 3,549,766 | $ 4,583,528

1 Annual O&M Cost $ 72,180 | $ 60,887 | $ 262,605 | $ 160,115 | $ 55,266 | $ 25,581 | $ 56,908 | $ 90,550 | $ 102,012 | $ 119,233

2 Projected Total Cost over 50 year period $ 3,764,265 | $ 2,472,044 | $ 11,908,336 | $ 8,813,519 | $ 2,241,356 | $ 674,147 | $ 2,323,400 | $ 4,085,062 | $ 5,036,954 | $ 6,286,360

Projected revenue after implementation of project

1 Power generation income for 2014 to 2060 $ 44,087 | $ 4,468,361 | $ 47,458,776 | $ 10,270,060 | $ 2,555,791 | $ 115,083 | $ 1,977,569 | $ 6,468,602 | $ 2,846,432 | $ 3,898,174

[T Green Energy Sellback income for 2014 to

2060 $ 1,458 | $ 145,205 | $ 1,656,940 | $ 344,353 | $ 83,969 | $ 3772 | $ 68,480 | $ 217,775 | $ 92,201 | $ 134,556

2 Projected Total Revenue over 50 year period

(with Green Incentives) $ 16,661 | $ 1,685,896 | $ 17,975,609 | $ 3,885,070 | $ 965,363 | $ 43,458 | $ 748,580 | $ 2,465,030 | $ 1,073,808 | $ 1,475,461

2 Projected Total Revenue over 50 year period

(w/o Green Incentives) $ 15,660 | $ 1,586,221 | $ 16,838,213 | $ 3,648,690 | $ 907,723 | $ 40,869 | $ 701,572 | $ 2,315,540 | $ 1,010,517 | $ 1,383,096

Benefit/Cost Ratio (with Green incentives) 0.00 0.68 1.51 0.44 0.43 0.06 0.32 0.60 0.21 0.23

Benefit/Cost Ratio (w/o Green incentives) 0.00 0.64 1.41 0.41 0.40 0.06 0.30 0.57 0.20 0.22

Internal Rate of Return (with Green incentives) Negative 0.5%) 8.5%|Negative Negative Negative Negative Negative Negative Negative

Internal Rate of Return (w/o Green incentives) Negative 0.2% 7.6%|Negative Negative Negative Negative Negative Negative Negative

Installed Cost $ per kW B 940,672 $ 7,914 | $ 2,595 | $ 10,288 [ $ 10,109 [ $ 35,096 [ $ 10,346 [ $ 9,660 | $ 13,297 [ $ 25,041




Table E-3

Great Plains Region Model Results

Greenfield Project, Helena Valley Pumping

Facility Name Foss Dam Fresno Dam Gibson Dam Glen Elder Dam Granby Dam Gray Reef Dam Greenfield Main Canal Drop Heart Butte Dam Helena Valley Dam Plant Horsetooth Dam

Agency Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation

Analysis Performed by CDM CDM CDM CDM CDM CDM CDM CDM CDM CDM

Project Location (State) Oklahoma Montana Montana Kansas Colorado Wyoming Montana North Dakota Montana Montana Colorado

Transmission Voltage kv 115(69 69 115|13.8 115 69(69 69 69 115

T-Line Length miles 3.76 1.69 19.11 3.35 1.23 0.01 1.49 0.50 0.56 0.56 2.47

Fish and Wildlife Mitigation No No No No Yes No No No No No No

Recreation Mitigation No No No No No No No No No No No

Historical & Archaeological No No No No No No No No No No No

Water Quality Monitoring No No No No No No No No No No No

Fish Passage Required No No No No No Yes No No No No No

Results

Input Data Analysis

Data Set years 20 58 66 19 20 44 9 56 4 30 31

Max Head ft 35.0 59.3 173.2 154.5 237.9 24.6 38.0 80.7 23.0 173.0 3097.0

Min Head ft 35.0 12.4 12.7 50.2 104.2 6.1 38.0 9.5 0.0 61.0 1.8

Max Flow cfs 1,370 6,554 51,860 5,001 2,525 8,877 150 4,100 552 467 1,402

Min Flow cfs 2 0 0 0 15 113 0 0 0 0 0

Turbine Selection Analysis

Selected Turbine Type Low Head Kaplan Francis Francis Francis Kaplan Kaplan Francis Kaplan Francis Francis

Selected Design Head ft 35 47 140 69 207 22 38 58 10 140 129

Selected Design flow cfs 23 560 845 201 451 1,504 100 70 197 260 41

Generator Speed rpm 600 300 300 600 400 600 600 600 600 600 600

Max Head Limit ft 43.8 59.3 174.4 86.8 258.2 27.5 47.5 72.6 12.8 174.7 161.0

Min Head Limit ft 22.8 30.8 90.7 45.1 134.3 14.3 24.7 37.8 6.6 90.8 83.7

Max Flow Limit cfs 23 560 845 201 451 1,504 100 70 197 260 41

Min Flow Limit cfs 5 112 169 40 90 301 20 14 39 52 8

Power Generation Analysis

Installed Capacity kw 49 1,661 8,521 1,008 6,733 2,067 238 294 126 2,626 380

Plant Factor 0.58 0.44 0.42 0.43 0.54] 0.74 0.41 0.47 0.14 0.43 0.29

Projected Monthly Production:
January MWH 22 10 477 398 3,879 819 0 36 0 0 0
February* MWH 22 13 420 337 3,329 769 0 39 0 0 0
March MWH 23 125 608 338 2,493 930 0 82 0 43 0
April MWH 25 580 2,461 285 1,834 1,063 0 117 6 1,025 34
May MWH 24 1,229 5,961 333 953 1,219 102 129 64 1,641 135
June MWH 25 1,245 7,092 388 1,228 1,372 196 155 62 1,824 113
July MWH 18 1,188 6,469 427 3,030 1,564 196 182 20 1,853 213
August MWH 16 973 3,735 412 3,186 1,463 196 171 0 1,835 200
September MWH 16 663 1,545 204 2,687 1,127 135 104 0 1,329 139
October MWH 16 211 669 77 1,828 985 6 69 0 36 93
November MWH 18 24 714 145 2,757 902 0 48 0 22 2
December MWH 18 7 624 368 3,960 848 0 45 0 0 0

Annual production* MWH 242 6,268 30,774 3,713 31,164 13,059 830 1,178 152 9,608 930

* For non-leap year

Benefit/Cost Analysis

Projected expenditure to implement project

1 Total Construction Cost $ 1,700,561 | $ 7,137,116 | $ 19,816,721 [ $ 4,364,329 | $ 13,177,464 11,003,696 | $ 2,201,700 | $ 1,635421 | $ 1,046,031 | $ 5,557,498 | $ 2,262,404

1 Annual O&M Cost $ 55,971 | $ 224,842 | $ 635,222 | $ 146,477 | $ 420,999 277,318 | $ 76,553 | $ 67,605 | $ 48,344 | $ 218,036 | $ 82,452

2 Projected Total Cost over 50 year period $ 2,536,674 | $ 10,470,990 | $ 29,263,836 | $ 6,559,492 | $ 19,435,054 14,936,260 | $ 3,355,403 | $ 2,679,453 | $ 1,802,687 | $ 8,901,602 | $ 3,513,900

Projected revenue after implementation of project

1 Power generation income for 2014 to 2060 $ 895,831 | $ 20,949,782 | $ 101,971,549 | $ 13,827,108 | $ 112,753,993 47,269,548 | $ 2,816,878 | $ 4,356,487 | $ 454,699 | $ 32,404,219 | $ 3,375,051

[T Green Energy Sellback income for 2014 to

2060 $ 29,350 | $ 758,381 | $ 3,724,023 | $ 449,513 | $ 3,773,510 1,580,790 | $ 100,453 | $ 142,581 | $ 18,365 | $ 1,162,602 | $ 112,506

2 Projected Total Revenue over 50 year period

(with Green Incentives) $ 338,228 | $ 7,961,798 | $ 38,795,651 | $ 5,216,360 | $ 42,944,069 17,881,395 [ $ 1,068,045 | $ 1,645,011 | $ 174,977 | $ 12,300,829 | $ 1,284,971

2 Projected Total Revenue over 50 year period

(w/o Green Incentives) $ 318,081 | $ 7,441,211 | $ 36,239,315 | $ 4,907,794 | $ 40,353,772 16,796,272 | $ 999,090 | $ 1,547,138 | $ 162,370 | $ 11,502,766 | $ 1,207,741

Benefit/Cost Ratio (with Green incentives) 0.13 0.76 1.33 0.80 2.21 1.20 0.32 0.61 0.10 1.38 0.37

Benefit/Cost Ratio (w/o Green incentives) 0.13 0.71 1.24] 0.75 2.08 1.12 0.30 0.58 0.09 1.29 0.34

Internal Rate of Return (with Green incentives) Negative 1.9%| 7.1%) 2.3%| 13.3% 6.0%]|Negative Negative Negative 7.8%|Negative

Internal Rate of Return (w/o Green incentives) Negative 1.5% 6.3% 1.9% 11.8% 5.3%|Negative Negative Negative 6.8%|Negative

Installed Cost $ per kW B 34,680 [ $ 4,296 | $ 2,326 | $ 4332 [$ 1,957 | $ 5323 | $ 9,265 | $ 5,563 | $ 8,300 | $ 2,116 | $ 5,956




Table E-3

Great Plains Region Model Results

Hunter Creek Diversion Johnson Project, Greenfield Knights Project, Greenfield

Facility Name Dam Huntley Diversion Dam James Diversion Dam Jamestown Dam Main Canal Drop Keyhole Dam Kirwin Dam Main Canal Drop Lake Alice Lower 1-1/2 Dam Lake Alice No. 2 Dam Lake Sherburne Dam

Agency Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation

Analysis Performed by CDM CDM CDM CDM CDM CDM CDM CDM CDM

Project Location (State) Colorado Montana South Dakota North Dakota Montana Wyoming Kansas Montana Nebraska Nebraska Montana

Transmission Voltage kv 115 115|138 69 69 115 115 115 115 115 115

T-Line Length miles 2.47 5.00 5.87 1.05 2.80 5.56 7.98 0.30 4.84 3.11 6.91

Fish and Wildlife Mitigation No No No No No No No No No No Yes

Recreation Mitigation Yes No No Yes No No No No No No No

Historical & Archaeological No No No No No No No No No No Yes

Water Quality Monitoring No No No No No No No No No No No

Fish Passage Required No No No No No No No No No No No

Results

Input Data Analysis

Data Set years 29 20 30 30 6 53 12 6 19.0 19 63

Max Head ft 50.0 8.0 53 54.1 46.0 78.4 76.1 60.0 0.0 15 68.3

Min Head ft 50.0 8.0 53 20.9 46.0 24.4 41.0 60.0 0.0 15 10.2

Max Flow cfs 109 80,100 22,800 1,807 385 1,347 595 163 500 622 2,340

Min Flow cfs 0 800 0 0 0 0 0 0 0 0 0

Flow too low for Flow too low for Flow too low for Flow too low for

Turbine Selection Analysis hydropower development hydropower development hydropower development  hydropower development

Selected Turbine Type Kaplan Kaplan Francis Francis Francis Low Head Kaplan

Selected Design Head ft 8 5 31 46 69 3 45

Selected Design flow cfs 4,850 583 50 61 36 101 317

Generator Speed rpm 600 600 600 600 600 600 600

Max Head Limit ft 10.0 6.6 39.0 57.5 85.8 3.7 56.6

Min Head Limit ft 5.2 3.4 20.3 29.9 44.6 1.9 29.4

Max Flow Limit cfs 4,850 583 50 61 36 101 317

Min Flow Limit cfs 970 117 10 12 7 20 63

Power Generation Analysis

Installed Capacity kw 2,426 193 113 203 179 18 898

Plant Factor 0.84 0.50 0.35 0.30 0.30 0.32 0.19

Projected Monthly Production:
January MWH 1,016 17 3 0 31 0 0
February* MWH 961 15 3 0 34 0 1
March MWH 1,108 60 7 0 31 0 75
April MWH 1,471 109 18 0 26 2 151
May MWH 1,961 107 36 91 35 8 281
June MWH 1,997 106 49 146 72 6 192
July MWH 1,939 93 56 146 104 11 126
August MWH 1,489 81 47 111 88 12 372
September MWH 1,364 68 49 32 14 9 265
October MWH 1,568 68 39 0 11 2 12
November MWH 1,419 62 24 0 11 0 18
December MWH 1,139 38 7 0 11 0 7

Annual production* MWH 17,430 825 338 525 466 50 1,502

* For non-leap year

Benefit/Cost Analysis

Projected expenditure to implement project

1 Total Construction Cost $ 8,351,948 | $ 4,677,903 | $ 1,281,781 | $ 2,127,797 $ 3,610,812 $ 1,489,497 | $ 6,696,814

1 Annual O&M Cost $ 268,214 | $ 123,424 | $ 51,675 | $ 72,609 $ 98,802 $ 50,276 | $ 179,478

2 Projected Total Cost over 50 year period $ 12,342,130 | $ 6,446,036 | $ 2,077,220 | $ 3,218,839 $ 5,037,128 $ 2,243,653 | $ 9,276,565

Projected revenue after implementation of project

1 Power generation income for 2014 to 2060 $ 60,727,391 | $ 3,024,102 | $ 1,254,035 | $ 1,739,242 $ 1,742,466 $ 185,969 | $ 5,166,059

[T Green Energy Sellback income for 2014 to

2060 $ 2,109,838 | $ 99,888 | $ 40,877 | $ 63,545 $ 56,381 $ 6,040 | $ 181,697

2 Projected Total Revenue over 50 year period

(with Green Incentives) $ 22,996,002 | $ 1,142,945 | $ 473,417 | $ 661,275 $ 657,226 $ 70,173 | $ 1,956,977

2 Projected Total Revenue over 50 year period

(w/o Green Incentives) $ 21,547,717 | $ 1,074,378 | $ 445357 | $ 617,655 $ 618,524 $ 66,027 | $ 1,832,252

Benefit/Cost Ratio (with Green incentives) 1.86 0.18 0.23 0.21 0.13 0.03 0.21

Benefit/Cost Ratio (w/o Green incentives) 1.75 0.17 0.21 0.19 0.12 0.03 0.20

Internal Rate of Return (with Green incentives) 10.9%|Negative Negative Negative Negative Negative Negative

Internal Rate of Return (w/o Green incentives) 9.7%|Negative Negative Negative Negative Negative Negative

Installed Cost $ per kW [$ 3442 $ 24,208 | $ 11,360 [ $ 10,491 B 20,215 B 82,349 | $ 7,454




Table E-3

Great Plains Region Model Results

Mill Coulee Canal Drop,
Lower Yellowstone Middle Cunningham Creek Upper and Lower Drops
Facility Name Lily Pad Diversion Dam Lovewell Dam Diversion Dam Mary Taylor Drop Structure Medicine Creek Dam Merritt Dam Diversion Dam Combined Minatare Dam Nelson Dikes C Nelson Dikes DA
Agency Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation
Analysis Performed by CDM CDM CDM CDM CDM CDM CDM CDM CDM
Project Location (State) Colorado Kansas Montana Montana Nebraska Nebraska Colorado Montana Nebraska Montana Montana
Transmission Voltage kv 115 115 115(69 115 115 115 115 115(138 138
T-Line Length miles 1.27 9.90 1.46 3.33 2.42 25.87 0.31 1.53 2.01 3.01 3.01
Fish and Wildlife Mitigation No No Yes No No No No No No No No
Recreation Mitigation No No No No No No No No Yes No No
Historical & Archaeological No No No No No No No No No No No
Water Quality Monitoring No No No No No No No No No No No
Fish Passage Required No No Yes No No No No No No No No
Results
Input Data Analysis
Data Set years 29 19 7 6 56 3 29 10 15 14.0 14
Max Head ft 233.5 60.3 52 43.7 74.0 114.3 7.1 186.4 46.1 22.2 22.2
Min Head ft 233.5 35.2 52 43.7 40.3 94.9 7.1 186.4 135 4.6 4.6
Max Flow cfs 32 4,817 63,200 541 1,200 300 98 191 426 250 656
Min Flow cfs 0 0 2,000 0 0 0 0 0 0 0 0
Flow too low for Flow too low for Flow too low for Flow too low for Flow too low for Flow too low for
Turbine Selection Analysis hydropower development  hydropower development hydropower development hydropower development  hydropower development hydropower development
Selected Turbine Type Kaplan Low Head Francis Francis Low Head Low Head
Selected Design Head ft 5 44 66 113 35 17
Selected Design flow cfs 8,360 2 58 200 2 46
Generator Speed rpm 600 600 600 600 600 600
Max Head Limit ft 6.5 54.6 82.2 141.0 44.3 215
Min Head Limit ft 3.4 28.4 42.7 73.3 23.0 11.2
Max Flow Limit cfs 8,360 2 58 200 2 46
Min Flow Limit cfs 1,672 0 12 40 0 9
Power Generation Analysis
Installed Capacity kw 2,719 6 276 1,631 4 48
Plant Factor 0.90 10.00 0.42 0.60 0.20 0.28
Projected Monthly Production:
January MWH 1,529 0 50 1,140 0 0
February* MWH 1,412 0 60 1,082 0 0
March MWH 1,670 0 86 993 0 0
April MWH 1,856 0 95 1,026 0 2
May MWH 2,182 3 100 950 1 22
June MWH 2,234 4 148 949 0 18
July MWH 2,055 4 171 149 3 26
August MWH 1,458 3 145 84 2 25
September MWH 1,472 1 49 203 1 18
October MWH 1,779 0 26 160 0 6
November MWH 1,780 0 30 599 0 0
December MWH 1,609 0 41 1,104 0 0
Annual production* MWH 21,035 16 1,001 8,438 7 116
* For non-leap year
Benefit/Cost Analysis
Projected expenditure to implement project
1 Total Construction Cost $ 19,728,714 | $ 1,297,122 | $ 2,153,439 | $ 12,636,814 $ 766,962 $ 1,599,029
1 Annual O&M Cost $ 448,093 | $ 45243 | $ 76,313 | $ 321,020 $ 34,959 $ 54,350
2 Projected Total Cost over 50 year period $ 25,924,139 | $ 1,979,306 | $ 3,306,906 | $ 17,197,335 $ 1,313,264 $ 2,415,201
Projected revenue after implementation of project
1 Power generation income for 2014 to 2060 $ 73,513,896 | $ 51,348 | $ 3,702,889 | $ 30,916,350 $ 27,483 $ 395,687
[T Green Energy Sellback income for 2014 to
2060 $ 2,546,303 | $ 1,876 | $ 121,163 | $ 1,021,887 $ 877 $ 14,010
2 Projected Total Revenue over 50 year period
(with Green Incentives) $ 27,831,875 | $ 19,523 [ $ 1,398,073 | $ 11,679,550 $ 10,355 $ 149,986
2 Projected Total Revenue over 50 year period
(w/o Green Incentives) $ 26,083,982 | $ 18,235 [ $ 1,314,902 | $ 10,978,083 $ 9,753 $ 140,369
Benefit/Cost Ratio (with Green incentives) 1.07 0.01 0.42 0.68 0.01 0.06
Benefit/Cost Ratio (w/o Green incentives) 1.01 0.01 0.40 0.64 0.01 0.06
Internal Rate of Return (with Green incentives) 5.0%|Negative Negative 1.2%| Negative Negative
Internal Rate of Return (w/o Green incentives) 4.4%|Negative Negative 0.9% Negative Negative
Installed Cost $ per kW B 7,257 | $ 216,671 $ 7,812 | $ 7,749 B 177,688 B 33,395




Table E-3

Great Plains Region Model Results

Facility Name Norton Dam Olympus Dam Pactola Dam Paradise Diversion Dam Pathfinder Dam Pilot Butte Dam Pishkun Dike - No. 4 Pueblo Dam Rattlesnake Dam Red Willow Dam Saint Mary Diversion Dam

Agency Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation

Analysis Performed by CDM CDM CDM CDM CDM CDM CDM CDM CDM CDM CDM

Project Location (State) Kansas Colorado South Dakota Montana Wyoming Montana Wyoming Colorado Montana Colorado Montana

