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Public Law 94-180, the Fiscal Year 1976 Public Works Appropriations Act, 
dated December 26, 197 5, included specific funds for this study as part of 
the Bureau of Reclamation's general investigation appropriation. 
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As the Nation's principal conservation agency, the Department of the Interior has 
responsibility for most of our nationally owned public lands and natural resources. 

This includes fostering the wisest use of our land and water resources, protecting 
our fish and wildlife, preserving the environmental and cultural values of our national 
parks and historical places, and providing for the enjoyment of life through outdoor 
recreation. 

The Department assesses our energy and mineral resources and works to assure that 
their development is in the best interests of all our people. 

The Department also has a major responsibility for American Indian reservation 
communities and for people who live in Island Territories under U.S. administration. 



This report contains the [results of an 
assessment by the Bureau of Reclamation of 
opportunities to respond to urgent needs for 
additional electrical power and energy in the 
West which can make an effective contribution 
to conservntion of dwindling oil and natural gas 
resources. 

The 17 Western United States in which the 
Bureau of Reclamation (ReclamatiOi1) is active 
in water and land resources planning and 
development contain a significant number of 
the r emammg undeveloped hydroelectric 
power sites in the continental United States. 
That region also has the most promising sites 
for electrical energy development from both 
direct solar radiation and wind and almost all 
of the potential electrical energy development 
from geothermal resources. 

Reclamation has developed a significant share 
of the electrical generation and transmission 
capability in this 17-state area. Reclamation 
currently owns and operates 50 hydroelectric 
powerplants, over 16,000 miles (25 750 km) of 
transmission lines, and 294 substations. These 
50 powerplants have a total capacity, as of July 
1976, of 9, Ill MW. In addition, Reclamation 
has under construction five hydroelectric 
power installations with a total capacity of 
3,445 MW, and seven potential generating 
installations having a total capacity of 172 MW 
are authorized for construction but are 
currently unfunded. Also under study are 
potential power developments which include 
an estimated 7,000 MW of capacity. Since 
1970, Reclamation powerplants have produced 
262,200 GWh (943 920 TJ) of electrical 
energy. This represents a fuel savings equivalent 
to 456 million barrels of oil, an average of 65 
million barrels annually. The Reclamation 
program can be accelerated to make early 
contributions to meet the electrical power and 
energy needs of the West through additional 
development of hydroelectric resources and the 
fostering of commercialization of other 

electrical energy sources such as direct solar 
radiation, wind, and geothermal. 

The WEES (Western Energy Expansion Study) 
was conducted to identify and evaluate 
opportunities for increased electrical power 
and energy generation in the 17 Western States 
which warrant further, more detailed study in 
the immediate future. Focus of the study was 
primarily on development of hydroelectric 
power, including pumped storage, at both new 
sites and existing facilities. Other opportunities 
relate to development of electrical energy using 
solar (direct radiation and wind) and 
geothermal resources. In addition to 
developmental opportunities, several matters of 
a policy nature are discussed and evaluated. 

The study reported here was a 
Reclamation-wide effort. All seven of 
Reclamation's regional offices identified 
opportunities for development, made 
preliminary evaluations of these opportunities, 
and formulated proposals for future study of 
these opportunities. A study team then 
conducted a comparative evaluation of all 
study proposals, formulated additional 
proposals, and arrived at the conclusions and 
recommendations presented in this report. 

A number of observations and general 
conclusions can be drawn from the study: 

• Hydro electric pow erplants use a 
renewable resource, have long-term 
dependability, and are particularly suited 
to peaking power operation because of 
their capability of responding rapidly to 
changes in demand. As an alternative to 
peaking power generated by oil and 
natural gas, the continued development of 
hydroelectric power can contribute to the 
conservation of scarce petroleum fuel 
supplies and, in many cases, can prove 
more environmentally acceptable. 
Moreover, the power produced is less 



subject to price inflation as compared to 
oil and natural gas. 

• A number of opportunities exist for 
continued development of hydroelectric 
power in the West. 

• Uprating existing hydroelectric generator 
and turbine units at Reclamation 
powerplants may be one of the most 
immediate, cost effective, and acceptable 
means of developing additional electrical 
power in the West. 

• Addition of powerplants at existing 
Reclamation facilities and enlargement of 
present powerplants are very attractive 
means of developing additional. electrical 
power and energy . 

• Cooperative development of large 
pumped-storage facilities, which can be 
integrated into private and Federal 
transmission systems, holds high promise 
for effecting savings of oil and natural gas 
resources by permitting substitution of 
coal and nuclear resources for those scarce 
fuels. 

• A nationwide inventory of potential 
hydroelectric and pumped-storage sites 
could provide valuable information for 
decisionmakers at the Federal, State, and 
local levels. Such inventories would result 
in a more reliable assessment of the 
regional and national hydroelectric 
reserves for future reference and possible 
substitution for diminishing petroleum 
fuel resources. 

• An early study should be made of Federal 
policy, power pricing, marketing, and 
project evaluation criteria to determine 
how increased development of 
hydroelectric power can best be 
accommodated. 

• Substantial contributions can be made to 
the commercialization of electrical energy 
from direct solar radiation, wind , and 
geothermal resources through integration 
with Reclamation power systems. 

ii 

In accordance with the general conclusions 
given above, it is recommended that 
Reclamation initiate an accelerated program 
for investigation of additional electrical power 
and energy development in the West. In this 
accelerated program, highest priority should be 
given to uprating of existing Reclamation 
powerplants and to expanding power and 
energy production at existing Reclamation 
developments. Immediate consideration should 
be given to appraisal and feasibility studies of 
I a r g e hydroelectric pumped-storage 
powerplants. Hydroelectric and 
pumped-storage inventories, studies of a policy 
nature, and studies of possible integration of 
solar and geothermal energy into Reclamation 
power systems should also· receive early study . 

As a basis for this accelerated program and as a 
result of the study effort, recommendations for 
specific studies are given below. These can be 
grouped into four general types: (1) studies of 
site-specific hydroelectric development, (2) 
studies of site-specific pumped-storage 
development, (3) general hydroelectric studies, 
and ( 4) solar and geothermal energy studies. 
Note that , throughout this report, solar energy 
refers to energy from both direct solar 
radiation and wind . 

Table I gives a summary of the WEES study 
effort. A total of 127 study proposals were 
considered and evaluated. Of this total number 
it was concluded that 61 proposals are 
appropriate for further study. It is 
recommended that studies be initiated in the 
near term for 44 of these 61 study proposals. 
The site-specific proposals that are 
recommended represent a potential installed 
capacity of 11,300 MW. 

A brief discussion of the study 
recommendations follows. The locations of 
paten tial developments represented by the 
site-specific studies are shown in figure I. 

Studies of Site-Specific Hydroelectric 
Developments 

The proposed studies for potential site-specific 
hydroelectric development included studies of: 
(1) uprating 11 existing units at Reclamation 
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Table I. - Swronary of study proposals 

Type of study 

Site-specific Hydroelectric Developme~_ 
Uprating Existing Units 
Additions to Existing Reclamation Powerplants 
All New Facilities 
Low Head Hydroelectric PoHerplants 

Subtotals 

Site-specific Pumped-storage Development 
Using Existing Reclamation Facilities 
All New Facilities 

Subtotals 

General Hydroelectric Studies 
General Hydroelectric Inventory 
Marketing and Pricing Policies 
Planning and Evaluation Criteria 

Subtotals 

Solar and Geothermal Energy Studies 
Solar Energy 
Geothermal Energy 

Subtotals 

Totals 

Study proposals 
considere_d G eva 1 uatcd 

No. of 
proposals 

11 
31 
17 

8 

()7 

13 
15 

28 

7 
2 
1 

10 

11 
11 

22 

127 

Installed 
capacity 

(HW) 

584.3 
2,180.8 
5,487.6 

73.3 

8,326.0 

23,147.0 
20,830.0 

43,977.0 

N.A. 
N.A. 
N.A. 

N.A. 

N.A. 
N.A. 

N.A. 

52,303.0 

Study proposals 
appropriate for study 

No. of 
proposals 

11 
22 

2 
3 

38 

6 
6 

12 

4 
2 
1 

7 

1 
3 

4 

61 

Installed 
capacity 

unv) 

584.3 
967.6 
267.5 

21.4 

1,840.8 

11 '700.0 
6,910.0 

18,610.0 

N.A. 
N.A. 
N.A. 

N.A. 

N.A. 
N.A. 

N.A. 

20,450.8 

Study proposals 
recommended for study 

No. of 
proposals 

1 (11) 
22 

2 
3 

27 

4 
3 

7 

3 
2 
1 

6 

1 
3 

4 

44 

Installed 
capacity 

U!W) 

1 (584.3) 
967.6 
267.5 

21.4 

1,256.5 

6,600.0 
3,440.0 

10,040.0 

N.A. 
N.A. 
N.A. 

N.A. 

N.A. 
N.A. 

N.A. 

11,296.5 

1 All 11 study proposals for uprating included in a general study for uprating existing units. This general study is 
included in General Hydroelectric Inventory under General Hydroelectric Studies 



powerplants for a potential capacity increase of 
580 MW, (2) additions to or enlargement of 22 
existing Reclamation facilities for a potential 
capacity increase of 970 MW, (3) two all new 
hydroelectric facilities with a potential 
capacity of 270 MW, and (4) three low-head 
hydroelectric powerplants with a potential 
capacity of 20 MW. 

Table II lists 27 proposals for study of 
hydroelectric powerplants that are 
recommended for early inclusion in 
Reclamation's planning program. These 27 
potential powerplants would have a total 
installed capacity of 1 ,260 MW capable of 
producing 2,900 GWh ( 10 400 TJ) of energy 
annually. 

The potential projects shown recommended for 
study in table II are listed according to the 
proposal score resulting from the WEES team 
evaluation and can be considered to be in order 
of descending priority . 

Potential Fuel lmpacts.-Sixteen of these 
potential powerplants would produce energy at 
higher plant factors somewhat equivalent to 
baseload plants. These 16 plants represent a 
total installed capacity of 460 MW and would 
generate 2,290 GWh (8230 TJ) of energy 
annually. These plants would save coal or 
nuclear fuel equivalent to about 1.1 million 
tons (991 000 tonnes) of coal annually. 

The remaining 11 potential powerplants would 
generally provide intermediate and peaking 
power. They represent a total installed capacity 
of 800 MW and would generate 600 GWh 
(2160 TJ) of energy annually . Developing these 
11 proposed powerplants could save 1 million 
barrels (1.66 x 103 litres) of oil (or equivalent 
natural gas) annually which would otherwise be 
needed for producing the same peaking energy. 

Several of these potential developments are 
additions to existing Reclamation powerplants 
which, if developed, would take those 
powerplants out of baseload operation and put 
them into peaking operation. This shift would 
induce a greater use of coal or nuclear fuel for 
baseload while reducing the use of oil for peak 
energy generation . 

vi 

Studies of Site-Specific Pumped-Storage 
Developments 

The proposed studies for site-specific 
pumped-storage developments included studies 
of pumped-storage developments at existing 
Reclamation facilities and all new 
pumped-storage developments. 

Table III lists seven proposals for study of 
pumped-storage p owerplants that are 
recommended for early inclusion in 
Reclamation's planning program. These 
potential developments represent a total 
installed capacity of 10,040 MW of power. 
They would be capable of generating 16,400 
GWh (59 000 TJ) of peaking energy annually 
and would require 24,600 GWh (88 600 TJ) 
annually for pumping. 

The potential pumped-storage developments 
shown recommended for study in table III are 
listed according to the proposal score resulting 
from the computerized evaluation system and 
can be considered to be in order of descending 
priority. 

Potential Fuel Impacts.-Developing these 
seven proposed powerplants could save 28.5 
million barrels (4.5 x 108 litres) of oil annually 
which would otherwise be needed for 
producing the same peaking energy. The 
pumping energy would require coal or nuclear 
fuel equivalent to 11.75 million tons (10 .7 
million tonnes) of coal annually. These 
potential developments would, therefore, have 
the very beneficial effect of shifting fuel 
consumption from limited supplies of oil and 
natural gas to the more abundant coal and 
nuclear resources . 

General Hydroelectric Studies 

Because of the limited study scope and in order 
to provide an early response to the study 
objectives, the WEES effort concentrated 
primarily on reevaluation of known potential 
hydroelectric powerplan ts and pumped-storage 
powerplants. However, the potential 
contribution of hydroelectric power and 
pumped storage to the Nation's energy 
resources was recognized as a significant one. 



Table II. - Site-specific conventional hydroelectric developments 

Recommended for study 

Type Capacity Net annual ~eneration Level of Time for Cost of 
I. D. Description State of (MW) (G\'Ih) (TJ) study study (yr) study ($1 ,000) 

dev 1 

MPOl flonticello Powerplant CA HY-A 16. 0 42.7 153.7 Feasibility l 90 
MP04 Friant Powerplant CA HY-A 22.7 110.8 470.9 Feasibility 2 130 
MP03 h'hiskeytown Powerplant CA HY-A 4.0 19.5 70.2 Feasibility I 90 
PN04 Arrowrock Dam l'owerplant lD HY-A 50.0 175.2 630.7 Appraisal 2 250 
PNOl Hungry Horse Powerplant m 1-IY -A 200.0 114.0 410.4 Appraisal 3 250 

Enlargement 
LCOl llea<lgate Rock Powerplant AZ IIY-A 13.0 71 .4 257.0 f'easil>ility 1 150 
PN26 01qhee Dam Pol<erplant OR HY-A 7.0 35.0 126 .0 Appraisal 3 150 
PN27 Cle Elum Dam Powerplant WA IIY-A 20.0 79.0 284 .4 Appraisal 2 200 
PN02 Palisades Powerplant lD IIY-A 90.0 262.8 94 6.1 Appraisal 2 250 

Enlargement 
PN19 lllack Canyon Dam ID HY-A 12.0 53.0 190.8 Appraisal 2 200 
PN34 Potholes Canal Chute WA HY-A (,, 5 17.5 63.0 Appraisal 2 150 

3480+43 Power Drop 
PN28 Tieton Dam Powerplant WA IIY -A .'10.0 88 .0 316.1! Apprai sa l 2 200 
PNOS Cascade Dam Powerplant ID IIY-A 12.0 52.6 189.4 Appraisa l 2 200 
UH04 Yellowtail Afterbay HT L0\1'11 11.4 56.0 201.6 Appraisal 2 100 

~ : Powerplant 
PN18 Wickiup Dam Powerplant OR HY-A 10.0 40.0 144 .0 Appraisal 2 ISO 
l!H08 Tiber Dam Powerplant MT IIY-A 5.0 39.4 141.1! Feasibility 2 150 
lJ!.103 Lonetree Powerplant NO IIY-A 16.0 86.9 312.1! Feasibi lity .'1 100 
LC02 New Siphon Drop Powerplant CA IIY-A 5.0 26 . 2 94.3 f'easib il i ty 1 75 
[}106 Green ~fountain Afterbay co HY-A 18 .4 O.'l 3.2 Appraisal 3 170 
PN23 O'Sullivan Dam and WA L0\~11 6.0 26.3 94.7 Appraisal 2 150 

Powerplant 
LH07 Carter Lake - St. Vrain co L0\'/11 4.0 s.o 18.0 Appraisal 3 110 

Powerp1ant 
lJ!.f02 Canyon Ferry l'owerplant MT 1-IY -A 90.0 70.0 252.0 f'easibility 3 300 

Addition 
UC71 Glen Canyon Dam Outlet AZ IIY-A 250.0 0 0 Definite Plan 1 300 

\~arks Genera tor Report 
UC70 Blue ~lesa Dam Outlet co flY-A 50.0 0 0 Definite Plan 1 300 

l~orks Generator Report 
PN13 Scriver Creek Unit ID flY -N 107.5 636.0 2 289.6 Feasibility 2 300 
lJ!.i07 Fort Benton Unit fiT llY-N 160.0 760.0 2 736.0 Feasibility 3 400 

(llaseload) 
UC69 Flaming Gorge Dam Outlet UT HY-A 40.0 0 0 Definite Plan I 300 

Works Generator Report 

--- ---
Totals 1,256.5 2,888.2 10 397.5 

1 liY-A = Conventional Hydroelectric Powerplants Additions at Existing Reclamation Facilities 
HY-N = Conventional Hydroelectric Powerplants All New Facilities 
L0\111 = Low-head Hydroelectric Powerpl ants 



Table III. - Site-specific pumped-stoPage developments 
Reconunended for study 

Type Capacity Average annual Average annual Net average Level of Time Cost of 
I. D. Description State of (MW) generation EumJ::ling annual ~eneration study for study 

dev 1 (GI'/h) (TJ) (GI'/h) (TJ) (GI'/h) (TJ) study ($1 ,000) 
(yr) 

UC40 Utah Lake Pumped-Storage 
Plant UT PS-N 1,440 2,160 7 776 3,024 10 886 -864 -3 110 Feasibility 4 700 

LMll and North Platte Hydroelectric 
uno Study (Alcova and Kortes 

Pumped-Storage Plants) WY PS-A BOO 1,600 5 760 2,400 8 640 -ROO -2 880 Feasibility 4 700 

~: LMOl Pinewood-Carter Pumped-
...... Storage Plant co PS-A 200 300 1 ORO 450 1 620 -150 -540 Appraisal 3 345 

PN!O Husum-Mountain Brook Pumped-
Storage Plant WA PS-N 1,500 3,504 12 614 5,256 18 922 -1,752 -6 307 Appraisal 4 500 

LH04 Phantom Canyon Pumped-
Storage Plant ::o PS-N 500 1,000 3 600 1,500 5 400 -500 -1 800 Appraisal 3 400 

PN30 Anderson Ranch - Little Camas 
Pumped-Storage Plant ID PS-A 500 400 1 440 600 2 160 -200 -720 Appraisal 4 400 

LC04 Pinto Valley Pumped-Storage 
Plant NV PS-A 5,100 7,446 26 806 11 '388 40 997 -3,942 -14 191 Appraisal 2 300 

--- --- --- --- --- --- ---
Totals 10,040 16,410 59 076 24,618 88 625 - 8,208 -29 548 

PS-A = Pumped-storage Powerplants - At Existing Reclamation Facilities 
PS-N = Pumped-storage Powerplants - All New Facilities 



Therefore, studies of a general inventory nature 
should be undertaken in the immediate future 
so that a reliable assessment of the 
hydroelectric reserves will be available for 
future reference. Also recognized was the need 
for studies related to policies and criteria 
affecting the best use of energy resources. 
These recommended studies involving 
marketing and pricing policies and evaluation 
criteria are shown in table IV along with the 
general inventory studies. 

The first study shown in table IV is for a 
Reclamation-wide assessment of the potential 
power increase that can be gained by uprating 
existing units at Reclamation powerplants. A 
Reclamation-wide assessment is recommended. 
This recommended study, WEOS, Uprating 
Existing Reclamation Units, is considered to 
have the highest priority in Reclamation's 
future programs. 

The remaining two inventory studies, WEO 1 /02 
and WE03 , are recommended to be undertaken 
as soon as possible so that they may provide a 
meaningful measurement of the undeveloped 
hydroelectric reserves. The recommended 
Western Hydroelectric Power Inventory should 
contain a special emphasis on assessing the 
potential of low-head hydroelectric energy 
generation methods, such as the bulb turbine , 
for run-of-the-river installation or irrigation 
canal installation. 

It is recommended that these studies be 
undertaken as part of nationwide inventories 
and that Reclamation provide the leadership 

with cooperation of other Federal , State , and 
private entities. Since these studies could 
provide valuable inform a tion for 
decisionmakers regarding future energy 
resource use , they are considered to have high 
priority in Reclamation's future programs. 

The remaining three recommended studies on 
table IV involve areas of general national 
energy policy, marketing and pricing policy 
and methods of evaluating hydroelectric power 
and energy. It is recommended that 
Reclamation provide the leadership for 
conducting these interagency efforts. Since 
these studies would be interagency efforts 
dealing with policy matters pertinent to the 
role of hydroelectric power in meeting the 
Nation's energy needs, they are considered to 
be very important. 

Solar Energy and Geothermal Energy 
Studies 

The studies in table V are recommended as 
means of using Reclamation's organizational 
capabilities to assist in commercialization of 
solar and geothermal energy resources. The 
development of these resources in conjunction 
with water storage and power transmission 
systems which are operated by Reclamation 
could demonstrate the viability and enhance 
the possibility of integrating these potentially 
important energy sources with conventional 
power systems. These studies could be led by 
Reclamation's Solar Energy Team and 
Geothermal Team and will require continuing 
coordination with Reclamation's regional 

Table IV. - General hydroelectric studies 
Recommended for study 

I. D. Description Location Level of study Time for study Cost of study 
(years) ($1, 000) 

WEOS Uprating Existing Reclamation Units 17 Western States Special 500 

WEOI/02 Western Hydroelectric Power Inventory 17 Western States Special 1,600 

WE03 liestern Pumped-storage Inventory 17 Western States Special 500 

WE06 Pumped-storage Integration Study Special 100 

liE07 Federal Hydroel ectric Power ~!arketing Study Special ISO 

WE08 Hydroelectric Power Benefit Criteria Study Special 75 

ix 



Table V. - Sol-ar energy and geothermal energy studies 
Recommended for study 

l.D, Description Location Level of study Time for s tuily Cost of study 
(years) (Sl ,000) 

WE04 Solar Power Applications 17 liestern States Appraisal 300 

SWOl Rio Grande Rift Geot~erma l Study New Hexico Appraisal 300 

UC73 GeOthermal Studies - Utah Utah Appraisal 250 

PN48 Geot hermal Studies - Pacific Northwes t Pacific Northwest Appraisal 3 350 

planners for site-specific evaluation and 
development. In addition, responsibilities and 
research efforts will be carefully coordinated 
among Reclamation and other Federal 
agencies, in particular the Energy Research and 
Development Administration. 

Implementation of Recommendations 

In order that Reclamation can respond to the 
Nation's critical energy needs through a 

X 

cont inuation of ongoing energy related 
activi ties , it is proposed that the 
recommendations contained in this report be 
implemented in the immediate future. A 
proposed schedule for implementing the 
recommended studies is shown on table VI. 
This proposed schedule reflects the priorities 
stated above in the general conclusions. 



Table VI. -Proposed study schedule 

-------------------- -
[. u. Description 

Installed 
capacity 

(~Iii) 

Recommended 
study 

level 

[;stimated 
study cost 

(Sl , OliO) 

Es timated funding by 
f is ca ..Lx.. eors Ji!.....IJ..QQ.L_ 

1 2 3 4 s 
-~---------·-------------------------

\'IeOS 
wca7 
11[;06 
IVE08 
WcOl/ 

02 
wco3 

~\POl 
~tP04 

NP03 
PN04 
PNOl 
LCOl 
PN26 
PN27 
PN02 
PN19 
PN34 
PN28 
PNOS 
U'l04 
PN18 
U't08 
Ulol03 
!.C02 
1..'106 
PN23 
LH07 
UH02 
UC7l 
UC70 
PN13 
U'l07 
IJC69 

UC40 
U>I! O/ 

11 
!..MOl 
PNIO 
!).!04 
PN30 

LC04 

General Hydroelectric Studies 

Uprating Existing Reclamation Units 
Federa l Hydroelectric Power ~larketing Study 
Pumped-storage Integration Study 
llydroelectric Power Benefit Criteria Study 

Western liydroelectric Power Inventory 
h'estern Pumped-storage lnventory 

Subtotals 

Site Specifi c Hyd1·oclectric Developments 

~lonticello Powerplant 
Friant Powerplant · 
1'/hiskeytown Powerplant 
Arrowrock Dam Powerplant 
l!uncry Horse Powerplant Enlargement 
!leadgate Rock Powerplant 
CMyhee Darn Powerplant 
Cl e Elu;n Dam Powerpl ant 
Palisades Powerplant Enlargement 
Black Canyon Dam Powerplant 
Potholes Canal Chute 3480+43 Power Drop 
Tieton Dam Powerplant 
Cascade Dam Powerplant 
Yellowtail Afterbay Powerplant 
Hickiup Dam Powerp!ant 
Tiber Dam Powerpl ant 
Lonet ree Powerplant 
New Siphon Drop Powerplant 
Green ~1ountain Afterbay 
0 • Sull ivan Dam and Powerpl ant 
Carter Lake - St. Vrain Powerplant 
Canyon Ferry Powerplant Addition 
Gl6Y1 Canyon Dam Outlet i·lorks Gen erator 
Blue folesa Dwn Outlet Works Generator 
Scriver Creek Unit 
Fort Benton Unit (Basel oad) 
Flaming Gorge Dam Outlet Works Generator 

Subtotal s 

Sit e Sped fie Pumped -s torage Ocve lopments 

Utah Lake PU!II[)ed-Storage Plant 

North Platte llydroel ectric Study 
Pinewood-Carter Pumped-Storage Plant. 
Husum-l·lountain Brook Pumped -Storage P !ant 
Phantom Canyon Pumped-Storage Plant 
Anderson Ranch - Li t t le Camas Pumped-

Storage Plant 
Pinto Va lley Pumped-Storage Plant 

Subtotals 

Sol ar .Ener[D' and Geothermal Ene rgy 

WEOd Solar Pow~r A.ppl ication s - 17 !<.'estern States 
SW03 \1io Grande Hift Geothermal Study 
UC73 Geothermal Studies Utah 
PN4R f.eothcma l Studies - Pacific Northwest 

Subtot.o. l s 

Totals 

i~A 

NJ\ 
NJ\ 
NA 

NA 

NA 

16. 0 
22 . 7 

4 . 0 
so. 0 

200 .0 
13.0 

7 .o 
20 . 0 
90 . 0 
12 0 0 

6 .s 
30.0 
12 0 0 
11.4 
10.0 
s.o 

16.0 
s .0 

18.4 
6 .0 
4.0 

90.0 
250.0 

so .0 
l07.S 
160.0 
40.0 

1 , 2S6.S 

1,440 .0 

800 . 0 
200.0 

I , SOO.O 
500 . 0 

500 . 0 
S,l OO. O 

lO' 040 .o 

NA 
NA 
NA 
NA 

11,296.5 

Special 
Special 
Special 
Special 

Specio 1 
5pccial 

Feasihility 
Feasibi li ty 
Feasibility 
App~ai sa ! 

Appraisal 
Feasibility 
Appraisal 
Appraisal 
Appraisal 
Appraisal 
Appraisal 
Appraisal 
Appraisal 
Appraisal 
Appraisal 

Feasibility 
Feasibility 
Feasi bi 1 i ty 
Appraisal 
Appraisal 
Appraisal 

Feasibilit y 
Def. Plan 
Def. Plan 

Feasibi 1 i ty 
Feasibility 
Def. Plan 

Feasibilit y 

Feasibili t y 
Appraisa l 
Appr aisal 
Appraisal 

Appraisal 
Appraisal 

Appraisal 
Appraisal 
Appraisal 
Appraisal 

xi 

soo 
150 
100 
75 

1,600 
soo 

90 
1.>0 
90 

250 
250 
!50 
ISO 
200 
2SO 
200 
lSO 
200 
200 
100 
ISO 
! SO 
100 

7S 
l70 
150 
110 
300 
300 
300 
300 
400 
300 

5, 215 

700 

700 
345 
soo 
400 

400 
300 
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This is the reQort of a survey of opportunities 
for expanding the supply of electricity in the 
Western United States. The study has been 
conducted in response to the Nation's urgent 
need for additional clectdc power generation 
provided by means which are economically , 
environmentally, and socially acceptable. 

The primary purpose of the study was to 
identify, from known potentials, those 
undeveloped or underdeveloped hydroelectric 
generation opportunities which merit further 
study in the immediate future . The 
identification has been made in light of today's 
energy and environmental concerns. Thus, a 
hydroelectric resource prev.iously studied might 
prove more, or less, favorable today when 
compared against alternative fossil fuel 
powerplants, given today 's high energy costs, 
high plant costs, and environmental 
constraints. 

A secondary purpose was to identify, for early 
investigation, opportunities for generating 
plants powered by solar (direct radiation and 
wind) and geothermal sources. These 
powerplants could be integrated direct ly into 
Reclamation's power facilities, including 
storage reservoirs, water conveyance systems, 
and electric transmission facilities. 