Transmission Voltage kv 115 13.8 69 115|138 69 69 138 13.8 115|169

T-Line Length miles 0.36 0.09 0.26 1.93 2.33 0.32 8.51 0.84 0.72 1.71 1.96

Fish and Wildlife Mitigation No No No No No No No Yes No No No

Recreation Mitigation No No Yes No Yes No No No No No No

Historical & Archaeological No No No No No Yes No No No No Yes

Water Quality Monitoring No No No No No No No No No No No

Fish Passage Required No No No No Yes No No No No No No

Results

Input Data Analysis

Data Set years 41 11 49 15 8 37 13 20 31 43 19

Max Head ft 66.1 44.0 161.7 11.8 163.9 55.6 28.9 199.4 422 74.1 652.6

Min Head ft 14.9 23.8 7.8 11.8 110.9 5.0 0.0 130.9 2.0 50.7 0.0

Max Flow cfs 134 1,125 500 348 108 1,520 1,830 11,318 1 364 708

Min Flow cfs 0 14 0 0 0 0 0 30 1 0 0

Flow too low for Flow too low for

Turbine Selection Analysis hydropower development hydropower development

Selected Turbine Type Low Head Kaplan Francis Francis Kaplan Kaplan Francis Low Head Low Head Kaplan

Selected Design Head ft 49 42 154 135 49 22 183 31 68 5

Selected Design flow cfs 2 107 53 76 477 447 987 1 5 534

Generator Speed rpm 600 600 600 600 300 600 300 600 600 600

Max Head Limit ft 61.8 53.0 192.9 169.2 60.7 27.3 228.3 39.0 85.6 6.7

Min Head Limit ft 32.1 27.6 100.3 88.0 31.6 14.2 118.7 20.3 44.5 3.5

Max Flow Limit cfs 2 107 53 76 477 447 987 1 5 534

Min Flow Limit cfs 0 21 11 15 95 89 197 0 1 107

Power Generation Analysis

Installed Capacity kw 6 284 596 743 1,448 610 13,027 1 21 178

Plant Factor 0.47 0.64 0.53 0.86 0.39 0.27 0.50 1.84 0.83 0.47

Projected Monthly Production:
January MWH 1 40 137 429 33 0 1,322 1 12 0
February* MWH 1 37 129 408 33 0 1,613 1 11 0
March MWH 2 50 169 438 46 0 3,701 1 12 15
April MWH 2 100 231 435 210 12 6,190 1 12 79
May MWH 2 216 319 437 834 173 7,659 1 13 137
June MWH 3 231 329 453 1,076 251 8,555 1 14 137
July MWH 3 228 363 497 1,091 436 8,113 1 14 135
August MWH 2 217 343 481 879 328 7,051 1 14 135
September MWH 2 174 276 480 552 199 4,566 1 12 76
October MWH 2 136 156 474 67 0 3,392 1 11 5
November MWH 2 68 134 487 34 0 2,304 1 11 0
December MWH 2 52 137 487 30 0 1,154 1 12 0

Annual production* MWH 24 1,549 2,725 5,508 4,884 1,399 55,620 8 148 720

* For non-leap year

Benefit/Cost Analysis

Projected expenditure to implement project

1 Total Construction Cost $ 232,028 [ $ 1,920,496 | $ 2,206,949 $ 4,475,519 | $ 6,392,727 | $ 6,719,164 | $ 21,926,121 | $ 312,404 [ $ 805,550 | $ 3,027,290

1 Annual O&M Cost $ 25,135 | $ 73,514 [ $ 87,170 $ 114,143 | $ 200,714 [ $ 179,396 | $ 685,688 | $ 26,127 | $ 37,153 [ $ 90,319

2 Projected Total Cost over 50 year period $ 650,840 | $ 3,044,206 | $ 3,545,129 $ 6,098,512 | $ 9,367,093 | $ 9,295,657 | $ 32,080,170 | $ 741,950 | $ 1,386,904 | $ 4,353,435

Projected revenue after implementation of project

1 Power generation income for 2014 to 2060 $ 87,693 | $ 5,559,444 | $ 10,084,287 $ 19,924,351 | $ 17,664,867 | $ 4,799,851 | $ 198,904,244 | $ 26,904 | $ 551,991 | $ 2,414,737

[T Green Energy Sellback income for 2014 to

2060 $ 2,861 |$ 187,514 | $ 329,793 $ 666,731 | $ 591,039 | $ 169,231 | $ 6,731,308 | $ 909 | $ 17,952 [ $ 87,061

2 Projected Total Revenue over 50 year period

(with Green Incentives) $ 33,102 | $ 2,119,176 | $ 3,807,240 $ 7,537,539 | $ 6,681,668 | $ 1,818,118 | $ 75,844,766 | $ 10,257 | $ 208,279 | $ 917,217

2 Projected Total Revenue over 50 year period

(w/o Green Incentives) $ 31,137 | $ 1,990,458 | $ 3,580,856 $ 7,079,866 | $ 6,275,952 | $ 1,701,950 | $ 71,224,099 | $ 9,633 | $ 195,957 | $ 857,455

Benefit/Cost Ratio (with Green incentives) 0.05 0.70 1.07 1.24 0.71 0.20 2.36 0.01 0.15 0.21

Benefit/Cost Ratio (w/o Green incentives) 0.05 0.65 1.01 1.16 0.67 0.18 2.22 0.01 0.14 0.20

Internal Rate of Return (with Green incentives) Negative 0.7% 5.1%) 6.2%) 1.3%]|Negative 14.2%|Negative Negative Negative

Internal Rate of Return (w/o Green incentives) Negative 0.3% 4.5% 5.6% 1.0%|Negative 12.6%|Negative Negative Negative

Installed Cost $ per kW B 39,494 [ $ 6,769 | $ 3,705 B 6,020 | $ 4,415 [ $ 11,019 $ 1,683 | $ 328,758 | $ 38,617 | $ 17,032




Table E-3

Great Plains Region Model Results

Facility Name Shadehill Dam Shadow Mountain Dam Soldier Canyon Dam St. Mary Canal - Drop 1 St. Mary Canal - Drop 2 St. Mary Canal - Drop 3 St. Mary Canal - Drop 4 St. Mary Canal - Drop 5 Sun River Diversion Dam Trenton Dam Twin Lakes Dam (USBR)

Agency Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation

Analysis Performed by CDM CDM CDM CDM CDM CDM CDM CDM CDM CDM

Project Location (State) South Dakota Colorado Colorado Montana Montana Montana Montana Montana Montana Nebraska Colorado

Transmission Voltage kv 69 13.8 115 69 69 69 69 69 69 138 115

T-Line Length miles 7.32 1.96 2.46 10.33 9.83 9.60 8.58 8.58 16.61 3.00 0.68

Fish and Wildlife Mitigation No No No No No No No No No No Yes

Recreation Mitigation No No No No No No No No No No No

Historical & Archaeological No No No Yes Yes Yes Yes Yes Yes No No

Water Quality Monitoring No No No No No No No No Yes No No

Fish Passage Required No No No No No No No No No No No

Results

Input Data Analysis

Data Set years 53 19 4 20 20 20 20 20 13 52 19

Max Head ft 75.4 38.8 203.1 36.1 29.0 26.4 66.2 56.6 45.0 89.1 52.7

Min Head ft 51.6 31.3 75.1 36.1 29.0 26.4 66.2 56.6 45.0 23.0 9.2

Max Flow cfs 4,120 3,366 25 745 745 745 745 745 8,136 3,490 3,091

Min Flow cfs 0 0 0 0 0 0 0 0 0 0 8

Flow too low for

Turbine Selection Analysis hydropower development

Selected Turbine Type Francis Francis Kaplan Kaplan Kaplan Francis Kaplan Kaplan Francis Kaplan

Selected Design Head ft 64! 37 36 29 26 66 57 45 55 46

Selected Design flow cfs 70 45 537 537 537 537 537 716 52 344

Generator Speed rpm 600 600 600 600 600 300 300 600 600 600

Max Head Limit ft 79.6 45.9 45.1 36.3 33.0 82.8 70.8 56.3 69.3 57.0

Min Head Limit ft 41.4] 23.9 23.5 18.8 17.2 43.0 36.8 29.2 36.0 29.6

Max Flow Limit cfs 70 45 537 537 537 537 537 716 52 344

Min Flow Limit cfs 14 9 107 107 107 107 107 143 10 69

Power Generation Analysis

Installed Capacity kw 322 119 1,212 974 887 2,569 1,901 2,015 208 981

Plant Factor 0.55 0.76 0.46 0.46 0.46 0.40 0.46 0.50 0.32 0.67

Projected Monthly Production:
January MWH 104 37 0 0 0 0 0 128 16 453
February* MWH 94 33 0 0 0 0 0 140 19 422
March MWH 113 36 131 105 96 236 206 185 22 428
April MWH 137 48 543 436 397 988 852 681 36 379
May MWH 139 67 894 718 654 1,650 1,402 1,556 58 550
June MWH 155 85 879 706 643 1,625 1,378 1,647 94 735
July MWH 156 86 894 718 654 1,654 1,402 1,650 128 807
August MWH 156 80 876 703 640 1,620 1,373 1,361 113 634
September MWH 141 73 544 437 398 1,004 853 699 56 348
October MWH 119 69 77 62 57 142 121 191 10 270
November MWH 112 81 0 0 0 0 0 197 9 293
December MWH 109 82 0 0 0 0 0 211 9 331

Annual production* MWH 1,536 777 4,838 3,887 3,538 8,919 7,586 8,645 570 5,648

* For non-leap year

Benefit/Cost Analysis

Projected expenditure to implement project

1 Total Construction Cost $ 4,189,377 | $ 1,562,696 $ 9,101,244 | $ 8,400,704 | $ 8,111,143 | $ 9,815,666 | $ 10,151,559 | $ 13,980,285 [ $ 2,275,189 | $ 5,021,388

1 Annual O&M Cost $ 117,008 | $ 57,836 $ 243,585 | $ 222583 [ $ 214,167 | $ 294,504 | $ 285,083 | $ 347,370 | $ 75,782 | $ 153,459

2 Projected Total Cost over 50 year period $ 5,887,153 | $ 2,442,534 $ 12,601,424 | $ 11,592,237 | $ 11,179,714 | $ 14,144,373 | $ 14,288,818 | $ 18,890,175 | $ 3,409,481 | $ 7,284,577

Projected revenue after implementation of project

1 Power generation income for 2014 to 2060 $ 5,708,089 | $ 2,794,520 $ 16,281,480 | $ 13,079,332 | $ 11,906,730 | $ 30,009,553 | $ 25,527,189 | $ 29,121,388 | $ 2,122,023 | $ 20,324,443

[T Green Energy Sellback income for 2014 to

2060 $ 185,963 | $ 94,074 $ 585,442 | $ 470,301 | $ 428,137 | $ 1,079,149 | $ 917,895 | $ 1,046,115 | $ 69,019 | $ 683,695

2 Projected Total Revenue over 50 year period

(with Green Incentives) $ 2,154,242 | $ 1,065,058 $ 6,182,903 | $ 4,966,885 | $ 4,521,589 | $ 11,396,164 | $ 9,693,967 | $ 11,059,141 | $ 800,826 | $ 7,745,080

2 Projected Total Revenue over 50 year period

(w/o Green Incentives) $ 2,026,589 | $ 1,000,481 $ 5,781,029 | $ 4,644,049 | $ 4,227,696 | $ 10,655,387 | $ 9,063,882 | $ 10,341,041 | $ 753,448 | $ 7,275,762

Benefit/Cost Ratio (with Green incentives) 0.37 0.44 0.49 0.43 0.40 0.81 0.68 0.59 0.23 1.06

Benefit/Cost Ratio (w/o Green incentives) 0.34 0.41 0.46 0.40 0.38 0.75 0.63 0.55 0.22 1.00

Internal Rate of Return (with Green incentives) Negative Negative Negative Negative Negative 2.5% 1.0%|Negative Negative 4.9%

Internal Rate of Return (w/o Green incentives) Negative Negative Negative Negative Negative 2.0% 0.7%|Negative Negative 4.4%

Installed Cost $ per kW B 12,996 [ $ 13,080 B 7,508 | $ 8,626 | $ 9,149 | $ 3,820 | $ 5341 $ 6,938 | $ 10,914 s 5,119




Table E-3

Great Plains Region Model Results

Facility Name Vandalia Diversion Dam Virginia Smith Dam Webster Dam Whalen Diversion Dam Willow Creek Dam Willow Creek Dam Willwood Canal Willwood Diversion Dam Wind River Diversion Dam |Woods Project, Greenfield MWyoming Canal - Station 1972

Agency Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation

Analysis Performed by CDM CDM CDM CDM CDM CDM CDM CDM CDM CDM CDM

Project Location (State) Montana Nebraska Kansas Wyoming Colorado Montana Wyoming Wyoming Wyoming Montana Wyoming

Transmission Voltage kv 69 115 115 69 13.8 115|69 69 69 69|69

T-Line Length miles 0.37 21.69 6.72 0.94 1.89 3.54 1.52 1.52 2.13 3.52 7.31

Fish and Wildlife Mitigation No No No No No No No No No No No

Recreation Mitigation No No No No No No No No Yes No No

Historical & Archaeological No No No No No No No No Yes No No

Water Quality Monitoring No No No No No No No No No No No

Fish Passage Required No No No No No No Yes Yes No No No

Results

Input Data Analysis Only 1 year data available

Data Set years 7 4 17 1 28 20 9 9 3 9 4

Max Head ft 32.3 103.7 87.0 95.1 775 37.0 41.0 19.0 53.0 24.0

Min Head ft 32.3 54.9 22.6 425 48.8 37.0 41.0 19.0 53.0 24.0

Max Flow cfs 6,173 649 1,000 1,832 380 415 5,268 5,586 300 230

Min Flow cfs 0 10 0 0 0 0 26 0 0 0

Flow too low for

Turbine Selection Analysis hydropower development

Selected Turbine Type Kaplan Francis Low Head Francis Kaplan Kaplan Kaplan Kaplan Kaplan

Selected Design Head ft 32 72 72 90 37 41 19 53 24!

Selected Design flow cfs 161 310 15 42 297 414 335 225 190

Generator Speed rpm 600 600 600 600 600 600 600 600 600

Max Head Limit ft 40.4/ 89.6 90.6 111.9 46.3 51.3 23.8 66.3 30.0

Min Head Limit ft 21.0 46.6 47.1 58.2 24.0 26.6 12.3 34.4 15.6

Max Flow Limit cfs 161 310 15 42 297 414 335 225 190

Min Flow Limit cfs 32 62 3 8 59 83 67 45 38

Power Generation Analysis

Installed Capacity kw 326 1,607 66 272 687 1,062 398 746 285

Plant Factor 0.68 0.71 0.29 0.37 0.53 0.69 0.47 0.42 0.50

Projected Monthly Production:
January MWH 177 1,070 11 7 0 665 0 0 0
February* MWH 184 663 15 6 0 602 0 0 0
March MWH 236 885 14 22 0 677 0 0 0
April MWH 192 559 15 91 230 603 44 0 55
May MWH 185 819 13 172 522 441 248 321 233
June MWH 210 1,003 19 190 532 541 294 614 235
July MWH 99 1,097 31 163 565 473 312 614 235
August MWH 89 941 25 57 565 313 326 614 235
September MWH 102 381 8 46 531 243 293 293 221
October MWH 140 538 5 49 188 474 78 24 5
November MWH 139 802 3 50 0 647 0 0 0
December MWH 153 1,040 6 9 0 658 0 0 0

Annual production* MWH 1,907 9,799 164 863 3,134 6,337 1,595 2,680 1,218

* For non-leap year

Benefit/Cost Analysis

Projected expenditure to implement project

1 Total Construction Cost $ 2,298,653 | $ 11,594,970 | $ 2,707,650 $ 1,933,591 $ 5,261,726 | $ 6,737,492 | $ 3,896,191 | $ 4,685,969 | $ 4,874,922

1 Annual O&M Cost $ 82,829 | $ 301,670 | $ 75,738 $ 71,956 $ 134,544 | $ 171,116 | $ 114,034 | $ 144,947 | $ 130,096

2 Projected Total Cost over 50 year period $ 3,553,758 | $ 15,903,436 | $ 3,805,916 $ 3,029,089 $ 7,175,914 | $ 9,168,292 | $ 5,564,520 | $ 6,828,271 | $ 6,743,190

Projected revenue after implementation of project

1 Power generation income for 2014 to 2060 $ 6,653,468 | $ 36,574,151 | $ 613,807 $ 3,071,739 $ 11,314,002 | $ 22,869,094 | $ 5,777,358 | $ 9,112,394 | $ 4,394,450

[T Green Energy Sellback income for 2014 to

2060 $ 230,861 | $ 1,186,150 | $ 19,915 $ 104,394 $ 379,171 | $ 767,227 | $ 192,963 | $ 324,221 | $ 147,428

2 Projected Total Revenue over 50 year period

(with Green Incentives) $ 2,519,621 | $ 13,795,960 | $ 231,563 $ 1,171,909 $ 4,279,907 | $ 8,654,356 | $ 2,184,598 | $ 3,454,217 | $ 1,662,225

2 Projected Total Revenue over 50 year period

(w/o Green Incentives) $ 2,361,148 | $ 12,981,735 | $ 217,892 $ 1,100,248 $ 4,019,627 | $ 8,127,698 | $ 2,052,139 | $ 3,231,657 | $ 1,561,024

Benefit/Cost Ratio (with Green incentives) 0.71 0.87 0.06 0.39 0.60 0.94 0.39 0.51 0.25

Benefit/Cost Ratio (w/o Green incentives) 0.66 0.82 0.06 0.36 0.56 0.89 0.37 0.47 0.23

Internal Rate of Return (with Green incentives) 1.1% 3.2%]|Negative Negative 0.1%) 3.9%|Negative Negative Negative

Internal Rate of Return (w/o Green incentives) 0.7% 2.8%|Negative Negative Negative 3.4%|Negative Negative Negative

Installed Cost $ per kW B 7,054 | $ 7,216 | $ 40,902 B 7,113 B 7,660 | $ 6,344 | $ 9,795 | $ 6,283 | $ 17,095