The study did not include an appraisal of 
opportunities for additional thermal generating 
stations utilizing fossil and nuclear fuels , since 
that kind of facility is not generally within the 
scope of Reclamation activities. 

Funding by Congress for Reclamation to 
conduct WEES (Western Energy Expansion 
Study) is particuarly appropriate because it 
puts to good use capabilities which are 
available within the Reclamation organization. 
Those capabilities include the ability to assess 
the feasibility of and, where appropriate, to 
p r ovid e hydroelectric generation 
enhancements, relying on Reclamation's wide 

experience in design and construction. Another 
ability is that of being able to contribute 
directly to development and commercialization 
of essentially undeveloped energy forms- solar 
and geothermal- for electric generation. 

SCOP E OF STUDY 

As a result of and consistent wi th the intent of 
Congress, study and considera tion were made 
of the following areas: 

I. Turbines and generators at existing 
Recta rna tion hydroelectric powerplants 
which could be uprated to increase their 
power-producing capacity . 

2. Conventional hydroele ctric and 
pumped-storage installations which would be 
additions to existing Reclamation facilities. 

3. N e w conventional hydroe lectric, 
pumped-storage and low-head hydroelectric 
powerplants. 

4. Possible application of mineral, 
geothe rmal , and solar energies, and 
integration of those energy forms with 
hydroelectric generation for use in and 
around major Western load centers. 

5. Relative priority of additional study 
n eeds f o r hydroelec tric generating 
potentials . 

6. Institutional considerations, including the 
role of public, private, and Federal power 
inte rests, planning authorization, and 
marketing processes. 

The following areas were originally envisioned 
to be included in the study. However, after 
preliminary consideration, it was determined 
that they are, for the most part , included under 
ongoing Reclamation activities. Therefore, 



their inclusion in this study was not considered 
appropriate, particularly in view of a need to 
limit the scope of the study because of 
preliminary estimates of time and funding. 
These areas are: 

1. Use of Federal project water in reservoirs 
and canals for cooling thermal powerplants. 

2. Revision of water and power operations 
at existing Reclamation facilities to 
minimize electricity requirements for 
pumping or to maximize the generation of 
electricity. 

3. Application of energy conservation 
measures by users of Federal power. 

4. Power operations improvement through 
possible new interties. 
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The study was a Reclamation-wide effort. 
Reclamation's seven regional offices provided 
proposals, evaluations of those proposals, and 
extensive background information. Other 
Reclamation personnel who are knowledgeable 
in the areas of solar and geothermal energy also 
provided proposal information and evaluation. 
After the proposals were thus prepared and 
evaluated, they were brought together and 
given additional evaluation by a six-man team 
of Reclamation personnel. That team, the 
WEES team, represented a wide range of 
disciplines including water resources planning, 
economics, power operations, power 
marketing, environmental and social sciences, 
and programing and budgeting. The 
conclusions and recommendations presented in 
this report are the results of this 
Reclamation-wide effort. 



The geographic region considered in this report 
is comprised of the 17 Western United States, 
which includes the Pacific Coastal States on the 
west and , on the east, the tier of states running 
from North Dakota to Texas. The Bureau of 
Reclamation has been active in water and land 
resources development in this region for 
three-quarters of a century. This western 
expanse is a land of immensely varying terrain 
and climatic conditions. Snow-capped 
mountains rising to 14,000 feet ( 4267 metres) 
and more in elevation stand above broad, 
fertile plains and sparsely covered plateaus. 
Near-deserts extend for great distances broken 
only intermittently by widely separated 
streams and land made green by irrigation. 

Just as the terrain and the climate of the West 
vary, so does its population distribution. Major 
belts of population exist along the coast of 
California, along the Willamette-Puget Sound 
Corridor of Oregon and Washington, and in the 
vicinities of major cities such as Salt Lake City, 
Phoenix, Denver, Oklahoma City, and 
Dallas-Fort Worth. Elsewhere, small population 
centers serve wide locales of agriculture, 
tourism and recreation, and mineral production 
and development. 

EXISTING POWER SYSTEMS 

Generation Facilities 

The electric power generation facilities serving 
this western community reflect the diversity of 
situations which exist there. As would be 
expected, the energy resources most 
economically available are major factors in the 
selection of prime movers for driving the 
electric generators. In Washington State, with 
its abundant surface water resources, for 
instance, hydroelectric powerplants delivered 
91 percent of the electrical power during 
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1974[1]. * In contrast , 92 percent of the 
electrical power in Texas during 1974 came 
from gas-fired powerplants, reflecting the 
locally sufficient supply of natural gas. 

The generation capacity of the study area 
totaled 136,420 MW in 1974. During the same 
year, over 573,000 GWh (2 062 800 TJ) of 
electrical energy were generated by that 
capacity. Ownership of the generating facilities 
is nearly equally divided between the private 
and public sectors . In 1974, investor-owned 
facilities accounted for 80,850 MW or 60 
percent of the capacity, Federal for 21 ,880 
MW or 16 percent, and public non-Federal for 
the remaining 33 ,690 MW or 24 percent. The 
energy generated was similarly divided, with 
investor-owned utilities producing 61 percent. 

Conventional steam-powered plants comprise 
the major part of the generating capacity in the 
study area, accounting for over 60 percent of 
the total. Nuclear-powered and 
internal-combustion plants account for 2 
percent and hydroelectric-powered plants 
account for 37 percent. Figure 1, in the pocket 
inside the back cover of this report , shows the 
location of all powerplants in the study area. 

Conventional once-through generation 
comprises nearly all of the hydroelectric 
powerplant capacity in the study area . The fact 
that pumped-storage pow~rplants account for 
only a small part of the capacity reflects several 
factors. One of these is that some hydroelectric 
facilities, although originally used mostly to 
satisfy baseload requirements, are now being 
used more for peaking operation, where 
operational constraints allow. This precludes 
the need for development of pumped storage 
to meet peaking needs. Until recently, another 

* Numbers in brackets indicate references cited 
in appendix D. 



factor has been the availability of low-cost oil 
and natural gas as fuel for peaking capability. 
Interest in pumped-storage development is 
rapidly increasing due to cost escalation for 
and shortages of oil and natural gas. Also, the 
difficulty of the newer, large coal- and 
nuclear-fired baseload plants to be cycled to 
follow a varying load pattern increases the need 
for pumped storage for system energy storage 
when generation exceeds demand. 

The ownership of the hydroelectric generation 
capacity in the West is unique. Some 53 
percent of that capacity is owned by the 
Federal Government, primarily through two 
agencies : the Bureau of Reclamation and the 
U.S. Army Corps of Engineers. This high 
percentage of Federal ownership is indicative 
of the longstanding public policy of 
encouraging the development of Western water 
resources through Federal participation. 

Of the hydroelectric capacity which is 
Federally owned in the West, the Bureau of 
Reclamation owns 9 ,1 I 1 MW, and the U.S. 
Army Corps of Engineers owns just under 
12,000 MW. The National Park Service, 
International Boundary and Water 
Commission, and Bureau of Indian Affairs 
together own48 MW. 

Transmission Systems 

The electric power transmission systems in the 
17-state study area can be characterized as 
having long transmission distances and high 
voltages. Widely separated load centers and 
generation facilities commonly give rise to 
transmission distances of over 150 miles (240 
kilometres). Grids of 230-kV capacity are 
widespread and in many cases those grids are 
being overlain by others of 345-kV and 500-kV 
capacity. 

Figure 1 shows the transmission systems in the 
study area and those in some of the contiguous 
states on the eastern border of the study area. 
Note the extent of Federally owned facilities. 
These facilities, built primarily to carry power 
generated by Federally owned hydroelectric 
powerplants, form a major part of the overall 
grid system in the West. 
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The existing Federally owned transmission 
facilities are of particular importance in the 
expansion of power generation capacity which 
may result from WEES. The facilities are 
located such that , in some cases, the 
transmission of power generated by the 
proposals studied here could be accomplished 
without the establishment of new transmission 
corridors or the negotiation for the use of 
existing non-Federal systems. 

While these Federally owned systems and their 
non-Federal counterparts provide a strong 
network over the various parts of the West, 
interconnections between river basins and 
distinct regions tend to be weak. For example, 
MA RCA (Mid-Continent Area Reliability 
Coordination Agreement) area in the 
north-central states and the pooled system in 
WSCC (Western Systems Coordinating Council) 
area must presently operate as individual 
systems. A small capacity (100 MW) 
asynchronous tie is now being operated to 
interconnect these two areas. Similarly, the 
major part of Texas, served by members of 
ERCOT (Electric Reliability Council of Texas), 
is void of interconnections with adjacent areas. 

The near-absence of interconnection between 
east and west reflects the complexities of 
accomplishing interconnection, rather than a 
lack of its importance. Interconnection offers 
the potential of reducing the total generating 
capacity needed to assure reliable service 
through diversity, to more effectively utilize 
seasonal surpluses, and to conserve oil and gas 
resources. 

On a national level, the Federal Power 
Commission is encouraging voluntary action in 
the strengthening of power interconnections. 
Similarly, the National Electric Reliability 
Council, in its July 197 6 report entitled "6th 
Annual Review," takes a strong stand in 
support of interties by stating : 

"Greater utilization of the interconnected 
bulk transmission network will be necessary 
in the future because of the problems 
associated with the supply of fuel and the 
potential that generating reserves may 
become inadequate. * * * The electric power 



industry should carefully assess the 
opportunities for strengthening the 
interconnected transmission network and 
should develop and implement plans for 
such strengthening. * * * Those agencies 
responsible for approval of licensing of 
transmission lines should recognize the vital 
role of transmission in the development of a 
reliable bulk power supply system and 
should direct their efforts to the timely 
action on proposed transmission lines ." 

In conducting studies of and in implementing 
interconnections , full participation by 
interested entities would be required to ensure 
meaningful results. Such entities include public 
and private utilities, state and Federal agencies, 
and environmental groups. 

BUREAU OF RECLAMATION 

ELECTRIC POWER FACILITIES 

The Bureau of Reclamation has developed a 
significant share of the generation and 
transmission capability in the 17-state study 
area. Reclamation currently owns and operates 
50 powerplants, over I 6,000 miles (25 750 
km) of transmission lines, and 294 substations. 
All of these powerplants, transmission lines, 
and substations were designed and constructed 
by Reclamation . In addition, 17 other 
hydroelectric powerplants built as part of 
Reclamation's construction program have been 
subsequently turned over to other entities for 
operation. Reclamation's power facilities as of 
June 30, 1976, are shown on figure 2. 

The 50 hydroelectric powerplants operated by 
Reclamation have a total capacity, as of July I, 
1976, of 9,111 MW. The units range in size 
from as little as the 0.5-MW capacity of one 
unit at Boise River Diversion Dam and 
Powerplant near Boise, Idaho, to the 600-MW 
units newly placed in operation at the Grand 
Coulee Third Powerplant in Washington. The 
Grand Coulee Third Powerplant can be seen on 
the left side of figure 3. Figures 4 and 5 show 
two other notable Reclamation power 
facilities. 
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The transmission lines range in voltage from 
34.5 kV to a 500-kV a-c line of the Pacific 
Northwest-Pacific Southwest Intertie. Some 
lower voltage lines provide local supply to 
Government camps. 

In fiscal year 1976, Reclamation's net energy 
generation from its 50 powerplants totaled 
41,776 GWh (149 000 TJ). Reclamation 
markets directly the output from 40 of its 50 
plants. The Bonneville Power Administration 
markets output from the 10 Reclamation 
plants which are located in the States of 
Montana, Washington, and Idaho. Reclamation 
markets power and energy from six U.S. Army 
Corps of Engineers powerplants on the 
Missouri River, which have a combined 
capacity of 2,048 MW and in fiscal year 1976 
produced 14,481 GWh (51 600 TJ) of energy. 
Reclamation also markets power and energy 
from the Falcon Powerplant owned by the 
International Boundary and Water 
Commission. That powerplant is located on the 
Rio Grande, has a capacity of 31 MW, and, in 
fiscal year 1976, generated 106 GWh (382 TJ) 
of energy. 

Reclamations's only current participation in 
thermal-electric generation is its 24.3 percent 
share of output of the Navajo Generation 
Station at Page, Arizona. Reclamation's 
participation in the Navajo plant was provided 
for the purpose of supplying electricity to 
pumps of the Central Arizona Project. 
Reclamation's share amounts to 54 7 MW of the 
plant's capacity. In fiscal year 1976, 
Reclamation's share of the net generation was 
2,661 GWh (9600 TJ). This is for interim use 
by Reclamation until pumping loads of the 
Central Arizona Project develop. 

POWER DEMAND 

The electric power industry has divided the 
United States into nine electric reliability 
council regions. These regions are shown on 
figure 6. For the electric reliability council 
regions overlying the study area, the forecasts 
of average annual increases in summer peak 
loads are shown in table I and on figure 7. The 
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Figure 3. Grand Coulee Dam and appurtenant power facilities. 

Figure 4. Glen Canyon Dam and Powerplant. 
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Table 1. - Summer peak demand forecasts for four national electric reliability 
council regions 

·---- --- ·--- ----- - - -·-- -··- - - - - ----

Region 

- wscc 
MARC A 
SPP 
ERCOT 

1976 
Demand 1 

(MW) 

87,377 
15,625 
33,587 
25,824 

1985 
Demand 1 

(MW) 

110 022 
27 853 
67 980 
45 195 

Average annual compound 
growth rate 

1 0-year period 
(percent) 

1995 
Demand2 

(MW) 

- - - - - --·- - ·- --- -- --- - - -
6.2 200,780 
6.75 53,520 
8.32 151,1 70 
6.75 86,770 

- - - .. -- --- - -
Total 162,413 251 050 6.93 492,240 

1 Edison Electric Institute, 59th Electric Power Survey, April 1976. 
2 Extrapolated for this report. 

197 6 and 1985 demand estimates and average 
annual growth rates for that decade are 
extracted from the 59th Electric Power Survey 
of the Edison Electric Institute[2). The 1995 
demands in this report were extrapolated from 
those data. Note from table l that the total 
present peak dem and of 162,413 MW for the 
four reliability council regions could be 
expected to increase to over 492,000 MW by 
1995. These figures are estimates of demand 
for the entire reliability council region 
concerned. While three of the regions of 
primary interest in this study, WSCC, MARCA, 
and SPP (Southwest Power Pool), extend 
beyond the 17-state study area, consideration 
of the entire demands for those reliability 
council regions is appropriate inasmuch as 
generation capacity in a particular region is 
interconnected to help serve all loads in that 
region. 

The power demands shown in table 1 and on 
figure 7 are peak summer demands. These 
demands are the highest loads expected in each 
of the regions during each year. Demands 
during the remainder of the year are usually 
less, although winter peak demands exceed 
summer demands in some northern areas. 

All the proposals submitted for evaluation in 
the WEES ·are located in the regions of the 
WSCC and MARCA. To more closely indicate 
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the present and projected demands in the study 
area, demand estimates were obtained for the 
appropriate subregions of those two electric 
reliability council regions. 

The WSCC region js divided into four 
subregions which are based upon 
con centra tio ns of resources, economic 
influences, geographic locations, and 
population and industrial concentrations. One 
of those subregions, the Pacific Southwest 
Power Area is, in turn, divided into four 
subareas which, again, reflect concentrations of 
loads and resources . The WSCC region and its 
subdivisions are shown on figure 8. 

WSCC analysts have developed summer 
peakload fo recasts for the three power areas 
and four power subareas within its region for 
the years 1976 through 1984[7). Table 2 and 
figures 9 and I 0 show the WSCC forecasts for 
1984. Also shown are the average annual 
compound growth rates for the 1976-1984 
period and the 1995 loads which could be 
anticipated if those growth rates continued to 
that time. Note that the Northwest Power Pool 
has a significantly higher load in winter than in 
summer while the Pacific Southwest areas have 
significantly higher summ er peaks. 

Differences between the total demands shown 
in tables 1 and 2 for -WSCC are attributable to 
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Table 2. - Peak demand forecasts for the Western Systems 
Coordinating Counci~ region and subregions 

Area or 
subarea 

Northwest Po>.,rer 
Pool, Winter3 

Rocky l•lotmtain 
Power Area 

New ~texico 
Power Pool 

Pacific Southwest 
Power Area 

Subarea A 
(Southern 
California) 

Subarea B 
(Nevada) 

Subarea C 
(Arizona) 

Subarea D 
(Northern Cali
fornia and 
North Nevada) 

Total 

1975 
demand 1 

(MW) 

31,276 

4,242 

1,507 

12,474 

5,406 

5,798 

14,215 

74,918 

1984 
demand 1 

(MW) 

53,846 

8,535 

2,868 

20,175 

8, 778 

10,925 

24,039 

129,166 

Average annual 
compound 

growth rate 
9-year period 

(percent) 

6.23 

8.11 

7.41 

5.48 

5.54 

7.28 

6.01 

6.26 

1995 
demand2 

(MW) 

98,543 

20,120 

6,300 

36,280 

15,880 

23,670 

45,630 

246,423 

1 Ten-year Coordinated Plan Summary, May 1975, Western System 
Coordinating Council. 
2 Extrapolated for this report 
3 Summer peak is lower in this subregion 
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differences in data included in the reporting 
documents from which the data were taken. 
Such data differences include: the higher 
winter peaks in the Northwest Power Pool and 
noninclusion in the Edison Electric Institute 
report of systems in Canada. The data from the 
Edison Electric Institute report were used for 
table 1 so that parallel data could be presented 
for the four coordinating council regions in the 
study area. The WSCC report data were used in 
table 2 so that a breakdown by subregions 
could be presented. 

For reporting and planning purposes, the 
MARCA region is divided into four subregions 
as shown on figure 11. The subregions for 
Nebraska and for the Dakotas and Montana are 
in the study area. Demand estimates for these 
two subregions are shown in table 3 and on 
figure 12. 

The forecasts for the WSCC and MARCA 
regions and subregions, as presented in tables 2 
and 3 and on figures 9, 10, and 12, clearly 
show the tremendous increases in demand for 
electric power and energy in the next 20 years. 
Even the sm<11lest of the increases, that of the 
Dakotas-Montana subregion of MARCA, is 
shown as doubling by 1995. At the other end 
of the demand spectrum, the peak load for the 
Rocky Mountain area would more than 
quadruple. Rising costs paid by the consumer 
for electric power may reduce rates of load 
growth, although such reductions are already 
accounted for in the forecasts up to 1985. 
Nonetheless, even sizeable deviations from 
these forecasts cannot negate the fact the 
substantial new generation capacity must be 
provided. Much of that capacity will, of 
necessity, be provided by thermal-powered 
plants. However, in an evaluation of trade offs 
to be made to best meet the spectrum of our 
society's expectations, hydroelectric 
opportunities and solar-thermal, wind, and 
geothermal resources offer logical alternatives 
as energy sources for part of that capacity. 

LOAD AND GENERATION 
CHARACTERISTICS 

Electric loads vary widely during the 24-hour 
day, during the week, and seasonally. 
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Typically, loads decrease at night, are highest 
during weekdays, and are less on weekends. 
Load variations also depend on the customers 
served. Residential and commercial customers 
cause a rapid load buildup in the morning and 
evening, with lower loads during midday and at 
night. 

That part of the weekly demand which is 
continuous is called the system's baseload . In a 
representative situation, for a large utility, the 
baseload comprises about 50 percent of the 
weekly maximum demand. The intermediate 
system load in the case of such a utility 
amounts to approximately 30 percent of 
maximum demand and is continuous for 
periods of 12 or more hours on weekdays. The 
peak portion of the load, amounting to about 
20 percent of maximum demand, can occur 
over a period of less than 1 hour to about 12 
hours[7]. 

Because of different operating characteristics, 
various types of generation units are used to 
cany different parts of a system's electric load. 
Except in the Pacific Northwest where 
hydroelectric powerplants dominate, the usual 
practice is to use large, steam-electric units , 
either fossil or nuclear fueled, to serve the base 
portion of the load. The peak and intermediate 
portions of the load are served by hydroelectric 
plants and by less efficient, usually older, 
steam-electric equipment and by oil- and 
gas-fired units. Larger, steam-electric units are 
used to serve baseload because their 
characteristically high efficiencies are very 
adversely affected by stops and starts needed 
to accommodate intermediate and peak loads. 
At present, units usually considered as baseload 
units are those which are high-pressure , 
high-temperature units, 500 MW and larger. 

The older, smaller, steam-electric units used as 
intermediate and peaking load plants generally 
are of 25- to 200-MW capacity, 25 years old 
and older, which, in many cases have been 
converted from coal to oil and gas. Other 
thermal units using oil and gas have been 
specifically designed as peaking units. These 
newer units have been designed for minimum 
capital cost and to operate at low-capacity 
factor. However, their efficiencies are quite 
low . 
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Figure 11. Mid-Continent Area Reliability Council Agreement region. 

Table 3. -Summer peak demand forecasts for two subregions of the reliability region of 
MARCA (Mid-Continent Reliability Council Agreement) 

Subregion 

Nebraska 
Dakotas
Montana 

Total 

1976 
Demand 1 

(MW) 

2,787 

1,682 

4,469 

1985 
Demand 1 

(MW) 

4,847 

3 2,315 

7,162 

Average annual compound 1995 
growth rate Demand2 

I 0-year period (MW) 
(percent) 

6.41 9,022 

3 3.85 3,378 

5.56 12,400 

1 From the Generation and Transmission Plan 1975-1985 of MAPP (Mid-Continent Area Power 
Pool), December 1975[3]. The regional boundaries ofMARCA and MAPP are identical. However, 
MAPP includes 12 small utilities not included in MARCA; thus, the MAPP statistics more 
accurately represent the overall power demand. 
2 Extrapolated for this report. 
3 Reflects Bureau of Reclamation long-term hydroelectric capability under adverse water 
conditions. 
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Figure 12. Peak demand forecast-Mid-Continent Area Power Pool subregions. 

Far more effective in providing peaking power 
a r e h y d r o e 1 e c t r i c p o w e r p 1 a n t s . Both 
conventional, once-through hydroelectric units 
and pumped-storage units are able to start 
quickly, make rapid changes in power output, 
and accept or reject large blocks of load 
quickly. Thus, when hydroelectric units are 
integrated into a power system, their ability to 
accept the frequent fluctations in system loads 
permits the allocation of coal- and nuclear-fired 
thermal units to more uniform parts of the 
load and, therefore, allow them to be used 
more efficiently. 

One argument which is commonly posed 
against the use of pumped-storage powerplants 
is that the pumped-storage powerplants use 
more energy in pumping than they produce 
when g en era tin g . A pump e d -storage 
powerplant, designed with present technology , 
and excluding transmission system losses, 
typically requires 4 kWh (14.4 MJ) of energy 
for pumping water into its upper reservoirs for 
every 3 kWh (I 0.8 MJ) of energy produced by 
it when the stored water is run back down 
through the pump turbine to turn the 
generator/motor. However, pumping is done 
during off-peak hours and generation is done 
during peak hours. Therefore , the plant factor 
of the system's baseload units is improved. This 
reduces the amount of cycling of the baseload 
units and improves their efficiency and 
durability, although the pumped-storage units 
use nonrenewable resources for pumping 
power. 

With respect to the other energy sources 
su rveyed in this study, it appears that the 
proper role for electric generation powered by 
direct solar radiation, wind, and geothermal 
resources will depend on the advance of 
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technology, the design of such units, and the 
dependability of the energy resource. 
Geothermal units could well provide baseload, 
while direct solar radiation could serve as a 
specialized source of power during periods of 
sunshine. The latter case would occur, for 
instance, where solar energy could be used to 
power irrigation pumps. Wind-driven generators 
would in all likelihood be used on an 
opportunity basis, serving peaking needs where 
possible, serving as a source of pumping energy 
in conjunction with pumped-storage 
powerplants or reducing conventional 
hydroelectric generation outpu t to conserve 
reservoir storage where possible. 

UNDEVELOPED 
POWER POTENTIAL 

There is an immense potential for additional 
development of electric power capadty in the 
West using the resources explored in this 
report. Hydroelectric resources, using proven 
technology, offer the most immediate potential 
for providing substantial amounts of additional 
generation capacity . Solar and geothermal 
resources, dependent as they are upon further 
r esearch and resource development , are 
expec ted to offer similar poten tial in tlte 
future. 

Undeveloped Hydroelectric Opportunities 

Undeveloped hydroelectric opportunities take 
four basic forms: uprating existing units, 
construct in g con ven tiona! hydroelectric 
fac ilities at new and existing sites, constructing 
pumped-storage powerplants at new or existing 
sites, a n d co nstructing hydroelectric 



powe rplants using low-head generating 
equipment such as bulb-turbine units. 

Uprating Existing Units.-The hydroelectric 
powerplants on Reclamation projects have 
been built and placed in operation over a span 
of nearly three-quarters of a century. T h e 
efficiency and prod uctivity of some of these 
units can be improved by replacing older 
turbine runners with new, more efficient ones. 
Many units can also be uprated by rewinding 
the generator stator, tak ing advantage of 
available insulation techno logy to permit the 
installation of more copper in the windings. 
Upra ting requires evaluation of water 
availability, waterway capacity , and the cost of 
the added capacity compared with alternative 
sources of power. 

Having realized the benefits of up rating for 
some time, Reclamation has an ongoing 
program o f uprating i ts powerplants. One 
example of rewinding under t his program 
demonstrates the effectiveness of the process . 
At Shasta Powerplant in California, the 
genera tors, which were built in the la te 1930's, 
were o riginally rated 75 MW. Recently the 
units have been up ra ted by rewinding to 95 
MW. Reclamation engineers no w see a potential 
for uprating the units to 118 MW o r above, 
although structural c hanges in the genera tors 
will be required for this increase. 

Improved efficiency through replacing turbine 
ru nners is demonstra ted by the increased 
capacity at Seminoe Powerplant in Wyom ing. 
The units in that plant were placed in 
operation in 1939. They were originally rated 
at 12 MW. New turbine runners have made 
possible an increase in generator ra ting to 15 
MW. 

The effectiveness o f this ongoing p rogram has 
given rise to evaluation of a more accelerated 
effort of uprating. Proposals for uprating 
ex isting u nits included in this WEES are part of 
that evaluation. 

Conventional H ydroelectric 
Po werp la n t s . -Conve ntional hydroelec tric 
installa tio ns are those in wh ich water is stored 
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in an upstream reservoir or otherwise diverted 
from upstream of a powerplant, passed through 
the powerplant, and allowed t o con tinue 
dow ns tream. Thi s is in cont rast to 
pumped-storage powerplants in which water is 
pumped in to an upper reservoir by reversible 
pump-turbine un its in the powerplant, then 
released back down through the powerplant to 
generate electricity. 

Many of the op portunities for increased use of 
conven tio na! hydroelectric power are in 
installing units as additions to existing dams 
a nd powerplants. Major advantages o f 
increasing the capacity o f present installations 
are the relatively low co st per kilowatt of the 
add ed capacity and the shorter construction 
t ime required. Another advantage often is the 
r e d uce d e nvironm en tal im pact which 
ad di tional development of an exis ting site and 
transmissio n facilities has when compared to 
development o f a new site. 

One example o f increasing the capacity of an 
existing installation is at Reclamation's Grand 
Coulee Dam. Six large, conven tiona! generating 
units which wiH have a combined capacity of 
3 ,9 00 MW are now being installed in the Grand 
Coulee Th ird Powerplant. Three of these uni ts 
will be 700 MW in capacity and three will be 
600 MW. T he 700-MW units represent tl1e 
largest h yd roelectric unit s eve r to be installed . 
The firs t one of these units (6 00 MW) came on 
line in 1975. Prior to the constructio n of the 
T h ird Powerplant, the power facilities at Grand 
Coulee consisted of two powerplants 
constructed at the time the dam was built in 
the 1930's. Generators install ed in those two 
powerplants, most of which have recently been 
upratecl, have a combined capacity of 2,263 
MW. Studies for adding mo re capacity to the 
T hird Po werp lan t are presently underway. 

While additions to existing installations are 
availa ble , o ther opportun ities exist a t presen tly 
undeveloped sites. As shown on figure 13, the 
FPC (Federal Power Commission) estimated in 
1975[4} that in the geographic regions which 
are to a large extent coincident with the study 
area, there is a total of 64,500 MW of 
undeveloped conventional hydroelectric power, 
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Figure 13. Conventional hydroelectric power-developed and undeveloped. 

as compared with 37,700 MW presently 
developed. The FPC notes, however, that many 
of the undeveloped sites require further study 
to determine their economic, environmental, 
and social acceptability. As subsequently 
shown in this report, many conventional 
hydroelectric sites are faced with these three 
problems. 

Pumped-Storage Powerplants.-The U.S. Army 
Corps of Engineers, in a recent inventory [ 5], 
listed pumped-storage sites with a combined 
potential generating capability of nearly 2 
million MW in the Northwest alone, although 
many of the sites may not be feasible because 
of conflicting uses or geological inadequacies. 

In another report[6] , the FPC identified 155 
pumped-storage sites in California, Arizona, 
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Nevada, and Utah which have an ultimate 
combined capacity of 341,000 MW. 

These inventories clearly demonstrate that 
numerous sites exist for development of 
pumped-storage capacity . 

Low-head Hydroelectric Powerplants.-There 
are many opportunities at exi s ting 
hydroelectric installations and at undeveloped 
hydroelectric sites for turbine-generator units 
that can operate effectively and efficiently at 
low head, i.e., where the pressure of the water 
driving the turbine blades is lower than at high 
dams. 

One of the most efficient uni ts for generating 
power at these low-head installations is the 
bulb turbine, in which a metal-encased 



generator is connected to the turbine runner by 
a horizontal shaft. The entire turbine-generator 
is located within the water possage. A similar 
unit is the tube-turbine in which the turbine is 
located in the water passage but the generator 
is outside the water passage and connected to 
the turbine by an inclined shaft. A third type , 
the Kaplan turbi.ne, has a vertical shaft, the 
generator setting above the turbine out of the 
water passage. This type of unit is in common 
use in the Un ited States. 

Low-head hydroelec tric powerplants have not 
been extensively developed in the western 
United States; however, as will be seen in 
subsequent parts of this report, sites do exist 
wherein the low-head units can be effectively 
used. 

Solar and Geothermal Rcsomccs 

The location of direct solar radia tion research 
and development in the West is appropriate 
since sunshine occurrence in the area ranges up 
to 4 ,600 hours annual!y. One app lication of 
this energy source is in the operation of 
"power towers," with associ a ted heliostat 
fields and steam-driven generators, to supply 
rela tively large amounts of electricity. Smaller 
scale applicatio ns include isolated irrigation 
pumps possibly using pho tovolta ic generation, 
i.e., direct conversion of solar energy to electric 
energy. 

Wind-powered generation of el ectrical energy 
appears promising in several loca tions 
throughout the West. Wind-driven genera tors 
located in gaps in mountain ranges where a 
natural funneling of the wind exists and wind 
generator "farms" on windy plains capable of 
relatively large generation capacity (200 MW 
and more) may be feasible. Since wind is a 
variable resource, several wind genera tors 
located a t widely separated geographical si tes 
may be advantageous to smooth out individual 
unit fl uct uation and enhance the marketability 
of wind power. Marketing of power produced 
by variable energy sources such as solar-thermal 
and wind can be facilitated by use of 
Reclamation's ex tensive reservoir storage and 
interconnected power transmission systems. 
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At the present time, and for the next several 
years, direct solar ra diation and wind energy 
developments should not be expected to make 
significant contributions to the Nation's energy 
sup p I y . However , with accelerated 
commercia lizat ion of the concepts, by the year 
2000 these and other nonconventional forms 
of generation may conceivably supply as much 
as lO percent of the Nation's electrical 
requirements. Reclamation's present activities 
relative to these energy sources are discussed in 
the next subsection. 

The geothermal resource is found in many 
areas in the West and is being used successfully 
in one instance fo r power generation. PG&E 
(Pacific Gas and Electric) presently operates a 
steam geo thermal f1eld at the Geysers in 
Sonoma County, California . By November 
1976, the field was producing 502 MW, with 
another 27 J MW under construction, for a 
total of 773 MW. Additional units currently in 
the licensing process would bring total 
genera ting capacity to over 900 MW by 1979. 

The Bureau of Reclamation has engaged in two 
activities relating to geothermal resources. 
T hese are discussed in the following subsection. 

PRESENT ENERGY-RELATED 
ACTIVITIES OF THE 

BUREAU OF RECLAMATION 

ln addition to the hydroelectric powerplants 
shown on figure 2, Reclamation has under 
construction five installations with a total 
generating capacity of 4,728 MW capable of 
annual generation of 5,231 GWh ( 18 834 TJ). 
T hese are shown in table 4. 

Projects which have been authorized for 
construction by Reclamation but which are 
currently unfunded include seven generating 
installations having a to tal capacity of 172.3 
MW and an average annual energy output of 
424 GWh ( 1526 TJ). These are shown in table 
5. 

Other projects that have Congressional study 
authorization and are being investigated at the 



Table 4. -Reclamation powerplants under construction 

Powerplant 

Grand Coulee T hird Powerplant 
Grand Coulee Pump-Generators 
Auburn 
Crystal 
Mt. Elbert Pumped-Storage 

Total 

1 1,800 MW are in operation . 
2 100 MW are in operation. 

Location 

Washington 
Washington 
California 
Colorado 
Colorado 

Installed 
capacity (MW) 

1 3,900.0 
2 300.0 

300.0 
28.0 

200.0 

4,728.0 

Average annual 
generation 

CGWh) ern 
4,608.0 

522.0 
I 01.0 

5,231.0 

16 590 

I 880 
364 

18 834 

Table 5. - Reclamation powerplants authorized for construction 

Installed Average annual 
Powerplant Location capacity (MW) generation 

(GWh) (TJ) 

Otero Colorad o 11.0 48.3 I 73.9 
Stampede California 3.0 16.0 57.4 
Watasheamu California 8.0 40.0 144.0 
Syar Utah * 10.5 53.1 19 1.2 
Sixth Water Utah *90.0 134.0 482.4 
Dyne Utah *33.0 132.4 476.6 
Prairie Creek Pumped-Storage Nebraska 16.8 

Total 172.3 423.8 I 525.5 

* Studies are now underway to determ ine the feasibili ty of increasing the size of these plants by 
the addition of pumped-storage facilities. 

feasibility level of planning study include nine 
projects which would have hyd roelectric power 
installations. These are shown in table 6. 

In addition, the Upper Colorado River Storage 
Project Peaking Capacity Study, an authorized 
feasibility-level study of sources of peaking 
power in the Upper Colorado River Basin , is 
expected to identify potential conventional 
and pumped-storage hydroelectric installations. 
Several proposals included in the WEES effort 
resulted from activities of this study. 

Reclamation has been the lead agency in two 
framework-level studies of potential sources of 
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water for energy develop ment, particularly 
co oling wa ter for thermal powerplant 
development. Results of the two studies are 
given in "The Report on Water for Energy in 
the Upper Colorado River Basin," and "The 
Report on Water for Energy in The Northern 
Great Plains Areas with Emphasis on the 
Yellowstone River Basin.'' 

As indicated earlier, Reclamation is actively 
involved in the study of geothermal and solar 
e ne rgy resource s. Geothermal resource 
investigations are being conducted at the East 
Mesa Geothermal Test Site in the Imperial 
Valley of California and at Susanville, 



Table 6. -Reclamation powerplants 
under feasibility study 

Estimated 
Project Location installed 

capacity 
(MW) 

Grand Coulee Third 
Powerplant Exten-
sron Washington 3, I 00.0 

Minidoka Powerplant 
Addition Idaho 16.0 

Anderson Ranch Power-
plant Addition Idaho 13 .5 

Auburn Powerplant 
Addition California 450.0 

Long-Round Lakes 
Pumped-Storage 
Plant Oregon 2,000.0 

Dominguez Darn and 
Powerplant Colorado 17.3 

Dominguez Pumped-
Storage Plant Colorado 1,250.0 

Savage Rapids Darn 
and Powerplant Oregon 18.0 

Two Forks Darn and 
Powerplant Colorado 80.0 

Total 6,945.4 

California . The East Mesa Test Site is being 
developed primarily to study methods of 
desalting geothermal brines . Concunent 
generation of electricity is also being 
considered. The Susanville Geothermal Energy 
project is a joint effort of the City of 
Susanville , ERDA (Energy Research and 
Development Administration) , and 
Reclamation. The purpose of the project is to 
determine if the geothermal resource can be 
developed to stimulate the local depressed 
economy. The potential of generating 
electricity will be included in the investigation. 
A Reel am a tion study team has been formed to : 
(l) coordinate geothermal investigations, (2) 
disseminate information to field personnel, and 
(3) provide technical assistance to field 
personnel. 
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A Solar Energy Team has also been formed, 
primarily to coordinate studies and proposals 
within Reclarna tion and proposals from other 
entities of the potential of solar energy as an 
electrical power source. The team's efforts have 
also included consideration of the following 
potentials: (I) the use of solar energy for direct 
heating and cooling of buildings, hydraulic 
structures, and feedwater ; (2) various schemes 
to provide pumping capacity directly from 
solar energy without the intermediate 
conversion to electrical power; (3) the use of 
solar energy for salinity control, distillation, 
and desalting; and (4) the legal, sociological, 
and environmental constraints on the use of 
solar energy on Reclamation projects. 

Recognizing the expanding role of pumped 
storage in power system operations, 
Reclamation has undertaken two research 
efforts. The first of these programs will be a 
study of possible improvements in 
pumped-storage equipment design and 
operation. The second program will be a study 
of the technical feasibility and economic 
viability of providing underground storage for 
pumped-storage plants. 

As part of the Pacific Northwest-Pacific 
Southwest lntertie, Reclamation, in 
conjunction with the Bonneville Power 
Administration, is presently studying the 
feasibility of a 1 ,000-kV d-e transmission line 
from Celilo , Oregon, to Phoenix, Arizona. 
Another study has been proposed to investigate 
possible high-capacity interconnections 
between the Missouri River Basin and West 
Coast areas. This Power Intertie Study has been 
authorized by Public Law 94-156, December 
16, 1975, and is proposed to start in FY 1978. 
The study would be conducted by 
Reclamation's Upper Missouri Region in 
cooperation with other Reclamation regions 
and private and public utilities in the Western 
United States. 

POLICIES AND MARKETING 

The development of electric energy by 
Reclamation in the 17 Western States has 



largely been associated with multipurpose 
water projects. The provision of power and 
energy for internal project uses, such as 
irrigation pumping, has been an important 
factor in several major projects. Hydroelectric 
power production has proved to be an efficient 
and compatible adjunct to water projects 
whose major purposes include flood control, 
irrigation, navigation, and providing municipal 
and industrial water supplies. Revenues from 
the sale of commercial power play a major role 
in returning Federal investments in water 
resources projects and in assisting in the 
repayment of costs allocated to irrigation. 
Marketing and interconnections are 
accomplished through major transmission 
systems constructed and operated by 
Reclamation in the Missouri River Basin, 
Colorado River Basin, and in the Central Valley 
of California. The backbone long-distance 
system in the Northwest was Federally 
constructed and is operated by the Bonneville 
Power Administration. 

Policies 

H ydroelec tric power development by 
Reclamation as integral parts of water resource 
projects has long been sanctioned by 
Congressional authority for individual projects, 
complex basin projects, and in major laws such 
as the Reclamation Project Act of 1939 and 
the Flood Control Act of 1944. Hydroelectric 
power development is proposed to the 
Congress when (l) it is in the national interest 
and involves a publicly owned natural resource, 
(2) is environmentally compatible and has 
economic justification, and (3) is capable of 
paying its share of the Federal investment in 
acco rdance with Congressional and 
administrative policy. 

Preference in the sale of Federal power is 
extended to public user groups, with the 
surplus made available to investor-owned 
suppliers. Reclamation sells that power and 
energy available from its projects which is in 
excess of project needs. Reclamation also 
resells energy purchased from others when such 
purchases are necessary in times of adverse 
water conditions to meet contractual 
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requirements, which are normally based on 
average year water conditions. Reclamation 
does not have a utility responsibility to meet 
all power and energy requirements of its 
customers, so such customers generally need a 
supplemental supply either from their own 
generation or from other sources. Reclamation 
also sponsors, and participates in, various 
activities of the electric power industry, such as 
in research and development programs to aid in 
technological advances in generation and 
transmission of electrical power, and in various 
organizations in the West devoted to 
coordination and planning of power systems. 

Pumped-storage facilities as integral parts of 
water resource projects have been built by 
Reclamation in several instances. The San Luis 
Pumping-Generating Plant, a joint State of 
California-Reclamation undertaking in the 
Central Valley Project of California is an 
example. Recently, because of national energy 
problems, there have been renewed efforts by 
Reclamation and other Federal agencies in the 
investigation of potential pumped-storage sites 
which would be primarily single-use power 
facilities. Development of single-purpose 
pumped-storage facilities would represent a 
shift in the traditional role of these agencies 
which normally has been the development of 
power as a part of multipurpose water projects. 
The same would be true of large single-purpose 
conventional hydroelectric development. 

The integration of large pumped-storage 
facilities into existing Federal electric systems 
could have significant effects on marketing 
arrangements. For example , in the Federal 
power system in the Upper Colorado River, the 
addition of a single large pumped-storage 
facility (over 1,000 MW) would almost double 
the existing power capacity now being sold. In 
certain areas, such as in the Lower Colorado 
River, where power can be readily absorbed by 
metropolitan areas in Arizona and California, a 
large pumped-storage installation can be 
efficiently integra ted into existing and future 
I o ng-d istance transmission systems. Large 
blocks of pumped-storage capacity can also be 
integrated effectively into the Federal Missouri 
River System. 



A Federal interest would be involved since in 
many instances pumped storage involves 
publicly owned land, existing Federal 
transmission systems, and water resources 
regulated by Federal water supply works. 

The development of pumped-storage 
hydroelectric powerplants has national energy 
policy implications as it provides a means for 
substituting more readily available energy 
resources, such as coal and nuclear, for scarce 
supplies of natural gas and oil. Pumped storage 
relies on the availability of large quantities of 
baseload energy for offpeak pumping. Sources 
for such energy would typically be from 
non-Federal public and privately owned 
thermal plants, either coal or nuclear fired . 
Thus , any major development of pumped 
storage would require participation and close 
cooperation among private , public, and Federal 
interests. 

Current R e c 1 am a ti on investigations of 
geothermal resources in the Imperial Valley are 
concentrated on the potential of producing 
fresh water. At the same time , Reclamation is 
participating in a survey of geothermal 
resources near Susanville, California, for 
various possible uses, including electrical power 
generation, as described in the preceding 
section of this report. Current technology 
indicates that savings in the cost of producing 
both water and electric energy are possible 
through dual-purpose development. Electric 
power produced at such installations, especially 
in the Lower Colorado River Basin, could 
provide energy for authorized desalting plants 
and for irrigation pumping. This would permit 
the energy that would otherwise be used for 
pumping to serve commercial demands. 
Development of quantities of energy over and 
above that required to demonstrate feasibility 
and for Federal project pumping purposes 
could be on a joint venture basis with 
participation by private and public utilities. 
Geothermal energy developments would have 
to be coordinated with the research and 
development responsibilities of ERDA. 

The geographic location of Reclamation 
facilities in the arid and desert environment in 
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the Lower Colorado River Basin, the Great 
Basin, and windswept areas of the High Plains 
provide excellent opportunities to test the 
practicability of integrating energy from direct 
solar radiation and wind into operating 
electrical systems. Demonstration plants could 
provide the data necessary to determine the 
prospects for commercial application. Stored 
water in reservoirs appears to provide the 
logical means of smoothing out the peaks and 
valleys of noncontinuous production which is a 
fundamental characteristic of sun and wind 
power. By locating wind- and sun-powered 
generators along existing transmission systems, 
only a minimal transmission system investment 
would be required to examine potential 
benefits from the complementary operation of 
solar and hydroelectric ·power generators . 
Power produced from such installations could 
be used for supplying project needs and thus 
release equivalent amounts for other uses. 

Marketing and Pricing 

Reclamation has historically marketed the 
power and energy generated at its projects as 
well as that of the U.S. Army Corps of 
Engineers in the Missouri River Basin. In the 
Pacific Northwest Columbia River Basin, where 
the greatest concentration of federally 
developed electric energy is located, the BPA 
(Bonneville ·Power Administration) iransmits 
and markets all power available for commercial 
sale from Federal projects. BPA also provides 
an important function in the coordination and 
integration of non-Federal facilities into an 
effective and reliable system . 

Major marketing responsibilities of 
Reclamation, in addition to the Missouri River 
Basin, are in the Upper and Lower Colorado 
River Basins and the Central Valley of 
California. These power marketing operations, 
as well as that in the Columbia Basin, are 
closely tied to Basin funds, a statutorily 
prescribed concept, which financially integrates 
the operations within the respective basins to 
provide payout of the power facilities and 
provide assistance for the repayment of the 
costs of irrigation facilities. 



The present role of Reclamation in the western 
energy market has not changed significantly 
from its historic hydroelectric power 
orientation. One significant exception is the 
recent participation of Reclamation with 
public and private utilities in the coal-fired 
Navajo Generating Station near Page, Arizona. 
This participation is for the purpose of 
supplying pumping energy to the Central 
Arizona Project in lieu of constructing dams 
and hydroelectric powerplants in the Colorado 
River Canyon between Glen Canyon and 
Hoover Dams. 

The setting of power rates for a large 
proportion of all the Federal power facilities in 
the 17 Western States is integrated and 
reflected in repayment studies for five basin 
accounts-Columbia River , Missouri River, 
Central Valley, Upper Colorado River, and 
Lower Colorado River. Uniform power rates 
are generally established within each basin, 
with the individual price structures reflecting 
the relative cost of hydroelectric power when 
they were constructed. (The 
Hoover-Parker-Davis power complex in the 
Lower Colorado, because of early legislation, 
has rates tailored to individual projects.) 

Electricity produced by Reclamation in the 
various basins falls into two general categories: 
( 1) that which is used for internal project 
purposes, primarily for irrigation pumping; and 
(2) the remainder, which is sold commercially . 
Power rate and repayment schedules are 
prepared for each project to demonstrate how 
power costs are to be repaid over time to meet 
policy and legislative requirements, which 
generally require that power investments be 
repaid within 50 years after going into 
production. When power sales are part of a 
basin account, revenues from those facilities 
are generally used to assist in the repayment of 
irrigation construction costs within a 50-year 
period beginning after completion and after an 
allowance is made of up to 10 years for a 
development period. Rates are thus established 
for irrigation pumping and commercial sale so 
that the combined revenues recover all 
operating expenses and that portion of project 
construction costs which by legislation is 
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deemed reimbursable. Costs allocated to 
commercial power include interest while costs 
allocated to irrigation do not. 

Establishment of irrigation pumping rates by 
basins reflects a number of factors existing at 
the time of Congressional authorization such as 
the importance of irrigation pumping, the 
ability of the farmers to pay, and the cost of 
electricity within the power market areas. In 
the past, irrigation pumping rates were 
expected to recover, as a minimum, the annual 
operation, maintenance, and replacement 
expenses of the power facilities assigned to 
providing that service. Construction costs of 
power facilities allocated to irrigation are to be 
repaid within 50 years without interest, which 
is comparable in treatment to other irrigation 
construction costs. As mentioned earlier , 
commercial power revenues assist in repayment 
of those costs. Because of these policies and 
the time when those facilities were 
constructed , irrigation pumping rates are 
considered low by today 's standards. The use 
of project power at these low rates is restricted 
to Federal pumps and must be specifically 
authorized by Congress. 

Commercial rates are established to recover ( 1) 
an appropriate share of annual operation and 
maintenance costs and other fixed annual costs 
necessary for good operating practice , (2) 
replacement of facilities within their service 
lives , (3) repayment of the allocated 
commercial power investment within 50 years 
at an interest rate normally fixed at the time of 
construction, and ( 4) that portion of the power 
construction costs allocated to irrigation 
pumping as well as other project irrigation 
costs in excess of the irrigators ability to pay. 
The past development of good hydroelectric 
damsites, the joint savings in multipurpose 
development, low fixed interest rates, and 
50-year repayment periods have all contributed 
to what are now considered very attractive 
Federal rates. As these rates are now 
considerably lower than the costs of alternative 
thermal facilities , there is a great demand for 
power produced at Federal facilities . 
Consequently, allocations of electricity and 
their prices are guarded jealously by the 
receiving customers. 



Under the preference provlSlons of current 
legislation, municipalities and other public 
entities have pr iori ty in purchasing power from 
Federal power systems. Federal contracts 
entered in to with private entities on a 
shor t-term basis require the inclusion of 
withdrawal clauses to permit future sales to 
public bodies . Generally , the price charged fo r 
capacity in curren t price structures is the same 
regardless of whether the sales are of capacity 
only or of capacity and energy combined . 

When power additions are made to a basin 
system, the new costs are averaged with all 
other costs. T his is consistent with practices of 
most utili ty systems. If the addition i~ small, 
the effect on overall power prices is minimal. 
Large additions which reflect current h igher 
costs can have significant impacts on average 
system rates. 

No investigations have been conducted as a 
part of this study on the possibilities o f 
encourag ing savings in energy through 
repncll1g . Obviously, there would be 
considerable difficulty in changing legislation, 
the well-established institutions, and Federal 
policy on pricing. Also, because hydroelectric 
power must be used or lost, it is doubtful 
whether any major savings in energy could 
result. Repricing could effect a shift in usc 
from one customer to another, and increases in 
revenues for other project purposes or for 
increased returns to the U.S . Treasury. Changes 
in irrigation pumping ra tes could affect the 
irrigator's ability to pay for project water and , 
if substantially increased, may have an impact 
on the amount of water used. However, energy 
costs often reflect a relatively small part of the 
irrigator's production costs. 

PLANNING AND EVALUAT ION 
CRITERIA 

Planning for addit ions and new projects serving 
power needs cu rrently fo llow the Princip les 
and Standards of the National Water Resources 
Council as approved by the President in 
September of 1973. The Principles and 
Standards require that all formulated plans 
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given equal recognition to economic effic iency 
and environmental quality. I n addition , 
impacts on social well-being and regional 
d e ve lopm e n t m u st be recognized and 
accounted for . Major developmental studies are 
c:onducted by multidisciplinary teams and 
ac tive publ ic involvement programs are 
ini tiatecl so that all interested parties can be 
informed and part icipate in the selection of 
plans. 

In es tima t i ng the economic vaiue of 
hydroelectric power in formulating plans, it has 
bee n well recognized that because of the 
umqucncss of th is form of energy , it is difficul t 
to se t p rc\.' i"c values on its relative worth when 
ope ra ted as a part of a system . T he cost of 
thermal pown alternatives is being used as an 
indicator of the benefits from hydroelectric 
generation. As hydroelectric po wer is shifted to 
peaking service, different types of thermal 
alternatives, such as combustion turbines, are 
used to more nearly ma tch plant factors and 
better represent benefits. Ho wever, in many 
instances the addition of hydroelectric facilities 
provides add itional capacity with little increase 
in energy production. In those cases, the use of 
benefits based on the cost of a single thermal 
alternative plant has not proven satisfactory 
because it usually results in values for the 
hydroelectric additions that are lower than 
those indica ted by the market. 

I n an a ttempt to improve evaluation 
procedures, present studies are experimenting 
with applying a total power systems approach, 
the use of short-cut energy adjustment factors, 
and the use of combinations of thermal 
alternatives. Procedures now permit a 
hydroelectric power differential which may 
add up to I 0 percent to the alternative costs as 
a premium accruing to hydroelectric capacity 
because of its high reliability and fast-starting 
capabil ities. Considera tion is being given to the 
possibility of increasing that premium because 
of the fac t that hydroelectric power is 
inflationproof because it has low annual 
operating expenses, it utilizes a renewable 
resource, and hydroelectric pea king power can 
make special contrib utions to current energy 
shortages involving natural gas and oil. 





This is a brief discussion of procedures used in 
the study for compiling and evaluating energy 
development study proposals and related 
considerations. A more complete explanation 
of the study procedures can be found in 
appendix A. 

Basic data collection, formulation of proposals 
for study, and initial evalua tions were done by 
m u 1 tid isciplinary teams representing 
Reclnmation 's seven regional offices. The 
regional teams were encouraged to consider 
among their proposals all developments that 
had been investigated in the past and which 
appeared appropriate for reanalysis in light of 
current energy needs, rising plant and fuel 
costs, and increased environmental and social 
concerns. In addition, the regional teams were 
encouraged to seek potential developments 
that had not received prior consideration and 
to seek out opportunities in all the areas 
included in the scope of study. 

After the regional teams had assembled and 
evaluated their proposals, the proposals were 
submitted to a study team (the WEES Team) 
for further evaluation. This team was 
composed of si x Reclamation power and 
p l ann ing personnel representing the 
Commissioner's Office in Washington, D.C., the 
Engineering and Research Center in Denver, 
Colorado, and two regiona l offices. The team 
members represented a wide range of 
disciplines : planning, economics, power 
operation, power marketing, environmental 
and social sciences, programing, and budgeting. 
The team was assisted and supported by 
Reclamation's Solar Energy and Geothermal 
Teams in the comparative evaluation of 
proposals for solar energy and geothermal 
energy. Coordination of the study effort was 
through the Division of Planning Coordination 
of the Engineering and Research Center. 

Study proposals were grouped into eleven 
categories : 
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1. Conventional Hydroelectric 
Powerplants-Uprat ing Existing Units 

2. Conventional Hydroelectr ic 
Powerplants - Additions to Existing 
Reclamation Facilities 

3. Conventional Hydroelectric 
Powerplants-All New Facilities 

4. Low-Head Hydroelectric Powerplants 
5. Pum ped Storage- Using Existing 

Reclamation Facilities 
6. Pumped Storage-All New Facilities 
7. Solar Energy (Including Wind and Direct 

Solru: Radiation) 
8 . Geothermal Energy 
9. General Hydroelectric Inventory 
10. Marketing and Pricing 
11. Planning and Evaluation Criteria 

Proposals in categories J , 7, 8, 9, 1 0, and 11 
(Conventional Hydroelectric 
Powerplants-Uprating Existing Units, Solar 
En ergy, Geothermal Energy, General 
Hydroelectric Inventory, Marketing and 
Pricing, and Planning and Evaluation Criteria) 
were evaluated judgmentally on the basis of a 
limited amount of factual data on economics 
and other pertinent factors such as 
environmental impacts and social impacts. The 
data for the remammg categories of 
con ven tio n al hydroelectric powerplants, 
low-head hydroelectric powerplants, and 
pumped storage were consistent enough to 
allow use of computerized data processing 
methods to aid in comparing and ranking the 
proposals. 

These proposals were rated on the basis of 12 
evaluation factors: 

l. Relative magnitude of new installed 
capacity 

2. The amount of net energy generated 
annually 

3. Earliest online date 
4. Extent of new structural features 

proposed 



5. Relationship of benefits to costs 
6. Marketability of capacity and energy 

generated 
7. Relative magnitude of Federal investment 

required 
8. Environmental impacts 
9. Level of public and congressional 

acceptance 
1 0. Social impacts 
11. Water availability 
12. Comparison of construction energy 

input and net energy output 

Each proposal was rated with respect to each 
evaluation factor on a 0-10 scale, with 10 being 
most positive and 0 being least positive. Any 
proposal receiving a raw factor score less than a 
preselected minimum value for that factor 
received a "flag" indicating a potential serious 
problem with respect to that factor. The 
proposals were then ranked by total proposal 
score, that score being the sum of the products 
of the rating and a weighting value for each 
factor. 

The rankings were made with due 
consideration for the unpredictability of future 
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events. Four alternative futures or scenarios 
were developed, each reflecting different 
potential future emphases, by varying the 
weighting value given to each factor. The 
scenarios selected were: (1) the most likely 
future, basically a continuation of the present 
trends (Most-Likely Scenario); (2) the 
environmental , social, and acceptability future 
where impacts on the environment or social 
structure strongly influence the acceptability 
of projects (Environmental Scenario) ; (3) a 
high-energy-need situation in which the nation 
would have to rapidly develop internal energy 
resources (Energy Scenario); and ( 4) a future 
of limited Federal budgeting which would 
require proposals to meet stringent economic 
standards (Economic Scenario). 