Lower Colorado Region Model Results

Table E-4

Gila Gravity Main Canal
Facility Name Bartlett Dam Headworks Horseshoe Dam Imperial Dam Laguna Dam
Agency Bureau of Reclamation | Bureau of Reclamation | Bureau of Reclamation | Bureau of Reclamation | Bureau of Reclamation
Analysis Performed by CDM CDM CDM CDM CDM
Project Location (State) Arizona Arizona Arizona Arizona Arizona
Transmission Voltage kv 115 69 115 69 138
T-Line Length miles 0.06 0.95 6.79 0.50 0.45
Fish and Wildlife Mitigation Yes No Yes Yes No
Recreation Mitigation Yes No Yes No No
Historical & Archaeological No No No No Yes
\Water Quality Monitoring No No No No No
Fish Passage Required No No No No No
Results
Input Data Analysis
Data Set years 10 14 4 4 4
Max Head ft 251.0 25 142.0 11.5 10.0
Min Head ft 251.0 25 142.0 11.5 10.0
Max Flow cfs 25,100 2,160 1,350 1,500 200
Min Flow cfs 54 0 0 0 200
Turbine Selection Analysis
Selected Turbine Type Francis Kaplan Francis Kaplan Kaplan
Selected Design Head ft 251 3 142 12 10
Selected Design flow cfs 415 1,410 1,350 1,500 200!
Generator Speed rpm 600 600 240 600 600
Max Head Limit ft 313.8 3.2 1775 14.4 12.5
Min Head Limit ft 163.1 1.6 92.3 7.5 6.5
Max Flow Limit cfs 415 1,410 1,350 1,500 200
Min Flow Limit cfs 83 282 270 300 40
Power Generation Analysis
Installed Capacity [kw | 7,529| 223 13,857| 1,079] 125
Plant Factor | | 0.57| 0.81] 0.50[ 0.57| 1.14
Projected Monthly Production:
January MWH 2,984 77 0 0 103
February* MWH 3,494 87 0 0 96
March MWH 3,002 135 0 0 103
April MWH 3,238 153 9,728 865 103
May MWH 2,902 161 9,977 888 103
June MWH 3,025 165 9,977 888 103
July MWH 2,781 162 9,977 888 103
August MWH 2,364 150 9,977 888 103
September MWH 1,742 153 9,977 888 103
October MWH 3,790 132 241 21 103
November MWH 3,976 104 0 0 103
December MWH 3,581 70 0 0 103
Annual production* MWH 36,880 1,548 59,854 5,325 1,228
* For non-leap year
Benefit/Cost Analysis
Projected expenditure to implement project
* Total Construction Cost $ 15,028,173 | $ 3,859,340 | $ 29,812,051 | $ 7,611,232 | $ 1,099,940
' Annual O&M Cost $ 433,118 [ $ 111,204 | $ 786,571 | $ 208,075 | $ 48,910
? Projected Total Cost over 50 year period $ 21,345,964 | $ 5,481,382 | $ 41,080,168 | $ 10,522,605 | $ 1,862,054
Projected revenue after implementation of project
* Power generation income for 2014 to
2060 $ 135,502,787 | $ 5,722,519 | $ 224,545,969 | $ 19,978,589 | $ 4,537,245
T Green Energy Sellback income for 2014
to 2060 $ 46,320,673 | $ 1,943,494 | $ 75,116,372 | $ 6,683,349 | $ 1,542,364
2 Projected Total Revenue over 50 year
period (with Green Incentives) $ 75,081,491 | $ 3,164,182 | $ 123,548,060 | $ 10,992,475 | $ 2,509,069
Projected Total Revenue over 50 year
period (w/o Green Incentives) $ 48,254,174 | $ 2,038,561 | $ 80,041,690 | $ 7,121,571 | $ 1,615,780
Benefit/Cost Ratio (with Green incentives) 3.52 0.58 3.01 1.04 1.35]
Benefit/Cost Ratio (w/o Green incentives) 2.26 0.37 1.95 0.68 0.87
Internal Rate of Return (with Green
incentives) 23.1%|Negative 19.5% 4.9% 8.5%
Internal Rate of Return (w/o Green
incentives) 12.6%|Negative 10.7% 1.2% 3.0%!
Installed Cost $ per kW |$ 1,99 [ $ 17,299 | $ 2,151 [ $ 6,963 [ $ 8,794




This Page Intentionally Left Blank



Table E-5
Mid-Pacific Region Model Results

Facility Name Anderson Rose Dam Boca Dam Bradbury Dam Casitas Dam Clear Lake Dam Gerber Dam Lake Tahoe Dam Malone Diversion Dam Marble Bluff Dam
Agency Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation
Analysis Performed by CDM CDM CDM CDM CDM CDM CDM CDM CDM
Project Location (State) Oregon California California California California Oregon California Oregon Nevada
Transmission Voltage kV 115 69 115 69 138 138 115 115 115
T-Line Length miles 0.24 1.14 7.18 0.27 11.90 11.30 0.05 4.60 7.22
Fish and Wildlife Mitigation No No No No No No Yes No No
Recreation Mitigation No Yes No No Yes No Yes No Yes
Historical & Archaeological No Yes No No No No No No No
Water Quality Monitoring No No No No No No No No No
Fish Passage Required No No No No No No Yes No No
Results
Input Data Analysis
Data Set years 23 30 29 30 9.0 11 30 5 30
Max Head ft 12.0 102.0 190.0 216.6 6.7 48.0 8.4 8.5 49.0
Min Head ft 12.0 37.0 190.0 37.0 0.0 16.6 0.0 0.0 37.5
Max Flow cfs 1,086 2,530 10 2,530 540 167 3,160 150 19,300
Min Flow cfs 0 0 10 0 0 0 0 0 3
No head available for
Turbine Selection Analysis hydropower development
Selected Turbine Type Low Head Francis Pelton Francis Low Head Kaplan Kaplan Low Head Kaplan
Selected Design Head ft 12 92 190 96 0 35 6 8 38
Selected Design flow cfs 40 179 10 151 105 112 729 95 479
Generator Speed rpm 600 600 600 600 600 600 600 600
Max Head Limit ft 15.0 114.4 209.0 119.4 44.2 7.9 9.6 48.1
Min Head Limit ft 7.8 59.5 123.5 62.1 23.0 4.1 5.0 25.0
Max Flow Limit cfs 40 179 10 151 112 729 95 479
Min Flow Limit cfs 8 36 2 30 22 146 19 96
Power Generation Analysis
Installed Capacity kW 29 1,184 142 1,042 248 287 44 1,153
Plant Factor 0.50 0.43 0.43 0.37 0.36 0.36 0.39 0.57
Projected Monthly Production:
January MWH 17 191 29 144 0 17 0 470
February* MWH 15 195 40 138 0 29 0 403
March MWH 9 276 51 199 0 59 0 523
April MWH 9 493 61 366 11 108 2 692
May MWH 12 611 65 451 122 130 24 751
June MWH 6 519 62 377 173 103 29 585
July MWH 6 469 60 361 191 101 31 412
August MWH 4 376 50 278 162 139 33 301
September MWH 11 412 34 295 99 106 26 347
October MWH 12 372 24 291 2 58 0 385
November MWH 9 262 21 213 0 25 0 379
December MWH 15 196 24 167 0 17 0 375
Annual production* MWH 126 4,370 521 3,280 760 893 147 5,624
* For non-leap year
Benefit/Cost Analysis
Projected expenditure to implement project
! Total Construction Cost $ 377,651 [ $ 4,372,184 [ $ 3,093,810 3,318,002 $ 4,890,102 | $ 2,494,688 | $ 1,835,590 | $ 8,013,175
' Annual O&M Cost $ 29,789 | $ 144,080 | $ 87,008 127,904 $ 125,923 | $ 68,059 | $ 57,911 | $ 218,236
? Projected Total Cost over 50 year period $ 865,655 | $ 6,524,960 | $ 4,356,871 5,275,000 $ 6,684,449 | $ 3,476,586 | $ 2,694,497 | $ 11,160,597
Projected revenue after implementation of project
* Power generation income for 2014 to
2060 $ 481,278 [ $ 16,495,441 | $ 1,966,739 12,396,703 $ 2,646,350 | $ 3,375,900 | $ 516,966 | $ 21,302,210
T Green Energy Sellback income for 2014
to 2060 $ 15,313 | $ 9,033,922 | $ 1,076,517 6,780,039 $ 91,906 | $ 1,845,091 | $ 17,748 | $ 680,771
2 Projected Total Revenue over 50 year
period (with Green Incentives) $ 181,371 | $ 10,979,640 | $ 1,308,649 8,246,189 $ 1,004,697 | $ 2,244,889 | $ 196,038 | $ 8,014,671
Projected Total Revenue over 50 year
period (w/o Green Incentives) $ 170,859 | $ 5,850,797 | $ 697,483 4,396,942 $ 941,609 | $ 1,197,368 | $ 183,854 | $ 7,547,360
Benefit/Cost Ratio (with Green incentives) 0.21 1.68 0.30 1.56 0.15 0.65 0.07 0.72
Benefit/Cost Ratio (w/o Green incentives) 0.20 0.90 0.16 0.83 0.14 0.34 0.07 0.68
Internal Rate of Return (with Green
incentives) Negative 11.3%(Negative 10.7% Negative Negative Negative 1.6%
Internal Rate of Return (w/o Green
incentives) Negative 3.4%|Negative 2.7% Negative Negative Negative 1.3%
[Installed Cost $ per kW s 12,916 | $ 3,693 [ $ 21,748 [ $ 3,183 | | $ 19,733 [ $ 8,686 | $ 41,464 | $ 6,948 |




Table E-5
Mid-Pacific Region Model Results

Facility Name Prosser Creek Dam Putah Creek Dam Putah Diversion Dam Rainbow Dam Rye Patch Dam Twitchell Dam Upper Slaven Dam
Agency Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation Bureau of Reclamation
Analysis Performed by CDM CDM CDM CDM CDM CDM
Project Location (State) California California California California Nevada Nevada
Transmission Voltage kV 69 138 115 115 115 115
T-Line Length miles 0.50 1.94 2.23 13.88 2.23 7.25
Fish and Wildlife Mitigation No No Yes No No No
Recreation Mitigation Yes No No Yes No No
Historical & Archaeological No No No No No No
Water Quality Monitoring No No No No No No
Fish Passage Required No No No No No No
Results
Input Data Analysis
Data Set years 30 34 33 2 30 19
Max Head ft 132.0 11.3 11.3 63.8 8.0
Min Head ft 73.3 0.0 0.0 45 8.0
Max Flow cfs 1,810 14,557 14,569 7,840 8,320
Min Flow cfs 0 5 1 0 0
Flow too low for hydropower
Turbine Selection Analysis development
Selected Turbine Type Francis Low Head Kaplan Kaplan Kaplan Kaplan
Selected Design Head ft 127 11 11 29 59 8
Selected Design flow cfs 95 43 553 105 322 316
Generator Speed rpm 600 600 600 600 600 600
Max Head Limit ft 158.8 13.1 13.1 36.3 73.2 10.0
Min Head Limit ft 82.5 6.8 6.8 18.8 38.1 5.2
Max Flow Limit cfs 95 43 553 105 322 316
Min Flow Limit cfs 19 9 111 21 64 63
Power Generation Analysis
Installed Capacity kw 872 28 363 190 1,180 158
Plant Factor 0.51 0.70 0.62 0.63 0.48 0.53
Projected Monthly Production:
January MWH 222 12 41 94 141 46
February* MWH 257 10 63 126 204 66
March MWH 424 14 110 156 266 107
April MWH 493 18 208 137 643 112
May MWH 462 18 267 137 695 119
June MWH 389 19 294 107 658 115
July MWH 307 19 300 76 614 66
August MWH 319 15 288 61 608 16
September MWH 375 10 216 28 414 4
October MWH 281 10 104 21 331 12
November MWH 118 11 16 23 135 23
December MWH 172 11 18 32 129 34
Annual production* MWH 3,819 166 1,924 998 4,837 720
* For non-leap year
Benefit/Cost Analysis
Projected expenditure to implement project
! Total Construction Cost $ 3,095,446 | $ 960,746 | $ 2,815,050 | $ 5,915,822 4,958,990 $ 3,473,921
' Annual O&M Cost $ 113,064 | $ 40,637 | $ 90,546 | $ 142,085 164,965 $ 95,618
? Projected Total Cost over 50 year period $ 4,812,154 | $ 1,590,126 | $ 4,162,456 | $ 7,908,022 7,427,651 $ 4,855,944
Projected revenue after implementation of project
* Power generation income for 2014 to
2060 $ 14,440,943 | $ 632,485 | $ 7,249,612 | $ 3,737,394 18,182,761 $ 2,687,577
T Green Energy Sellback income for 2014
to 2060 $ 7,896,125 [ $ 343,943 | $ 3,976,637 [ $ 2,063,485 9,998,530 $ 87,112
2 Projected Total Revenue over 50 year
period (with Green Incentives) $ 9,604,843 | $ 419,557 | $ 4,828,813 | $ 2,496,900 12,125,879 $ 1,012,476
Projected Total Revenue over 50 year
period (w/o Green Incentives) $ 5,122,003 [ $ 224,291 | $ 2,571,140 [ $ 1,325,432 6,449,392 $ 952,679
Benefit/Cost Ratio (with Green incentives) 2.00 0.26 1.16 0.32 1.63 0.21
Benefit/Cost Ratio (w/o Green incentives) 1.06 0.14 0.62 0.17 0.87 0.20
Internal Rate of Return (with Green
incentives) 14.3%(Negative 6.3%|Negative 10.9% Negative
Internal Rate of Return (w/o Green
incentives) 4.9%|Negative 0.2%|Negative 3.2% Negative
[Installed Cost $ per kW |s 3,549 | $ 34,903 | $ 7,745 $ 31,115 $ 4,203 | | $ 21,973 |




Table E-6
Pacific Northwest Region Model Results

Facility Name Agate Dam Agency Valley Arthur R. Bowman Dam Bully Creek Dam Bumping Lake Cle Elum Dam Cold Springs Dam Crane Prairie Dam Deadwood Dam Easton Diversion Dam Emigrant Dam
Agency Bureau of Reclamation Reclamation Reclamation Reclamation Reclamation Reclamation Reclamation Reclamation Reclamation Reclamation Reclamation
Analysis Performed by CDM CDM CDM CDM CDM CDM CDM CDM CDM CDM CDM
Project Location (State) Oregon Oregon Oregon Oregon Washington Washington Oregon Oregon Idaho Washington Oregon
Transmission Voltage kv 115 138 138 138 138 115 115 138 138 138 138
T-Line Length miles 0.75 22.46 5.94 19.01 22.78 2.02 2.51 17.41 45.01 0.32 0.22
Fish and Wildlife Mitigation No No No No Yes No Yes No No No No
Recreation Mitigation No No Yes No Yes No No No No No No
Historical & Archaeological No No No No No No No No No No No
Water Quality Monitoring No No No No No No No No No No No
Fish Passage Required No No No No No No No No No No No
Results
Input Data Analysis
Data Set years 10 35 29 24 28 31 12 22 28 10 14
Max Head ft 65.0 79.8 190.1 95.5 38.1 128.9 51.5 21.4 127.3 49.2 194.5
Min Head ft 26.4 2.2 109.7 35.7 2.9 3.4 0.0 9.0 72.4 31.6 103.0
Max Flow cfs 1,940 2,060 3,280 3,483 2,486 5,111 360 822 2,220 5,308 1,139
Min Flow cfs 0 0 7 0 2 0 0 21 0 132 0
Turbine Selection Analysis
Selected Turbine Type Low Head Francis Francis Francis Kaplan Francis Low Head Kaplan Francis Kaplan Francis
Selected Design Head ft 63 67 173 85 30 101 38 18 110 46 185
Selected Design flow cfs 23 244 264 51 279 994 28 270 110 366 55
Generator Speed rpm 600 600 600 600 600 300 600 600 600 600 600
Max Head Limit ft 78.2 83.6 215.7 106.1 37.3 126.1 47.7 22.6 136.9 57.7 231.0
Min Head Limit ft 40.7 43.5 112.2 55.2 19.4 65.6 24.8 11.8 71.2 30.0 120.1
Max Flow Limit cfs 23 244 264 51 279 994 28 270 110 366 55
Min Flow Limit cfs 5 49 53 10 56 199 6 54 22 73 11
Power Generation Analysis
Installed Capacity kw 89 1,179 3,293 313 521 7,249 65 306 871 1,057 733
Plant Factor 0.35 0.39 0.65 0.40 0.49 0.24 0.23 0.70 0.48 0.82 0.42
Projected Monthly Production:
January MWH 2 30 875 27 87 477 13 130 175 506 144
February* MWH 6 70 1,092 53 80 409 20 105 178 451 140
March MWH 25 221 1,393 94 76 585 35 110 199 537 189
April MWH 43 605 1,989 136 174 1,293 33 134 212 757 285
May MWH 47 848 2,250 196 372 2,334 15 218 285 733 196
June MWH 47 814 2,233 181 461 2,469 8 220 571 738 278
July MWH 41 665 2,150 159 393 4,117 5 208 657 786 498
August MWH 30 426 2,047 126 272 2,070 0 191 562 801 438
September MWH 17 209 1,718 68 145 150 0 164 248 560 261
October MWH 3 52 1,126 19 17 68 0 129 146 538 36
November MWH 0 0 611 0 40 230 0 118 156 500 23
December MWH 3 0 796 6 82 710 0 120 173 491 130
Annual production* MWH 264 3,941 18,282 1,065 2,200 14,911 129 1,845 3,563 7,400 2,619
* For non-leap year
Benefit/Cost Analysis
Projected expenditure to implement project
* Total Construction Cost $ 821,478 | $ 10,421,296 8,732,172 | $ 8,081,316 | $ 10,270,852 13,606,459 | $ 1,306,811 8,556,793 | $ 19,508,880 | $ 4,899,217 [ $ 2,208,830
* Annual O&M Cost $ 41,777 [ $ 264,213 279,827 [ $ 189,547 | $ 232,806 491,453 | $ 48,885 200,504 | $ 428,495 | $ 161,504 | $ 95,049
Projected Total Cost over 50 year period $ 1,482,061 | $ 14,173,106 12,893,599 | $ 10,723,554 | $ 13,487,973 21,056,056 | $ 2,051,633 11,351,086 | $ 25,380,923 | $ 7,312,473 | $ 3,684,074
Projected revenue after implementation of project
* Power generation income for 2014 to 2060 $ 920,311 | $ 13,456,926 66,632,205 | $ 3,732,704 | $ 7,679,909 52,583,732 [ $ 471,910 6,786,523 | $ 13,450,614 | $ 27,455,501 | $ 9,666,178
! Green Energy Sellback income for 2014 to 2060 $ 32,002 | $ 476,937 2,212,931 | $ 128,948 | $ 266,210 1,804,591 | $ 15,620 223,362 | $ 431,288 | $ 895,742 | $ 317,055
Projected Total Revenue over 50 year period (with
Green Incentives) $ 349,661 | $ 5,123,348 25,203,046 | $ 1,417,294 | $ 2,916,777 19,946,301 | $ 178,485 2,565,012 | $ 5,056,582 | $ 10,368,025 | $ 3,649,488
Projected Total Revenue over 50 year period (w/o
Green Incentives) $ 327,694 | $ 4,795,957 23,683,994 | $ 1,328,778 | $ 2,734,039 18,707,549 | $ 167,762 2,411,687 | $ 4,760,528 | $ 9,753,149 | $ 3,431,848
Benefit/Cost Ratio (with Green incentives) 0.24 0.36 1.95 0.13 0.22 0.95 0.09 0.23 0.20 1.42 0.99
Benefit/Cost Ratio (w/o Green incentives) 0.22 0.34 1.84 0.12 0.20 0.89 0.08 0.21 0.19 1.33 0.93
Internal Rate of Return (with Green incentives) Negative Negative 11.5%|Negative Negative 3.9%|Negative Negative Negative 7.8% 4.3%
Internal Rate of Return (w/o Green incentives) Negative Negative 10.3%|Negative Negative 3.3%|Negative Negative Negative 7.0% 3.7%
Installed Cost $ per kW B 9,267 [ $ 8,836 | $ 2,652 [ $ 25,832 [ $ 19,720 [ $ 1877 $ 20,063 | $ 27,948 [ $ 22,401 [ $ 4,636 | $ 3,012