The proposals for each category were ranked 
for each of the four scenarios. Then, after 
consideration of the rankings and of all 
background data for the proposals , the WEES 
Team drew conclusions and made 
recommendations as to which studies should be 
conducted in the near tetm. 



GENERAL 

During the Western Energy Expansion Study, 
127 proposals for energy development studies 
were identified and considered. The source of 
the bulk of these proposals was Reclamation's 
seven regional offices. In addition, the WEES 
Team formulated eight study proposals . The 
source distribution of the 127 study proposals 
is shown in table 7 . 

Table 7. - Source distribution of 
proposals 

Region No. of proposals 

Pacific Northwest Region, 
Boise , Idaho 48 

Mid-Pacific Region , 
Sacramento, California 11 

Lower Colorado Region, 
Boulder City , Nevada 11 

Upper Colorado Region, 
Salt Lake City, Utah 23 

Southwest Region, 
Amarillo , Texas 5 

Upper Missouri Region, 
Billings, Montana 8 

Lower Missouri Region, 
Denver, Colorado 13 

WEES Team 8 

Total 127 

Initial proposal data, proposal locations, and 
brief proposal descriptions are given according 
to the above source distribution in appendix B 
of this report. 

Consideration of the proposals involved 
evaluations as more fully described under 
Study Procedures. The proposals were grouped, 
to facilitate evaluation, into 11 categories. The 
distribution of the study proposals among 
these categories is shown in table 8. 
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Table 8. -Proposals for energy 
development studies 

Category 

1. Conventional Hydroelectric 
Powerplants- U prating 
Existing Units 

2. Conven tiona! Hydroelectric 
Powc;rplants-Additions to 
Existing Reclamation 
Plants 

3 . Conventional Hydroelectric 
Powerplan ts-All New 
Facilities 

4 . Low-Head Hydroelectric 
Powcrplan ts 

5. Pumped Storage- Using 
Existing Reclamation 
Facilities 

6. Pumped Storage-All New 
Facilities 

7. Solar Energy (Including 
wind and solar thermal) 

8. Geothermal Energy 
9. General Hydroelectric 

Inventory 
10. Marketing and Pricing 
11. Planning and Evaluation 

Criteria 

Total 

No. of 
proposals 

11 

31 

17 

8 

13 

15 

11 
1 1 

7 
2 

127 

As a result of the evaluations, conclusions 
regarding the merit of all proposals were 
arrived at by the WEES Team, and 
recommendations were made for near-term 
detailed studies for some proposals. 
Subsequent subsections of this section discuss 
the study results, conclusions, and 
recommendations for all proposals, by the 11 
categories. 

The recommendations show those proposals 
which are considered to hold the best potential 



for making a contribution to the Nation's 
energy needs. The results and 
recommendations of this study are viewed not 
only as a guide for decisionmakers in 
formulating energy policy and deciding which 
specific developments to proceed with, but also 
a guide to establishing internal priorities and 
manpower requirements. 

In selecting proposals for recommendation , 
particu lar attention was given to the projected 
energy needs for the power systems in which 
the proposed development would operate. The 
size of the development in relation to these 
projected needs was also a prime consideration. 
This is particularly true of proposals for study 
of large pumped-storage developments which 
would be competing for the same market areas. 

Another result of the study has been the 
determination of a need to study certain 
policies and criteria related to expansion of 
power and energy generation, transmission, and 
marketing by Reclamation. Conclusions and 
recommendations regarding these are included 
at the end of this section. 

CONVENTIONAL 
HYDROELECTRIC 

POWERPLANTS - UPRATING 
EXISTING UNITS 

Results 

Eleven powerplants were identified as having a 
potential for increased capacity by uprating the 
exist ing units : by rewinding the generator, 
modifying the turbine, or a combination of 
both. Initial data for these proposed studies are 
shown in table 9. Additional proposal 
descriptions are contained in appendix B under 
the proper regional designation. These 11 
proposals represent a potential capacity of 584 
MW, an increase of about 12 percent over the 
present capacity of these units. 

Study constraints prevented investigation of 
the paten tial for uprating of all of 
Reclamation's operating powerplants and also 
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precluded a thorough evaluation of the 11 
proposals that were submitted. The data fo r 
these proposals were not in a form which 
allowed evaluation aided by data processing 
methods as described under Study Procedures; 
however, a rough evaluation was made of 
probable ratings with respect to the l. 2 
evaluation factors used in the computer 
method. The rough evaluation .showed that 
new installed capacity, net average annual 
generation, and return on energy investment 
would be small, and therefore these proposals 
would receive a low rating with respect to 
those factors. How~:;ver, with respect to the 
remaining factors of earliest online date, 
structural features proposed , benefit-cost ratio, 
marketability, total new investment cost, 
environmental impacts, level of acceptability, 
social impacts, and water availability, these 
proposals would rate very high. Such rating 
would probably result in a very favorable 
overall ranking in comparison with proposals in 
the other energy development categories. 

Based on the preliminary economic analysis , it 
appears that rewind ing of generators may be 
more attractive, econom ically, than 
modification of turbines. Note in table 9 that 
the estimated cost per kilowatt for rewinding 
generators only ranges from $69 to $ 190, while 
the estimated cost for turbine modification 
ranges from $83 to $1 ,351 per kilowatt. 

The final evaluation of proposals in this 
category was made primarily on a judgmental 
basis by the WEES team considering this rough 
evaluation and preliminary economic data. 

Conclusions 

Based on the results of this rough evaluation 
and considering the preliminary economic 
analysis, it appears that uprating of existing 
units, although not a major potential, may be 
the most immediate, cost effective, and 
acceptable means of contributing to the 
Nation's power and energy needs. 

Since the rough evaluation indicates the 
apparent attractiveness of these proposals, it is 
concluded that these 11 proposals in particular, 



Table 9. - ConventionaZ hy&oe Zectric pOl.JerrpZants - Up rating existing units 
Initial proposal data 

Present 
WRC 1 installed 

Designation Powerplant State reg Stream capacity 
(HW) 

UC79 Blue Mesa co 1404 Gunnison R. 60 . 0 

UC78 Flaming Gorge UT 1401 Green R. 108.0 

~11'12 folsom CA 1802 American R. 198.7 

UC77 Glen Canyon UT 1502 Colorado R. 950 . 0 

PN61 Grand Cou 1 ee WA 1700 
Hain Units Colwnbia R. 2,233 .0 
Sta. -Service 

Unit Columbia R. 30 . 0 

PN62 Hungry llorse ~rr 1702 Flathead, S. Fk . 285 . 0 

~11'08 J . F. Carr CA 1802 Trinity R. 141.4 

~IPIO Keswick CA 1802 Sacramento R. 75.0 

HPll Shasta CA 1802 Sacramento R. 627 . 0 

MP09 Spring Creek CA 1802 Sacramento R. 150 . 0 

HP07 Trinity CA 1802 Trinity R. 105 .9 

Total 4,964.0 

1 Water Resourcos Council region number 

and the concept of uprating ex isting units in 
general, merit further study . It is further 
concluded that a Reclamation-wide study of 
uprating existing units should be undertaken to 
substantiate these preliminary findings and that 
this study should be in sufficient detail to 
support authorization for funding of the actual 
work. This general study, WE05 , Uprating 
Existing Units-17 Western States, would 
include these II site-specific proposals. 

Recommendations 

Based on the above results and conclusions, it 
is recommended that Reclamation not proceed 
with site-specific proposals but accelerate its 
program of uprating through a coordinated 
Reclamation-wide study. Further 
recommendations regarding proposal WE05 are 
contained later in this section · under General 
Hydroelectric Inventory. 
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Increase 
Es timated by uprating Estimated Estimated Online Exist 
increase turbines total cost total cost date data 

(MW) or ($1,000) ($/kW) level 
generators 

4.0 Generators 760 190 1980 Rough 

9.0 Generators 1,410 157 1980 Rough 

3.4 Turbines 2,166 637 1980 Rough 

104.0 Generators 7. 200 69 1980 Ro ugh 

330.0 Turbines 27 .350 83 1980 Rough 

9 . 0 8oth 1,200 133 1980 Rough 

95 . 0 Generators 11,800 124 1980 Rough 

2.6 TUrbines I, 544 594 1980 Rough 

0 .6 1\J.rbines 810 I, 351 1980 Rough 

10.7 1\Jrbines 6,836 639 1980 Rough 

7 . 5 Both 2,633 351 1980 Rough 

8. 5 8oth 1,9 13 225 1980 Rough 

584 . 3 65,622 

CONVENTIONAL 
HYDROELECTRIC 

POWERPLANTS - ADDITIONS 
TO EXISTING RECLAMATION 

FACILITIES 

Results 

These proposals are for studies of potential 
conventional hydroelectric power additions at 
existing Reclamation facilities , including 
additional units at existing powerplants and 
reservoirs. New facilities required range from 
new diversion wo rks, waterways, powerplants, 
and required transmission lines to just new 
generating units. Due to maximum use of 
existing facilities, development of proposals in 
this category would generally be economically 
attractive and effects on the environment and 



on the population would generally be 
minimized. This is re flected in the high 
proposal scores resulting from the evaluation 
system as compared generally with proposals in 
the other development categories. The 
common factor is the use of existing facilities 
to the maximum. Development at existing 
Reclamation facilities may also facilitate the 
authorization process and result in an early 
online date for power production. 

In general, the relative size of the h ydroelectric 
additions in this category are small enough that 
their output could readily be absorbed in 
power markets so that special consideration of 
projected needs within the area to be served 
were not considered necessary. Examination of 
the relationship of needs to capacity and 
energy production for those larger potential 
developments in this category, i. e. over 200 
MW, showr;d a need for the potential 
development. 

Thirty-one proposals were considered, having a 
total potential installed capacity of 2,180.8 
MW and an estimated annual generation of 
1,942.7 GWh (6993.6 TJ). The proposals were 
received from six of Reclamation's seven 
regions, indicating the diversity of the location 
of si tes available for developing these additio ns. 
Table 10 gives some initial proposal data for 
the 3 1 proposals. Additional proposal 
descriptions are contained in appendix B under 
the proper regional designation. 

Table 11 shows the proposal scores and the 
rank order resulting from the computerized 
evaluation for all proposals in this category for 
the most-likely scenario. Table 12 is a summary 
of rankings and proposal sco res for all 
scenarios. 

Of the 3 1 proposals, 24 showed no flags to 
indicate potential serious problems for the 
condi ti ons of the most-likely scenario. 
Nineteen of the proposals in this category were 
without flags for all of the four scenarios. 

Conclusions 

Proposals in this category generally compare 
favorably with the other development 
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categories because of their maximum use of 
existing facilities. The authorization process for 
further d evelopmen t of existing facilities may 
be facilitated giving an early online date for 
power production. Power and energy from 
developments in this category would be readily 
marketable. Therefore , it is concluded that all 
19 proposals which show no flags for any of 
the future scenarios are appropriate for study. 
In addition, three proposals which were flagged 
in some scenarios are concluded to be worthy 
of consideration, giving a total of 22 proposals 
in this category that are considered appropriate 
for study. 

Proposal UC71, Glen Canyon Dam Outlet 
Works Generator, received a flag for the 
environm ental impacts factor in the 
environmental scenario only. Because of the 
overall attractiveness of this proposal, and 
co nsid e ring the marginal rating for 
environmental impacts, this proposal 1s 
concluded to be appropriate for study. 

Although proposal UC69, Flaming Gorge Dam 
Outlet Works Generator, appears to have 
marginal econ om i c and environmental 
problems under some scenarios, it is, overall , an 
attractive proposal and is concluded to be 
appropriate for fu rther study. 

Proposal UC70, Blue Mesa Outlet Works 
Generator, appears to have a marginal 
economic problem in the economic scenario, 
refl ecting a benefit-cost ratio of 1.08 : 1. 
Despite this problem, the proposal's general 
merit supports the conclusion that it is 
appropriate for further study . 

Proposal LCO 1, Head gate Rock Powerplant , 
has been previously authorized for feasibility 
study and further investigation could proceed 
immediately upon concurrence of the Colorado 
River Indian Reserva tion and the Bureau of 
Indian Affairs. 

Table 13 lists the 22 proposals in this category 
that are considered to be appropriate for study. 

Recommendations 

All 22 proposals in this category which are 
concluded to be appropriate for study are 



Table 10. - Conventional hydroelectPic po~erplants - Additions to existing Reclamation facilities 
Initial proposal data 

WRC !lead Inst Net annual New B/C On- Exist r.D. Description State reg Stream (ft) (m) cap generation investment ratio line data 
(~M) (GWh) (TJ) cost ($1,000) date level 

PN04 Arrowrock Dam Powerp1ant ID 1706 Boise Riv. 198 60 50.0 175.2 630.7 34' 170 1.68 1985 Rough PN19 Black Canyon Dam ID 1700 Payette R 85 25 12.0 53.0 190.8 8,702 1. 37 1985 Rough UC70 Blue ~~sa Dam Outlet Works 
Generator co 1404 Gunnison R 280 85 50.0 0.0 0.0 23,506 1.08 1981 Rough 

~102 Canyon Ferry Powerplant Addition m 1003 Missouri R 125 38 90.0 70.0 252.0 53,720 l. 21 19R7 Rough PN05 Cascade Dam Powerplant ID 1706 Payette NF 69 21 12.0 52.6 189.2 10,002 1.50 1986 Rough PN27 Cle Elum Dam Powerplant WA 1704 Cle Elum R 132 40 20 . 0 79 . 0 284 . 4 15' 549 1.69 1985 Rough PN20 Deadwood Dam ID 1"700 Deadwood R 137 41 7.0 22.0 79 . 2 6,003 1.04 1985 Rough PN36 Esquatzel Diversion Canal 
Power Drop WA 1709 Columbia R 112 34 7.2 26.0 93.6 6,708 1.09 1985 Rough UC69 Flaming Gorge DaD Outlet Works 
Gener UT 1401 Green Riv. 365 111 40.0 0.0 0.0 19,421 1.01 1981 Rough U112 Fremont Canyon Powerplant 
Enlargement 1'/Y 1018 N. Platte R 300 91 50.0 100.0 360.0 55,658 0.95 1986 Rough MP04 Friant Powerplants CA 1803 San Joaquin 268 81 22.7 130 . 8 470.9 16,105 1.92 1986 Appr 1 

UC71 Glen Canyon Dam Outlet Works 
Generat AZ 1502 Colorado R 450 137 250.0 0 . 0 0.0 98,166 l. 34 1981 Rough 

w UC23 Glen Canyon Enlargement + Reg. 
VI Reser AZ 1502 Colorado R 450 137 1,006.0 0.0 0.0 409,453 1.09 1985 Appr U106 Green ~lountain Afterbay co 1405 Blue River 203 61 18.4 0.9 3.3 5,850 1. 78 1986 Appr LCOl lleadgate Rock Powerplant AZ 1506 Colorado R 20 6 13.0 71.4 257.0 13.339 l. so 1983 Feas 2 

PNOl llungry Horse Powerplant 
Enlargement liT 1702 Flathd, SFK 480 146 200.0 114.0 410.4 62,053 l. 76 1986 Appr PN24 Island Park Dam Powerplant ID 1705 Henrys Fork 160 48 6.0 27.0 97.2 11,71\6 0.66 1986 Rough 

~103 Lonetree Powerplant NO 1013 Sheyenne R 150 45 16.0 86.9 312. R 15,268 1. 61 1989 Rough MPOl llonticello Powerplant CA 1804 Putah Crk. 242 73 16.0 42.7 153.7 5,607 1. 90 1982 Appr 
LC02 New Siphon Drop Powerplant CA 1506 Colorado R 30 9 5.0 26.2 94.3 6,402 1.10 1986 Appr 
PN26 Owyhee Dam Powerplant OR 1706 Owyhee Riv. 305 92 7.0 35.0 126.0 3,640 2.29 1985 Rough PN02 Palisades Powerplant Enlargement ID 1705 Snake Riv. 237 72 90.0 262.8 946.1 52,309 2 . 09 1986 Appr 
PN34 Potholes Canal Chute 3480+43 

Power D WA 1709 L. Crab Ck. 348 106 6.5 17.5 63.0 3,640 1.90 1985 Rough PN29 Prineville Dam Powerplant OR 1710 Crooked R 152 46 8.0 35.0 126.0 10,432 0.97 1985 Rough PN37 Soda Lake to Lower Crab Ck. 
Power Dr WA 1709 L. Crab Ck. 120 36 10.0 38 . 5 138.6 10,081 1. 08 1985 Rough PN32 Summer Falls Powerplant WA 1709 Columbia R 163 49 110.0 263.0 946.8 61,264 2.17 1987 Rough 

~108 Tiber Dam Powerplant ~IT 1003 Marias Riv 152 46 5.0 39.4 141.8 4,925 1.60 1987 Appr 
PN28 Tieton Dam Powerplant WA 1704 Tieton Riv 114 34 30.0 88.0 316.8 22,577 1.49 1985 Rough 
PN22 West Canal Drop Powerplant WA 1709 Columbia R 63 19 9.0 26.3 94 . 7 14,898 0 . 80 1985 Rough MP03 1"/hiskeytown Powerplant CA 1802 Clear Crk. 260 79 4.0 19 . 5 70.2 2,304 l. 74 1986 Appr 
PNHl l~ickiup Dam Powerplant OR 1710 Deschutes 76 23 10.0 40.0 144.0 9,160 1.40 1986 Rough 

Totals 2,180 .8 1,942.7 6993.6 1,072,658 

1 Appraisal 
2 Feasibility 



Table 11. - Conventional hydroelectric powerplants - Additions to existing Reclamation facilities 
~bst likel y scenario 

Inst Net annual NcH B/C Cost Rel'al':'lent Genrt Cxist Env, ace. Pro-
Rank I. D. Description Stat e cap p,eneration investment ratio S/klv $7kWyr mi 11 s/kl'/h millsm:l plant data soc ial posal 

(~nv) (GWh) (TJ) ($ !, 000) (1,000) fact level scores score 

1 ~IPOl l-lonticello Powerplant CA 16.0 42.7 153 .7 5 ,(,07 1.90 350.4 31.0 11.4 3.2 .30 Appr 1 278 794 
2 ~1P04 frian Powerplants CA 22.7 130. 8 470.9 16, 105 1.92 709.5 50.0 8.6 2.4 .6n Appr 283 789 
3 l·!P03 1/hiskeytown Powerplant CA 4.0 19.5 70.2 2,304 ) . 74 576.0 ss.o 12.0 3.3 . 56 Appr 283 766 

PN04 Arrowrock Dam Power-
plant ID 50.0 175. 2 6:10.7 34,170 1.68 (>R3.4 42.0 14 . 3 4.0 .40 Rough 261 765 

5 PN01 llungry llorse Power-
plant m 200.0 114.0 410.4 62,053 l. 76 310.3 23.0 40.3 11.2 . 07 Appr 250 761 

6 LCOl !leadgate Rock Power-
plant AZ 13.0 71.4 257.0 13,339 1. so 694 . 7 54.0 10.0 2.8 .63 Feas 2 259 750 

7 Pfl2(, ~;yhee Dam ?owerplant OR 7.0 35.0 126.0 3,(>40 2.29 520 . 0 45.0 9 . 0 2.5 .57 Rough 243 742 
8 PN27 Cle Elum Dam Power-

plant WA 20 .0 79.0 284.4 15 , 549 1. 69 777.$ 58.0 14 . 8 4. I .45 Rough 251 728 
9 PN02 Palisades Powerplant IO 90.0 262.8 946 . 1 52,309 2.09 S!ll. 2 42.0 14.4 4. 0 . 33 Appr 205 728 

10 PN19 nlack Canyon Dam ID 12. 0 53.0 190. 8 ll ,702 1. 37 725.2 57.0 12.8 3.6 .so Rough 265 724 
11 PN34 Potholes Canal Chute IvA (,. s 17.5 63 .0 3,640 1.90 sn'o.o 48.0 18.0 5.0 . 31 Rough 279 718 
12 PN28 Tieton Dam Power-

plant IvA 30.0 88.0 316.8 22,577 1. 49 752.6 56.0 18.9 5.3 .33 Rough 251 714 
13 PNOS Cascade Dam Powerplant ID 12.0 52. 6 189 .2 10,002 1.50 833 . 5 63 . 0 14 .5 4 . 0 .so Rough 260 704 

w 14 PN18 \Hckiup Dam Powerplant OR 10.0 40.0 144. 0 9.160 1.40 916.0 71.0 17 . 6 4.9 .4n Rour,h 251 686 
0\ 15 lJ/.108 Tiber Dam Powcrplant J.lT 5.0 39 . 4 141. 8 4,925 1.60 985.0 85.0 9.7 2.7 . 90 Appr 257 686 

16 lJ/.103 Lonetree Powerplant ND 16.0 86 . 9 312.8 15,268 1.61 954.3 74.0 13.7 :1.8 ,62 Rough 266 671 
17 LC02 New Siphon Drop 

Powerplant CA 5 . 0 26.2 94.3 6, 402 1.10 1,280. 4 104.4 20.0 5.6 .60 Appr 272 667 
18 UI06 Green ~lountain After co 18.4 0.9 3.3 5,850 1. 78 318.8 23.0 3.5 0.0 . 01 Appr 245 666 
19 PN20 Deadwood Dam ID 7.0 22.0 79.2 6,003 1. 04 357.6 69.0 21.9 6 .I .36 Rough 262 659 
20 lJ/.102 Canyon Ferry Power-

plant ~IT 90.0 70.0 25 2 . 0 53' 720 l. 21 596 .9 ~7 . 0 61.0 16.9 . 09 Rough 251 632 
21 PN36 Esquatzel Diversion WA 7.2 26.0 93.6 6, 708 1.09 931.7 74.0 20.6 5.7 .4 1 Rough 241 616 

**22 PN32 Summer Falls Power-
plant WA 110.0 263 . 0 946.8 61, 264 2. 17 556.9 40.0 16 .7 4.6 .27 Rough 142A 609 

23 UC7l Glen Canyon Dam Out! AZ 250.0 0.0 0.0 98,166 l. 34 370.0 29.0 0.0 0.0 .on Rough 174 604 
24 UC70 lllue ~lesa Dam Outlet co 50.0 0.0 0.0 23,506 1. 08 44 .'1. 0 33.0 0 .0 0.0 .on Rough 224 599 

**25 PN37 Soda Lake to Lower C IIA 10. 0 38.5 138.6 10,081 1.08 1,008.1 77.0 19. 9* 5.5* .44 Rough 226 578 
••zu PN22 \'lest Canal Drop Powe IVA 9.0 26.3 94.7 14, 898 0.80* 1,655 . 3 122.0 41. 8* 11.6* .33 Rough 265 576 
'**27 Ull2 Fremont Cart)'on Power Iff 50.0 100.0 360.0 55,658 0.95* 1,11 3.2 8R.O 44.0* 12 .2* .23 Rough 234 568 
**28 PN29 Prineville Dam Power OR 8.0 35 .0 126 .0 10,432 0.97* l , 3 0~ .0 100 .0 22.3 6.3 .so Rough 176 515 
**29 Pt124 Island Park Dam Powe ID o.o 27.0 97.2 ll '746 0.66* 1,957 . 7 145.0 32.3* 9.0* . 51 Rough 220 510 

30 UC69 Plaming Gorge Dam Ou liT 40.0 0.0 0.0 19,421 l. 01 457.5 39.0 0.0 0.0 . 00 Rough 160 509 
.. * 31 UC 23 Glen Canyon En largem AZ 1,006.0 0.0 0.0 409,453 1.09 372.8 35. 0 0.0 0.0 .00 Appr 87E+A 452 

·--- --- - - - ---
Totals 2,180.8 1,942.7 6993 .6 1,072,658 

* Asterisk after a factor score indicates a potential problem for that factor . Letters E, A or S after scores in Environmental, Acceptability, and Social 
column indicate a potential problem with respect to one or more of those considerations. 
** Asterisks in left column indicate the proposal has a potential problem with respect to some evaluation factor. 
1 Appraisal 
2 Feasibility 



Table 12. - Conventional hydroelectric powePplants - Additions to existing Reclamation facilities 

Four scenario summary 

I. D. Description Host likelz: Environmental Energy Economic Comp 
Rank Score Flags 1 Rank Score Flags I Rank Score Flags 1 Rank Score Flags1 score 

MP01 ~~nticello Powerplant 1 794 No 2 869 No 2 646 No 1 871 No 3180 
~IP04 Friant Powerp1ants 2 789 No 1 873 No 3 646 No 2 857 No 3165 
MP03 Whiskeytown Powerplant 3 766 No 3 861 No 6 602 No 3 844 No 3073 
PN04 Arrowrock Dam Powerplant 4 765 No 4 845 No s 637 No 5 828 No 3075 
PN01 llungry Horse Powerp1ant Enlargement 5 761 No 10 815 No 1 662 No 6 823 No 3061 
LCOl lleadgate Rock Powerplant 6 750 No 6 832 No 7 602 No 7 816 No 3000 
PN26 Owyhee Dam Powerplant 7 742 No 13 803 No 8 601 No 4 829 No 2975 
PN27 Cle Elum Dam Powerplant 8 728 No 12 814 No 9 591 No 9 798 No 2931 
PN02 Palisades Powerplant Enlargement 9 728 No 19 753 No 4 643 No 8 807 No 2931 
PN19 Black Canyon Dam 10 724 No 7 832 No 11 577 No 11 776 No 2909 

w PN34 Potholes Canal Chute 3480+43 Power D 11 718 No 5 840 No 13 565 No 10 783 No 2906 
-.....) PN28 Tieton Dam Powerplant 12 714 No 14 801 No 10 585 No 12 772 No 2872 

PNOS Cascade Dam Powerplant 13 704 No 8 822 No 14 556 No 13 764 No 2846 
PN18 Wickiup Dam Powerplant 14 686 No 15 795 No 16 538 No 15 746 No 2765 
UM08 Tiber Dam Powerplant 15 686 No 17 785 No 15 550 No 19 688 No 2709 
U!-103 Lonetree Powerplant 16 671 No 11 814 No 20 520 No 16 732 No 2737 
LC02 New Siphon Drop Powerplant 17 667 No 9 815 No 22 512 No 18 699 No 2693 
Il-106 Green ~~untain Afterbay 18 666 No 20 753 No 19 521 No 14 748 No 2688 
PN20 Deadwood Dam 19 659 No 16 793 No 21 513 No 20 687 Yes 2652 
Ul>I02 Canyon Ferry Powerplant Addition 20 632 No 21 751 No 18 523 Mo 22 654 No 2560 
PN36· Esquatze1 Diversion Canal Power Drop 21 616 No 22 744 No 23 488 No 23 654 Yes 2502 
PN32 Summer Falls Powerplant 22 609 Yes 29 566 Yes 12 566 Yes 17 709 Yes 2450 
UC71 Glen Canyon Dam Outlet Works Generat 23 604 No 27 609 Yes 17 535 Mo 21 672 No 2420 
UC70 Blue Mesa Dam Outlet Works Generator 24 599 No 24 688 No 24 480 No 24 645 Yes 2412 
PN37 Soda Lake to Lower Crab Ck. Power Dr 25 578 Yes 23 695 No 27 466 No 25 617 Yes 2356 
PN22 West Canal Drop Powerplant 26 576 Yes 18 754 Yes 28 447 Yes 28 576 Yes 2353 
LNI 2 Fremont Canyon Powerplant Enlargement 27 568 Yes 25 681 No 26 478 Yes 26 584 Yes 2311 
PN29 Prineville Dam Powerp1ant 28 515 Yes 28 575 Yes 30 424 No 29 571 Yes 2085 
PN24 Island Park Dam Powerp1ant 29 510 Yes 26 673 Yes 31 394 Yes 30 513 Yes 2090 
UC69 Flaming Gorge Dam Outlet Works Gener 30 509 No 30 543 Yes 29 424 No 27 576 Yes 2052 
UC23 Glen Canyon Enlargement + Reg. Reser 31 452 Yes 31 390 Yes 25 480 Yes 31 465 Yes 1787 

l Flag indicates a lower than minimum value for some factor in evaluation. 