Table E-6

Pacific Northwest Region Model Results

Facility Name Fish Lake Golden Gate Canal Grassy Lake Harper Dam Haystack Canal Howard Prairie Kachess Dam Keechelus Dam Keene Creek Little Wood River Dam Mann Creek
Agency Reclamation Reclamation Reclamation Reclamation Reclamation Reclamation Reclamation Reclamation Reclamation Reclamation Reclamation
Analysis Performed by CDM CDM CDM CDM CDM CDM CDM CDM CDM CDM CDM
Project Location (State) Oregon Idaho Oregon Oregon Washington Washington Oregon Idaho Idaho
Transmission Voltage kV 115 115 115 138 138 138 138 138 138
T-Line Length miles 1.50 5.00 13.50 2.49 0.13 1.07 1.07 37.37 4.59
Fish and Wildlife Mitigation Yes No No No No No No No No
Recreation Mitigation No No No No No Yes No No No
Historical & Archaeological No No No No No No No No No
Water Quality Monitoring No No No No No No No No No
Fish Passage Required No No No No No No No No No
Results
FIOW 100 Iow Tor oW 100 Iow Tor
hydropower hydropower
Input Data Analysis development development
Data Set years 5 2 4 7 29 29 3 24 2
Max Head ft 42.4 80.0 62.7 67.5 92.9 110.5 119.1
Min Head ft 21.2 80.0 42.3 4.6 5.8 24.3 12.9
Max Flow cfs 369 75 382 2,083 2,370 58 2,126
Min Flow cfs 0 0 1 0 0 0 0
Turbine Selection Analysis
Selected Turbine Type Francis Kaplan Francis Kaplan Kaplan Francis Francis Francis Francis
Selected Design Head ft 39 43 80 57 55 75 46 103 113
Selected Design flow cfs 36 191 75 225 358 444 52 200 61
Generator Speed rpm 600 600 600 600 600 600 600 600 600
Max Head Limit ft 48.3 53.8 100.0 71.5 68.5 93.3 57.4 129.1 141.6
Min Head Limit ft 25.1 27.9 52.0 37.2 35.6 48.5 29.9 67.1 73.6
Max Flow Limit cfs 36 191 75 225 358 444 52 200 61
Min Flow Limit cfs 7 38 15 45 72 89 10 40 12
Power Generation Analysis
Installed Capacity kW 102 514 434 805 1,227 2,394 173 1,493 495
Plant Factor 0.27 0.52 0.50 0.54 0.37 0.33 0.68 0.39 0.50
Projected Monthly Production:
January MWH 15 0 0 0 18 205 78 84 14
February* MWH 17 0 0 0 52 213 75 139 157
March MWH 14 0 3 0 93 229 99 245 263
April MWH 11 0 312 418 192 740 78 558 355
May MWH 14 416 312 617 561 1,383 104 1,042 368
June MWH 14 378 312 589 855 1,561 86 1,119 296
July MWH 37 423 312 594 790 1,273 81 935 288
August MWH 44 423 312 593 660 774 113 501 266
September MWH 42 371 310 609 490 156 105 195 87
October MWH 12 283 0 319 115 9 77 32 4
November MWH 11 0 0 0 19 18 38 46 0
December MWH 4 0 0 0 32 185 71 55 0
Annual production* MWH 235 2,293 1,874 3,738 3,877 6,746 1,005 4,951 2,097
* For non-leap year
Benefit/Cost Analysis
Projected expenditure to implement project
* Total Construction Cost $ 1,250,122 | $ 3,991,136 $ 5,900,898 | $ 4,447,990 $ 5145312 | $ 6,916,669 | $ 1,399,926 17,927,590 3,554,047
* Annual O&M Cost $ 49,907 | $ 121,541 $ 152,366 | $ 142,615 $ 171,854 | $ 227,502 | $ 57,431 419,479 112,047
Projected Total Cost over 50 year period $ 2,017,355 | $ 5,782,447 $ 8,073,358 | $ 6,569,072 $ 7,718,748 | $ 10,314,842 | $ 2,285,976 23,771,512 5,215,658
Projected revenue after implementation of project
* Power generation income for 2014 to 2060 $ 894,226 | $ 8,602,770 $ 6,583,707 | $ 13,258,988 $ 13,579,772 | $ 23,024,064 | $ 3,748,014 18,158,113 7,713,968
! Green Energy Sellback income for 2014 to 2060 $ 28,451 | $ 277,478 $ 226,697 | $ 452,334 $ 469,133 | $ 816,443 | $ 121,638 599,229 253,921
Projected Total Revenue over 50 year period (with
Green Incentives) $ 336,659 | $ 3,234,683 $ 2,497,941 | $ 5,027,304 $ 5,154,194 | $ 8,765,705 | $ 1,414,594 6,842,890 2,906,180
Projected Total Revenue over 50 year period (w/o
Green Incentives) $ 317,129 | $ 3,044,209 $ 2,342,327 | $ 4,716,802 $ 4,832,160 | $ 8,205,262 | $ 1,331,096 6,431,553 2,731,878
Benefit/Cost Ratio (with Green incentives) 0.17 0.56 0.31 0.77 0.67 0.85 0.62 0.29 0.56
Benefit/Cost Ratio (w/o Green incentives) 0.16 0.53 0.29 0.72 0.63 0.80 0.58 0.27 0.52
Internal Rate of Return (with Green incentives) Negative Negative Negative 1.9% 0.6% 2.9%|Negative Negative Negative
Internal Rate of Return (w/o Green incentives) Negative Negative Negative 1.5% 0.3% 2.4%|Negative Negative Negative
Installed Cost $ per kW |$ 12,283 | $ 7,771 IB 13,606 | $ 5,527 ['s 4,195 $ 2,889 | $ 8,074 | $ 12,010 | $ 7,173




Table E-6

Pacific Northwest Region Model Results

Facility Name Mason Dam Maxwell Dam McKay Dam Ochoco Dam Reservoir "A" Ririe Dam Scoggins Dam Scootney Wasteway Soda Creek Soldier's Meadow Sunnyside Diversion Dam
Agency Reclamation Reclamation Reclamation Reclamation Reclamation Reclamation Reclamation Reclamation Reclamation Reclamation Reclamation
Analysis Performed by CDM CDM CDM CDM CDM CDM CDM CDM CDM CDM CDM
Project Location (State) Oregon Oregon Oregon Oregon Idaho Idaho Oregon Washington Oregon Idaho Washington
Transmission Voltage kv 115 115 138 138 138 115 115 115 115 115
T-Line Length miles 10.82 3.99 2.22 2.22 2.29 2.27 2.66 3.65 2.66 5.98
Fish and Wildlife Mitigation No No No No No No No No No No
Recreation Mitigation No No No No No No No No No No
Historical & Archaeological No No No No Yes No No No No Yes
Water Quality Monitoring No No No No No No No No No No
Fish Passage Required No No No No No No No No No No
Results
Flow too low for
Input Data Analysis hydropower development
Data Set years 37 20 16 26 6 31 27 4 7 20
Max Head ft 156.6 4.0 137.9 79.7 63.2 150.0 99.7 13.0 1.3 6.0
Min Head ft 71.1 4.0 43.4 0.0 51.1 86.7 41.8 13.0 0.0 6.0
Max Flow cfs 592 14,500 1,400 565 32 1,750 1,940 2,800 20 44,000
Min Flow cfs 0 1 0 0 0 0 3 0 0 565
Turbine Selection Analysis
Selected Turbine Type Francis Kaplan Francis Low Head Low Head Francis Francis Kaplan Low Head Kaplan
Selected Design Head ft 139 4 122 60 60 132 96 13 0 6
Selected Design flow cfs 164 467 154 19 12 104 138 2,800 2 3,630
Generator Speed rpm 600 600 600 600 600 600 600 600 600 600
Max Head Limit ft 173.4 5.0 152.9 75.0 75.5 165.2 119.7 16.3 0.4 7.5
Min Head Limit ft 90.2 2.6 79.5 39.0 39.2 85.9 62.2 8.4 0.2 3.9
Max Flow Limit cfs 164 467 154 19 12 104 138 2,800 2 3,630
Min Flow Limit cfs 33 93 31 4 2 21 28 560 0 726
Power Generation Analysis
Installed Capacity kw 1,649 117 1,362 69 45 993 955 2,276 0 1,362
Plant Factor 0.41 0.64 0.37 0.39 0.44 0.44 0.45 0.57 0.42 0.87
Projected Monthly Production:
January MWH 39 80 36 13 0 6 286 0 0 733
February* MWH 72 76 64 13 0 31 204 0 0 736
March MWH 285 90 141 20 1 118 320 15 0 865
April MWH 588 88 476 20 12 213 267 1,873 0 1,002
May MWH 1,102 74 437 22 23 559 274 1,873 0 1,067
June MWH 1,126 45 804 30 30 608 332 1,873 0 1,055
July MWH 1,101 6 929 38 32 481 581 1,873 0 1,048
August MWH 993 3 759 30 31 487 548 1,873 0 1,021
September MWH 463 17 485 21 25 584 409 1,858 0 828
October MWH 4 43 195 11 14 440 184 0 0 575
November MWH 0 56 20 5 1 209 89 0 0 603
December MWH 0 66 0 9 0 42 189 0 0 648
Annual production* MWH 5,773 644 4,344 232 169 3,778 3,683 11,238 0 10,182
* For non-leap year
Benefit/Cost Analysis
Projected expenditure to implement project
* Total Construction Cost $ 7,272,253 | $ 2,075,365 | $ 4,271,128 | $ 1,308,297 | $ 1,281,384 | $ 3,635,269 3,681,655 12,612,015 | $ 863,565 $ 12,050,834
* Annual O&M Cost $ 220,351 | $ 66,933 [ $ 155,828 [ $ 49,949 | $ 47,787 | $ 131,557 131,071 354,813 [ $ 36,115 $ 312,916
Projected Total Cost over 50 year period $ 10,516,899 | $ 3,071,844 | $ 6,636,738 | $ 2,071,521 | $ 2,009,142 | $ 5,630,016 5,664,164 17,763,073 | $ 1,422,118 $ 16,517,985
Projected revenue after implementation of project
* Power generation income for 2014 to 2060 $ 20,039,378 | $ 2,408,361 | $ 15,476,231 | $ 847,665 | $ 634,225 | $ 14,091,162 13,747,159 39,492,334 [ $ 306 $ 37,665,681
! Green Energy Sellback income for 2014 to 2060 $ 698,532 | $ 77,974 | $ 525,715 | $ 28,056 | $ 20,478 | $ 457,184 445,780 1,359,839 | $ 10 $ 1,232,646
Projected Total Revenue over 50 year period (with
Green Incentives) $ 7,613,801 | $ 909,338 | $ 5,863,393 | $ 320,425 | $ 238,540 | $ 5,302,485 5,185,751 14,983,889 | $ 115 $ 14,227,525
Projected Total Revenue over 50 year period (w/o
Green Incentives) $ 7,134,297 | $ 855,813 | $ 5,502,518 | $ 301,166 | $ 224,483 | $ 4,988,654 4,879,748 14,050,434 | $ 109 $ 13,381,383
Benefit/Cost Ratio (with Green incentives) 0.72 0.30 0.88 0.15 0.12 0.94 0.92 0.84 0.00 0.86
Benefit/Cost Ratio (w/o Green incentives) 0.68 0.28 0.83 0.15 0.11 0.89 0.86 0.79 0.00 0.81
Internal Rate of Return (with Green incentives) 1.5%]|Negative 3.2%]|Negative Negative 3.8% 3.5% 2.9%(Negative 3.1%
Internal Rate of Return (w/o Green incentives) 1.1%]|Negative 2.7%|Negative Negative 3.3% 3.0% 2.5%|Negative 2.7%
Installed Cost $ per kW B 4,411 [$ 17,765 | $ 3,136 [ $ 18,850 | $ 28,394 [ $ 3,660 | $ 3,855 [ $ 5,540 | $ 18,925,189 [$ 8,847




Table E-6

Pacific Northwest Region Model Results

Facility Name Thief Valley Dam Unity Dam Warm Springs Dam |Wasco Dam Wickiup Dam Wild Horse - BIA
Agency Reclamation Reclamation Reclamation Reclamation Reclamation Reclamation
Analysis Performed by CDM CDM CDM CDM CDM CDM
Project Location (State) Oregon Oregon Oregon Oregon Nevada
Transmission Voltage kV 115 115 138 138 115 138
T-Line Length miles 2.29 25.28 0.67 7.89 12.43 4.22]
Fish and Wildlife Mitigation No No No No No No
Recreation Mitigation Yes No No No Yes No
Historical & Archaeological No No No No No No
Water Quality Monitoring No No No No No No
Fish Passage Required No No No No No No
Results
Input Data Analysis
Data Set years 28 28 31 8 22 24
Max Head ft 45.2 55.5 74.1 36.1 57.8 79.6
Min Head ft 2.4 10.5 0.0 9.8 9.8 34.6)
Max Flow cfs 2,370 1,030 3,030 38 1,947 1,340
Min Flow cfs 0 0 0 0 13 0
Turbine Selection Analysis
Selected Turbine Type Kaplan Kaplan Kaplan Low Head Kaplan Francis
Selected Design Head ft 39 46 57 25 55 70
Selected Design flow cfs 150 106 346 9 1,157 53
Generator Speed rpm 600 600 600 600 200 600
Max Head Limit ft 49.2 57.9 71.3 30.9 68.2 87.1]
Min Head Limit ft 25.6 30.1 37.1 16.1 35.5 45.3
Max Flow Limit cfs 150 106 346 9 1,157 53
Min Flow Limit cfs 30 21 69 2 231 11
Power Generation Analysis
Installed Capacity kW 369 307 1,234 13 3,950 267
Plant Factor 0.58 0.50 0.31 0.74 0.46 0.35
Projected Monthly Production:
January MWH 143 26 83 0 494 13
February* MWH 188 40 106 0 553 15
March MWH 278 102 177 0 642 33
April MWH 244 209 422 1 1,558 43|
May MWH 257 266 419 1 2,774 101
June MWH 256 243 466 4 2,915 149
July MWH 196 209 606 6 2,663 162
August MWH 105 158 530 7 1,633 149
September MWH 36 51 319 5 1,015 92
October MWH 22 7 88 1 626 29
November MWH 36 4 0 0 343 3
December MWH 71 15 40 0 435 2
Annual production* MWH 1,833 1,329 3,256 26 15,650 791
* For non-leap year
Benefit/Cost Analysis
Projected expenditure to implement project
* Total Construction Cost $ 2,600,835 | $ 9,461,845 | $ 5,051,928 | $ 2,674,073 | $ 15,154,628 | $ 2,913,968
* Annual O&M Cost $ 87,225 $ 213,536 | $ 169,684 | $ 71,159 | $ 422,139 | $ 90,572
Projected Total Cost over 50 year period $ 3,907,862 | $ 12,409,328 | $ 7,595,191 | $ 3,695,345 | $ 21,270,909 | $ 4,253,766
Projected revenue after implementation of project
* Power generation income for 2014 to 2060 $ 6,579,371 | $ 4,600,990 | $ 11,670,861 [ $ 95,732 | $ 54,829,886 | $ 3,065,195
! Green Energy Sellback income for 2014 to 2060 $ 221,951 | $ 160,890 | $ 394,076 | $ 3,132 | $ 1,894,063 | $ 95,763
Projected Total Revenue over 50 year period (with
Green Incentives) $ 2,492,769 | $ 1,749,216 | $ 4,419,601 | $ 36,115 | $ 20,820,512 | $ 1,152,074
Projected Total Revenue over 50 year period (w/o
Green Incentives) $ 2,340,412 | $ 1,638,774 | $ 4,149,090 | $ 33,965 | $ 19,520,344 | $ 1,086,338
Benefit/Cost Ratio (with Green incentives) 0.64 0.14 0.58 0.01 0.98 0.27
Benefit/Cost Ratio (w/o Green incentives) 0.60 0.13 0.55 0.01 0.92 0.26
Internal Rate of Return (with Green incentives) 0.2%]|Negative Negative Negative 4.2%|Negative
Internal Rate of Return (w/o Green incentives) Negative Negative Negative Negative 3.7%|Negative
Installed Cost $ per kW | 7,049 | $ 30,808 | $ 4,095 | $ 208,756 | $ 3837 (% 10,917




Table E-7

Upper Colorado Region Model Results
Azotea Creek and
Willow Creek
Azeotea Creek and Willow Creek Azeotea Creek and Willow Creek Azeotea Creek and Willow Creek Conveyance Channel
Facility Name Arthur V. Watkins  [Angostura Diversion Dam Avalon Dam |Conveyance Channel Station 1565+00 [Conveyance Channel Station 1702+75 [Conveyance Channel Station 1831+17 |Outlet Azotea Tunnel Big Sandy Dam |Blanco Diversion Dam Blanco Tunnel |Brantley Dam |Caballo Dam
Agency Reclamation Bureau of Reclamation Reclamation Reclamation Reclamation Bureau of Reclamation Reclamation Bureau of Reclamation Reclamation Bureau of Reclamation Reclamation Reclamation Bureau of Reclamation
Analysis Performed by CDM CDM CDM CDM CDM CDM CDM CDM CDM CDM CDM CDM CDM
Project Location (State) Utah New Mexico New Mexico New Mexico New Mexico New Mexico New Mexico New Mexico Wyoming New Mexico New Mexico New Mexico New Mexico
Transmission Voltage kv 115 115 115 115 115 115 115 115|138 115 115 115 115
T-Line Length miles 1.99 0.65 2.76 5.00 5.00 5.00 5.00 5.00 21.09 12.93 12.93 2.18 1.55
Fish and Wildlife Mitigation No No No No No No No No No No No No Yes
Recreation Mitigation No Yes No Yes Yes Yes Yes Yes No Yes Yes No No
Historical & Archaeological No No No No No No No No No No No No No
Water Quality Monitoring No No No No No No No No No No No No No
Fish Passage Required No No No No No No No No No No No No No
Results
Input Data Analysis
Data Set years 12 9 30 30 30 30 30 30 20 28 23 30 14
Max Head ft 27.5 5.2 21.4 22.0 20.0 18.0 5.0 31.8 58.7 31.0 109.0 48.6 50.4
Min Head ft 8.9 0.0 0.0 18.0 17.0 15.0 0.0 21.0 22.2 22.0 109.0 8.2 23.8
Max Flow cfs 1,388 344 15,600 1,080 1,080 1,080 1,220 1,080 1,059 500 500 1,200 2,603
Min Flow cfs 0 0 0 0 0 0 0 0 0 0 0 0 0
Turbine Selection Analysis
Selected Turbine Type Low Head Low Head Kaplan Low Head Low Head Low Head Low Head Low Head Kaplan Low Head Francis Kaplan Kaplan
Selected Design Head ft 25 3 17 18 17 15 0 22 51 22 109 15 43
Selected Design flow cfs 20 190 216 65 65 65 94 65 89 35 35 219 1,213
Generator Speed rpm 600 600 600 600 600 600 600 600 600 600 600 600 600
Max Head Limit ft 31.3 3.5 21.3 22.8 21.5 19.0 0.5 27.1 64.3 27.8 136.3 19.2 53.7
Min Head Limit ft 16.3 1.8 11.1 11.9 11.2 9.9 0.3 14.1 33.4 14.5 70.8 10.0 27.9
Max Flow Limit cfs 20 190 216 65 65 65 94 65 89 35 35 219 1,213
Min Flow Limit cfs 4 38 43 13 13 13 19 13 18 7 7 44 243
Power Generation Analysis
Installed Capacity kW 31 33 230 72 68 60 2 86 286 47 276 210 3,260
Plant Factor 0.46 0.32 0.52 0.39 0.38 0.38 0.11 0.30 0.36 0.36 0.36 0.39 0.96
Projected Monthly Production:
January MWH 8 0 13 0 0 0 0 0 6 0 1 6 1,789
February* MWH 7 0 21 0 0 0 0 0 1 0 0 15 1,718
March MWH 8 4 47 11 11 9 0 14 2 7 50 26 2,286
April MWH 11 11 145 48 45 40 0 51 7 27 167 112 2,445
May MWH 14 12 126 56 52 46 0 36 112 34 192 90 2,442
June MWH 11 15 142 52 48 43 0 36 242 30 167 90 2,681
July MWH 9 16 136 33 31 27 0 38 237 19 104 87 2,619
August MWH 11 16 123 19 18 16 0 22 190 13 73 92 2,631
September MWH 10 12 109 10 10 9 0 12 73 8 49 89 2,345
October MWH 9 4 106 8 7 7 0 9 3 6 35 77 2,128
November MWH 12 0 42 2 2 2 0 2 4 2 11 9 1,916
December MWH 12 0 22 0 0 0 0 0 8 0 1 4 1,916
Annual production* MWH 122 91 1,031 240 223 199 1 222 884 146 849 697 26,916
* For non-leap year
Benefit/Cost Analysis
Projected expenditure to implement project
1 Total Construction Cost $ 966,052 | $ 564,216 | $ 2,260,737 | $ 2,215,330 | $ 2,192,951 | $ 2,149,369 | $ 1,703,120 | $ 2,284,345 | $ 9,560,553 | $ 4,656,148 | $ 5,526,538 | $ 1,991,209 | $ 10,180,737
1 Annual O&M Cost $ 40,896 | $ 33,402 | $ 76,535 | $ 66,584 | $ 65,931 | $ 64,664 | $ 52,169 | $ 68,608 | $ 217,991 | $ 110,665 | $ 137,564 | $ 70,502 | $ 304,687
2 Projected Total Cost over 50 year peri| $ 1,599,511 | $ 1,099,928 | $ 3,409,321 | $ 3,194,313 [ $ 3,162,384 [ $ 3,100,287 [ $ 2,472,829 [ $ 3,292,961 [ $ 12,577,563 | $ 6,203,849 [ $ 7,471,744 | $ 3,056,703 | $ 14,657,019
Projected revenue after implementation of project
["T Power generation income 101 2014 10
2060 $ 451,377 | $ 340,315 | $ 3,825,368 | $ 873,836 | $ 814,153 | $ 723,424 | $ 3,964 | $ 815,564 | $ 3,220,406 | $ 533,360 | $ 3,094,131 | $ 2,581,596 | $ 100,184,603
[T Green Energy Sellback income for
2014 to 2060 $ 14,785 [ $ 11,019 [$ 124822 ($ 29,022 | $ 27,032 | $ 24,023 | $ 128 | $ 26,859 | $ 106,982 [ $ 17,685 [ $ 102,758 [ $ 84,379 | $ 3,258,135
2 Projected Total REVenue over 50 year
period (with Green Incentives) $ 170,075 | $ 128,605 | $ 1,446,138 [ $ 330,920 | $ 308,311 | $ 273,956 | $ 1,497 [ $ 308,685 | $ 1,217,430 | $ 201,945 | $ 1,171,681 | $ 976,203 | $ 37,838,368
period (w/o Green Incentives) $ 159,926 | $ 121,041 | $ 1,360,454 [ $ 310,998 | $ 289,756 | $ 257,466 | $ 1,410 [ $ 290,248 | $ 1,143,993 | $ 189,806 | $ 1,101,143 | $ 918,282 | $ 35,601,843
Benefit/Cost Ratio (with Green
incentives) 0.11 0.12 0.42 0.10 0.10 0.09 0.00 0.09 0.10 0.03 0.16 0.32 2.58
[Benefit/Cost Ratio (w/o Green
incentives) 0.10 0.11 0.40 0.10 0.09 0.08 0.00 0.09 0.09 0.03 0.15 0.30 2.43
Internal Rate of Return (with Green
incentives) Negative Negative Negative Negative Negative Negative Negative Negative Negative Negative Negative Negative 15.1%
Internal Rate of Return (w/o Green
incentives) Negative Negative Negative Negative Negative Negative Negative Negative Negative Negative Negative Negative 13.5%
Installed Cost $ per kW | ['s 31,426 | $ 17,183 | $ 9,818 | $ 30,674 | $ 32,238 | $ 35,760 | $ 772,084 | $ 26,649 | $ 33,466 | $ 98,199 | $ 20,041 | $ 9,481 | $ 3,123