Table 13. - ConventionaL hydrooeZeatl'ia pobJerpZants - Additions to existing faaiZities 

Proposa1s appropriate for study and recommended for study 

I. D. 
ProEosals aEEro~riate for studl 

Description State Capacity Net annual &eneration Recol!llllended 
Proposals recommended for studl 

Level of Time for Cost o-r--
M\'1 GWh TJ study study (yr) study ($1,000) 

MPOl Monticello Powerplant CA 16.0 42.7 153.7 I Feasibility 1 90 
MP04 Friant Powerplant CA 22.7 130.8 470.9 I Feasibility 2 130 
MP03 Whiskeytown Powerp1ant CA 4.0 19.5 70.2 I Feasibility 1 90 
PN04 Arrowrock Dam Powerp1ant ID so.o 17S.2 630.7 I Appraisal 2 2SO 
PNOl t!Wlgry Horse Powerplant MT 200.0 114.0 410.4 I Appraisal 3 2SO 

Enlargement 
LCOl lleadgate Rock Powerplant AZ 13.0 71.4 2S7.0 I Feasibility 1 ISO 
PN26 Owyhee Dam Powerplant OR 7.0 35.0 126.0 I Appraisal 3 300 
PN27 C1e Elum Dam Powerplant WA 20.0 79.0 284.4 I Appraisal 2 200 
PN02 Palisades Powerplant I[) 90.0 262.8 946.1 I Appraisal 2 250 

w Enlargement 
00 PN19 Black Canyon Dam 10 12.0 S3.0 190.8 I Appraisal 2 200 

PN34 Potholes canal Chute WA 6.S 17.5 63.0 I Appraisal 2 ISO 
3480+43 Power Drop 

PN28 Tieton Dam Powerplant WA 30.0 88.0 316.8 I Appraisal 2 200 
PNOS cascade Dam Powerplant In 12.0 S2.6 189.4 I Appraisal 2 200 
PN18 Wickiup D~~ Powerplant OR 10.0 40.0 144.0 I Appraisal 2 ISO 
!Jl.f08 Tiber Dam Powerplant MT s.o 39.4 141.8 I Feasibility 2 150 
UM03 Lonetree Powerplant NO 16.0 86.9 312.8 I Feasibility 3 100 
LC02 New Siphon Drop Powerplant CA s.o 26.2 94.3 I Feasibility 1 75 
1).106 Green Mountain Afterbay co 18.4 0.9 3.2 I Appraisal 3 170 
UM02 Canyon Ferry Powerplant MT 90.0 70.0 252.0 I Feasibility 3 200 

Addition 

~ __.::;;p UC71 Glen Canyon Outlet Works AZ 0.0 0.0 I D~eJ.Jn 1 300 
Generator eport 

UC70 Blue Hesa Outlet Works co 50.0 0.0 o.o I oefin'tte Plan 1 300 
Generator Report 

UC69 Flaming Gorge Outlet Works liT 40.0 0.0 o.o I Oefini te Plan 1 300 
Generator Report 

-- ---
Total 967.6 1,404.9 5056.6 



recommended for study. These proposals, with 
some additional information, are shown in 
table 13. They represent a potential capacity 
increase of up to 967.6 MW, capable of average 
annual generation of I ,404.9 GWh (5056.7 
TJ). The listing of proposals recommended for 
study in table 13 is in order of ranking fo r the 
most-likely scenario and can be considered an 
approximate priority listing for this catego ry. 

Results 

CONVENTIONAL 

HYDROELECTRIC 
P OWERPLANTS -

ALL NEW FACILITIES 

T hese proposals arc fo r studies of potential 
deve lopments which consist of all new 
faci lities, generally a dam and rese rvoir, 
waterways, powerplant, and required 
transmission lines. These are all developments 
that have, ~lt one time or another, been 
considered as potential hydroelectric powe r 
developments and have been studied at various 
levels of detaiL These prior studies have not 
resulted in development of the poten tial, 
indicating that in most cases they were not 
acceptable proposals at the time of 
investigation because of such factors as 
economics and environmental concerns. This is 
general!y reflected in the relatively low 
proposal scores resulting from the evaluation. 

In addition to the resuits of the evaluation 
system, special consideration was given to the 
projected needs within the area to be served by 
the development. In all cases, the relationship 
of needs to capacity and energy production 
showed a need for the potential development. 

Seventeen potential projects were considered, 
having a total potential installed capacity of 
5,487.6 MW and es timated annua l generatio n 
of 14,683.1 GWh (52 859.3 TJ). The sizes of 
the powcrplants range from 8.6 MW to 1,500 
MW. Table 14 gives some initial proposal data 
for the 17 proposals. Additional proposal 
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descriptions are contained in appendix B under 
the proper regional designation. 

Table J 5 shows the proposal scores and the 
rank order resulting from the computerized 
evaluation for all proposals in this category for 
the most-likely scenario. Table t 6 is a summary 
of rankings and proposal scores for all 
scenarios. 

Of the 17 proposals, 15 had flags which 
indicated potential serious probtems for 
conditions of the most-likely scenario. None of 
the 17 proposals in this category were without 
flags for all of the four scenarios. 

Conclusions 

Proposals in this category generally did not 
receive a high proposal score from the 
evaluation and, in all cases, received flags to 
indicate some potential problem. There are, 
however, two proposals in this category which 
are considered appropriate for study. These 
two potential developments arc large enough to 
provide a sizeable capacity contribution and to 
produce significant amounts of energy. 

Proposal PN 13, Scriver Creek Unit, was flagged 
for the environmental impact factor in the 
environmental scenario and the benefit-cost 
ratio factor in the economic scenario. Both 
these flags are borderline and are based on very 
rough data, particularly in regard to 
environmental impacts. This proposal is viewed 
as worthwhile, recognizing that initial emphasis 
of the study should be to better evaluate the 
environmental aspects of the development. 

Proposal UM07, Fort Benton (Baseload), was 
flagged only for a marginal benefit-cost ratio in 
the economic scenario. A more detailed study 
of operating the project in conjunction with 
other public non-Federal hyd roelectric projects 
on the river could result in a more favorable 
benefit picture. This proposal is, therefore, 
considered appropriate for study. 

Table 17 lists the two proposals in this 
category that are considered to be appropriate 
for study. 



Table 14. - Conventional hydroelectric powerplants -AU ne?.J facilities 
Initial proposal data 

WRC3 Head Inst Net annual New B/C On- Exist 
I. D. Description State reg Stream (f"t_l_TrnY cap generation investment ratio line data 

(~IW) (GII'h) (TJ) cost ($1 ,000) date level 

UMOS Allenspur Dam and Powerplant ~IT 1007 Yellowstone 280 85 250.0 686.0 2 469.6 399,525 0.93 1993 Appr 1 
PN39 Alpine Dam and Powerplant, 

Snake Nar 'r{Y 1705 Snake R 0 0 270.0 788 . 6 2 839.0 285,658 1.43 1991 Rough 
UJII06 Beartooth Unit 'r{Y 1008 Clarks Frk 2 ,030 618 177.5 875 . 0 3 150.0 416,647 0.70 1993 Appr 
UMOl Fort Benton Unit (Peaking) ~IT 1003 Missouri R IRS 56 360.0 713.0 2 566.8 404,791 1.20 1993 Feas 2 

+:> UH07 Fort Benton Unit (Baseload) ~IT 1003 Missouri R 185 56 160.0 760.0 2 736.0 252' 893 1.07 1993 Appr 
0 PN12 Garden Valley - Scriver Creek 

Complex ID 1706 Payette R 1,200 365 844.0 534.0 l 922.4 534' 859 1.64 1991 Feas 
PNll Guffey Dam and Powerplant ID 1706 Snake R 190 57 85.0 613.2 2 207.5 104,380 1.45 1981! Feas 
LC03 Hualapai Dam and Powerp1ant AZ 1502 Colorado R 649 197 1,500.0 5,250.0 111 900.0 947,000 2. 20 1991 Fe as 
PN16 Lynn Crandall Dam and Powerplant ID 1705 Snake R 290 88 455.0 1 '139.0 4 100.4 31!3,559 1.41 1991 Appr 
PN09 Nine Mile Prairie Dam and 

Powerp1ant ~IT 1702 Blackfoot 300 91 92.0 254 . 0 914.5 153,141 1.00 1987 Appr 
PN13 Scriver Creek Unit ID 1706 Payette NF 1,200 365 107.5 636.0 2 21!9.6 144,971 1.06 1988 Feas 
PN08 Sloan Bridge Dam and Powerp1ant m 1702 Flathead R 150 45 412.0 876.0 3 153.6 378' 374 l. 34 1981! Appr 
PN07 Smoky Range Dam and Powerplant m 1702 Flathd, NFK 370 112 330.0 710.0 2 556.0 268,763 1.58 1988 Appr 
PN06 Spruce Park Dam and Powerplant m 1702 Flathd, MFK 400 121 380.0 570.0 2 052.0 460,732 0 . 90 1989 Appr 
PN38 Three Forks Dam and Powerplant OR 1706 Owyhee R 360 109 28.0 114.6 412.6 71,435 0.43 1988 Appr 
PN33 Twin Falls Low Line Canal 

Power Drop ID 1705 Snake R 95 21! 8.6 28.7 103.3 10' 340 LUI 1985 Rough 
UC35 Una Dam and Powerplant co 1405 Colorado R 128 39 28.0 135 . 0 486.0 121' 350 fl. 77 1984 Rough 

-----
Totals 5,487.6 14,683.1 52 859.3 5,338 , ~18 

-
1 Appraisal 
2 Feasibility 
3 Water Resources Council region numher 



Table 15. - Conventional hydroelectric powerplants -AU new facilities 
~bst likely scenario 

lnst Net annual New B/C Cost ReEa~ent Genrt Exist Env, ace, Pro-
Rank I. D. Description State cap generation investment ratio $/kW $/kWyr mills/kWh mills/MJ plant data social posal 

(HW) (GWh) (TJ) ($1,000) (1' 000) fact level scores score 

1 PN33 Twin Falls Low Line Canal ID 8.6 28.7 103 . 3 10,340 1.18 1,202.3 91.0 27.2* 7.6* .38 Rough 276 638 
2 PNll Guffey Dam and Powerplant ID 85.0 613.2 2 207.5 104' 380 1.45 1,187.3 86.0 11.9 3.3 .82 Feas 1 139E 578 
3 LC03 Hualapai Dam and 

Powerplant AZ 1,500.0 5,250.0 18 900.0 947,000 2.20 613.3 46.6 13.3 3.7 .40 Fe as 63E+A 573 
4 PN13 Scriver Creek Unit ID 107.5 636 . 0 2 289.6 144,971 1.06 1,348.6 16R.O 17.1 4.8 .68 Fe as 178 552 
5 UM07 Fort Benton Unit 

(Base load) m 160.0 760.0 2 736.0 252,893 1.07 1,490.6 110.8 23.3 6.5 . 54 Appr2 201 510 
6 PN12 Garden Valley - Scriver 

Creek Ill 844.0 534.0 1 922.4 534,859 1.64 454.1 33.0 14.1 3.9 .26 Fe as 111F.+A 502 
7 PN08 Sloan Bridge Dam and 

Powerplant m- 412.0 876.0 3 153.6 378,374 1.34 909.3 66 . 0 31.2 8 . 7 .24 Appr 96E+A 476 
+:> "" 8 PN16 Lynn Crandall Dam and 

Powerplant ID 455.0 1 '139 .0 4 100.4 383,559 1.41 787.8 57.0 22.1 6.1 .29 Appr 77E+A 474 
9 lJI.fOl Fort Benton Unit (Peaking) ~IT 360.0 713.0 2 566 .8 404' 791 1.20 1,084.4 80.0 40.4 11. 2 .23 Fe as 118E+A 453 

.. 10 PN07 Smokey Range Dam and 
Powerplant MT 330.0 710.0 2 556.0 268 ,763 1.58 798.2 57.0 26.5 7.4 .25 Appr 32ALL 441 

11 PN39 Alpine Dam and Powerplant WY 270.0 788.6 2 839 .o 285,658 1.43 1,058.0 75.0 25 . 6 7.1 .33 Rough 71E+A 420 
12 PN09 Nine Mile Prairie Dam 

and Powerplant m 92.0 254.0 914.5 153,141 1.00 1,444.5 103.0 37 .4* 10.4* .32 Appr lOlE+A 400 
13 UC35 Una Dam and Powerplant co 28.0 135.0 486.0 121,350 • 77* 1. 323 . 1 83.0 17.3 4.8 . 55 Rough llOE+A 393 
14 PN06 Spruce Park Dam and 

Powerplant MT 380.0 570.0 2 052.0 460,732 .90* 1,176 . 5 84 . 0 55.7* 15.5* .17 Appr 4SE+A 334 
15 PN38 Three Forks Dam and 

Powerplant OR 28.0 114.6 412.6 71,435 .43* 2,551.3 181.0 44.3* 12.3* .47 Appr 130A 326 
.. 16 UHOS Allenspur Dam and 

Powerplant ~IT 250.0 686.0 2 469 . 6 399,525 .93* 1,598.1 117.0 42.6* 11.8* • 31 Appr 24ALL 285 
17 lJl.I06 Beartooth Unit 1'/Y 177 .s 875.0 3 150.0 416,647 .70* 2,347.3 171.0 34. 7* 9 . 6* .56 Appr 66E+A 284 

---
Totals 5,487 . 6 14,683.1 52 859.3 5,338,418 

• Asterisk after a factor score indicates a potential problem for that factor. Letters E, A or S after scores in Environmental, Acceptability, and Social 
column indicate a potential problem with respect to one or more of those considerations. 
**Asterisks in left column indicate the proposal has a potential problem with respect to some evaluation factor . 
1 Feasibility 
2 Appraisal 



Table 16. - Conventional, hydroel-ectric powerrpZants - AU new faciUties 

Four-scenario summary 

I. D. Description of proposal Most likell Environmental Ener~y Economic Comp 
Rank Score Flagsl Rank Score Flagsl Rank Score Flagsl Rank Score Flagsl score 

PN33 Twin Falls Low Line Canal Power 
Drop 1 638 Yes 1 788 No 8 496 No 1 664 Yes 2,586 

PNll Guffey Dam and Powerp1ant 2 578 Yes 4 522 Yes 2 562 No 2 661 Yes 2,323 
LC03 Hualapai Dam and Powerp1ant 3 573 Yes 7 407 Yes 1 696 Yes 4 573 Yes 2,249 
PN13 Scriver Creek Unit 4 552 No 3 553 Yes 6 529 No 3 575 Yes 2,209 
U~i07 Fort Benton Unit (Baseload) 5 510 No 2 585 No 10 480 No 9 486 Yes 2,061 
PN12 Garden Valley - Scriver Creek 

+>- Complex 6 502 Yes 6 425 Yes 3 542 Yes s 527 Yes 1,996 
N PN08 Sloan Bridge Dam and Powerplant 7 476 Yes 8 399 Yes 5 533 Yes 8 492 Yes 1,900 

PN16 Lynn Crandall Dam and Powerplant 8 474 Yes 11 373 Yes 4 536 Yes 7 504 Yes 1,887 
UMOl Fort Benton Unit (Peaking) 9 453 Yes 5 446 Yes 9 482 Yes 11 457 Yes 1,838 
PN07 Smoky Range Dam and Powerplant 10 441 Yes 14 280 Yes 7 514 Yes 6 517 Yes 1,752 
PN39 Alpine Dam and Powerplant, 

Snake Narrows 11 420 Yes 13 333 Yes 11 471 Yes 10 469 Yes 1,693 
PN09 Nine ~lile Prairie Dam and 

Powerplant 12 400 Yes 10 375 Yes 13 403 Yes 12 440 Yes 1,618 
UC35 Una Dam and Powerplant 13 393 Yes 12 371 Yes 14 374 Yes 13 433 Yes 1,571 
PN06 Spruce Park Dam and Powerplant 14 334 Yes 16 257 Yes 12 414 Yes 15 337 Yes 1, 342 
PN38 Three Forks Dam and Powerplant 15 326 Yes 9 384 Yes 17 292 Yes 14 359 Yes 1, 361 
UMOS A11enspur Dam and Powerplant 16 285 Yes 17 213 Yes 15 359 Yes 16 296 Yes 1,153 
UM06 Beartooth Unit 17 284 Yes 15 279 Yes 16 346 Yes 17 264 Yes 1,173 

1 Flag indicates a lower than minimum value for some factor in evaluation. See Study Procedures. 



Table 17. -Conventi onal hydroelectric p~erplants- All new facilities 

Proposals appropriate for study and recommended for study 

Prop~sals aEEroEriate for stud~ Capacity Net annual ProEosals recommended for study 
I. D. Description State U1W) generation Recom- Level Time of Cost of 

(GWh) (TJ) mended of study study (yr) study ($1,000) 
-f::.. -w 

PN13 Scriver Creek Unit ID 107.5 636.0 2289 . 6 I Feasibility 2 200 

UM07 Fort Benton Unit 
(Baseload) ~1T 160.0 760.0 2736.0 I 

Feasibility 3 300 

Totals 267.5 1,396.0 5025.6 



Rccommendatioris 

Both proposals in this category that are 
concluded to be appropriate for study are 
recommended for study. T hese proposals, with 
some of the proposed study in fo rmation, are 
shown in table 17. They represent a potential 
installed capacity of 267.5 MW capable of 
average annual generation of l ,396.0 GWh 
(5025.6 TJ). The two proposals shown in table 
17 are in the order of ranking fo r the 
most-likely scenario and can be considered an 
approximate priority listing for this category. 

LOW-HEAD HYDROELECTRIC 
POWERPLANTS 

Results 

These proposals are for studies of potential 
low-h e ad hydroelectric po we rplant 
deve lopme nts , such as run-of-the-river 
installations or irrigation canal installations. 
For purposes of this study, evaluation was 
based on the potential use of a bulb-turbine 
type of turbine-generator. This type of 
installation has been developed extensively in 
recent years in Europe for low-head , 
run-of-the-river hydroelectric plants. Several 
such plants are now in operation in the Un ited 
States. 

A co mprehensive survey of potential low-head 
hydroelectric installations was not made, 
activities being limited to investigating possible 
installation of bulb-turbine units at existing 
Reclamation facilities. Flows at these facilities 
are controlled and limited by releases for other 
uses, primarily irrigation. 

Though an ex tensive survey was not possible, it 
appears that a definite potential for low-head , 
run-of-the-river pow:~rplan ts and additional 
irrigation canal drop powerplants exists. Such 
installations operate at a very high plant factor 
and could result in significant added generation 
as well as capacity. In general, the nature of 
this type of development should minimize 
environmental and social concerns. 

Proposals in this category generally received 
lower scores than might be anticipated. This is 
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probably because of a lack of technical data, 
particularly with respect to costs, for use in 
comparing bulb turbines with conventional 
hydroelectric turbine-generators. Additional 
studies of a generaj nature are needed to 
evaluate the state-of-the-art in order to 
properly assess the potential of bulb tu rbines, 
and other low-head turbine-generators, for use 
in the West. At the same time, a particular 
effort is necessary to inventory possible sites 
for run-of-the-river powerplants and add itional 
canal drop powerplants. A proposal for such 
studies is included as proposal WE02 under 
General Hydroelectric Studies later in this 
section. 

Eight potential projects were considered. 
Together these potential developments would 
have a total installed capacity o f 73.3 MW and 
total annual generation of J 97 .I GWh (709.6 
TJ). The size of the powerplants ranged from 4 
to 20 MW. Since all proposals are based on 
utilization of existing irrigation flows for 
generation, the annual plant factors are 
relatively low for this type of installa tion, 
ranging from only 7 to 56 percent. Table 18 
gives some initial proposal data for the eight 
proposals. Additional proposal descriptions are 
co ntained in ap pendix B under the proper 
regional cl esigna tion. 

Table 19 shows the proposal scores and the 
rank order resulting from the computerized 
evaluation for all proposals in this category for 
the most-likely scenario. Table 20 is a su mmary 
of rankings and proposal scores for all 
scenarios. 

Of the eight proposals, three showed no flags 
to indicate potential serious problems for 
conditions of the most likely scenario . Only 
two of the proposals in this ca tegory were 
without tlags in all four scenarios. 

Conclusions 

Proposals in this category compared relatively 
favorably with other developments, though not 
to the degree that might have been anticipated. 
Also, an extensive survey of the potential was 
not possible due to the limited scope of the 
st udy. A gen eral study of low-head 



Table 18. - Lo'IJ)-head hydroelectric pouJerp lants 
lni t i.a l proposal data 

WRCl lie ad Inst Net annual New 8/C On- Exist 
L D. Description St ate reg Streara (ft) (m) cap wteneration in"est u nt ratio line data 

(~IW) (~ ) (TJ5 cost ($ 1 ,000) date level 

l-'107 Carter l-ake - St . Vrain 
Powerplant co 1019 B. Thompson 98 Z9 4.0 5 .0 18 .0 z ,437 1.10 1986 Rough 

~ 
l.\f09 Charles llanse n - Poudre 

Vl Powerp l ant co 1019 B. Thompson 45 13 s .o 3.1 II. Z 3 ,81Z 0 . 65 1986 Rough 
PNZI Or y Falls Da111 Powerplant WA 1709 Columbia R 27 8 20.0 35.0 126.0 21,400 0.92 1985 Rough 
!}108 Horsetooth - Charles Hansen 

Powerplant co 10 19 B. Thompson 98 29 10 .0 10. 2 36.7 5,856 1. 12 1986 Rough 
PN25 Jackson Lake 0311 Powerplant 'ffY 1705 Snake R 68 20 10.0 44.0 158.4 9,190 1. 38 1985 Rough 
PN23 O'Sullivan Dam Po .... erplant WA 1709 L. Crab Ck 123 37 6.0 26.3 94.7 5 ,921 1.09 1985 Rough 
PN35 Potho l es Canal Chute 

1158•00 Power Drop WA 1709 L. Crab Ck 148 45 6.9 17 .s 63.0 6,596 1.10 !985 Rough 
U)l04 Yellowtail Afterbay 

Powerplant ~If 1008 Bighorn R 25 7 Jl. 4 56.0 201.6 II, 37 3 1. 53 1987 Rough 

-- - - - - - -
Totals 73.3 197. I 709.6 66,645 

- ·----
1 l~a tcr Hcsources Council region numhcr 



Table 19. - Low-head hydroelectric powerplants 
Most likely scenario 

Inst Net annual New B/C Cost ReEaz:!!lent Genrt Exist Env, ace, Pro-
Rank I. D. Description State cap ~:;eneration investment ratio $/kW $/kWyr mills/klfu mills/MJ plant data social posal 

(MW) (GWh) (TJ~ ($1,000) (1 '000) fact level scores score 

UM04 Yellowtal 
Afterbay MT 11.4 56.0 201.6 11,373 1.53 997.6 76.0 15 .6 4.3 0.56 Rough 259 700 

2 PN23 O'Sullivan Dam 
Powerp1ant WA 6.0 26.3 94.7 5,921 1.09 986 .8 79.0 18 .0 5.0 0.50 Rough 269 660 

LM07 Carter Lake - St. 
Vrain Powerplant co 4.0 s.o 18 . 0 2,437 1.10 609.3 59.0 47.0 13.1 0.14 Rough 278 659 .. 4 PN35 Potholes Canal 
Chute 1158+00 
Power Drop WA 6,9 17.5 63.0 6,596 1,19 955,9 75.0 29.6* 8.2* 0.29 Rough 278 636 

~ .. 5 LM08 Horsetooth -
0\ Charles Hansen 

Powerplant co 10,0 10.2 36.7 5,856 1.12 585.6 52.3 51.3* 14.3* 0.12 Rough 278 620 .. 6 PN21 Dry Falls Dam 
Powerplant WA 20.0 25.0 90.0 21,400 0.92* 1070.0 78.0 44.8* 12.4* 0. 20 Rough 257 591 

•• 7 PN25 Jackson Lake Dam 
Powerplant WY 10.0 44.0 158.4 9,190 1.38 919.0 71.0 16.0 4.4 0.50 Rough 146A+S 587 

8 LM09 Charles Hansen -
Poudre 
Powerplant co s.o 3.1 11.2 3,872 0.65* 774.4 71.0* 114 . 5 31.8 0.07 Rough 277 534 

-- -- - - --
Totals 73.3 197.1 709.6 66,645 

• Asterisk after a factor score indicates a potential problem for that factor. Letters E, A or S after scores in Environmental, Acceptability, and Social 
column indicate a potential problem with respect to one or more of those considerations. 
** Asterisks in left column indicate the proposal has a potential problem with respect to some evaluation factor. 



Table 20. - Low-head hydroelectroio poweroplants 
Four-scenario summary 

I. D. Desc ription o f proposal ~lo s t I ikelL_ Environmental Ene..!:l\1. Economic Comp 
Rank Score Flagsl Rank Score Flags! Rank Score Flagsl Rank Score Flags ! score 

UM04 Ye 11 owtail Afterbay Powerpl ant 700 No 819 No 547 No 766 No 2. 832 
PN23 O'Sullivan Dam Powerplant 660 No 793 No SIS No 690 Yes 2, 658 
L.\!07 Carter Lake - St . Vrain 

Powerplant 659 No 8 16 No 502 No 688 No 2,665 
PNJS Potholes Canal Chute 1158•00 

Power Drop 636 Yes 799 No 493 No 662 Yes 2,590 
L'l08 Horsetooth - Charles Hans en 

Powerplant 5 620 Yes 799 No 6 475 Yes 6 639 Yes 2 , 533 
PN21 Dry Falls Dam Powerp1ant 6 591 Yes 756 Yes 7 470 Yes 7 601 Yes 2,418 
PN25 Jackson Lake Dam Powerplant 7 587 Ye s 609 Yes s 488 Yes 674 Yes 2,358 
L\!09 Charles Hans en - Poudre 

Powerpl ant 8 534 Yes 75 3 Yes 400 Yes 514 Yes 2, 201 

1 Flag indicates a lower than minimum value for some factor in evaluation. See Study Procedures. 

turbine-generator technology and an extensive 
inventory of potential is warranted. Such a 
study is described as proposal W£02 , 
Low-Head Hydroelectric Powerplant Site 
Inventory, in appendix B and under General 
Hydroelectric Inventory later in this section . 

The two proposals in this category with no 
flags in any scenario are considered to be 
appropriate for study. In addition , one 
proposal , PN23, O'Sullivan Dam Powerplant , 
received only one flag under one scenario, that 
flag being due to the effects of a marginal 
benefit-cost ratio in the economic scenario. 
Since the cost data used in evaluating bulb 
turbines is considered very rough and the 
proposal is acceptable with respect to all other 
factors, it is considered worthy of further 
study. Therefore, three proposals in this 
category are considered appropriate for study . 

Table 21 lists the three proposals in this 
category that are considered to be appropriate 
for study. 

Recommendations 

In consideration of the possible potential of 
this type of power generation, and considering 
the relative ranking of low-head hydroelectric 
powerplants in comparison with the other 
categories in spite of very rough data with 
respect to cost, three proposed studies in this 
category are recommended for study. These 
proposals, with some of the proposed study 
information, are shown in table 21. These 
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proposals represent a potential installed 
capacity of 21.4 MW capable of average annual 
generation of 87.3 GWh (314.3 TJ). The three 
proposals shown in table 21 are shown in order 
of ranking for the most-likely scenario and can 
be considered an approximate priority listing 
for this category. 

PUMPED STORAGE -

USING EXISTING RECLAMATION 

FACILITIES 

Results 

These proposals are for studies of potential 
pumped-storage developments which would 
utilize existing Bureau of Reclamation 
reservoirs as lower and/or upper storage 
reservoirs. New facilities required include dams 
and reservoirs, waterways, pumping-generating 
plants, and transmission lines. Because existing 
facilities would be used to some extent, these 
proposals generally compare favorably with 
proposals for all new pumped-storage facilities 
from the standpoint of economics and other 
concerns such as environmental impacts. 
Development of pumped storage at existing 
Reclamation facilities may also facilitate the 
authorization process. 