Table E-7
Upper Colorado Region Model Results

Facility Name Crawford Dam |Currant Creek Dam Dolores Tunnel [Duschesne Tunnel East Canal East Canyon Dam [Eden Dam Fruitgrowers Dam Fort Sumner Diversion Dam Garnet Diversion Dam  |Grand Valley Diversion Dam Gunnison Diversion Dam Gunnison Tunnel |Hammond Diversion Dam
Agency Reclamation Reclamation Reclamation Reclamation Reclamation Reclamation Reclamation Reclamation Reclamation Reclamation Bureau of Reclamation Bureau of Reclamation Reclamation Reclamation
Analysis Performed by CDM CDM CDM CDM CDM CDM CDM CDM CDM CDM CDM CDM CDM CDM
Project Location (State) Colorado Utah Colorado Utah Colorado Utah Wyoming Colorado New Mexico Colorado Colorado Colorado Colorado New Mexico
Transmission Voltage kv 138 115 115|138 115|138 115 115 115 115 115 115 115 115
T-Line Length miles 0.94 11.62 5.00 21.19 4.24 15.32 18.48 5.66 5.00 5.00 5.00 5.00 5.00 5.00
Fish and Wildlife Mitigation No No No No No No No No No No Yes Yes No No
Recreation Mitigation No Yes Yes Yes No No No No No No Yes No No No
Historical & Archaeological No No No No No No No No No No Yes No No No
Water Quality Monitoring No No No No No No No No No No No No No No
Fish Passage Required No No No No No No No No No No No No No No
Results
Input Data Analysis
Data Set years 28 16 8 5 11 10 7 7 30 11 15 28 30 6
Max Head ft 135.0 119.0 83.9 64.0 2.0 186.3 17.5 32.6 15.2 2.0 14.0 17.0 70.0 7.9
Min Head ft 135.0 109.8 83.9 64.0 2.0 133.9 0.0 8.1 11.0 2.0 14.0 17.0 70.0 7.9
Max Flow cfs 67 545 650 171 175 262 200 67 141 65 29,600 10,600 1,191 92
Min Flow cfs 6 0 0 7 0 4 0 0 0 0 58 65 0 0

FIOW LOO 10w 101

hydropower
Turbine Selection Analysis development
Selected Turbine Type Francis Francis Francis Low Head Low Head Francis Low Head Low Head Low Head Kaplan Kaplan Kaplan Low Head

Selected Design Head ft 135 118 84 64 2 170 28 14 2 14 17 70 8
Selected Design flow cfs 31 17 17 21 119 76 17 90 44 2,260 1,350 875 71
Generator Speed rpm 600 600 600 600 600 600 600 600 600 600 600 300 600
Max Head Limit ft 168.8 146.9 104.9 80.0 2.5 212.4 34.9 17.1 2.5 17.5 21.3 87.5 9.9
Min Head Limit ft 87.8 76.4 54.6 41.6 1.3 110.4 18.1 8.9 1.3 9.1 11.0 45.5 5.2
Max Flow Limit cfs 31 17 17 21 119 76 17 90 44 2,260 1,350 875 71
Min Flow Limit cfs 6 3 3 4 24 15 3 18 9 452 270 175 14
Power Generation Analysis

Installed Capacity kW 303 146 103 84 14 929 29 75 5 1,979 1,435 3,830 35
Plant Factor 0.47 0.80 0.58 0.64 0.50 0.44 0.50 0.59 0.46 0.84 0.75 0.58 0.49
Projected Monthly Production:

January MWH 0 70 40 21 0 44 1 1 0 1,239 804 1,555 0
February* MWH 35 62 31 19 0 164 4 8 0 1,156 752 1,458 0
March MWH 0 71 42 21 0 289 6 41 0 1,341 796 1,567 0
April MWH 1 95 58 60 6 328 8 47 2 1,148 695 1,577 13
May MWH 140 97 63 60 10 276 14 48 4 1,525 796 1,586 25
June MWH 218 98 61 60 10 566 19 51 4 1,550 782 1,594 25
July MWH 218 99 36 60 10 675 21 47 4 1,144 791 1,601 25
August MWH 218 101 24 49 10 634 21 45 4 836 756 1,610 25
September MWH 217 93 32 29 10 457 18 46 3 815 736 1,616 25
October MWH 132 73 43 30 6 116 11 44 1 881 716 1,624 12
November MWH 38 70 47 26 0 0 0 0 0 1,357 772 1,631 0
December MWH 0 75 41 22 0 0 1 0 0 1,252 825 1,637 0
Annual production* MWH 1,217 1,003 515 458 62 3,549 124 378 21 14,246 9,220 19,057 148
* For non-leap year

Benefit/Cost Analysis

Projected expenditure to implement proj

1 Total Construction Cost $ 1,592,302 | $ 4,611,170 | $ 2,286,410 | $ 8,445279 | $ 1,559,625 [ $ 8,270,262 $ 2,166,884 | $ 2,213,556 | $ 1,713,350 | $ 12,887,516 | $ 9,573,414 [ $ 12,634,089 | $ 1,983,289
1 Annual O&M Cost $ 66,683 | $ 114,786 | $ 69,368 | $ 185,541 | $ 50,652 | $ 216,950 $ 63,224 | $ 67,114 | $ 52,659 | $ 320,885 | $ 255,551 | $ 392,750 | $ 60,177
2 Projected Total Cost over 50 year peri| $ 2,623,806 [ $ 6,234,299 [ $ 3,308,087 [ $ 10,988,090 [ $ 2,314,605 [ $ 11,374,335 $ 3,091,300 | $ 3,201,923 [ $ 2,490,745 [ $ 17,425,253 | $ 13,243,501 | $ 18,444,025 | $ 2,869,610
Projected revenue after implementation
I"T Power generation income 101 2014 10

2060 $ 4,384,774 [ $ 3,712,475 [ $ 1,829,432 | $ 1,688,097 | $ 221,110 | $ 13,166,786 $ 446,536 | $ 1,397,602 | $ 75,816 | $ 50,846,185 | $ 33,030,874 | $ 68,261,837 | $ 552,467
[T Green Energy Sellback income for

2014 to 2060 $ 147,225 [ $ 121,359 [ $ 62,298 | $ 55,479 | $ 7471 $ 429,575 $ 15,045 [ $ 45,783 | $ 2,556 | $ 1,724,626 | $ 1,116,154 | $ 2,307,102 [ $ 17,886
2 Projected Total REVenue over 50 year

period (with Green Incentives) $ 1,670,662 | $ 1,398,772 | $ 698,040 | $ 636,609 | $ 84,299 | $ 4,964,580 $ 170,188 | $ 528,556 | $ 28,899 | $ 19,392,086 | $ 12,592,700 | $ 26,025,179 | $ 208,761
[ZPTOJECTET TOlal REVENUE OVEr 50 year

period (w/o Green Incentives) $ 1,569,600 | $ 1,315,466 | $ 655,276 | $ 598,525 | $ 79,171 | $ 4,669,701 $ 159,860 | $ 497,129 | $ 27,144 | $ 18,208,229 | $ 11,826,524 | $ 24,441,485 | $ 196,483
Benefit/Cost Ratio (with Green

incentives) 0.64 0.22 0.21 0.06 0.04 0.44 0.06 0.17 0.01 1.11 0.95 1.41 0.07
[Benefit/Cost Ratio (w/o Green

incentives) 0.60 0.21 0.20 0.05 0.03 0.41 0.05 0.16 0.01 1.04 0.89 1.33 0.07
Internal Rate of Return (with Green

incentives) Negative Negative Negative Negative Negative Negative Negative Negative Negative 5.3% 3.9%) 7.8%|Negative

Internal Rate of Return (w/o Green

incentives) Negative Negative Negative Negative Negative Negative Negative Negative Negative 4.7%)| 3.4% 6.9%]|Negative

Installed Cost $ per kW | B 5264 | $ 31,659 | $ 22,167 | $ 100,772 | $ 107,942 [ $ 8,905 B 74,134 | $ 29,472 | $ 321,090 [ $ 6,513 | $ 6,670 | $ 3,298 | $ 57,350




Table E-7
Upper Colorado Region Model Results

Facility Name Heron Dam Huntington North Dam Hyrum Dam |Inlet Canal Ironstone Canal Isleta Diversion Dam  [Joes Valley Dam Layout Creek |Little Oso Div Dam |Lost Creek Dam |Lost Lake Dam |Loutzenheizer Canal M&D Canal - Shavano Falls Meeks Cabin Dam Montrose and Delta Canal
Agency Bureau of Reclamation Reclamation Reclamation | Reclamation Reclamation Reclamation Bureau of Reclamation Reclamation Reclamation Reclamation Reclamation Reclamation Reclamation Reclamation Reclamation
Analysis Performed by CDM CDM CDM CDM CDM CDM CDM CDM CDM CDM CDM CDM CDM CDM CDM
Project Location (State) New Mexico Utah Utah Colorado Colorado New Mexico Utah Utah Colorado Utah Utah Colorado Wyoming Colorado
Warning - Insufficient data (< 3 years), Low Confidence
Transmission Voltage kv 115|138 138 115 115 115|138 115 115 115 115 115 115|138 115
T-Line Length miles 4.97 0.76 8.61 5.00 5.00 5.00 7.68 9.65 5.00 15.99 25.55 5.00 5.00 21.00 5.00
Fish and Wildlife Mitigation Yes No No No No No Yes No No No No No No No No
Recreation Mitigation No No No No No No Yes Yes Yes No Yes No No No No
Historical & Archaeological No No No No No Yes No No No No No No No No No
Water Quality Monitoring No No No No No No No No No No No No No No No
Fish Passage Required No No No No No No No No No No No No No No No
Results
Input Data Analysis
Data Set years 29 11 7 16 11 9 9 10 30 13 13 11 1 11 11
Max Head ft 274.9 58.2 83.0 159.0 0.0 2.2 175.3 249.0 9.5 187.4 24.0 0.0 156.4 3.0
Min Head ft 234.0 38.9 47.3 159.0 0.0 0.0 122.5 249.0 9.5 15.0 0.5 0.0 59.1 3.0
Max Flow cfs 2,780 37 1,300 900 343 2,066 743 7 165 499 61 168 1,485 604
Min Flow cfs 0 0 0 0 0 0 2 0 0 0 0 0 2 0
No head available for No head available for
Turbine Selection Analysis hydropower potential hydropower potential
Selected Turbine Type Francis Low Head Francis Pelton Kaplan Francis Low Head Low Head Pelton Low Head Francis Francis Kaplan
Selected Design Head ft 249 55 75 159 0 159 249 10 164 17 165 130 3
Selected Design flow cfs 150 6 90 22 433 141 2 8 34 1 240 169 511
Generator Speed rpm 600 600 600 600 600 600 600 600 600 600 600 600 600
Max Head Limit ft 311.4 68.7 94.4 174.9 0.4 199.0 311.3 11.9 180.6 21.7 206.3 162.4 3.8
Min Head Limit ft 161.9 35.7 49.1 103.3 0.2 103.5 161.8 6.2 106.7 11.3 107.2 84.4 1.9
Max Flow Limit cfs 150 6 90 22 433 141 2 8 34 1 240 169 511
Min Flow Limit cfs 30 1 18 4 87 28 0 2 7 0 48 34 102
Power Generation Analysis
Installed Capacity kW 2,701 20 491 252 8 1,624 24 4 410 1 2,862 1,586 96
Plant Factor 0.38 0.30 0.49 0.45 0.00 0.47 0.79 0.55 0.37 0.14 0.62 0.35 0.58
Projected Monthly Production:
January MWH 719 0 122 12 0 85 13 1 68 0 0 0 0
February* MWH 882 0 111 15 0 80 13 1 74 0 0 0 0
March MWH 1,458 1 126 68 0 78 13 2 71 0 902 0 0
April MWH 1,384 3 303 166 0 297 13 3 74 0 1,967 8 50
May MWH 232 8 348 174 0 1,033 15 3 83 0 2,061 769 77
June MWH 252 9 308 165 0 1,223 15 3 134 0 2,061 1,234 79
July MWH 622 9 290 121 0 1,183 13 2 176 0 2,061 1,075 79
August MWH 587 10 193 105 0 1,082 13 1 213 0 2,061 812 79
September MWH 601 5 72 83 0 854 12 1 181 0 1,975 581 69
October MWH 346 4 32 28 0 468 14 1 91 0 1,405 198 47
November MWH 828 2 72 19 0 116 15 1 65 0 927 31 0
December MWH 961 1 74 9 0 98 15 1 66 0 0 0 0
Annual production* MWH 8,874 51 2,052 966 0 6,596 165 21 1,295 1 15,419 4,709 478
* For non-leap year
Benefit/Cost Analysis
Projected expenditure to implement proj
1 Total Construction Cost $ 7,792,674 | $ 525,589 | $ 5,127,320 | $ 2,596,526 $ 1,788,655 | $ 7,760,073 | $ 3,363,518 | $ 1,741,727 | $ 6,598,925 | $ 8,363,227 $ 7,247,437 [ $ 11,637,232 [ $ 2,343,749
1 Annual O&M Cost $ 242,241 | $ 31,956 | $ 141,869 | $ 82,718 $ 54,370 | $ 210,535 | $ 84,867 | $ 53,157 | $ 164,292 | $ 176,237 $ 256,089 | $ 302,500 | $ 70,837
2 Projected Total Cost over 50 year peri| $ 11,376,117 | $ 1,039,266 [ $ 7,180,043 [ $ 3,825,407 $ 2,589,707 [ $ 10,794,015 [ $ 4,567,311 | $ 2,525,484 [ $ 8,922,178 [ $ 10,750,700 $ 11,116,487 [ $ 15,956,697 | $ 3,386,336
Projected revenue after implementation
I"T Power generation income 101 2014 10
2060 $ 32,859,372 | $ 190,503 | $ 7,523,900 | $ 3,422,764 $ 1,024 [ $ 24,386,164 | $ 609,928 | $ 75,045 | $ 4,839,145 [ $ 4,549 $ 55,009,926 | $ 17,030,332 | $ 1,713,426
[T Green Energy Sellback income for
2014 to 2060 $ 1,074,468 | $ 6,223 |$ 248418 |$ 116,868 $ 34|% 798,219 | $ 19,923 [ $ 2,561 | $ 156,801 [ $ 147 $ 1,865,729 | $ 569,825 | $ 57,885
2 Projected Total REVenue over 50 year
period (with Green Incentives) $ 12,413,640 | $ 71,840 | $ 2,838,438 | $ 1,306,269 $ 387 | $ 9,197,841 | $ 229,733 | $ 28,639 | $ 1,822,418 | $ 1,713 $ 20,981,443 | $ 6,441,788 [ $ 653,253
period (w/o Green Incentives) $ 11,676,080 | $ 67,568 | $ 2,667,913 | $ 1,226,046 $ 364 | $ 8,649,908 [ $ 216,057 | $ 26,881 | $ 1,714,783 | $ 1,612 $ 19,700,723 | $ 6,050,634 [ $ 613,519
Benefit/Cost Ratio (with Green
incentives) 1.09 0.07 0.40 0.34 0.00 0.85 0.05 0.01 0.20 0.00 1.89 0.40 0.19
[Benefit/Cost Ratio (w/o Green
incentives) 1.03 0.07 0.37 0.32 0.00 0.80 0.05 0.01 0.19 0.00 1.77 0.38 0.18
Internal Rate of Return (with Green
incentives) 5.2%|Negative Negative Negative Negative 3.0%|Negative Negative Negative Negative 11.4%]|Negative Negative
Internal Rate of Return (w/o Green
incentives) 4.6%|Negative Negative Negative Negative 2.6%|Negative Negative Negative Negative 10.2%]|Negative Negative
Installed Cost $ per kW |'s 2,885 | $ 26,166 | $ 10,440 | $ 10,320 ['s 217,625 | $ 4777 $ 138,599 | $ 390,476 | $ 16,081 | $ 7,921,614 ['s 2,532 | $ 7,338 | $ 24,452




Table E-7

Upper Colorado Region Model Results

Navajo Dam Diversion
Facility Name Moon Lake Dam |Works Newton Dam Oso Diversion Dam Outlet Canal [Paonia Dam Platoro Dam |Red Fleet Dam |Ridgway Dam Rhodes Diversion Dam Rifle Gap Dam San Acacia Diversion Dam Scofield Dam [Selig Canal [Silver Jack Dam
Agency Reclamation Reclamation Reclamation Reclamation Reclamation | Bureau of Reclamation | Reclamation Reclamation Bureau of Reclamation Reclamation Bureau of Reclamation Reclamation Reclamation | Reclamation Reclamation
Analysis Performed by CDM CDM CDM CDM CDM CDM CDM CDM CDM CDM CDM CDM CDM CDM CDM
Project Location (State) Utah New Mexico Utah Colorado Colorado Colorado Colorado Utah Colorado Utah Colorado New Mexico Utah Colorado Colorado
Transmission Voltage kv 138 115 115 115 115 115 115 115|138 115|138 115|138 115 115
T-Line Length miles 13.18 0.25 1.79 5.00 5.00 8.32 23.64 4.04 6.62 14.78 0.04 5.00 0.82 5.00 7.59
Fish and Wildlife Mitigation No No No No No Yes No No Yes No Yes Yes No No No
Recreation Mitigation Yes No No No No No No No No Yes No Yes No No No
Historical & Archaeological No No No No No No No No No No No No No No No
Water Quality Monitoring No No No No No No No No No No No No No No No
Fish Passage Required No No No No No No No No No No No No No No No
Results
Input Data Analysis
Data Set years 7 9 3 30 16 16 53 15 19 22 6 4 11 11 7
Max Head ft 82.6 100.0 75.9 0.0 252.0 172.8 131.0 125.5 192.9 7.0 103.5 7.5 49.4 2.0 127.0
Min Head ft 27.9 100.0 45.1 0.0 252.0 73.0 131.0 81.8 80.9 7.0 65.8 7.5 18.8 2.0 53.8
Max Flow cfs 1,339 888 232 1,181 97 3,404 328 1,563 1,141 83 165 156 365 254 899
Min Flow cfs 0 0 0 7 0 0 10 0 27 0 0 0 0 0 0
FIOW LOO 10W 101
hydropower No head available for
Turbine Selection Analysis Development hydropower potential
Selected Turbine Type Francis Francis Pelton Francis Francis Francis Francis Low Head Francis Low Head Kaplan Low Head Francis
Selected Design Head ft 66 100 252 149 131 115 181 7 101 8 39 2 103
Selected Design flow cfs 134 381 32 147 89 55 257 2 46 44 110 186 101
Generator Speed rpm 600 600 600 600 600 600 600 600 600 600 600 600 600
Max Head Limit ft 81.9 125.0 277.2 186.2 163.8 143.1 226.8 8.8 126.9 9.4 48.3 2.5 128.6
Min Head Limit ft 42.6 65.0 163.8 96.8 85.1 74.4 117.9 4.5 66.0 4.9 25.1 1.3 66.9
Max Flow Limit cfs 134 381 32 147 89 55 257 2 46 44 110 186 101
Min Flow Limit cfs 27 76 6 29 18 11 51 0 9 9 22 37 20
Power Generation Analysis
Installed Capacity kW 634 2,751 586 1,582 845 455 3,366 1 341 20 266 23 748
Plant Factor 0.29 0.43 0.37 0.43 0.52 0.49 0.49 0.53 0.59 0.50 0.40 0.50 0.46
Projected Monthly Production:
January MWH 0 0 0 41 0 33 275 0 51 4 4 0 36
February* MWH 0 11 0 85 0 20 256 0 120 4 22 0 60
March MWH 0 223 0 321 0 32 461 0 126 6 35 0 39
April MWH 94 958 3 582 355 129 1,315 0 137 5 46 10 107
May MWH 412 1,671 233 953 608 313 1,865 0 213 8 97 16 471
June MWH 442 1,972 388 952 608 340 2,164 0 233 10 148 16 648
July MWH 276 1,963 396 863 608 320 2,334 0 223 13 210 16 608
August MWH 229 1,820 394 942 608 305 2,157 0 203 12 166 16 516
September MWH 83 1,258 290 587 311 230 1,406 0 179 11 117 15 293
October MWH 27 346 92 219 264 103 968 0 136 7 60 9 83
November MWH 0 4 31 171 384 40 480 0 65 4 1 0 13
December MWH 0 0 13 104 0 39 360 0 55 4 0 0 38
Annual production* MWH 1,563 10,226 1,839 5,821 3,747 1,905 14,040 3 1,740 86 906 98 2,913
* For non-leap year
Benefit/Cost Analysis
Projected expenditure to implement proj
1 Total Construction Cost $ 7418311 | $ 6,168,961 $ 3,264,264 [ $ 7,088,510 | $ 10,105,041 | $ 3,032,604 | $ 9,867,220 | $ 4,853,878 | $ 1,574,737 | $ 1,895,014 [ $ 2,174,096 | $ 1,868,628 | $ 4,862,978
1 Annual O&M Cost $ 187,800 | $ 234,278 $ 108,736 | $ 203,839 | $ 246,523 | $ 100,119 | $ 296,010 | $ 110,730 | $ 65,526 | $ 57,159 | $ 77,586 | $ 57,080 | $ 145,619
2 Projected Total Cost over 50 year peri| $ 10,084,180 | $ 9,746,074 $ 4,891,834 (% 10,060,570 | $ 13,574,563 | $ 4,528,985 [ $ 14,217,956 | $ 6,386,603 [ $ 2,587,515 [ $ 2,735968 | $ 3,348,040 | $ 2,710,357 | $ 7,002,552
Projected revenue after implementation
I"T Power generation income 101 2014 10
2060 $ 5,698,281 [ $ 38,289,695 $ 6,658,669 [ $ 20,822,512 | $ 13,465,942 [ $ 7,026,187 [ $ 50,461,877 | $ 12,251 [ $ 6,221,934 [ $ 321,933 | $ 3,373,167 [$ 352,567 [ $ 10,496,981
[T Green Energy Sellback income for
2014 to 2060 $ 189,096 | $ 1,237,302 $ 222567 [$ 704,385 | $ 453,404 | $ 230,472 | $ 1,699,018 | $ 401 | $ 210,659 | $ 10,375 [ $ 109,679 [ $ 11911 [ $ 352,529
2 Projected Total REVenue over 50 year
period (with Green Incentives) $ 2,152,277 | $ 14,467,185 $ 2,535,836 | $ 7,939,048 | $ 5,132,795 [ $ 2,650,432 | $ 19,232,309 | $ 4,616 | $ 2,372,467 | $ 121542 |$ 1,271,727 | $ 134,418 [ $ 3,999,429
period (w/o Green Incentives) $ 2,022,473 | $ 13,617,845 $ 2,383,056 | $ 7,455527 | $ 4,821,559 [ $ 2,492,225 [ $ 18,066,028 | $ 4,341 | $ 2,227,861 [ $ 114,420 | $ 1,196,438 |$ 126,241 | $ 3,757,437
Benefit/Cost Ratio (with Green
incentives) 0.21 1.48 0.52 0.79 0.38 0.59 1.35 0.00 0.92 0.04 0.38 0.05 0.57
[Benefit/Cost Ratio (w/o Green
incentives) 0.20 1.40 0.49 0.74 0.36 0.55 1.27 0.00 0.86 0.04 0.36 0.05 0.54
Internal Rate of Return (with Green
incentives) Negative 8.5% Negative 2.3%|Negative Negative 7.3%|Negative 3.5%|Negative Negative Negative Negative
Internal Rate of Return (w/o Green
incentives) Negative 7.6% Negative 1.9%|Negative Negative 6.5%]|Negative 2.9%]|Negative Negative Negative Negative
Installed Cost $ per kW |'s 11,706 | $ 2,242 ['s 5569 | $ 4,479 | $ 11,962 | $ 6,662 | $ 2,932 | $ 6,696,176 | $ 4,621 | $ 94,272 | $ 8,182 | $ 82,287 | $ 6,503




Table E-7

Upper Colorado Region Model Results

Spanish Fork
South Canal, Sta 19+10 South Canal, Sta. 106+65, [South Canal, Sta. 181+10, South Canal, Sta. 427+00, Southside Canal (2 |Southside Canal |Flow Control Strawberry Tunnel
Facility Name Sixth Water Flow Control Soldier Creek Dam South Canal Tunnel ["Site #1" "Site #3" "Site #4" "Site #5" drops) (3 drops) Structure Turnout Starvation Dam Stateline Dam |Steinaker Dam  (Stillwater Tunnel
Agency Bureau of Reclamation Bureau of Reclamation Reclamation Reclamation Reclamation Reclamation Reclamation Reclamation Reclamation |reau of Reclamatil Reclamation Bureau of Reclamation| Reclamation Reclamation Reclamation
Analysis Performed by CDM CDM CDM CDM CDM CDM CDM CDM CDM CDM CDM CDM CDM CDM CDM
Project Location (State) Utah Utah Colorado Colorado Colorado Colorado Colorado Utah Utah Utah Utah Utah Utah
Warning - Insufficient data (< 3 years), Low Confidence
Transmission Voltage kv 138 138 115 115 115 115 115 115 115|138 115|13.8 69 115|138
T-Line Length miles 6.14 0.56 5.00 5.00 5.00 5.00 5.00 5.00 5.00 3.50 7.67 8.90 19.35 0.99 12.24
Fish and Wildlife Mitigation Yes Yes No No No No No No No Yes No Yes No No No
Recreation Mitigation Yes No No No No No No No No No Yes No Yes No Yes
Historical & Archaeological No No No No No No No No No No No No No No No
Water Quality Monitoring No No No No No No No No No No No No No No No
Fish Passage Required No No No No No No No No No No No No No No No
Results
Input Data Analysis
Data Set years 12 13 19 14 14 14 14 1 1 3 7 23 11 10 13
Max Head ft 1149.0 243.5 18.0 51.0 46.0 63.0 28.0 900.0 2.0 149.7 118.3 131.6 65.0
Min Head ft 1149.0 191.0 18.0 51.0 46.0 63.0 28.0 900.0 2.0 111.9 58.5 62.2 65.0
Max Flow cfs 623 2,648 999 928 928 928 928 380 71 1,900 560 200 299
Min Flow cfs 20 0 0 0 0 0 0 0 8 0 0 0 0
Turbine Selection Analysis
Selected Turbine Type Pelton Pelton Kaplan Kaplan Kaplan Kaplan Kaplan Francis Francis Pelton Low Head Francis Francis Francis Francis
Selected Design Head ft 1,149 233 18 51 46 63 28 346 282 900 2 144 89 120 65
Selected Design flow cfs 309 26 785 773 773 773 773 81 81 124 28 292 44 70 88
Generator Speed rpm 360 600 600 300 300 300 600 600 600 600 600 600 600 600 600
Max Head Limit ft 1263.9 256.2 22.5 63.8 57.5 78.8 35.0 432.5 352.5 990.0 2.5 180.3 111.1 149.9 81.3
Min Head Limit ft 746.8 151.4 11.7 33.1 29.9 40.9 18.2 224.9 183.3 585.0 1.3 93.7 57.8 78.0 42.3
Max Flow Limit cfs 309 26 785 773 773 773 773 81 81 124 28 292 44 70 88
Min Flow Limit cfs 62 5 157 155 155 155 155 16 16 25 6 58 9 14 18
Power Generation Analysis
Installed Capacity kW 25,800 444 884 2,465 2,224 3,046 1,354 2,026 1,651 8,114 3 3,043 282 603 413
Plant Factor 0.52 0.76 0.59 0.59 0.59 0.59 0.59 0.38 0.38 0.33 0.90 0.50 0.30 0.38 0.38
Projected Monthly Production:
January MWH 3,732 193 0 0 0 0 0 0 0 1,947 2 431 4 18 24
February* MWH 2,741 180 0 0 0 0 0 0 0 1,796 2 354 3 24 24
March MWH 1,081 193 92 309 279 382 170 0 0 1,947 2 562 3 26 129
April MWH 6,323 294 519 1,448 1,306 1,788 795 0 0 18 2 1,147 3 101 162
May MWH 13,092 302 659 1,799 1,623 2,222 988 722 589 0 2 1,847 95 340 202
June MWH 17,137 305 674 1,868 1,685 2,308 1,026 1,459 1,189 2,624 2 1,763 104 406 190
July MWH 18,576 299 710 1,978 1,784 2,444 1,086 1,459 1,189 3,895 2 1,872 115 384 198
August MWH 18,576 278 724 2,025 1,826 2,501 1,112 1,459 1,189 3,887 2 1,946 146 342 153
September MWH 17,716 270 662 1,814 1,637 2,241 996 1,459 1,189 2,927 2 1,541 146 246 54
October MWH 6,806 205 447 1,212 1,093 1,497 665 0 0 16 2 708 81 77 86
November MWH 4,445 196 11 123 111 152 68 0 0 1,916 2 514 17 0 79
December MWH 4,196 193 0 0 0 0 0 0 0 1,947 2 483 4 0 34
Annual production* MWH 114,420 2,909 4,497 12,576 11,343 15,536 6,905 6,557 5,344 22,920 27 13,168 720 1,965 1,334
* For non-leap year
Benefit/Cost Analysis
Projected expenditure to implement proj
1 Total Construction Cost $ 37,159,287 | $ 1,789,921 | $ 5,004,587 | $ 10,289,728 | $ 9,874,013 | $ 11,216,051 | $ 7,849,454 | $ 5,589,424 | $ 5,165,493 | $ 13,041,830 | $ 2,586,624 | $ 10,515,755 | $ 8,506,193 [ $ 2,387,768 [ $ 6,410,507
1 Annual O&M Cost $ 1,010,292 | $ 72529 | $ 154,858 | $ 309,911 | $ 294,907 | $ 343,983 | $ 228,601 | $ 199,701 | $ 180,624 | $ 435,391 | $ 68,781 | $ 302,391 | $ 195431 [ $ 93,967 | $ 160,995
2 Projected Total Cost over 50 year peri| $ 51,724,635 | $ 2,907,119 [ $ 7,293519 [ $ 14,848,106 | $ 14,204,988 | $ 16,292,295 | $ 11,190,731 | $ 8,611,620 [ $ 7,890,012 [ $ 19,561,114 | $ 3,573,604 [ $ 14,924,741 [$ 11,216,266 | $ 3,829,571 [ $ 8,691,714
Projected revenue after implementation
I"T Power generation income 101 2014 10
2060 $ 425,322,178 | $ 10,754,052 | $ 16,096,447 | $ 45,022,711 | $ 40,608,655 | $ 55,616,422 | $ 24,718,363 | $ 23,709,467 | $ 19,323,897 [$ 86,975,912 | $ 98,660 | $ 48,637,539 | $ 2,673,199 | $ 7,252,940 [ $ 4,893,373
[T Green Energy Sellback income for
2014 to 2060 $ 13,847,026 | $ 352,147 | $ 544,183 | $ 1,521,755 | $ 1,372,561 | $ 1,879,820 | $ 835,474 | $ 793,365 | $ 646,616 | $ 2,774,730 [ $ 3,220 | $ 1,593,607 | $ 87,062 | $ 237,780 | $ 161,477
2 Projected Total REVenue over 50 year
period (with Green Incentives) $ 160,305,114 | $ 4,052,759 | $ 6,137,241 | $ 17,165,886 | $ 15,482,932 | $ 21,204,968 | $ 9,424,413 | $ 9,029,597 | $ 7,359,381 | $ 32,698,440 | $ 37,163 | $ 18,339,736 | $ 1,007,824 | $ 2,736,370 [ $ 1,846,375
period (w/o Green Incentives) $ 150,799,901 | $ 3,811,030 | $ 5,763,689 [ $ 16,121,285 [ $ 14,540,744 | $ 19,914,575 [ $ 8,850,906 | $ 8,484,995 [ $ 6,915515 | $ 30,793,746 | $ 34,952 | $ 17,245,814 | $ 948,061 | $ 2,573,147 [ $ 1,735,530
Benefit/Cost Ratio (with Green
incentives) 3.10 1.39 0.84 1.16 1.09 1.30 0.84 1.05 0.93 1.67 0.01 1.23 0.09 0.71 0.21
[Benefit/Cost Ratio (w/o Green
incentives) 2.92 1.31 0.79 1.09 1.02 1.22 0.79 0.99 0.88 1.57 0.01 1.16 0.08 0.67 0.20
Internal Rate of Return (with Green
incentives) 17.5% 7.9% 2.8% 5.7% 5.2% 6.9% 2.8% 4.8% 3.7% 9.6%|Negative 6.3%|Negative 1.0%|Negative
Internal Rate of Return (w/o Green
incentives) 15.7%) 7.0% 2.4% 5.1% 4.6%)| 6.2% 2.4% 4.2%)| 3.2%) 8.6%|Negative 5.6%]|Negative 0.6%|[Negative
Installed Cost $ per kW |'s 1,440 | $ 4,032 | $ 5,663 | $ 4174 | $ 4,440 | $ 3,683 | $ 5,799 | $ 2,759 | $ 3,128 | $ 1,607 | $ 752,215 | $ 3,456 | $ 30,194 | $ 3,958 | $ 15,504




Table E-7
Upper Colorado Region Model Results

Washington Lake |Water Hollow Diversion Weber-Provo Diversion
Facility Name Sumner Dam Swasey Dam |Syar Tunnel [Taylor Park Dam [Trial Lake Dam |Upper Diamond Fork Tunnel |Upper Stillwater Dam  [Vat Diversion Dam |Vega Dam Dam Dam Weber-Provo Canal [Channel West Canal
Agency eau of Reclamat] Reclamation Bureau ureau of Reclamatiq Reclamation Bureau of Reclamation Reclamation Reclamation Reclamation Reclamation Reclamation Bureau Reclamation Reclamation
Analysis Performed by CDM CDM CDM CDM CDM CDM CDM CDM CDM CDM CDM CDM CDM CDM
Project Location (State) New Mexico Utah Colorado Utah Utah Utah Utah Colorado Utah Utah Utah Utah Colorado
Transmission Voltage kv 115 138|138 115 115|138 115 115|138 115 115|138 138 115
T-Line Length miles 3.94 5.40 7.68 14.62 26.36 4.34 12.27 16.11 2.81 26.42 6.81 34.88 34.88 5.00
Fish and Wildlife Mitigation Yes No Yes Yes No Yes No No No No No No No No
Recreation Mitigation No No Yes No Yes Yes Yes Yes No Yes Yes No No No
Historical & Archaeological No No No No Yes No No No No No No No No No
Water Quality Monitoring No No No No No No No No No No No No No No
Fish Passage Required No No No No No No No No No No No No No No
Results
Input Data Analysis
Data Set years 30 11 5 44 12 12 13 22 8 12 11 12 31 11
Max Head ft 131.2 5.1 125.0 155.7 36.3 547.0 185.8 20.5 128.6 33.7 14.9 184.0 100.0 1.0
Min Head ft 74.3 5.1 125.0 0.0 0.0 547.0 40.1 20.5 58.4 4.0 14.9 184.0 100.0 1.0
Max Flow cfs 1,690 86 471 1,830 119 623 1,322 298 284 63 25 828 918 175
Min Flow cfs 0 0 0 4 0 20 0 0 1 0 0 0 0 0
FIOW LOO 10w 101
hydropower
Turbine Selection Analysis Development
Selected Turbine Type Francis Low Head Francis Francis Low Head Francis Francis Francis Low Head Low Head Pelton Francis Low Head
Selected Design Head ft 114 5 125 141 28 547 161 90 29 15 184 100 1]
Selected Design flow cfs 100 9 195 250 6 309 50 84 3 3 32 24 119
Generator Speed rpm 600 600 600 600 600 600 600 600 600 600 600 600 600
Max Head Limit ft 142.1 6.4 156.3 175.9 34.9 683.8 201.4 112.5 36.5 18.6 202.4 125.0 1.3
Min Head Limit ft 73.9 3.3 81.3 91.5 18.1 355.5 104.7 58.5 19.0 9.7 119.6 65.0 0.6|
Max Flow Limit cfs 100 9 195 250 6 309 50 84 3 3 32 24 119
Min Flow Limit cfs 20 2 39 50 1 62 10 17 1 1 6 5 24
Power Generation Analysis
Installed Capacity kW 822 3 1,762 2,543 10 12,214 581 548 5 2 424 173 7|
Plant Factor 0.61 0.34 0.53 0.57 0.18 0.50 0.38 0.36 0.38 0.68 0.51 0.35 0.50)
Projected Monthly Production:
January MWH 86 0 585 450 0 1,481 108 0 1 1 158 45 0
February* MWH 160 0 517 419 1 1,050 83 0 1 1 162 36 0
March MWH 480 0 494 589 1 401 36 0 1 1 227 43 0
April MWH 521 0 191 850 0 2,759 0 6 1 1 285 68 3
May MWH 520 1 434 1,128 1 6,010 33 195 1 1 301 95 5|
June MWH 531 1 1,110 1,542 1 8,139 298 381 3 1 199 90 5|
July MWH 493 2 1,269 1,825 4 8,794 372 384 3 1 109 40 5|
August MWH 482 2 1,268 1,801 4 8,794 276 387 3 1 21 2 5|
September MWH 486 2 1,032 1,619 2 8,436 216 337 2 1 10 0 5|
October MWH 468 0 80 1,089 1 2,868 208 13 1 1 51 7 3
November MWH 24 0 491 657 0 1,797 154 0 1 1 164 43 0
December MWH 48 0 514 518 0 1,632 121 0 1 1 157 48 0
Annual production* MWH 4,300 8 7,982 12,488 14 52,161 1,904 1,702 17 14 1,844 517 31
* For non-leap year
Benefit/Cost Analysis
Projected expenditure to implement proj
1 Total Construction Cost $ 4,192,460 | $ 2,069,763 [ $ 8,241,128 | $ 10,980,962 | $ 8,736,976 | $ 21,818,997 | $ 6,063,924 $ 3,032,141 $ 8,704,422 | $ 2,288,091 | $ 14,265,913 [ $ 13,774,659 | $ 1,734,517
1 Annual O&M Cost $ 129,897 | $ 59,614 | $ 222,652 | $ 299,002 | $ 183,995 | $ 609,190 | $ 158,592 $ 104,238 | $ 183,078 | $ 63,087 | $ 311,360 | $ 291,481 | $ 53,246
2 Projected Total Cost over 50 year peri¢ $ 6,112,893 | $ 2,939,234 | $ 11,446,866 | $ 15,293,006 [ $ 11,229,082 | $ 30,649,560 | $ 8,331,528 $ 4,600,297 [ $ 11,183,213 [ $ 3,200,243 [ $ 18,525,417 | $ 17,728,009 [ $ 2,520,418
Projected revenue after implementation
I"T Power generation income 101 2014 10
2060 $ 15,888,591 | $ 29,467 | $ 29,996,946 | $ 44,947,236 | $ 54,676 | $ 193,905,323 | $ 7,189,848 $ 6,162,744 [ $ 64,510 | $ 50,692 | $ 6,720,761 [ $ 1,883,096 [ $ 110,555
[T Green Energy Sellback income for
2014 to 2060 $ 520,469 | $ 950 | $ 966,242 | $ 1511417 | $ 1,748 [ $ 6,312,296 | $ 230,506 $ 205990 [ $ 2,095 | $ 1,663 [ $ 223,203 | $ 62,535 | $ 3,735
2 Projected Total REVenue over 50 year
period (with Green Incentives) $ 6,007,888 | $ 11,102 [ $ 11,289,262 | $ 17,128,090 | $ 20,577 | $ 73,088,349 | $ 2,705,578 $ 2,346,838 | $ 24,310 | $ 19,101 | $ 2,534,715 [ $ 710,319 | $ 42,150
period (w/o Green Incentives) $ 5,650,615 | $ 10,450 [ $ 10,625,991 | $ 16,090,586 | $ 19,377 [ $ 68,755,309 | $ 2,547,348 $ 2205437 [ $ 22,872 | $ 17,959 [ $ 2,381,498 [ $ 667,392 | $ 39,585
Benefit/Cost Ratio (with Green
incentives) 0.98 0.00 0.99 1.12 0.00 2.38 0.32 0.51 0.00 0.01 0.14 0.04 0.02]
[Benefit/Cost Ratio (w/o Green
incentives) 0.92 0.00 0.93 1.05 0.00 2.24 0.31 0.48 0.00 0.01 0.13 0.04 0.02]
Internal Rate of Return (with Green
incentives) 4.2%|Negative 4.3%)| 5.4%|Negative 13.7%]|Negative Negative Negative Negative Negative Negative Negative
Internal Rate of Return (w/o Green
incentives) 3.7%|Negative 3.8%) 4.8%|Negative 12.3%]|Negative Negative Negative Negative Negative Negative Negative
Installed Cost $ per kW |'s 5101 |$ 783,820 [ $ 4,677 | $ 4,319 | $ 918,353 | $ 1,786 | $ 10,430 ['s 5535 | $ 1,654,776 | $ 969,613 | $ 33,647 | $ 79,401 | $ 240,093