In general, the relative size of the potential 
pumped-storage plants required special 
consideration of projected needs within the 
area to be serviced. Proximity of the plant to a 



Table 21. -Low-head hydroelectric powerplants 

Appropriate for study and recommended for study 

Proposals apEropriate for stu~ Capacity Net annual ProEosals recommended for stud~ 
I. D. Description State (MW) generation Recom- Level Time of Cost of 

( Gl'lh) (TJ) mended of study study (yr) study ($1,000) 

.j:::.. UM04 Yellowtail Afterbay 
00 Dam and Powerplant MT 11.4 56.0 201.6 I Appraisal 2 100 

PN23 O'Sullivan Dam and 
Powerplant WA 6.0 26.3 94 . 7 I Appraisal 2 150 

LM07 Carter Lake-St. Vrain 
Powerplant co 4.0 5.0 18.0 I Appraisal 3 110 

-- --
Totals 21.4 87.3 314.3 



load center to be served was also a 
consideration, particularly where more than 
one plant would be serving the same load 
market. During the evaluation process, each 
potential plant was evaluated in terms of its 
size in relation to the projected demand for the 
power subregion that would be most directly 
served. These projected demands are discussed 
under the Study Setting section of this report. 
The projected peak demands were used to 
develop a basis of evaluating need for the 
potential pumped-storage developments. Table 
22 shows the projected 199 5 peak demand for 
the subregions of the Western System 
Co ordination Council. A 11 potential 
pumped-storage developments that were 
evaluated are located in and would serve these 
subregions. Also shown in table 22 is the 
projected increase in demand during the period 
1975 to 1995 and the amount of this increase 
which could be supplied by pumped storage. 
This figure is based on the assumption that 10 
percent of the total capability to supply load 
could be developed as pumped storage. 

All proposals were formulated on the basis of a 

Thirteen proposals to study potential 
pumped-storage projects were considered. 
These potential projects would have a total 
installed capacity of 23,147 MW. The sizes of 
the powerplan ts ranged from 48 to 5, 100 MW 
and the heads from 350 to 2,000 feet ( 106 to 
609 metres) . Table 23 gives some initial 
proposal data for the 13 proposals. Additional 
proposal descriptions are contained in 
appendix B under the pro per regional 
designation. 

Table 24 shows the proposal scores and the 
rank order, resulting from the computerized 
evaluation, for all proposals in this category for 
the most-likely scenario . Table 25 is a summary 
of rankings and proposal scores for all 
scenarios. 

Of the 13 proposals, 6 showed no flags to 
indicate potential serious problems for the 
conditions of the most-likely scenario. Only 
two of the proposals were without flags for all 
of the four scenarios. 

Conclusions 

daily peaking operation. It was assumed that The two proposals without flags in any 
pumping would be during off-peak hours. It scenario are considered to be appropriate for 
was also assumed that the increase in capacity study . In addition , four others which were 
to meet the projected increase in demand flagged in some scenarios appear to merit 
shown in table 22 would include sufficient further consideration, giving a total of six 
baseload generation to supply pumping energy proposals in this category that are concluded to 
requir~d for pumped-storage operation. be appropriate for study. 

Table 22. -Demands and needs for additional pumped storage 

Demand Possible 
Projected 1975 increase pumped 

WSCC Subregion 1995 demand 1 demand 1 1975-1995 storage 
(MW) (MW) (MW) by 1995 

(MW) 

Northwest Power Pool 98,543 31,276 67,267 6,700 
Rocky Mountain Power Area 20,120 4,242 15 ,878 1,600 
New Mexico Power Pool 6,300 1,507 4,793 500 
Pacific Southwest Power Area 

Subarea A 36,280 12,474 23 ,806 2,400 
Subarea B 15,880 5,406 10,474 1,050 
Subarea C 23,670 5,798 17,872 1,800 
Subarea D 45 ,630 14,215 31,415 3,150 

1 From table 2 

49 



Table 23. - Pumped sto~age - Using existing Reclamation facilities 

Initial proposal data 

NR(l Head Inst Net annual New B/C On- Exist 
I. D. Description State reg Stream (ft) (m) cap ~eneration investment ratio line data 

(MW) (G ) ~TJ~ cost ($1,000) date level 

-
1,.\lll Alcova Pumped-Storage Unit WY 1018 N. Platte R 982 299 500 -500.0 -1 800.0 117,888 1.88 1988 Rough 
PN30 Anderson Ranch - Little 

Camas Pumped-Storage ID 1706 Boise S.Fk. 769 234 500 -200.0 -720.0 223,520 1.14 1991 Rough 

Vl UC06 Bear Mountain Pumped-Storage UT 1401 Green R 1,420 432 2,550 -1,530.0 -5 508.0 906,256 1.21 1985 Appr 1 

0 UC30 Cataract Canyon Pumped-
Storage UT 1408 Colorado R 1,600 487 3, 015 -1,890.0 -6 804.0 1,116,122 1.13 1985 Appr 

UC38 Cimarron Point Pumped-
Storage co 1406 Gunnison R 2,000 609 1,634 -980.0 -3 528.0 769,772 0.97 1985 Appr 

LC09 Fenlon Bend Pumped-Storage AZ 1502 Colorado R 900 274 1,000 -788.0 -2 836.8 340,400 1.60 1993 Rough 
LC08 Fire Mountain Pumped-Storage AZ 1502 Colorado R 1,130 344 1,000 -788.0 -2 836.8 337,200 1. 70 1993 Rough 
IJ.UO Kortes Pumped-Storage Unit 1'/Y 1018 N, Platte R 1,232 375 300 -300.0 -1 080.0 73,634 1. 79 1990 Rough 
PN31 Lake Lowell - Snake River 

Pumped-Storage ID 1700 Snake R 350 106 48 -14.4 -51.8 61,439 0.41 1987 Rough 
LC05 Mohave Pumped-Storage AZ 1502 Colorado R 1,380 420 5,100 -3,912.0 -14 083.2 1,834,600 1.50 1991 Appr 
UC22 Moon Lake Pumped-Storage UT 1403 Lake Fork 1,020 310 2,200 -1,320.0 -4 752.0 984.871 1.00 1985 Appr 
LMOl Pinewood - Carter Pumped-

Storage co 1019 B. Thompson 821 250 200 -150.0 -540.0 32,336 2.90 1986 Rough 
LC04 Pinto Valley Pumped-

Storage AZ 1502 Colorado R 900 274 5,100 -3,942.0 -14 191.2 919,000 3.00 1993 Appr 

-

Totals 23,147 -16,314.4 -58 731.8 7. 717,038 

1 Appraisal 
2 Water Resources C01mcil region numher 



Table 24. - Pumped-storage - Using existing ReaZamation facilities 
Most likely scenario 

Inst Net annual He\~ B/ C Cost ReEal::!!!ent Genrt Exist Env, ace, Pro-
Rank I. D. Description State cap generation inves tment ratio $/kW S/ kWyr mills/ kWh mills/MJ plant data social posal 

(MW) (GWh) (TJ) (Sl,OOO) ( 1000) fact level scores score 

!..Mil Alcova Pumped-
Storage Unit WY 500 -500.0 -1 800.0 117,888 1.88 235.8 20 . 0 0.0 0 . 0 0. 23 Rough 2.5 618 

2 !..MOl Pinewood - Carter 
Pumped-Storage co 200 -150.0 -540.0 32.336 2. 90 161.7 13.3 0.0 0.0 0. 17 Rough 173 616 

3 I..M10 Kortes Pumped-
Storage Unit WY 300 -300.0 -1 080.0 73,634 I. 79 245 . 4 22.0 0.0 0.0 0. 23 Rough 192 584 

4 PN30 Anderson Ranch -
Little Camas 
Pumped-Storage ID 500 -200.0 -720.0 223,520 1.40 447.0 32.0 0 . 0 0.0 0.09 Rough 171 517 

5 LC04 Pinto Valley 
Pumped-Storage NV 5,100 -3,942.0 -14 191.2 919,000 3 . 00 180 . 2 13 . 5 0 . 0 0.0 0.17 Apprl 121A SOl 

6 LCOS Mohave Pumped-
Vl Storage AZ 5,100 - 3,912 . 0 -14 083 . 2 I, 834,600 1.50 359 . 7 26.4 0.0 0.0 0 . 17 Appr 143 493 

7 UC38 Cimarron Point 
Pumped-Storage co 1,634 -980.0 -3 528 . 0 769.772 0.97* 431.5 40.0* 0.0 0.0 0. 17 Appr 156 487 .. 8 UC06 Bear Mountain 
Pumped-Storage UT 2,550 -1,530.0 -5 508.0 906,256 I. 21 325.5 32.0 0.0 0.0 0 .1 7 Appr 98E+A 482 

9 UC30 Cataract Canyon 
Pumped-Storage UT 3,015 -1,890.0 -6 804.0 1,116,122 1.13 354.2 34.0 o.o 0.0 0 .17 Appr l25A 480 

10 UC22 Moon Lake Pumped-
Storage UT 2,200 -1,320.0 -4 752.0 984,871 1.00 410.0 38.0 0.0 0.0 0 . 17 Appr 133 471 

11 LC09 Fenlon Bend 
PUIIlped-Storage AZ 1,000 -788.0 -2 836.8 340,400 1.60 340.4 25.6 0.0 0.0 0. 17 Rough 128E 464 

12 LC08 Fire ~lount:ain 
PU111ped-Storage AZ 1, 000 -788.0 -2 836.8 337,200 I. 70 337.2 24.9 0.0 0.0 0 . 17 Rough lOSE+A 456 

13 PN3l Lake Lowe 11 - Snake 
River Pumped-
Storage ID 48 - 14.4 -51.8 61,439 .41* 1280.0 91. 0* 0 . 0 0.0 0 .07 Rough 154A 390 

---
Totals 23,147 -16,314.4 -511 731.8 7,717,038 

* Asterisk after a factor score indicates a potential prob lem for that factor. Letters E, A or S after scores in Environmental, Acceptability, and Social 
column indicate a potential problem with respect to one or more of those considerations. 
** Asterisks in left column indicate the proposal has a potential problem with respect t o some evaluation factor. 
1 Appraisal 



Table 25. - Pwnped storage - Using existing ReaZamation faaiZities 
Four-scenario swmnary 

I. D. Description of proposal Most likelr Environmental Enersr Economic Collj) 
Ran~ Score Flags! Ran~ Score Flags! Ran~ SCore Flags! Ran~ Score Flags! score 

l.Mll' Alcova l'uloped-Storage Unit 618 No 677 No 535 No 675 No 2,505 
1..~01' Pinewood - Carter Pumped-Storage 616 No 618 No 532 No 713 No 2,479 
1..~10' Kartes Pumped-Storage Unit 584 No 631 Y05 496 No 674 No 2,385 
PN30• Anderson Ranch - Little Camas 

Pumped-Storage 4 517 No 546 Yes 10 462 No 4 556 Yes 2,081 
LC04' Pinto Valley Pumped-Storage s SOl Yes 461 Yes 7 497 Yes s 514 Yes 1,973 
u:o5• Mohave Pumped-Storage 6 493 No 481 Yes 8 496 No 8 476 No 1,946 
UC38 Cimarron Point Pumped-Storage 7 487 Yes 5 513 Yes 5 509 No ll 428 Yes 1,937 
UC06 Bear Howttain Pumped-Storage 8 482 Yes 12 435 Yes 3 524 Yes 9 459 Yes 1,900 
UC30 Cataract Canyon Pumped-Storage 9 480 Yos 8 467 Yes 4 513 Yes 10 432 Yes 1,892 
UC22 Moon Lake Pumped-Storage 10 471 No 10 456 Yes 6 504 No 12 417 Yes 1,848 
LC09 Fenlon Send Pumped-Storage ll 464 Yes 11 449 Yes ll 449 No 7 510 Yes 1,872 
LCOS Fire Mountain Pumped-Storage 12 456 Yes 13 420 Yes 12 445 Yos 6 514 Yes I ,835 
PN3l Lake L<Y><ell - Snue River 

Pu!loped-Storage l3 390 Yes SIO Yes 13 312 Yes 13 409 Yes 1,621 

• Asterisks in left column indicate the proposal has a potential problem with respect to soae evaluation factor. 
1 Flag indicates a lower than minimtml value for some factor in evaluation. See Study Procedures. 

Proposal LM 10, Kartes Pumped-Storage Plant, 
received a flag for the environmental factor in 
the environmental scenario only. This resulted 
from a borderline rating for that factor and 
reflects possible adverse effects to fisheries in 
Kartes Reservoir and the North Platte River 
downstream. These possible effects can be 
evaluated and minimized through more 
detailed study. There is a projected need for 
peaking capacity of 300 MW for Wyoming load 
centers in the Rocky Mountain Power Area 
during the time proposed for development. 
This proposal is considered to merit further 
study due to its overall high ranking and 
proposal score. 

Proposal PN30, Anderson Ranch-Little Camas 
Pumped-Storage Plant, was flagged for 
potential problems for the environmental 
impacts and marketability factors under two 
scenarios. The factor ratings show these 
potential problems to be borderline and they 
probably can be resolved by further detailed 
study . There is a projected need for 500-MW 
peaking capacity for the southern Idaho load 
centers in the Northwest Power Pool during the 
time frame for development. 

Proposal LC04, Pinto Valley Pumped-Storage 
Plant, was flagged for the acceptability factor 
in all scenarios, because of its location in the 
Lake Mead National Recreation Area. Since it 
is highly attractive economically for providing 
the peaking needs for the Southwest, 
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additional studies should be carried out to 
determine the relative merit of the project with 
the initial emphasis of that study on the 
acceptability aspects. 

Proposal LC05, Mohave Pumped-Storage Plant, 
was flagged for the environmental impacts 
factor in the environmental scenario only. This 
is a result of possible adverse effects to the 
sport fishery in Lake Mohave. Further study 
could well result in a plan to minimize these 
effects. Since it is otherwise an attractive 
alternative for providing the peaking power 
needs of the South west, this proposal is 
considered appropriate for further study. 

Table 26 lists the six proposals in this category 
which are considered to be appropriate for 
study . 

Recommendations 

With consideration for the projections of 
peaking demands and the amount of peaking 
capacity that can be developed in specific 
power systems, five proposals in this category 
are recommended for study. These are shown, 
with some of the proposed study information, 
in table 26. 

The potential Anderson Ranch-Little Camas 
Pumped-Storage Plant is in the Northwest 
Power Pool subregion. lt has a potential 
capability of 500 MW as compared to a 



Table 26. - Pwnped stor>age - Using existing Reclamation facilities 
Proposals appropriate for study and recommended for study 

Pro~sals aE2roE!riate for studz: Pro~sals recoi'IITlended for studz: 
Average annual Average annual Net average annual load Level Time Cost 

I. D. Description Stste Capacity s;eneration E~ins cE~ centers Recom- of for of 
(MW) (GWh) (TJ) (GWh) (TJ) (TJ) served mended study study study 

(yr) ($1,000) 

[J.Ill Alcova Pumped-Storage 
Plant If'( soo 1,000 3 600 l, SOD 5 400 -500 -1 800 Colorado I Feasibility 1700 

lJ.IOI Pine'Jfood-Carter Pumped-
Storage Plant co 200 300 I 080 450 I 620 -I so -540 Colorado I Appraisal 345 

lJ.I!O Kartes Pumped-Storage 
Plant If'( 300 600 2 160 900 3 240 -300 -1 080 Wyoming I F-easibility 1700 

PN30 Anderson Ranch - Little 
CAmas Puluped-Storage 10 500 400 I 440 600 2 160 -200 -720 Idaho I Appraisal 400 

LC04 Pinto Valley Pumped-
Storage Plant NV 5,100 7,446 26 806 II, 388 40 997 -3,942 -14 191 Southwest I Appraisal 200 

LCOS ~hllve Pumped-Storage 
Plant AZ 5,100 7,595 27 342 II, 507 41 425 -3,912 -14 083 SouthW"est 

Totals II, 700 17,341 62 428 26,345 94 842 -9,004 -32 414 

1 St.udy time and study cost are for North Platte ltydt"'olectric Study including both Alcova and Kortes Pumped-Storage Plants. 

potential of 6,700 MW of pumped-storage 
development in that area by 1995 (see table 
22). This proposal is, therefore, recommended 
for further study. 

Three of the proposals in table 26, Alcova, 
Pinewood-Carter, and Kartes, are located in the 
Rocky Mountain Power Area. These three 
plants would have a potential capability of 
I ,000 MW as compared to a potential of 1,600 
MW of pumped-storage development in that 
area by 199 5 (see table 22). Therefore, all 
three proposals are recommended for further 
study. Since two of these, Alcova and Kortes , 
are presently part of an appraisal level study 
called North Platte Hydroelectric Study, it is 
recommended that feasibility level studies of 
the two potential pumped-storage plants be 
combined into one study. 

Two proposals, Pinto Valley and Mohave, are 
located in the Pacific Southwest Power Area 
and could service load centers in subareas A, B, 
and C of that area . The potential use of 
pumped-storage development by 1995 for 
those three subareas combined is 5,250 MW 
(see table 22). This projected development 
precludes a need for development of both 
Pinto Valley and Mohave, which each have a 
potential capacity of 5,100 MW. On the basis 
of its far more attractive economics, the Pinto 
Valley proposal is recommended for further 
study. 
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The five proposals that are recommended for 
study in table 26 represent a potential peaking 
capacity of 6,600 MW and would result in an 
average annual peaking generation of 9,746 
GWh (35 086 TJ). The aggregate annual 
pumping requirement would be 14,838 GWh 
(53 417 TJ), giving a net average annual 
generation of - 5,092 GWh ( -18 331 TJ). 
Development of these potential 
pumped-storage developments would 
effectively shift fuel consumption from about 
17 million barrels (2 . 7 x 109 litres) of oil to 
about 7 million tons (6.4 million tonnes) of 
coal per year. This listing of proposals 
recommended for study in table 26 are in the 
order of ranking for the most-likely scenario 
and can be considered an approximate priority 
listing for this category. 

Results 

PUMPED-STORAGE -

ALL NEW FACILITIES 

Proposals in this category are for 
pumped-storage developments which include 
all new features-upper and lower reservoirs, 
waterways, pumping-generating plants, and 
transmission lines . 

In general, the relative size of the potential 
pumped-storage plants required special 



consideration of projected needs within the 
area to be served. Proximity of the plant to the 
load center to be served was also a 
consideration, particularly where more than 
one plant would be competing for the same 
load market. During the evaluation process, 
each potential plant was evaluated in terms of 
its size in relation to the projected demand for 
the power subregion that would be served. 
These projected demands are discussed under 
the Study Setting section of this report. The 
projected paten tial pumped-storage 
development of 1995 is discussed in the 
preceding subsection and is shown in table 22. 
All proposals were formulated on the basis of a 
daily peaking operation and it was assumed 
that pumping would be during off-peak hours. 
It was also assumed that the increase in 
capacity to meet the projected increase in 
demand shown in table 22 would include 
sufficient baseload generation for the energy 
requirements of the pumping cycle. 

Fifteen proposals to study potential 
pumped-storage projects were considered . The 
projects would have a total installed capacity 
of 20,830 MW. The size of the powerplants 
ranged from 320 to 4,000 MW and the heads 
from 418 to 2,200 feet (127 to 670 metres) . 
Table 27 gives some initial proposal data for 
the 1 5 proposals. Additional proposal 
descriptions are contained in appendix B under 
the proper regional designation. 

Table 28 shows the proposal scores and the 
rank order resulting from the evaluation for all 
proposals in this category for the most-likely 
scenario. Table 29 is a summary of rankings 
and proposal scores for all scenarios. 

Of the 15 proposals, 5 showed no flags to 
indicate potential serious problems for the 
most-likely scenario. Five proposals were not 
flagged for problems in any of the four 
scenarios. 

Conclusions 

The five proposals not flagged in any scenario 
are all considered to be appropriate for further 
study. In addition, one other proposal appears 
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to merit further consideration, giving a total of 
six proposals in this category that are 
considered appropriate for further study. Table 
30 lists the six proposals. 

Proposal LC07, White Tank Mountains 
Pumped-Storage Plant, ranked high and showed 
no flags under any scenario. There is, however, 
a question of water availability for 
development. The initial thrust of any study 
effort should focus on resolution of this 
problem. 

Proposal UC26, Cebolla Creek Pumped-Storage 
Plant, was flagged for a marginal benefit-cost 
ratio in the economic scenario only. It is 
considered a minor problem at this stage of 
study. Although the load centers of Utah and 
Colorado show a projected need for peaking 
capacity far in excess of its 1 ,650-MW output 
during the time frame for development, there 
are other alternatives competing for the same 
market. 

Recommendations 

Having considered the projections of peaking 
demands and the amount of peaking capacity 
that can be developed in specific power 
systems, three proposals in this category are 
recommended for study. These are shown, with 
some of the proposed study information, in 
table 30. 

The Utah Lake Proposal would be located in 
the Salt Lake City market area , which is a part 
of the Northwest Power Pool. Studies of that 
market area indicate that capacity can be 
absorbed without long-distance transmission . It 
has a potential capability of l ,440 MW as 
compared to a potential use of 6, 700 MW 
pumped storage in that area by 199 5 (see table 
22) . This proposal is, therefore, recommended 
for study. 

The Husum-Mountain Brook proposal would 
also be located in the Northwest Power Pool 
area. It has a potential capability of 2,000 MW. 
Two other proposals are recommended for this 
area: Anderson Ranch-Little Camas (in the 
preceding subsection) with a potential of 500 



Table 27. - PUmped storage - All new facilities 

Initial proposal data 

WRC2 Head Inst Net annual New B/C On- Exist 
I. D. Description State reg Stream (ft) (m) cap &eneration investment ratio line data 

(MW) (GII'h) (TJ) cost ($1,000) date level 

LM02 Bear Gulch Pumped-Storage co 1019 S. Platte R 1,760 536 700 -700.0 -2 520.0 167,600 2.10 1993 Rough 
LClO Blue Springs Pumped-Storage AZ 1502 Ltle. Colo 2,125 647 4,000 -2,978.0 -10 720.8 1,426,400 1. so 1991 Apprl 
UC28 Boulder Gulch Pumped-Storage co 1407 Cement Crk 2,200 670 2,450 -1,470.0 -5 292.0 1,028,546 1.06 1985 Appr 
UC26 Cebolla Creek Pumped-Storage co 1404 Cebolla Ck 760 231 1,650 -990.0 -3 564.0 679,146 1.08 1985 Appr 
1>103 Hardscrabble Pumped-Storage co 1102 N. Hrdscrbb 1,913 583 500 -5oo.o -1 800.0 128,684 1. 75 1993 Rough 
LC06 Horse Mesa Pumped-Storage AZ 1505 Salt River 1,900 579 320 -252.0 -907.2 188,600 0.90 1991 Appr 

Vl PNlO Husum-Mountain Brook Pumped-
Vl Storage WA 1700 Wht. Salmon 1,100 335 2,000 -1,752.0 -6 307.2 500,165 1. 78 1991 Appr 

UC32 Leopard Creek Pumped-Storage co 1406 Leopard Ck 740 225 2,550 -1,530.0 -5 508.0 1,068,946 1.06 1985 Appr 
LM04 Phantom Canyon Pumped-Storage co 1102 Eightmile 1,702 518 500 -500.0 -1 800.0 119,968 1. 83 1993 Rough 
SW02 Rio Grande Project Pumped-

Storage NM 1303 Rio Grande 418 127 200 -97.0 -349.2 188,000 0.54 1993 Appr 
UC29 Silver Lake Pumped-Storage co 1407 Cunningham 2,000 609 2,200 -1,320.0 -4 752.0 919,359 1.07 1985 Appr 
UC40 Utah Lake Pumped-Storage UT 1602 Provo R 700 213 1,440 -864.0 -3 110.4 557,000 1.13 1985 Appr 
LM05 West Beaver Creek Pumped-

Storage co 1102 W. Beaver C 920 280 320 -320.0 -1 152.0 81,570 1.86 1993 Rough 
LC07 ll'hi te Tank Mountains 

Pumped-Storage AZ 1505 Aqua Fria 1,600 487 1,000 -745.0 -2 682.0 153,400 3.60 1993 Rough 
UC20 Yellowstone Pumped-

Storage UT 1403 Yellowstone 1,080 329 1,000 -600 . 0 -2 160.0 350,492 1. 22 1985 Appr 

- --

Totals 20,830 -14,618.0 -52 624.8 7,557,876 

-
1 Appraisal 
:l Water Resources Council region numher 
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Table 28. - Pumped storage - All new facilities 

Rank I. D. Description State 

I UC40 Utah Lake Pumped-Storage UT 
2 PNlO Husum-mountain Brook 

Pumped-Storage WA 
3 LC07 White Tank Mountains 

Pumped-Storage AZ 
4 LM04 Phantom Canyon Pumped-

Storage CO 
5 LM02 Bear Gulch Pumped-

Storage CO 
6 LM05 West Beaver Creek 

Pumped-Storage CO 
7 UC26 Cebolla Creek Pumped-

Storage CO 
*" 8 L'l03 Hardscrabble Pumped-

Storage CO 
9 UC20 Yellowstone Pumped-

Storage UT 
•• 10 LC06 Horse Mesa Pumped-

Storage AZ 
•• 11 UC29 Silver Lake Pumped-

Storage CO 
•• 12 UC28 Boulder Gulch Pumped-

Storage 
13 UC32 Leopard Creek Pumped

Storage 
14 LClO Blue Springs Pumped

Storage 
15 SW02 Rio Grand Project 

Pumped-Storage 

Totals 

co 

UT 

AZ 

NM 

~~st likely scenario 

New B/C Cost Repayment Inst 
cap 
(MW) 

Net annual 
generation Investment ratio $/ kk' $/kWyr mills/kWh m1-lls/MJ 

(G~ -(TJ) 

1,440 -864.0 -3 110.4 

1,500 -1,7S2.0 -6 307.2 

1,000 -745.0 -2 682.0 

500 -500.0 -1 800.0 

700 -700.0 -2 520.0 

320 -320. 0 -1 152.0 

1,650 -990.0 -3 564.0 

500 -500.0 -1 800.0 

1,000 -600.0 -2 160.0 

320 -252.0 -907.2 

2,200 -1,320.0 -4 752.0 

($1 ,000) (I ,000) 

557,000 1.13 386 .8 34 . 0 

500,165 1.78 250.1 27.0 

153,400 3.60 153.4 11.1 

119,968 1.83 239.9 21.0 

167,600 2.10 239 . 4 19.0 

81,570 1.86 254.9 21.0 

679,146 1.08 377.0 36.0 

128,684 1.75 257 . 4 22.0 

350,492 1.22 321.0 32.0 

188,600 .90* 589.4 42.9* 

919,359 1.07 382 .7 36.0 

2,450 -1,470.0 -5 292.0 1,028,546 1.06 384 .5 36 .0 

2,550 -1,530.0 -5 508.0 1,068,946 1.06 383 .9 36.0 

4,000 -2,978 . 0 -10 720.8 1,426,400 1.50 356.6 26 . 3 

200 -97. 0 - 349.2 1R8,000 .54* 940.0 64 . 3* 

20,830 -14,618 .0 -5 2 624.8 7,557,876 

0.0 0 . 0 

o.o 0 . 0 

0.0 0.0 

0.0 0 . 0 

o.o 0 . 0 

0.0 0 . 0 

0 .0 0.0 

0.0 0.0 

0.0 0.0 

0.0 0.0 

0.0 0.0 

0 .0 0 . 0 

0.0 0.0 

0 .0 0.0 

0.0 0 . 0 

Genrt Exist 
plant data 
fact level 

Env , ace, 
social 
scores 

0. 17 Apprl 250 

0.20 Appr 231 

0 . 17 Rough 201 

0.2 3 Rough 234 

0. 23 Rough 18SA 

0.23 Rough 193 

0 . 17 Appr 191 

0 .23 Rough 152A 

0. 17 Appr 123A 

0. 17 Appr 180 

0.17 Appr 86A+S 

0 . 17 Appr 83A+S 

0. 17 Appr 81ALL 

0. 17 Appr SO ALL 

0.1 2 Appr 179 

Pro
posal 
score 

621 

603 

583 

582 

549 

532 

532 

508 

480 

434 

424 

422 

394 

375 

335 

*Asterisk after a factor score indicates a potential problem for that factor. Letters E, A or S after scores in Environmental, Acceptability, and Social 
column indicate a potential problem with respect to one or more of those considerations. 
** Asterisks in left column indicate the proposal has a potential problem with respect to some evaluation factor. 
1 Appraisal 



Table 29. - Pumped storage - AU new facilities 
Four·scenario s ummary 

1.0. Most likely Environmental EconoJtic COIIJ' Description of proposal Energl 
Rank Score Flags! Ran!i: Score rlags! Ran~ Score ~!ags! Rank Score Flags! score~ 

UC40 Utah Lake Pumped-Storage 621 No 703 No 585 No 558 No 2,467 
PNlO llusum-11ountain Brook Pumped-

Storage 603 No 678 No 547 No 6 589 No 2,417 
LC07 White Tank Mountains Pumped-

Storage 583 No 6 575 No 4 516 No 649 No 2 , 323 
1>104 Phantom Canyon Pumped-Storage 582 No 3 674 No 6 486 No 629 No 2,371 
1>102 Bear Gulch Pumped-Storage 549 Yes 617 Yes 47S Yes 600 Yes 2,241 
L'-!05 West Beaver Crook Pumped-

Storage 532 No 5 596 No 12 445 No 3 611 No 2,184 
UC26 Cebolla Creel: Pumped-Storage 532 No 7 567 No 3 536 No 9 476 Yes 2,111 
1>103 Hardscrabble Pumped-Storage 8 508 Yes 8 534 Yes 11 450 Yes 5 590 Yes 2,082 

UC20 Yellowstone Pumped-Storage 9 480 Yes 10 442 Yes 5 491 Yes 8 489 Yes 1,902 
LC06 Horse Mesa Pumped-Storage 10 434 Yes 9 526 Yes 14 377 Yes 10 435 Yes 1,772 
UC29 Silver Lake Pum.ped·Storage 11 424 Yes 12 381 Yes 8 475 Yes 12 384 Yes 1,664 
UC28 Boulder Gulch Pumped-Storage 12 422 Yes 13 380 Yes 9 473 Yes 13 379 Yes I ,654 
UC32 Leopard Creek Pumped-Storage 13 394 Yes 14 305 Yes 10 458 Yes 14 361 Yes 1,518 
LC10 Blue Springs Pumped-Storage 14 375 Yes 15 293 Yes 13 426 Yes 11 391 Yes 1,485 
SW02 Rio Grande Project Pumped-Storage 15 335 Yes 11 436 Yes 15 284 Yes 15 328 Yes 1,383 

1 Flag indicates a lower than minim.uo value for some factor in evaluation. See Study Procedures. 

Table 30. - Pumped storage - AZZ new facilities 

Pro~sals BJ2J2TOEriate for studl: Pro~sals recommended for stud~ 
Average annual Average annual Net average annua 1 Load Level Tuae Cost 

I. D. Description State Capacity generation ~ing ~neration centers Recom- of for of 
(fiW) (GWh) (TJ) ( (TJ) ( ) (TJ) served mended study study study 

UC40· Utah Lal:e Pumped-Storage liT 1,440 2,160 7 776 3,024 
Plant 

PN10 HusUII - ~\Ultain Brook WA 1,500 3,504 12 614 5, 256 
Pumped-Storage Plant 

LC07 White Tank Mcnmtains A7. 1,000 1,489 5 360 2,234 
1.,\104 Phantom Canyon Pumped- CA 500 1,000 3 600 1,500 

Storage Plant 
UC26 Cebolla Creel< Pumped- co 1,650 2, 475 8 910 3,465 

Storage Plant 
1>105 West Beaver Creek Pumped- co 320 640 2 304 960 

Storage Plant 

Totals 6,410 11,268 40 564 16,439 

MW, and Utah Lake with a potential of 1,440 
MW. The combined potential of these three 
proposals is thus 3,940 MW-far less than the 
projected potential use of pumped-storage 
capacity of 6,700 MW for that area by 1995 
(see table 22). This proposal is, therefore, 
recommended for study. 