Appendix F
Constraint Evaluation Results

Appendix F Constraint Evaluation Results

This appendix presents detailed results of the regulatory constraints evaluation
for the potential hydropower sites.

F.1 Regulatory Constraints

For this analysis, constraints are defined as land or water use regulations that
could potentially affect development of hydropower sites. Constraints can
either block development completely or add significant costs for mitigation,
permitting, or further investigation of the site. This study considers the
following regulatory designations as potential constraints to hydropower
development.

If a site is associated with a constraint(s), mitigation costs are added to the total
development costs of a project (See Chapter 3). It should be noted that this
analysis does not assume that development of a site is precluded because of a
potential constraint; however, this may be a very likely scenario. Further, the
constraints analysis is not inclusive of all potential regulatory requirements for
development of a site. Site specific analysis related to Federal, state, and local
regulations must be conducted for further evaluation of site development.

National Wildlife Refuges

National Wildlife Refuge is a designation for certain protected areas of the
United States managed by the United States Fish and Wildlife Service. The
National Wildlife Refuge System is a system of public lands and waters set
aside to conserve America's fish, wildlife and plants. The mission of the Refuge
System is to manage a national network of lands and waters for the
conservation, management, and where appropriate, restoration of fish, wildlife
and plant resources and their habitat.

Wild and Scenic Rivers

The Wild and Scenic Rivers Act preserves selected rivers in free-flowing
condition and protects those rivers and their immediate environments for the
benefit and enjoyment of present and future generations. The National Wild and
Scenic Rivers System is primarily administered by four Federal agencies: the
Bureau of Land Management, National Park Service, U.S. Fish and Wildlife
Service, and USDA Forest Service. These agencies are charged with protecting
and managing the wild and scenic rivers of the United States.
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National Parks

The National Park System includes all properties managed by the National Park
Service. The system encompasses approximately 84.4 million acres ranging in
size from 13,200,000 acres to 0.02 acres. National Parks are established only as
an act of the United States Congress and have the fundamental purpose “to
conserve the scenery and the natural and historic objects and the wildlife therein
and to provide for the enjoyment of these while leaving them unimpaired for the
enjoyment of future generations.”

National Monuments

National Monuments are a protected area similar to a National Park except that
the President of the United States can declare an area of the United States to be
a National Monument without the approval of Congress. National Monuments
afford fewer protections to wildlife than National Parks, but monuments can be
part of Wilderness Areas which have an even greater degree of protection than a
National Park would alone.

Wilderness Study Areas

A wilderness study area (WSA) contains undeveloped United States federal
land retaining its primeval character and influence, without permanent
improvements or human habitation, and managed to preserve its natural
conditions. WSAs are not included in the National Wilderness Preservation
System until the United States Congress passes wilderness legislation.

On Bureau of Land Management (BLM) lands, a WSA is a roadless area that
has been inventoried (but not designated by Congress) and found to have
wilderness characteristics as described in the Federal Land Policy and
Management Act of 1976 and the Wilderness Act of 1964. BLM manages
wilderness study areas under the National Landscape Conservation System to
protect their value as wilderness until Congress decides whether or not to
designate them as wilderness.

Critical Habitat

Under the Endangered Species Act, critical habitat is an area essential to the
conservation of a listed species, though the area need not actually be occupied
by the species at the time it is designated. Critical habitat must be designated for
all threatened and endangered species under the Act (with certain specified
exceptions). Critical habitat designations must be based on the best scientific
information available, in an open public process, within specific timeframes.
Before designating critical habitat, careful consideration must be given to the
economic impacts, impacts on national security, and other relevant impacts of
specifying any particular area as critical habitat. An area may be excluded from
critical habitat if the benefits of exclusion outweigh the benefits of designation,
unless excluding the area will result in the extinction of the species concerned.
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Wilderness Preservation Area

Wilderness areas are areas of undeveloped Federal land that retain their
primeval character and influence, without permanent improvements or human
habitation, which are protected and managed to preserve their natural
conditions. These areas are established as part of the National Wilderness
Preservation System according to the Wilderness Act of 1964. They are owned
or administered by the Bureau of Land Management, the U.S. Fish and Wildlife
Service, the U.S. Department of Agriculture Forest Service, or the National
Park Service.

National Forest

National Forests are federally owned areas, primarily forest and woodland,
managed by the United States Forest Service. Management of these areas
focuses on timber harvesting, livestock grazing, water, wildlife and recreation.
Unlike National Parks and other federal lands managed by the National Park
Service, commercial use of national forests is permitted.

National Historic Areas

National Historic Sites are protected areas of national historic significance
owned and administered by the federal government. All historic areas in the
National Park System, including National Historic Parks and Historic Sites, are
listed on the National Register of Historic Places. The National Park Service is
the lead Federal preservation agency for preserving the Nation’s cultural
heritage.

Indian Lands

Indian lands are areas with boundaries established by treaty, statute, and (or)
executive or court order, recognized by the Federal Government as territory in
which American Indian tribes have primary governmental authority. The
Bureau of Indian Affairs is responsible for the administration and management
of 55.7 million acres of land held in trust by the United States for American
Indians, Indian tribes, and Alaska Natives.

Local Information for Fish and Wildlife and Fish Passage Constraints
Reclamation’s regional and area offices provided additional information on
potential fish and wildlife and fish passage constraints. Fish and wildlife and
fish passage issues could add significant development costs to a project site.
Although this analysis cannot identify specific issues for each site, it has
attempted to capture if potential issues may be present at the site. If
Reclamation’s offices identified that fish and wildlife and fish passage were a
potential constraint at the site, mitigation costs were added to the total
development costs of the site. Because of the preliminary nature and
geographic scope of the analysis, all sites could not be evaluated individually
for fish and wildlife concerns.
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F.2 Constraint Mapping

The above regulatory constraints were mapped using available data. Digital map
data suitable for use with ESRI ArcMap 9.3.1 Geographic Information System
(GIS) was procured from a variety of sources.

Reclamation provided a table of site coordinates identifying the latitude and
longitude of the majority of the identified hydropower assessment sites; 509 of
the 530 total identified hydropower assessment sites or 96 percent. These
coordinate locations were imported into ArcMap and converted into a point
shapefile.

The United States Department of the Interior’s National Atlas of the United
States found at www.nationalatlas.gov was used to obtain the following polygon
and/or polyline map layers; Indian lands, National Forest, National Historic
Areas, National Monument, National Park, Wild and Scenic River, Wilderness
Preservation Area, Wilderness Study Area and Wildlife Refuge. The Critical
Habitat polygon map layer was obtained from the U. S. Fish & Wildlife
Service’s Critical Habitat Portal found at http://criticalhabitat.fws.gov/.

The National Register of Historic Places point data was obtained from the
National Park Service’s National Register of Historic Places Google Earth layer
found at http://nrhp.focus.nps.gov/natreg/docs/Download.html. This Google
Earth layer was converted to features classes suitable for use within the ESRI
ArcMap GIS software.

The constraints analysis was completed utilizing the coordinates of the each
identified hydropower assessment site and performing an intersection function
on each of the polygon map layers. If a hydropower assessment site coordinate
location fell within the polygon, an “intersect”, it was tabulated as a positive
potential constraint.

In some instances constraints map layers were represented lines (rivers) or
points (historical buildings). In those cases a proximity analysis was completed
to identify whether a given assessment site was within 0.2 miles (1,056 feet)
and if so, it was tabulated as a positive potential constraint.

F.3 Results Matrix

Tables F-1 through F-5 show the regulatory constraints applicable to each
hydropower site in the Great Plains, Lower Colorado, Mid-Pacific, Pacific
Northwest, and Upper Colorado regions, respectively. All 530 sites are
included in the tables. The tables also identify sites that do not have coordinates
available.
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F.4 Constraint Maps
Figures F-1 through F-10 illustrates regulatory constraints relative to the

hydropower assessment site locations. The regions are divided into several
maps in order to show higher resolution of sites relative to constraints.
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Table F-1
Great Plains Constraints
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A-Drop Project, Greenfield Main Canal
GP-1 Drop Montana
GP-2 Almena Diversion Dam Kansas
GP-3 Altus Dam Oklahoma
GP-4 Anchor Dam Wyoming X
GP-5 Angostura Dam South Dakota
GP-6 Anita Dam Montana
GP-7 Arbuckle Dam Oklahoma
GP-8 Barretts Diversion Dam Montana
GP-9 Bartley Diversion Dam Nebraska
GP-10 Belle Fourche Dam South Dakota
GP-11 Belle Fourche Diversion Dam South Dakota X
GP-12 Bonny Dam Colorado
GP-13 Box Butte Dam Nebraska
GP-14 Bretch Diversion Canal Oklahoma
GP-15 Bull Lake Dam Wyoming X
GP-16 Cambridge Diversion Dam Nebraska
GP-17 Carter Creek Diversion Dam Colorado X
GP-18 Carter Lake Dam No. 1 Colorado
GP-19 Cedar Bluff Dam Kansas
GP-20 Chapman Diversion Dam Colorado X
GP-21 Cheney Dam Kansas
GP-22 Choke Canyon Dam Texas
GP-23 Clark Canyon Dam Montana
GP-24 Corbett Diversion Dam Wyoming
GP-25 Culbertson Diversion Dam Nebraska
GP-26 Davis Creek Dam Nebraska
GP-27 Deaver Dam Wyoming
GP-28 Deerfield Dam South Dakota
GP-29 Dickinson Dam North Dakota
GP-30 Dixon Canyon Dam Colorado
GP-31 Dodson Diversion Dam Montana X
GP-32 Dry Spotted Tail Diversion Dam Nebraska
GP-33 Dunlap Diversion Dam Nebraska
GP-34 East Portal Diversion Dam Colorado
GP-35 Enders Dam Nebraska
GP-36 Fort Cobb Dam Oklahoma
GP-37 Fort Shaw Diversion Dam Montana
GP-38 Foss Dam Oklahoma
GP-39 Fresno Dam Montana
GP-40 Fryingpan Diversion Dam Colorado X
GP-41 Gibson Dam Montana
GP-42 Glen Elder Dam Kansas
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GP-43 Granby Dam Colorado X
GP-44 Granby Dikes 1-4 Colorado
GP-45 Granite Creek Diversion Dam Colorado X
GP-46 Gray Reef Dam Wyoming X
Greenfield Project, Greenfield Main
GP-47 Canal Drop Montana
GP-48 Halfmoon Creek Diversion Dam Colorado
GP-49 Hanover Diversion Dam Wyoming
GP-50 Heart Butte Dam North Dakota
GP-51 Helena Valley Dam Montana
GP-52 Helena Valley Pumping Plant Montana
GP-53 Horse Creek Diversion Dam Wyoming
GP-54 Horsetooth Dam Colorado
GP-55 Hunter Creek Diversion Dam Colorado X
GP-56 Huntley Diversion Dam Montana
GP-57 Ivanhoe Diversion Dam Colorado X
GP-58 James Diversion Dam South Dakota
GP-59 Jamestown Dam North Dakota
Johnson Project, Greenfield Main Canal
GP-60 Drop Montana
GP-61 Kent Diversion Dam Nebraska
GP-62 Keyhole Dam Wyoming
GP-63 Kirwin Dam Kansas
Knights Project, Greenfield Main Canal
GP-64 Drop Montana
GP-65 Lake Alice Lower 1-1/2 Dam Nebraska X X
GP-66 Lake Alice No. 1 Dam Nebraska X X
GP-67 Lake Alice No. 2 Dam Nebraska
GP-68 Lake Sherburne Dam Montana X
GP-69 Lily Pad Diversion Dam Colorado X
GP-70 Little Hell Creek Diversion Dam Colorado X
GP-71 Lovewell Dam Kansas
GP-72 Lower Turnbull Drop Structure Montana
GP-73 Lower Yellowstone Diversion Dam Montana X X
GP-74 Mary Taylor Drop Structure Montana
GP-75 Medicine Creek Dam Nebraska
GP-76 Merritt Dam Nebraska
GP-77 Merritt Dam Nebraska
Middle Cunningham Creek Diversion
GP-78 Dam Colorado X
GP-79 Midway Creek Diversion Dam Colorado X
Mill Coulee Canal Drop, Upper and
GP-80 Lower Drops Combined Montana
GP-81 Minatare Dam Nebraska X X
GP-82 Mormon Creek Diversion Dam Colorado X
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GP-83 Mountain Park Dam Oklahoma
GP-84 Nelson Dikes Montana
GP-85 Nelson Dikes Montana
GP-86 No Name Creek Diversion Dam Colorado X
GP-87 Norman Dam Oklahoma
North Cunningham Creek Diversion
GP-88 Dam Colorado X
GP-89 North Fork Diversion Dam Colorado X
GP-90 North Poudre Diversion Dam Colorado X X
GP-91 Norton Dam Kansas
GP-92 Olympus Dam Colorado
GP-93 Pactola Dam South Dakota X
GP-94 Paradise Diversion Dam Montana
GP-95 Pathfinder Dam Wyoming X X
GP-96 Pathfinder Dike Wyoming
GP-97 Pilot Butte Dam Wyoming X
GP-98 Pishkun Dike - No. 4 Montana
GP-99 Pueblo Dam Colorado X
GP-100 Ralston Dam Wyoming
GP-101 Rattlesnake Dam Colorado
GP-102 Red Willow Dam Nebraska
GP-103 Saint Mary Diversion Dam Montana X
GP-104 Sanford Dam Texas
GP-105 Satanka Dike Colorado
GP-106 Sawyer Creek Diversion Dam Colorado X
GP-107 Shadehill Dam South Dakota
GP-108 Shadow Mountain Dam Colorado
GP-109 Soldier Canyon Dam Colorado
South Cunningham Creek Diversion
GP-110 Dam Colorado X
GP-111 South Fork Diversion Dam Colorado X
South Platte Supply Canal Diverion
GP-112 Dam Colorado
GP-113 Spring Canyon Dam Colorado
GP-114 St. Mary Canal - Drop 1 Montana X
GP-115 St. Mary Canal - Drop 2 Montana X
GP-116 St. Mary Canal - Drop 3 Montana X
GP-117 St. Mary Canal - Drop 4 Montana X
GP-118 St. Mary Canal - Drop 5 Montana X
GP-119  |St. Vrain Canal Colorado I I Il I Il I I I I
GP-120 Sun River Diversion Dam Montana X
GP-121 Superior-Courtland Diversion Dam Nebraska
GP-122 Trenton Dam Nebraska
GP-123 Trenton Dam Nebraska
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GP-124 Tub Springs Creek Diversion Dam Nebraska
GP-125 Twin Buttes Dam Texas
GP-126 Twin Lakes Dam (USBR) Colorado X
GP-127 Upper Turnbull Drop Structure Montana
GP-128 Vandalia Diversion Dam Montana
GP-129 Virginia Smith Dam Nebraska
GP-130 Webster Dam Kansas
GP-131 Whalen Diversion Dam Wyoming
GP-132 Willow Creek Dam Colorado
GP-133 Willow Creek Dam Montana
GP-134 Willow Creek Forebay Diversion Dam |Colorado
GP-135 Willwood Canal Wyoming X
GP-136 Willwood Diversion Dam Wyoming X
GP-137 Wind River Diversion Dam Wyoming X X
Woods Project, Greenfield Main Canal
GP-138 Drop Montana
GP-139 Woodston Diversion Dam Kansas
GP-140 Wyoming Canal - Sta 1016 Wyoming
GP-141 Wyoming Canal - Sta 1490 Wyoming
GP-142 Wyoming Canal - Sta 1520 Wyoming X
GP-143 Wyoming Canal - Sta 1626 Wyoming
GP-144 Wyoming Canal - Sta 1972 Wyoming
GP-145 Wyoming Canal - Sta 997 Wyoming
GP-146 Yellowtail Afterbay Dam Montana
Total 0 31 3 0 1 9 3 0O 0 13 4 5

MISSING/BAD SITE COORDINATE
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LC-1 Agua fria River Siphon Arizona
LC-2 Agua Fria Tunnel Arizona
LC-3 All American Canal California
All American Canal
LC-4 Headworks California X
LC-5 Arizona Canal Arizona
LC-6 Bartlette Dam Arizona X
LC-7 Buckskin Mountain Tunnel Arizona
LC-8 Burnt Mountain Tunnel Arizona
LC-9 Centennial Wash Siphon Arizona
LC-10 Coachella Canel California
LC-11 Consolidated Canal Arizona
LC-12 Cross Cut Canal Arizona
LC-13 Cunningham Wash Siphon  |Arizona
LC-14 Eastern Canal Arizona
Gila Gravity Main Canal
LC-15 Headworks Arizona
LC-16 Gila River Siphon Arizona
LC-17 Grand Canal Arizona
LC-18 Granite Reef Diversion Dam |Arizona-California
LC-19 Hassayampa River Siphon |Arizona
LC-20 Horseshoe Dam Arizona X
LC-21 Imperial Dam Arizona-California X
LC-22 Interstate Highway Siphon  |Arizona
LC-23 Jackrabbit Wash Siphon Arizona
LC-24 laguna Dam Arizona-California
LC-25 New River Siphon Arizona
LC-26 Palo Verde Diversion Dam Arizona-California X
LC-27 Reach 11 Dike Arizona
LC-28 Salt River Siphon Blowoff Arizona
LC-29 Tempe Canal Arizona
LC-30 Western Canal Arizona
Total 3 0 2 0 0