Due to the questionable water availability at 
the White Tank Mountain site and to the 
economic attractiveness of the alternative Pinto 
Valley proposal (in the preceding section), 
which would fulfill the projected needs for the 
area to be served, the White Tank Mountain 
proposal is not recommended for further 
study. 

The potential Phantom Canyon 
Pumped-Storage Plant is located in the Rocky 

(yr) ($1 , 000) 

10 886 -864 -3 110 Utah I Foasibill ty 400 

18 922 -1 '752 -6 307 Northwest I Appraisal 4.5 800 

8 042 -745 -2 6B2 Arizona 
5 400 -500 -1 800 Colorado I Feasibility 400 

12 474 -990 -3 564 Utah -
Colorado 

3 456 -320 -1 152 Colorado 

59 180 -5,171 -18 615 1,600 

Mountain Power Area. It has a potential 
capacity of 500 MW. Combining this plant with 
the three previously recommended plants that 
would service this area-Alcova, 
Pinewood-Carter, and Kortes-gives a total 
potential capacity of 1,500 MW-nearly equal 
to the pumped-storage development of 1,600 
MW projected for that area by 1995 (see table 
22). This proposal is recommended for study. 

The remaining proposals in table 30, Cebolla 
Creek and West Beaver Creek, are not 
recommended for further study since the load 
centers to be served by these potential 
developments can better be served by other 
proposals recommended herein. 

The three recommended proposals represent a 
potential peaking capacity of 3,440 MW and 
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would result in an average annual generation of 
6,664 GWh (23 990 TJ). The aggregate annual 
pumping requirement would be 9,780 GWh 
(35 208 TJ), giving a net annual generation of 
-3,116 GWh (-11 217 TJ). Development of 
these potential pumped-storage developments 
would effectively shift fuel consumption from 
about 12 million barrels ( 1.8 x 109 litres) of oil 
to about 5 million tons (4.2 million tonnes) of 
coal per year. The listing of proposals 
recommended for study in table 30 are in the 
order of ranking for the most likely scenario 
and can be considered an approximate priority 
listing for this category. 

SOLAR ENERGY 

Results 

The Western United States, with an abundance 
of solar energy resources-both direct radiation 
and wind-is considered a prime area for 
development of solar-powered electric energy 
generation. At the same time, the extensive 
Federal power network in the West, which is 
primarily a hydroelectric-based system, is 
capable of giving the degree of the flexibility in 
power system operations required to lend 
reliability of operation to a system using 
solar-powered capacity. As additional pumped 
storage is developed and operated in the power 
systems, additional flexibility through water 
storage will be gained. A fuel savings can be 
realized by providing pumped-storage pumping 
energy from solar power generation. Similarly, 
pumping energy for such uses as irrigation, 
municipal, and industrial needs at Federal 
projects can be produced by solar power 
generation. This study has identified potential 
areas for resource inventories and proposals 
have been made to study the potential for 
development. In addition, proposals have been 
made for site-specific studies of potential 
demonstration plants. 

Eleven proposals for solar energy studies were 
considered. These are shown in table 31. 
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Conclusions 

It is apparent from this study and other studies 
and information sources that a sizeable 
potential for solar energy development, both 
direct solar radiation and wind , exists in the 17 
Western States. Furthermore , the fact that 
these are nondepletable resources makes them 
attractive sources of energy. 

Reclamation's resources for turning solar 
energy to the production of electrical energy 
are unique. Those resources include over 
16,000 miles (25 750 km) of transmission 
lines, numerous interconnections with other 
power agencies , and 50 hydroelectric 
powerplants located throughout the West. The 
development of solar energy resources in 
conjunction with water storage and power 
transmission systems which are operated by 
Reclamation could demonstrate the viability 
and enhance the possibility of integrating this 
potentially important energy source into 
conventional power systems. 

Because of rapid technological developments , 
solar energy must now be considered as a 
potential supplementary source of power and 
energy on all Reclamation projects. Through 
the Solar Energy Team and its ongoing efforts, 
Reclamation is rapidly building a technical 
capability in the field of solar energy 
development. 

The 11 proposals considered appear to have 
definite merit and should be studied in more 
detail. It is concluded that it would be 
appropriate to conduct a broader study of solar 
energy potential which would encompass these 
and other potentials. It is further concluded 
that Reclamation's efforts in the solar energy 
area can presently be best implemented 
through the Solar Energy Team. The study of 
wind and direct solar radiation energy 
applications, WE04, encompasses all the 17 
Western States. It is concluded, therefore, that 
the proposed study, WE04, Solar Power 
Applications-17 Western States, should be 
considered appropriate for study. 



Table 31. - Proposals for solar energy development studies 

I. D. Description Study type Location RecollUllended Level of Time for Cost of 
for study study study (yr) study ($1,000) 

PN40 Anderson Ranch Little Camas Wind Site-specific Idaho 
Generator 

PN41 Lake Lowell Solar Generator Site-speci fie Idaho 

PN42 lh.lsum-~1ountain llrook Wind Site-specific Nashington 
Generator 

PN45 Colville Indian Reservation Site-specific Washington 
Solar Generator 

Vl MPOS San Luis Solar Generation Study Site-specific California 
\0 

LCll Solar Thermal Generator - Site-specific Arizona 
Arizona 

UC72 Wind and Solar Thermal Genera- Inventory Utah 
tion Study - Utah 

SW04 Solar Thermal Generation - Inventory Three 
Texas, New ~texico, and states 
Oklahoma 

swos Wind Energy Generation - Inventory Three 
Texas, New Mexico, and states 
Oklahoma 

LM13 \i'ind Energy Data Collection - Inventory Wyoming 
Wyoming 

WE04 Solar Power Applications - Inventory 17 states I Appraisal 2 300 
17 Western States 



Recommendations 

It is recommended that the Reclamation-wide 
study , WE04, Solar Power Applications- 17 
Western States, be undertaken and coordinated 
by Reclamation's Solar Energy Team, as 
indicated in table 31. 

GEOTHERMAL ENERGY 

Results 

Most of the Nation's potential geothermal 
resources are concentrated in the Western 
Sta tes. The only operating geothermal power 
generation plants in the United States are at 
the Geysers in Sonoma County , Cali fornia, 
where PG&E Co. operates powerplants which, 
combined, presently have over 500 MW in 
capacity. There are scattered instances of 
geothermal fluids being used on a small scale 
for other uses, primarily as municipal and 
industrial space heating. Reclamation has done 
extensive research at the East Mesa test fac ility 
in the Imperial Valley of California on 
production of fresh water by desalting 
geo thermal brines. Preliminary studies have 
indicated that a significant quan tity of desalted 
water can be recovered from the brines while 
maximizing the production of electric energy. 
Both the lowest electric energy costs and the 
lowest water costs are expected to be attained 
with a multipurpose installation where well 
costs, surface plumbing, and heat ex.change 
costs are shared. Reclamation is presently 

participating in the Susanville Geothermal 
Energy Project, an investigation to study the 
potential multipurpose applica tion of the 
geothermal resource. 

WEES has identified potential areas fo r study 
of the resource, and proposals have been made 
to inventory the resource and determine the 
potential for development. In addition, 
proposals have been made for site-specific 
research and development ac tivities and for 
studies of s it e-specific electric energy 
production. Eleven proposals for studies in this 
category were considered. These are shown in 
table 32. 

Conclusions 

It is concluded that future studies of 
geothermal resource development should 
include investigation of multipurpose use of 
geo thermal fluids and that potentials for 
dual-purpose production of fresh water and 
electric energy be carefully analyzed. As part 
of such studies, additional research should be 
performed to aid in commercialization of other 
uses such as fresh water production or space 
heating. Since many potential sites involve 
publicly owned lands, there will have to be 
close cooperation and coordination of 
responsibilities and research efforts among 
appropriate Federal agencies. 

The development of geothermal resources in 
conjunction with existing Reclamation water 
projects and existing Reclamation power 

Table 32. - Proposals for geothermal energy development studies 

Designation Description Study type Location 

PN43 Geothermal Municipal Heating-Idaho Site-specific Idaho 
PN44 Geothermal Munic ipal Heating- Oregon Site-specific Oregon 
PN48 Geothermal Studies-Pacific Northwest Inventory Northwest 
PN57 Geothermal Greenhouses-Idaho Si te-speci fie Idaho 
PN58 Geothermal Greenhouses-Oregon Site-specific Oregon 
PN59 Geo thermal Greenhouses-Washington Site-speci fie Washington 
UC73 Geothermal Studies-Utah Inven tory Utah 
UC74 Milford Geothermal Site Site-specific Utah 
UC75 Delta Geothermal Site Site-specific Utah 
UC76 Box Elder Geothermal Site Site-specific Utah 
SW03 Rio Grande Rift Geothermal Study Inventory New Mexico 

60 



transmission systems could demonstrate the 
viability and enhance the possibilities of 
integrating geothermal resources potential into 
conv enti onal systems. The fresh water 
produced could be utilized at Reclamation 
water developments and the power fo r 
irrigation pumping and other Federal uses. 
Large-scale development over and above 
F e dera I project uses would require a 
cooper<~ tive effort o f both public and private 
interests. Reclamation 's best contribu tion can 
be made by de termining potential geothermal 
reservoir yields and potential application of 
that yield to various uses. Since such basic 
inventory-type stud ies should precede any 
site-specific development studies, it is 
concluded that only the inventory-type studies 
of geothermal energy potential are appropriate 
at this time. These inventory-type studies 
would be the basis for selecting the most 
advantageous site-specific developments for 
further, more de tailed study. The three 
inventory studies are shown in table 32 and are 
concluded to be appropriate for study. 

Recommendations 

It is recom mended that appraisal-level 
inventory studies of geothermal energy 
potential be undertaken in three areas as shown 
in table 33. 

GENERAL 
HYDR OELECTRIC INVENTORY 

Results 

As has been no ted previously. the WEES was 
accomplished under constraints of time and 
manpower. This circumstance dictated a 
limited scope which required that the emphasis 
of the study be placed on conventional 
hydroelectric power and on pumped-storage 
power, and primarily on developments in these 
cat egories which have been investigated before 
by Reclamation. 

The earlier parts of this section have, in 
general, discussed site-specific developments 
for those energy developmen t categories that 
could make an early contribution to the 
Nation's energy supply. In additio n, the need 
for additional studies to identify other 
conventional hydroelectric and pumped-storage 
potentials is evident . 

Seven proposed studies of a general inventory 
nature were considered. These are shown in 
table 34. 

Conclusions 

Because of the apparent need for a continued 
Reclama tion-wicle effort to more clearly 

Table 33. - Geothermal energy 

Proposals appropriate for study and recommended for study 

Level of Time for Cost of 
Designation Description State study stud y study 

(yr) ($ 1 ,000) 

PN48 Geothermal Studies- Washington, Appraisal 3 350 
Pacific Northwest Oregon, and 

Idaho 
UC73 Geo thermal Studies- Utah Appraisal 2 250 

Utah 
SW03 Rio Grande Rift New Mexico Appriasal 3 300 

Geothermal Study 
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Table 34. - Proposals for general hydroelectric power inventory 

Designation Description Location 

PN49 
MP06 
SW06 
WEOl 
WE02 
WE03 
WEOS 

Pacific Northwest Power Study 
Pumped-Storage Inventory 

Pacific Northwest Region 
Mid-Pacific Region 

Middle Rio Grande Hydroelectric Study 
Western Hydroelectric Power Inventory 
Low-Head Hydroelectric Power Inventory 
Western Pumped-Storage Inventory 
Uprating Existing Reclamation Units 

New Mexico 
17 Western States 
17 Western States 
17 Western States 
17 Western States 

identify potential energy developments in the 
various categories, several proposals in this 
category are concluded to be appropriate for 
study. The site-specific proposals for up rating 
existing Reclamation units are discussed earlier 
in this report. Uprating of existing units 
appears to be the most immediate , cost 
effective, and acceptable means of contributing 
to meeting the Nation's capacity and energy 
needs. The extent of this potential can best be 
determined through a Reclamation-wide study 
to evaluate all operating Reclamation 
powerplants, rather than by studying each 
powerplant and unit individually. Such a 
Reclamation-wide study is identified in this 
report as proposal WE05 , Uprating Existing 
Reclamation Units. Uprating of units is 
presently being implemented at a funding level 
of about $4 million per year as part of 
Reclamation's ongoing operation, maintenance, 
and replacement program as the units lose their 
reliability of operation. The proposed study , 
WEOS, would be made to determine the 
feasibility of proceeding with an accelerated 
program of uprating. Based on the results of 
the ongoing operation, maintenance, and 
replacement program, and the evaluation of 
site-specific proposals in this study, proposal 
WE05 is concluded to be appropriate for study 
and should receive top priority in 
Reclamation's planning program. Since 
uprating of units is within Reclamation's scope 
of authority, the study should be carried out as 
a special study which could be used to gain the 
needed funds for implementation of an 
accelerated program as individual designs and 
specifications are completed. The study should 
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include a determination of the best means of 
funding such an accelerated program. 

During the study, the need for an accurate 
inventory of the overall physical potential of 
undeveloped hydroelectric power was evident. 
As national energy policy is formed and revised 
ac c ording to resource availability, 
decisionmakers may require such an inventory 
to weigh the trade offs between various energy 
sources. It is concluded, therefore , that a 
nationwide inventory would be desirable and 
that Reclamation is well qualified to be the 
lead agency in such an effort in the Western 
United States .. Because of the similarity in 
nature of proposals WEOl, Western 
Hydroelectric Inventory, and WE02, Low-Head 
Hydroelectric Power Inventory, it is concluded 
that they can best be combined into one effort 
to perform a complete inventory of both 
conventional and low-head hydroelectric 
potential. 

Several surveys of pumped-storage potential 
within the study area have been undertaken . 
Because of the significant roleof 
pumped-storage in power systems operation, 
and because pumped-storage shifts resource use 
from oil and natural gas to coal and nuclear, it 
is concluded that the proposed study WE03, 
Western Pumped-Storage Inventory, is 
appropriate for study. 

The remaining studies shown in table 34 are of 
a regional nature and the recognized needs for 
these would be fulfilled by the 
Reclamation-wide studies discussed above. The 



proposals in this category that are concluded to 
be appropriate for study are shown in table 35. 

Recommendations 

It is recommended that four studies of a 
general inventory nature be undertaken. 
Because of the similarity in nature of proposals 
WEO 1, Western Hydroelectric Inventory, and 
WE02, Low-Head Hydroelectric Power 
Inventory, it is recommended that they be 
combined into one effort to perform a 
complete inventory of both conventional 
hydroelectric and bulb turbine potential. This 
combined proposal and the two other 
proposals are listed in table 3 5. 

POLICIES AND MARKETING 

Although no specific analyses were made on 
policies and marketing and pricing aspects of 
the different categories of energy development 
potentials, certain related questions were raised 
during the course of the study. From 
observations made during the study, several 
general conclusions and recommendations can 
be offered. 

Policies 

Conclusions. - No new policy direction or 
general authority is needed with regard to 
up rating existing units, conventional 
hydro electric powerplants, and low-head 
hydroelectric powerplants. 

Although pumped storage is not unique in 
Reclamation developments, the construction 
by Reclamation of very large single-purpose 
facilities may require additional Congressional 
and administrative policy direction. This may 
be especially true where the facilities would be 
unrelated to existing Reclamation dams and 
reservoirs. Policy may be established as 
individual pumped-storage projects are 
proposed or as a part of determining the role of 
such projects as they fit into a broad national 
policy on energy. 

The development of pumped storage can have 
national energy implications by generating 
peaking power which is normally provided by 
thermal peaking plants using natural gas or oil. 
Conservation of these diminishing fuels can be 
accomplished by substituting energy generated 
by the more plentiful coal and nuclear fuels for 

Table 35. - General hydroelectric power inventory 

Proposals appropriate for study and recommended for study 

Level of Time for Cost of 
Designation Description State study study study 

(yr) ($1 ,000) 

WE01 1 Western Hydroelectric Power 
Inventory 17 Western Special 4 1,400 

WE02 1 Bulb-Turbine Technology and 
Site Inventory 17 Western Special 2 200 

WE03 Western Pumped-Storage 
Inventory 17 Western Special 3 500 

WE05 Uprating Existing Reclama-
tion Units 17 Western Special 500 

1 Recommended to be combined into one study, 4 years in duration, estimated to cost $1 ,600,000. 
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pumping during off-peak hours, and then using 
this pumped-storage energy to meet peak loads. 
Since the source of pumping energy may often 
be supplied by non-Federal producers, and 
since many good potential sites involve existing 
Federal water projects and publicly owned 
lands, there will have to be close cooperation 
and joint participation in pumped-storage 
development by public and privately owned 
utilities. 

Ongoing geothermal investigations by 
Reclamation are aimed primarily toward the 
conversion of hot brines to fresh water and to 
general resource potentials. The production of 
geothermal-based electricity has been only an 
incidental consideration. Electricity from 
geothermal sources over and above project uses 
could be developed as a part of a joint venture 
with public, non-Federal entities, and privately 
owned utilities. Any new investigation and 
development by Reclamation of geothermal 
energy production would require continued 
coordination of responsibilities and research 
efforts between Reclamation and other 
appropriate Federal agencies, in particular 
ERDA. 

The development of solar energy resources, 
both direct radiation and wind, in conjunction 
with water storage and the existing power 
transmission systems which are operated by 
Reclamation could demonstrate the viability 
and enhance the possibilities of integrating 
these two energy sources into conventional 
systems. The planning, research, design, and 
construction capabilities of the Bureau of 
Reclamation could provide hard answers to 
unknowns which would serve as incentives for 
the electric power industry to invest in 
potentials of harnessing energy from the sun 
and wind. Demonstration plants in the 
Southwest for direct solar radiation, and in the 
mountains and high plains for wind power, 
would also fit well in providing energy for 
authorized desalting plants and irrigation 
pumping needs. Any new investigation and 
development by Reclamation of solar energy 
resources would require, continued 
coordination of responsibilities and research 
efforts between Reclamation and other 
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appropriate Federal agencies, in particular 
ERDA. 

Recommendations.-It is recommended that 
present studies of pumped storage continue 
and, inasmuch as circumstances differ 
substantially among various proposals, 
especially as they relate to use of existing 
Federal facilities, feasibility study and 
c0nstruction authorization should be sought on 
a project-by-project basis. However, to 
promote coordination of development of 
pumped storage, a task force consisting of 
representatives from electric power industry 
organizations in the West, Federal Power 
Commission, Federal Energy Administration, 
Bonneville Power Administration, Corps of 
Engineers, and Reclamation should study the 
role of Federal participation and cooperation 
in integrating pumped-storage development 
into Western power systems. Such a proposed 
task force study is described as proposal WE06, 
Pumped-Storage Integration Study, in 
appendix B. 

Investigation and development by Reclamation 
of solar energy and geothermal energy 
resources should continue . These activities 
should continue to be coordinated with and 
implemented through existing and future 
cooperative agreements with ERDA. 

Marketing and Pricing 

Conclusions.-The additions of large blocks of 
hydroelectric peaking power, whether from 
conventional hydroelectric powerplants or 
from pumped-storage powerplants, could have 
important impacts on both marketing and 
pricing policies. In certain areas, preference 
customers needs are such that all or significant 
portions of power from major hydroelectric 
peaking projects can be contracted for under 
the preference clause. In other areas, after 
meeting preference customer requirements, in 
order to secure advantages of large-scale 
pumped-storage potentials, long-term contracts 
with private utilities may be required to assure 
Federal repayment. In certain instances, this 
could result in negotiations which may require 



the elimination of the customary withdrawal 
provisions and thus constitute a new policy 
direction. The ways in which large 
hydroelectric-peaking facilities are integrated 
operationally and financially within basin 
systems and accounts affects power rate 
schedules, and the use of surplus power 
revenues for assistance to irrigation or other 
purposes would also need to be addressed . 

Pricing practices of Reclamation primarily 
reflect the concept of cost recovery. The past 
development of good hydroelectric damsites, 
the joint savings in multipurpose development , 
low fixed-interest rates, and generally 50-year 
payout periods have all contributed to 
commercial rates that are well below current 
market rates. Special pricing provisions for 
irrigation pumping have, in several major river 
basin projects, resulted in rates that are 
extremely attractive and have increased the 
demand for energy for pumping on Federal 
projects. The availability of hydroelectric 
energy is severely limited as compared to the 
development of hydroelectric peaking capacity , 
especially through pumped storage. Thus the 
ultimate determination is a resource allocation 
question of how hydroelectric energy can best 
be used in the future . 

Hydroelectric energy has a higher market value 
per kilowatt-hour (megajoule) when used as 
peaking as compared to use as baseload. When 
integrated into a system to provide peaking 
power, it provides an excellent opportunity to 
displace thermal alternatives which consume 
scarce oil and natural gas. Marketing policy 
could encourage the continued shift of 
hydroelectric power to peaking service by 
separate pricing of peaking capacity (especially 
pumped storage), reducing the use of 
hydroelectric power as baseload through 
capacity and energy exchanges, and revised 
operation of reservoir systems where 
operational constraints permit that revision, to 
provide more peaking capability. 

Recommendations.-On the basis of the above 
conclusions, it is recommended that a study 
should be conducted which would help 
determine what changes in pricing policy 

65 

would be appropriate for the proper marketing 
of peaking power produced by Federal 
hydroelectric powerplants. Such a study should 
take full account of opportunities to conserve 
scarce oil and natural gas reserves. It should 
also consider a separate pricing structure for 
peaking capacity, energy exchanges and 
purchases to promote greater use of 
hydroelectric power for peaking, and the 
effects which higher rates could have on 
financing the present-day higher costs of 
constructing powerplants. The pricing and 
ultimate use of hydroelectricienergy for Federal 
irrigation pumping should be analyzed and the 
amount of such energy to be devoted to such 
use and its effect on future power rate and 
repayment studies should be appraised. This 
recommended study is described as proposal 
WE07, Federal Hydroelectric Power Marketing 
Study, in appendix B. 

Planning and Evaluation Criteria 

Conclusions.-There is general agreement that a 
thermal alternative should be used as a measure 
of benefits associated with the use of 
hydroelectric power generation, but that this 
comparison can have serious shortcomings. 
New approaches to power benefit evaluation 
methods are being investigated by the Federal 
Power Commission, the Corps of Engineers, 
and Reclamation, such as application of energy 
adjustment factors and how to deal with 
additions which provide added capacity but 
little or no added energy . More recognition 
should be given to some of the intrinsic values 
of hydroelectric power, in both its 
conventional and pumped-storage forms. Those 
intrinsic values include hydroelectric power's 
contribution to clean air, its utilization of a 
renewable resource, and its potential for 
permitting the substitution of coal or nuclear 
fuel for scarce oil and natural gas resources. 
Also, the value of preserving the Nation's 
diminishing nonrenewable oil and gas resources 
for future critical uses other than electrical 
energy production should be recognized in 
benefit evaluations of hydroelectric power 
developments. If rigorously applied, present 
power benefit evaluation methods in certain 
areas may discourage the development of 



hydroelectric peaking capacity. The most 
appropriate and realistic approach would be to 
base values on a with and without 
cost-effective analysis on a utility system basis, 
although this is not always practicable. 

Inasmuch as hydroelectric peaking power, 
when added to a system in the future, would in 
most instances permit the increased use of 
baseload coal or nuclear powerplants, a 
p o s sib 1 e alternative would be to give 
hydroelectric peaking capacity additional 
credit for the difference in energy costs 
between consuming natural gas or oil and coal 
or nuclear fuel. New power values being 
developed by FPC for the Missouri River Basin 
reflect an analysis of a system with and 
without hydroelectric power which gives 
substantial energy credits to hydroelectric 
peaking additions which have little or no net 
energy production. This is a promising 
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approach which should be considered for 
application in other Western areas. 

In view of the uncertainty as to the most 
appropriate derivation of hydroelectric power 
benefits, additional study is needed which can 
provide a basis for an interagency agreement on 
a consistent approach to power benefit 
evaluations for future power investigations. 

Recommendations.-Based on the above 
conclusions, it is recommended that an 
interagency task force be formed to carry out a 
study which would provide a basis for an 
interagency agreement on an appropriate and 
realistic method of evaluating hydroelectric 
power benefits for future hydroelectric 
investigations. Such a study is described as 
proposal W£08, Hydroelectric Power Benefit 
Criteria Study, in appendix B. 
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STUDY PROCEDURES 

General 

The study began with collection of data on 
potential energy development studies. In an 
effort to best utilize available resources, the 
basic data collection and formulation of 
proposals for study were done by 
Reclamation's seven regional offices. The 
regional offices used multidisciplinary teams so 
that the selection process would reflect as 
broad a viewpoint as possible. The regional 
offices were encouraged to consider among 
their proposals all possible developments that 
had been investigated in the past in order to 
reanalyze and compare them from today's 
vantage point of increasing energy needs and 
rising plant and fuel costs, as well as increased 
environmental and social concern. In addition, 
the regional offices were encouraged to seek 
potential developments that had not received 
prior consideration and to seek out 
opportunities in all the areas included in the 
scope of study. Time and manpower 
constraints dictated concentration of the study 
effort on new sources of capacity and energy. 