MISSING/BAD SITE COORDINATE
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MP-1 Anderson-Rose Dam Oregon
MP-2 Boca Dam California X | X
MP-3 Bradbury Dam California
MP-4 Buckhorn Dam (Reclamation) California
MP-5 Camp Creek Dam California
MP-6 Carpenteria California
MP-7 Carson River Dam Nevada
MP-8 Casitas Dam California
MP-9 Clear Lake Dam California X
MP-10 Contra Loma Dam California
MP-11 Derby Dam Nevada
MP-12 Dressler Dam Nevada * * * *
MP-13 East Park Dam California
MP-14 Funks Dam California
MP-15 Gerber Dam Oregon
MP-16 Glen Anne Dam California X
MP-17 John Franchi Dam California X
MP-18 Lake Tahoe Dam California X X
MP-19 Lauro Dam California
MP-20 Little Panoche Detention Dam California
MP-21 Los Banos Creek Detention Dam California
MP-22 Lost River Diversion Dam Oregon
MP-23 Malone Diversion Dam Oregon
MP-24 Marble Bluff Dam Nevada
MP-25 Martinez Dam California
MP-26 Miller Dam Oregon
MP-27 Mormon Island Auxiliary Dike California
MP-28 Northside California X
MP-29 Ortega California
MP-30 Prosser Creek Dam California X
MP-31 Putah Creek Dam California
MP-32 Putah Diversion Dam California
MP-33 Rainbow Dam California X
MP-34 Red Bluff Dam California X
MP-35 Robles Dam California
MP-36 Rye Patch Dam Nevada
MP-37 San Justo Dam California
MP-38 Sheckler Dam Nevada
MP-39 Sly Park Dam California
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MP-40 Spring Creek Debris Dam California
MP-41 Sugar Pine California
MP-42 Terminal Dam California
MP-43 Twitchell Dam California
MP-44 Upper Slaven Dam Nevada
Total 2 1 6 3

MISSING/BAD SITE COORDINATE




Pacific Northwest Constraints
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PN-1 Agate Oregon
PN-2 Agency Valley Oregon
PN-3 Antelope Creek Oregon X
PN-4 Arnold Oregon X
PN-5 Arrowrock Idaho X
PN-6 Arthur R. Bowman Dam Oregon X
PN-7 Ashland Lateral Oregon
PN-8 Beaver Dam Creek Oregon X
PN-9 Bully Creek Oregon
PN-10 Bumping Lake Washington X X
PN-11 Cascade Creek Idaho
PN-12 Cle Elum Dam Washington
PN-13 Clear Creek Washington X
Col W.W. No 4 Washington o I I I T I R I e *
PN-15 Cold Springs Oregon X X
PN-16 Conconully Washington X
PN-17 Conde Creek Oregon
PN-18 Cowiche Washington
PN-19 Crab Creek Lateral #4 Washington
PN-20 Crane Prairie Oregon X
PN-21 Cross Cut Idaho
PN-22 Daley Creek Oregon X
PN-23 Dead Indian Oregon
PN-24 Deadwood Dam Idaho X
PN-25 Deer Flat East Dike Idaho X X
PN-26 Deer Flat Middle Idaho X X
PN-27 Deer Flat North Lower Idaho X X
PN-28 Deer Flat Upper Idaho X X
PN-29 Diversion Canal Headworks Oregon
PN-30 Dry Falls - Main Canal Headworks Washington
PN-31 Easton Diversion Dam Washington
PN-32 Eltopia Branch Canal Washington
PN-33 Eltopia Branch Canal 4.6 Washington
PN-34 Emigrant Oregon
PN-35 Esquatzel Canal Washington
PN-36 Feed Canal Oregon
PN-37 Fish Lake Oregon X X
PN-38 Fourmile Lake Oregon X
PN-39 French Canyon Washington
PN-40 Frenchtown Montana
Golden Gate Canal Idaho o I I I T I R I *
PN-42 Grassy Lake Wyoming
PN-43 Harper Oregon
PN-44 Haystack Oregon
PN-45 Howard Prairie Oregon
PN-46 Hubbard Idaho
PN-47 Hyatt Oregon
PN-48 Kachess Dam Washington X
PN-49 Keechelus Dam Washington X
PN-50 Keene Creek Oregon
PN-51 Little Beaver Creek Oregon
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PN-52 Little Wood River Dam Idaho
PN-53 Lytle Creek Oregon
PN-54 Main Canal No. 10 Idaho X
PN-55 Main Canal No. 6 Idaho
PN-56 Mann Creek Idaho
PN-57 Mason Dam Oregon
PN-58 Maxwell Oregon
PN-59 McKay Oregon
PN-60 Mile 28 - on Milner Gooding Canal Idaho
PN-61 Mora Canal Drop Idaho
PN-62 North Canal Diversion Dam Oregon
PN-63 North Unit Main Canal Oregon o I I I I O O I *
PN-64 Oak Street Oregon X
PN-65 Ochoco Oregon
PN-66 Orchard Avenue Washington ol I I R I I o I *
PN-67 Owyhee Tunnel No. 1 Oregon
PN-68 PEC Mile 26.3 Washington * * * * * * * * * *
PN-69 Phoenix Canal Oregon
PN-70 Pilot Butte Canal Oregon o I I I I I O I *
PN-71 Pinto Washington
PN-72 Potholes Canal Headworks Washington
PN-73 Potholes East Canal - PEC 66.0 Washington
PN-74 Potholes East Canal 66.0 Washington
PN-75 Prosser Washington
PN-76 Quincy Chute Hydroelectric Washington
PN-77 RB4C W. W. Hwy26 Culvert Washington
PN-78 Reservoir "A" Idaho X
PN-79 Ringold W. W. Washington
PN-80 Ririe Dam Idaho
PN-81 Rock Creek Montana X
PN-82 Roza Diversion Dam Washington
PN-83 Russel D Smith Washington
PN-84 Saddle Mountain W. W. Washington
PN-85 Salmon Creek Washington
PN-86 Salmon Lake Washington
PN-87 Scoggins Oregon
PN-88 Scootney Wasteway Washington
PN-89 Soda Creek Oregon
PN-90 Soda Lake Dike Washington X X
PN-91 Soldier's Meadow Idaho
PN-92 South Fork Little Butte Creek Oregon X X
PN-93 Spectacle Lake Dike Washington
PN-94 Summer Falls on Main Canal Washington
PN-95 Sunnyside Washington X
PN-96 Sweetwater Idaho
PN-97 Thief Valley Oregon X
PN-98 Three Mile Falls Oregon
PN-99 Tieton Diversion Washington X
PN-100 Unity Oregon
PN-101 Warm Springs Dam Oregon
PN-102 Wasco Oregon X
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UC-1 Alpine Tunnel Utah X
UcC-2 Alpine-Draper Tunnel Utah
uUC-3 American Diversion Dam New Mexico X
UC-4 Angostura Diversion New Mexico X X
UC-5 Arthur V. Watkins Dam Utah
UC-6 Avalon Dam New Mexico
Azeotea Creek and Willow Creek Conveyance Channel
UcC-7 Station 1565+00 New Mexico X
Azeotea Creek and Willow Creek Conveyance Channel
uUC-8 Station 1702+75 New Mexico X
Azeotea Creek and Willow Creek Conveyance Channel
UC-9 Station 1831+17 New Mexico X
Azotea Creek and Willow Creek Conveyance Channel
UC-10 Outlet New Mexico X
UC-11 Azotea Tunnel New Mexico X
UC-12 Beck's Feeder Canal Utah X
UC-13 Big Sandy Dam Wyoming
UC-14 Blanco diversion Dam New Mexico X
UC-15 Blanco Tunnel New Mexico X
UC-16 Brantley Dam New Mexico
UcC-17 Broadhead Diversion Dam Utah X
UC-18 Brough's Fork Feeder Canal Utah X
UC-19 Caballo Dam New Mexico X
UC-20 Cedar Creek Feeder Canal Utah X
UC-21 Cottonwood Creek/Huntington Canal Utah
UC-22 Crawford Dam Colorado
UC-23 Currant Creek Dam Utah X
UC-24 Currant Tunnel Utah X
UC-25 Dam No. 13 New Mexico
UC-26 Dam No. 2 New Mexico
uC-27 Davis Aqueduct Utah X
UC-28 Delores Tunnel Colorado X
UC-29 Docs Diversion Dam Utah X
UC-30 Duchesne Diversion Dam Utah X
UC-31 Duchesne Tunnel Utah X
UC-32 Duschense Feeder Canal Utah
UC-33 East Canal Utah
UC-34 East Canal Colorado
UC-35 East Canal Diversion Dam Colorado
UC-36 East Canyon Dam Utah
UC-37 East Fork Diversion Dam Colorado X
UC-38 Eden Canal Wyoming
UC-39 Eden Dam Wyoming
UC-40 Ephraim Tunnel Utah X
uC-41 Farmington Creek Stream Inlet Utah X
uc-42 Fire Mountain Diversion Dam Colorado
uC-43 Florida Farmers Diversion Dam Colorado * * * * * & & & & o
ucC-44 Fort Sumner Diversion Dam New Mexico
UC-45 Fort Thornburgh Diversion Dam Utah
UC-46 Fruitgrowers Dam Colorado
uc-47 Garnet Diversion Dam Colorado
UC-48 Gateway Tunnel Utah X
UC-49 Grand Valley Diversion Dam Colorado X X
UC-50 Great Cut Dike Colorado X X
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UC-51 Gunnison Diversion Dam Colorado X
UC-52 Gunnison Tunnel Colorado
UC-53 Hades Creek Diversion Dam Utah X
UC-54 Hades Tunnel Utah X
UC-55 Haights Creek Stream Inlet Utah * *
UC-56 Hammond Diversion Dam New Mexico * * * * * * * * * *
UC-57 Heron Dam New Mexico X
UC-58 Highline Canal Utah
UC-59 Huntington North Dam Utah
UC-60 Huntington North Feeder Canal Utah
UC-61 Huntington North Service Canal Utah
UC-62 Hyrum Dam Utah
UC-63 Hyrum Feeder Canal Utah
UC-64 Hyrum-Mendon Canal Utah
UC-65 Indian Creek Crossing Div. Dam Utah * * * * * * * * * *
UC-66 Indian Creek Dike Utah * * * * * * * * * *
UC-67 Inlet Canal Colorado
UC-68 Ironstone Canal Colorado
UC-69 Ironstone Diversion Dam Colorado
UC-70 Isleta Diversion Dam New Mexico X
UC-71 Jackson Gulch Dam Colorado
UC-72 Joes Valley Dam Utah X X
UC-73 Jordanelle Dam Utah
UC-74 Knight Diversion Dam Utah
UC-75 Layout Creek Diversion Dam Utah X
UC-76 Layout Creek Tunnel Utah X
uC-77 Layton Canal Utah
UC-78 Leasburg Diversion Dam New Mexico X
UC-79 Leon Creek Diversion Dam Colorado
UC-80 Little Navajo River Siphon New Mexico X
ucC-81 Little Oso Diversion Dam Colorado X
UC-82 Little Sandy Diversion Dam Wyoming
UC-83 Little Sandy Feeder Canal Wyoming
UC-84 Lost Creek Dam Utah
UC-85 Lost Lake Dam Utah X
UC-86 Loutzenheizer Canal Colorado
uC-87 Loutzenheizer Diversion Dam Colorado
UC-88 Lucero Dike New Mexico * * * * * * * * * *
UC-89 M&D Canal-Shavano Falls Colorado
UC-90 Madera Diversion Dam Texas
UC-91 Main Canal Utah
UC-92 Means Canal Wyoming
UC-93 Meeks Cabin Dam Wyoming
UC-94 Mesilla Diversion Dam New Mexico
UC-95 Middle Fork Kays Creek Stream Inlet Utah X
UC-96 Midview Dam Utah
uc-97 Mink Creek Canal Idaho
UC-98 Montrose and Delta Canal Colorado
UC-99 Montrose and Delta Div. Dam Colorado
UC-100 Moon Lake Dam Utah X
UC-101 Murdock Diversion Dam Utah X
UC-102 Nambe Falls Dam New Mexico X
UC-103 Navajo Dam Diversion Works New Mexico
UC-104 Newton Dam Utah
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UC-105 Ogden Brigham Canal Utah
UC-106 Ogden Valley Canal Utah
UC-107 Ogden Valley Diversion Dam Utah
UC-108 Ogden-Brigham Canal Utah
UC-109 Olmstead Diversion Dam Utah X
UC-110 Olmsted Tunnel Utah X
UC-111 Open Channel #1 Utah X
UC-112 Open Channel #2 Utah X
UC-113 Oso Diversion Dam Colorado
UC-114 Oso Feeder Conduit New Mexico X
UC-115 Oso Tunnel New Mexico X
UC-116 Outlet Canal Colorado
uUC-117 Paonia Dam Colorado X
UC-118 Park Creek Diversion Dam Colorado
UC-119 Percha Arroyo Diversion Dam New Mexico
UC-120 Percha Diversion Dam New Mexico X
UC-121 Picacho North Dam New Mexico * * * * * * * * * *
UC-122 Picacho South Dam New Mexico * * * * * * * * * *
UC-123 Pineview Dam Utah X
UC-124 Platoro Dam Colorado
UC-125 Provo Reservoir Canal Utah X
UC-126 Red Fleet Dam Utah
UC-127 Rhodes Diversion Dam Utah X
UC-128 Rhodes Flow Control Structure Utah X
UC-129 Rhodes Tunnel Utah X
UC-130 Ricks Creek Stream Inlet Utah X
UC-131 Ridgway Dam Colorado X
UC-132 Rifle Gap Dam Colorado X
UC-133 Riverside Diversion Dam Texas
UC-134 S.Ogden Highline Canal Div. Dam Utah X
UC-135 San Acacia Diversion Dam New Mexico X | X X
UC-136 Scofield Dam Utah
uUC-137 Selig Canal Colorado
UC-138 Selig Diversion Dam Colorado
UC-139 Sheppard Creek Stream Inlet Utah X
UC-140 Silver Jack Dam Colorado
UC-141 Sixth Water Flow Control Utah X X
UC-142 Slaterville Diversion Dam Utah
UC-143 Smith Fork Diversion Dam Colorado
UC-144 Soldier Creek Dam Utah X
UC-145 South Canal Tunnels Colorado * * * * * * * * * *
UC-146 South Canal, Sta 19+ 10 "Site #1" Colorado
UC-147 South Canal, Sta. 181+10, "Site #4" Colorado
UC-148 South Canal, Sta. 472+00, "Site #5" Colorado
UC-149 South Canal, Sta. 72+50, Site #2" Colorado
UC-150 South Canal, Sta.106+65, "Site #3" Colorado
UC-151 South Feeder Canal Utah X
UC-152 South Fork Kays Creek Stream Inlet Utah X
UC-153 Southside Canal Colorado
UC-154 Southside Canal, Sta 171+ 90 thru 200+ 67 (2 canal drops) |Colorado
UC-155 Southside Canal, Sta 349+ 05 thru 375+ 42 (3 canal drops) |[Colorado
UC-156 Southside Canal, Station 1245 + 56 Colorado
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UC-157 Southside Canal, Station 902 + 28 Colorado
UC-158 Spanish Fork Diversion Dam Utah
UC-159 Spanish Fork Flow Control Structure Utah X
UC-160 Spring City Tunnel Utah X
UC-161 Staight Creek Stream Inlet Utah * * * * * * * * * *
UC-162 Starvation Dam Utah X
UC-163 Starvation Feeder Conduit Tunnel Utah
UC-164 Stateline Dam Utah X
UC-165 Station Creek Tunnel Utah
UC-166 Steinaker Dam Utah
UC-167 Steinaker Feeder Canal Utah
UC-168 Steinaker Service Canal Utah
UC-169 Stillwater Tunnel Utah X
UC-170 Stoddard Diversion Dam Utah
UC-171 Stone Creek Stream Inlet Utah X
UC-172 Strawberry Tunnel Turnout Utah X
UC-173 Stubblefield Dam New Mexico * * * * * * * * * *
UC-174 Sumner Dam New Mexico X
UC-175 Swasey Diversion Dam Utah
UC-176 Syar Inlet Utah X
UcC-177 Syar Tunnel Utah X X
UC-178 Tanner Ridge Tunnel Utah X
UC-179 Taylor Park Dam Colorado X
UC-180 Towoac Canal Colorado X
UC-181 Trial Lake Dam Utah X | X
UC-182 Tunnel #1 Colorado
UC-183 Tunnel #2 Colorado
UC-184 Tunnel #3 Colorado
UC-185 Upper Diamond Fork Flow Control Structure Utah X X
UC-186 Upper Diamond Fork Tunnel Utah X
UC-187 Upper Stillwater Dam Utah X
UC-188 Vat Diversion Dam Utah X
UC-189 Vat Tunnel Utah X
UC-190 Vega Dam Colorado
UC-191 Vermejo Diversion Dam New Mexico
UC-192 Washington Lake Dam Utah X
UC-193 Water Hollow Diversion Dam Utah X
UC-194 Water Hollow Tunnel Utah X
UC-195 Weber Aqueduct Utah X
UC-196 Weber-Provo Canal Utah
UC-197 Weber-Provo Diversion Canal Utah
UC-198 Weber-Provo Diversion Dam Utah
UC-199 Wellsville Canal Utah
UC-200 West Canal Colorado
UC-201 West Canal Tunnel Colorado
UC-202 Willard Canal Utah
UC-203 Win Diversion Dam Utah X
UC-204 Win Flow Control Structure Utah * * * * * & & & & o
UC-205 Yellowstone Feeder Canal Utah * * * * * & & & & o
Total 2 169 5 0 O 1 1 2 o0 3 17 o0

MISSING/BAD SITE COORDINATE
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Figure F-1 : Great Plains Region (Northwest) Potential Constraints Map
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Figure F-2 : Great Plains Region (Northeast) Potential Constraints Map
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Figure F-3 : Great Plains Region (South) Potential Constraints Map
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Figure F-4 : Lower Colorado Region Potential Constraints Map
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Figure F-5: Mid-Pacific Region (North) Potential Constraints Map
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Figure F-6 : Mid-Pacific Region (South) Potential Constraints Map
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Figure F-7: Pacific Northwest Region (West) Potential Constraints Map
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Figure F-8 : Pacific Northwest Region (East) Potential Constraints Map
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Figure F-9: Upper Colorado Region (West) Potential Constraints Map
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Figure F-10 : Upper Colorado Region (East) Potential Constraints Map



burgincm
Text Box
Figure F-10


	HydropowerResourceAssessmentReportOct2010[1]
	Draft Hydropower Resource Assessment at Existing Reclamation Facilities
	Title Page
	Contents
	Executive Summary
	Chapter 1 Introduction
	Chapter 2 Hydropower Site Data Collection
	Chapter 3 Site Analysis Methods and Assumptions
	Chapter 4 Hydropower Assessment Tool
	Chapter 5 Site Evaluation Results
	Chapter 6 Conclusions
	Chapter 7 References

	HydropowerResourceAssessmentAppendicesOct2010[1]
	HydropowerResource Assessment at Existing Reclamation Facilities APPENDICES
	Appendix A Site Identification
	Appendix B Green Incentives Programs
	Appendix C Cost Estimate
	Appendix D Using the Hydropower Assessment Tool
	Appendix E Site Evaluation Results
	Appendix F Constraint Evaluation Results