The regional team proposals were brought 
together by a team of six Reclamation power 
and planning personnel representing the 
Commissioner's Office in Washington, D.C., the 
Engineering and Research Center in Denver, 
Colorado, and two regional offices (the WEES 
Team). The team members represented a wide 
range of disciplines including planning, 
economics , power operations, power 
marketing, environmental and social sciences, 
programming and budgeting, giving the team a 
multilevel interdisciplinary flavor. 
Coordination of the study effort was through 
the Division of Planning Coordination of the 
Engineering and Research Center. 

As the study progressed, the need for 
additional studies of a general and policy 
nature became evident and study proposals 
were formulated by the WEES Team. 

The study proposals were grouped into eleven 
categories : 
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1. Conventional Hydroelectric 
Powerplants-Uprating Existing Units 

2. Conventional Hydroelectric 
Powerplants-Additions to Existing 
Reclamation Facilities 

3. Conventional Hydroelectric 
Powerplants-All New Facilities 

4. Low Head Hydroelectric Powerplants 
5. Pumped Storage-Using Existing 

Reclamation Facilities 
6. Pumped Storage-All New Facilities 
7. Solar Energy (Including Wind and Direct 

Solar Radiation) 
8. Geothermal Energy 
9. General Hydroelectric Inventory 

10. Marketing and Pricing 
11 . Planning and Evaluating Criteria 

Because of nonuniformity in detail and quality 
of data and because of differences in 
authorization requirements and functions of 
the proposed developments, evaluation 
procedures for proposals in all categories were 
somewhat different. Proposals in categories 1, 
7, 8, 9, 10, and 11 (Conventional 
Hydroelectric-Uprating Existing Units, Solar 
Energy, Geothermal Energy, General 
Hydroelectric Inventory, Marketing and 
Pricing, and Planning and Evaluation Criteria) 
were evaluated judgmentally on the basis of a 
limited amount of actual data on economics 
and other pertinent factors such as 
environmental impacts and social impacts. 
Evaluation of proposals in the remaining 
categories were also judgmental. However, the 
data for these proposals were consistent 
enough in form to allow the use of computer 
data processing to aid in the evaluation. The 
system used in the evaluation of the proposals 
in the latter categories combines the attributes 
of modified Delphi techniques (methods of 
structuring group communications for dealing 
with complex problems), psychometric scaling, 



and alternative futures into a set of procedures 
whereby hard physical data and judgmental 
data could be brought together to determine 
priorities for the studies proposed. 

Data Processing 

To provide for uniformity of data, the regional 
teams submitted a summary of data for each 
proposal on standard data forms. The forms 
provided for factual data and also for 
subjective evaluation on many points and 
supporting comments and background to assist 
the WEES Team in final evaluation. 

The basic procedures for handling the data 
after the proposals were received are shown on 
figure A-1. The team rated the proposals 
according to 12 evaluation factors, discussed 
on the following pages and in the next section 
of this appendix: 

1. New Installed Capacity 
2. Net Annual Generation 
3. Earliest Online Date 
4. Structural Features Proposed 
5. Benefit-Cost Ratio 
6 . Marketability 
7. Total New Investment Cost 
8. Environmental Impacts 
9. Level of Acceptability 

10. Social Impacts 
11. Water Availability 
12. Return on Energy Investment 

Each proposal was rated by the individual team 
members according to each evaluation factor 
on a 0-10 scale , with 10 being most positive 
and 0 being least positive. Descriptors 
associated with each scale aided in keeping the 
ratings consistent from proposal to proposal. 

After each team member had completed his 
rating of the factors for each proposal, the 
results were entered into the computer where 
they were displayed with appropriate statistical 
measures. The computer results were then 
returned to the team members so they could be 
reviewed . While factors 1, 2, 3, 5, 7, and I 2 
(New Installed Capacity, Net Annual 
Generation, Earliest Online Date, Benefit-Cost 
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Ratio, Total New Investment Cost, and Return 
on Energy Investment) could be directly rated 
from specific data submitted by the regions, 
the remaining six factors required some level of 
subjective evaluation. In rating these factors, 
the experience and background of each team 
member became particularly important. 
Following the first round of rating, the team 
members met together and discussed the 
individual as well as team results. They 
reviewed each proposal and, after discussing it 
and sharing particular insights of the team 
members, rerated each proposal for the six 
subjective factors. 

The standard deviation, reflecting the degree of 
agreement of the team members ratings, 
became a good indication of the confidence of 
the data for that proposal. After three rounds 
of rating the proposals, the results were again 
analyzed and displayed by the computer 
system, and sufficient convergence was 
displayed to have confidence in the ratings. 
The mean of the six team members' individual 
ratings then became the raw factor score for 
each factor for each proposal. Given these raw 
factor scores, the next step, that of ranking the 
proposals, could be accomplished. 

To make this step more meaningful, alternative 
futures or scenarios were developed to reflect 
four different potential future emphases. The 
scenarios selected were: ( 1) the most likely 
scenario or basically a continuation of the 
present trends (Most Likely Scenario); (2) the 
environmental, social, and acceptability future 
where impacts on the environment or social 
structure would strongly influence the 
acceptability of projects (Environmental 
Scenario) ; (3) the high energy need situation 
where something like an oil embargo would 
force the country to rapidly develop internal 
energy resources (Energy Scenario) ; and ( 4) the 
tight economic scenario where limited Federal 
budgeting would require proposals to meet 
stringent economic standards (Economic 
Scenario). The approach was to rank the 
proposals under priorities that would likely 
exist in each of the above scenarios. This was 
done by developing a set of weighting values 
for the I 2 evaluation factors for each scenario. 
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Figure A ·1. Proposal evaluation process. 

These weigh ts would place emphasis on those 
fac tors that would be paramount in the 
particular scenario. For example, in the energy 
scenario, the installed capacity, net annual 
generation, and online date were felt to be 
dominant ove r to tal new investment, 
environmental impacts, or water availability; 
therefore, the former factors were given a high 
weighting value. With the use of the computer 
system, a set of weights were entered which 
were then multiplied by the individual raw 
fac tor scores of each proposal, yielding a 
weighted factor score . The sum of these 
weigh ted fac tor scores became the proposal 
score which was the n used to determine the 
rank order of the proposals for that particular 
scenario. 

In addition to using the weighted proposal 
score to show the relative potential of a 
project, ratings which fell below certain levels 
for some key factors were considered to render 
a proposed development subject to question in 
that scenario no matter what the total score 
was. For example, if there was a raw score of 
less than 6 for the environmental impact 
factor, it was deemed that the proposal had a 

potentially ser ious pro b lem in the 
Environmental Scenario ; whereas, in the High 
Energy Scenario, only raw scores less than 3 
for the environmental impact factor indicated a 
potentially serious problem in that scenario. 
When a proposal fell below the limits put on 
five key factors, it received a tlag to show that 
there was serious concern as to its viability. 
The five facto rs that were f1agged to indicate 
potentially serious problems were Benefit-Cost 
Ra tio, Marketability, Environmental Impacts, 
Level of Acceptability, and Social Impacts. 
Table A-1 displays the weights given each 
factor in the four scenarios, along with the 
limits below which the five given factors would 
receive a problem indicator (in parentheses). 

The factors chosen are, of course, not 
independent of each other. In fact, initial 
analysis showed high correlation between the 
environmental impacts, social impacts, and 
level of accep tability, as well as an 
understandable correlation betwee n 
benefit-cost ratios and marketability and 
between new investment cost and structural 
features proposed. 



Table A-1. -Scenario factor weightings and flag limits* 

Scenario 
Factor Most likely Environmental Energy Economic 

New installed capacity 10 5 19 6 
Net annual generation 10 4 19 6 
Earliest online date lO 3 14 9 
Structural features 

proposed 8 9 6 9 
Benefit-cost ratio 8 (3) 4 (I) 7 (1) IS ( 4) 
Marketability 12 (5) 3 (3) 9 (4) 15 (6) 
Total new investment 

cost 5 3 3 15 
Environmental impacts 10 (4) 25 (6) 2 (3) 3 (4) 
Level of acceptability 12 ( 4) 15 (5) 9 (4) 9 (4) 
Social impacts 7 (4) 15 (5) 4 (3) 6 (4) 
Water availability 4 10 3 3 
Return on energy 

investment 4 4 5 4 

TOTAL 100 100 100 100 

*Any proposal receiving a raw factor score less than the value in parentheses for that factor would 
receive a flag, indicating a potentially serious problem in respect to that factor. 

No major attempt was made to revise the 
factors to reduce the level of an overlap 
between factors. However, to reduce a double 
counting effect on the final scoring, 
precautions were taken when the weighting 
values were assigned. In the process of assigning 
weighting values, factors with high correlation 
were collected into groups that measured 
similar general effects. These groups were then 
weighted relative to each other ( 100 points 
were divided between the groups). The points 
assigned to each group were then divided 
between the factors making up the group. The 
points given to each factor became the 
weighting value for that factor. This process 
was used in developing values for each scenario. 

Using the process just described for collecting, 
evaluating, and ranking proposals, while being 
very useful , does have its limitations. First, the 
quality of the results can be no better than the 
quality of the data used. Considerable effort 
was made to get the best information available, 
but in some cases, particularly where the data 
reflected a perception of things that might 
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happen in the future, only a limited amount of 
confidence can be expected. Second, in using a 
Delphi process for judgmental evaluation, it is 
impossible to eliminate all personal bias or 
domination of the team by one or more 
members. In observing the actual functioning 
of the team, it was apparent that each member 
tended to dominate in the area of his expertise 
(which is the intent of Delphi) but never to the 
extent that the other members of the team 
could be dissuaded from a strongly felt 
position on which they concurred. In general, 
there was good balance and communication 
between the team members. 

Another area for caution is in the use of 
results. The results fall into four sequential 
steps : (1) the gathering and verification of the 
data, (2) the team 's development of the ability 
to be able to apply a set of measures 
consistently across a range of proposals, and 
(3) the eventual rank ordering of the proposals 
under various scenarios. Of course, the first 
two steps are essential for accomplishing the 
third, but also very important in the fourth 



step: (4) selection of proposals to be 
recommended. Step three, the numeric ranking 
of the proposals, was only used in aiding step 
four and care was taken that the numeric 
values not be given any greater importance 
than an aid. 

PROPOSAL EVALUATION 
FACTORS 

1. New Installed Capacity-This factor is 
intended to measure the contribution of the 
potential development to the generating 
capacity of the existing power system. 1t was 
felt that the larger capacity plants would be of 
more value in meeting the Nation's energy 
needs; therefore, larger capacity plants received 
a higher rating than smaller plants. Potential 
plants with 2,000 MW or greater capacity rated 
10; those with 300 MW rated 5, and those with 
10 MW or less rated 0. 

2. Net Average Annual Generation-This 
factor is intended to measure the annual energy 
contribution of the potential development - the 
greater the energy output, the more significant 
the contribution. Potential plants producing 
4 ,000 GWh (14 400 TJ) or more rated 10 ; 
those producing 600 GWh (260 TJ) rated 5 ; 
and those producing no additional energy rated 
0. Since pumped-storage plants use more 
energy for pumping than is produced, in 
essence they produce a negative net average 
annual generation. Therefore, all potential 
pumped-storage plants rated 0 in respect to this 
factor. Inclusion of this factor tended to give 
emphasis to those potential plants which would 
operate at a high plant factor and are energy 
producers as opposed to potential peaking 
plants which produce little energy. 

3. Earliest Online Data- This factor is intended 
to indicate the timing of the potential 
contribution of capacity and energy to the 
existing power syst em- The earlier the online 
date, the more significant the contribution to 
the energy situation. In estimating online dates, 
a reaso nable amo unt of time was assumed for 
appraisal and/or feasibility study, the required 
Congressional procedures for study and 

construction authorization, Congressional 
funding, design, and construction. Any 
potential plant which could be online in 1985 
or sooner rated 1 0; those estimated to be 
online in 1990 rated 5; and those estimated to 
be online in 2000 or beyond rated 0. 

4. Structural Features Proposed-This factor is 
intended to indicate the extent to which the 
potential development would uti1ize existing 
facilities, including the extent to which existing 
transmission lines would be utilized or new 
lines would be required. This factor correlates 
closely with several other factors, bridging 
economics with factors such as environmental 
impacts and social impacts. Potential 
developments which propose use of existing 
facilities to a maximum normally would rate 
high with regard to online date, benefit-cost 
ratio, marketability, investment cost, water 
availability, and return on energy investment. 
Normally such development would also 
minimize environmental and social impacts and 
would therefore be acceptable. Those potential 
develo pments which would utilize existing 
features to the maximum, including 
transmission lines, rated 9 or 10; those utilizing 
existing features and requiring new features 
about equally rated in the midscale range; and 
those requiring all new physical features, 
including major transmission grid additions, 
rated 0 or 1. 
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5. Benefit-Cost Ratio- This factor is intended 
as a measure of the economic viability of the 
potential d evelopment. The relationship of 
benefits to costs provides the long accepted 
economic efficiency indicator. To provide 
uniformity in the analysis, all proposals were 
treated as if they were separate new projects, 
even if they were simply additions to existing 
Reclamation works. Although this is 
considered a conservative approach, it does 
provide a means of comparing alternative 
sources of capacity or energy, whether it be an 
enlargement of an existing facility or a 
completely new facility . A 1 00-year period of 
analysis and a 6- 1/8 percen t interest rate was 
assumed. The price levels assumed for 
construction costs and benefits and the interest 
rate levels were generally tied to mid-197 5. 



a. Costs.-Both investment costs and annual 
operation, maintenance, and replacement 
costs were restricted to either those costs 
separable to power in the case of additions 
to existing plants or to those costs allocated 
to power if power were an important 
function of a new multipurpose project. In 
the case of pumped storage, pumping energy 
costs were excluded because this could vary 
significantly by area and because it is likely 
that the customer would have to provide 
such pumping energy. Transmission costs are 
inc! uded to insure that the power 
production would be marketable at load 
centers. As discussed below, benefit 
estimates were made consistent with these 
assumptions regarding pumping for pumped 
storage and transmission lines. 

b. Benefits.-In the benefit-cost analysis 
only power benefits were claimed, although 
some judgmental consideration was given in 
the evaluation process to other associated 
nonpower benefits. 

Power benefit values used in economic 
evaluation of hydroelectric power 
development are generally equated to the 
cost of developing the least cost thermal 
powerplant alternative. These alternatives 
represent (1) a baseload plant, either 
nuclear- or coal-fired, operating at a plant 
factor of 55 to 60 percent; (2) a middle 
range plant, an oil-fired combined-cycle 
plant, operating at a 25-percent plant factor; 
and (3) a peaking plant, an oil-fired 
combustion turbine operating at a 
7-1 /2-percent plant factor. These power 
benefit values are composed of capacity and 
energy values. 

Capacity values are fixed costs regardless of 
the number of kilowatt-hours (megajoules) 
generated, whereas energy values are 
variable, dependent on cost of plant 
operation as reflected by plant· factor. Both 
capacity and energy values are affected by 
the source of financing; private or public 
non-Federal or some combination of the 
two. Composite capacity and energy values 
are developed for the alternative types of 
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plants and sources of financing. These 
composite capacity and energy benefit 
values may be expressed in terms of dollars 
per kilowatt-year or mills per kilowatt-hours 
(mills per megajoule). For baseload plants, 
mills per kilowatt-hour (mills per megajoule) 
appear to be the most useful criterion for 
evaluating. On the other hand, dollars per 
kilowatt-year is judged to be a better 
criterion for evaluating peaking plants and 
pumped storage. 

Table A-2 summarizes the capacity values, 
energy values, and composite capacity and 
energy benefit values for the alternatives 
with private or public non-Federal financing. 
Three baseload plant alternatives are shown 
to represent values applicable to particular 
market areas where nuclear-fired plants or 
where coal-fired plants may be the prime 
baseload source. Values for nuclear-fired 
plants do not vary significantly among 
power areas where they would be considered 
the prime source. Values for coal-fired plants 
vary according to the proximity to the fuel 
source. Two plant location differences are 
shown: (1) requiring a significant coal haul 
distance reflecting high fuel costs but lower 
transmission costs and (2) near coal mines 
reflecting low fuel costs but greater 
transmission costs. Information from the 
FPC indicates that oil-fired combined-cycle 
plants and combustion turbines could be 
representative of alternative plants operating 
at plant factors lower than 30 percent. A 
fuel cost of about $2.30 per million Btu 
($2.18 per gigajoule) for these plants is 
generally applicable to all regions . Values for 
pumped storage were treated somewhat 
differently . Because of difficulties in pricing 
pumping energy and estimating its 
availability and source in the future, pumped 
storage is evaluated strictly on its capacity 
value . This avoids the variability that would 
be introduced in the analysis by contrasting 
assumptions of pumping energy costs which 
could range from 2 to 10 mills per 
kilowatt-hour (0.6 to 2.8 mills per 
megajoule). It has been assumed throughout 
the study that the customer for 
pumped-storage capacity will provide the 
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Table A-2. - Guidelines for power-benefit determination 
Western Energy Expansion Study 

(July 1975 prices) 

CaEacit~ valuesl 
Average Private Public Enerr value Co value Applies 

Plant type plant financing non-Federal mills mills/ kWyr to 
factor ($/kWyr) financing kWh MJ pnvate 

($/kWyr) 

BASEWAD 

Nuclear 65.0 100 75 3.1 0.86 20.6 16.3 5. 72 4.52 118 93 All 
Regions 

Coal (near mine including 55.0 90 68 3.5 0.97 22.2 17.6 6.16 4.88 107 85 UC, UM, 
lignite and moderate LC, MP 
transpoxtation) 

Coal (major coal transpor- 55.0 85 65 5.5 1.52 23.1 20.4 6.41 5.66 112 98 PN, 1)1, 
tation near load center) UM, UC, 

sw 

MIDRANGE 

Combined cycle 25.0 45 34 20.0 5.55 40.6 35.5 11.27 9.86 89 78 All 
(oil fired) Regions 

PEAKING 

Co~ustion turbine 7.5 25 19 35.0 9. 72 73.1 63.9 20.30 17.75 48 42 All 
Regions 

PUMPED STORAGE2 

(Assuming customer provides 0 40 30 0 0 - - - - 40 30 All 
pumping energy) Regions 

The appropriate weighting between private and non-Federal public should be made in accordance with average conditions in the power market area 
~i.e., 75 percent private and 25 percent public for nuclear • 0.75 x $100 + 0.25 x $75 - $93.75). 

Those values were also used in the study for evaluation of peaking plants having capacity without energy or capacity with return of energy. 



pumping energy and take the resulting 
peaking energy on peak as desired. This is 
the marketing arrangement for energy from 
the Mt. Elbert Pumped-Storage Powerplant 
to be marketed by Reclamation's Lower 
Missouri Region. It should be noted that all 
power values include costs of average 
transmission requirements tailored to the 
specific type of plant. 

After developing composite capacity and 
energy benefit values for each of alternative 
plants, curves are developed to provide 
benefits expressed in either dollars per 
kilowatt-year or mills per kilowatt-hour 
(mills per magajoule) for the full range of 
plant factors. Examples of power benefit 
values curves using private financing only are 
shown in figure A-2 in terms of dollars per 
kilowatt-year and in figure A-3 in terms of 
mills per kilowatt-hours (mills per 
megajoule). Similar curves (not shown) are 
developed for public non-Federal financing. 
Appropriate power benefits are then 
obtained by interpolating between the two 
sets of curves dependent on the relative 
composition of the financing for a given 
area. For instance, developments in the 
Northwest normally use 25 percent private 
financing and 7 5 percent public non-Federal. 
Developments in the Southwest generally 
show the reverse relationship. 

It is noted that capacity and energy benefit 
values recently provided by the FPC for use 
in Reclamation's Pacific Northwest and 
Mid-Pacific Regions reflect an energy 
adjustment. This adjustment is intended to 
account for conditions where there is a 
substantial difference in the plant factors of 
a hydroelectric proposal and the thermal 
alternative and/or the difference between 
the energy costs of the thermal alternative 
which would have been added to the system 
in absence of the hydroelectric project and 
the thermal alternative that would be 
displaced by the hydroelectric project. Since 
Reclamation attempts to match plant factors 
with the appropriate alternative and assumes 
its hydroelectric peaking capacity must be 
coupled with future low energy cost 

baseload plants, there were difficulties 
rationalizing the results of the energy 
adjustment approach. These values, were 
problematical at most plant factors except 
those in the very low ranges. To promote 
uniformity among all Regions, for the 
purposes of this study, power values have 
not been adjusted for energy as suggested by 
the FPC. It is doubtful whether the 
application of the energy adjustment would 
have had any significant influence on the 
outcome of the economic studies. 

The factor used in the study evaluation is 
simply the ratio of the costs and benefits as 
described above. Proposals showing a 
benefit-cost ratio of 1.7:1 or greater rated 10; 
those with a benefit-cost ratio of 1.2:1 rated 5; 
and those with a benefit-cost ratio of 0.7 :1 or 
less rated 0. Proposals rated 3 if they showed a 
1:1 benefit-cost ratio . Giving credit to those 
proposals that rate somewhat less than unity 
recognizes that the environmental quality 
objective or other national interests could 
warrant development even though the proposal 
did not meet a strict economic test. 

6. Marketability-This factor is intended to 
indicate the expected marketability of the 
capacity developed and energy produced. In 
rating marketability, judgments w::re made on 
the basis of the computed project repayment 
requirements and current power markets. The 
online date, the dependability of electrical 
output and the amount of hydroelectric power 
that can be absorbed in the market area were 
also considered . The latter consideration is 
especially pertinent for hydroelectric peaking 
and pumped storage. 

Because of a higher interest rate (6-5 /8 
percent) and a shorter repayment period (50 
years) the annual costs for repayment are 
higher than those used in the benefit-cost 
comparison. The current market situation was 
used as a basis for judgmentally rating 
marketability, thus assuming that project costs 
and market values will escalate at about the 
same rate in the future. The actual relationship 
of the two in the future is not known ; 
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COMPOSITE CAPACITY AND ENERGY BENEFITS 
(Private financing only at July 1975 prices) 

Figure A-2. Composite capacity and energy benefit values, $/kWyr 

however, the earlier the online date the more 
valid the assumption. 

Power and energy that are not dependable year 
around, such as purely seasonal hydroelectric, 
m::-,y have restricted sales appeal and carry a 
lesser value, related only to fuel replacement. 

Considering all the above in the judgmental 
ratings, hydroelectric power proposals showing 
a required repayment rate 15 to 20 percent less 
than the least cost alternative developed for 
benefit evaluation were judged to hold a 
reasonable prospect for sale of the power as of 
the online date. 

Pumped storage presents a special marketing 
problem. Normally, pumping energy would 
come from non-Federal sources and would be 
subject to a great number of variables in terms 
of cost and availability. The value of capacity 
was used to apprise marketability of 

pumped-storage power, assuming that the 
customer would provide the input energy and 
take the output as desired. As mentioned 
previously, a recent marketing arrangement for 
Mt. Elbert pumped storage was along these 
lines, with the price considered at about $25 
per kilowatt-year. Present conditions suggest 
that this may be lower than current market 
prices in that area as indicated by the selected 
benefit estimq.te for capacity only of $40 per 
kilowatt-year and $30 per kilowatt-year for 
private and public non-Federal financing, 
respectively. 

Marketability for hydroelectric peaking power 
(plants with plant factors less than 10 percent) 
was judged on the value of capacity only, 
similar to pumped storage. The amount of the 
proposed project power that can be marketed 
is also an important consideration . Obviously 
there are limits to the amount of hydroelectric 
peaking and pumped storage that can be 
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Figure A-3. Composite capacity and energy benefit values, 
miUs/KWh. 

integrated into a given system. It is roughly 
estimated that the amount of pumped-storage 
capacity that can be integrated into systems in 
the Western United States is from 10 to 20 
percent of the total installed capacity. Where 
J arge conventional hydroelectric peaking 
potentials still exist, development of pumped 
storage may be postponed until further in the 
future. 

Proposals for pumped storage and 
hydroelectric peaking that showed a required 
repayment rate of $30 to $40 per kilowatt-year 
were judged to have power that held a 
reasonable prospect of sale as of the online 
date. 

Based on consideration of all the above, a 
proposal whose power was judged to be readily 

salable in today's power market rated 9 or !0; 
those whose power was judged to have a 
reasonable prospect of sale as of the online 
date rated in the midscale; and those whose 
power was judged to require a repayment rate 
significantly greater than the projected m«rket 
can bear rated from 0 lo 3. 

7. Total New Investment Cost-This factor is 
intended to reflect the magnitude of Federal 
investment required for the proposed 
development, recognizing a possible reluctance 
for large-scale Federal investment. Although it 
is recognized that certain power investments, 
such as in large pumped-storage projects, could 
be shared as part of a joint venture with 
non-Federal entities, this possibility did not 
influence the rating. Projects requmng 
investments of $50 million or less rated 10; 
those requiring $250 million rate 5; while those 
requiring $1 billion or more rated 0. 

8. Environmental Jmpacts-This factor is 
intended to indicate the degree of anticipated 
adverse impact to the environment. The 
proposals were rated on a 0-!0 scale 
individually for each of 12 environmental 
program areas: 

a. Park and recreation lands.-This includes 
lands used for park and/or recreation 
purposes that would be occupied by project 
features, judging both the quantity and 
quality affected and degree of impact. Such 
lands include national parks, national forest 
lands, national wildlife refuges, public 
domain lands, state areas, and local park and 
recreation areas. 

b. Stream suitable for preservation.-This 
includes the number of stream miles 
occ1.1 pied by project features and reaches 
downstream from project features, and a 
judgment of the severity of impact as it 
would affect the stream for wild, scenic, or 
recreation river purposes. 

c. Recreation lakes and reservoirs.-This 
includes numbers and areas of existing lakes 
that would be modified by project facilitie.s, 
and the degree that recreational uses would 
be affected. 
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d. Wilderness, primitive, and/or natural 
areas.-This includes the number of acres 
that the proposed project would occupy of 
officially established wilderness, primitive, 
and/or natural areas, and the degree that the 
designated uses of the areas would be 
affected. 

e. Estuarine and wetlands areas.-This 
includes the acreage of readily identified 
wetlands that may be affected and the 
degree of the impacts. 

f. Natural beauty areas.-This includes 
unusually scenic landscapes, waterfalls, 
canyons, etc., of an esthetic quality that 
most people would recognize. The rating was 
based on the number of such features and 
the degree that the proposal would intrude 
on, dominate, or otherwise affect such 
features. 

g. Archaeological sites.-This includes the 
number of known or likely important 
archaeological sites, the type of material 
expected to be contained in the sites, and 
the degree that the material would be 
affected or degraded. 

h. Historical sites.-This includes the 
number of historical sites listed on state lists 
and/or National Register of Historical Places 
that would be affected by the development, 
and the degree to which the historical value 
would be affected. 

1. Critical or important wildlife 
habitat. - This includes the acreage and 
quality of important wildlife habitat that 
would be affected, the species that would be 
affected, and the degree to which the project 
would affect all wildlife. 

j. Important fishery habitat.-This includes 
the flatwater acreage and/or stream miles of 
fishery habitat affected, the quality of the 
habitat, and the degree of adverse impact to 
the existing fishery. 

k. Endangered species.-This includes the 
number of species of threatened and/or 
endangered plants and animals that may 
utilize the habitats that would be occupied 

by the proposed project, and the degree that 
the survival of the species identified would 
be affected. 

1. Change in water quality.-This includes 
any adverse affects to water quality 
parameters and a judgment of whether the 
project would cause the parameter value to 
exceed the standards for that parameter. 

Based on analysis of the impacts in the 
individual program areas, and considering the 
quantities affected in these areas, the proposals 
were rated on a 0 to 10 scale for overall 
environmental impacts. Those proposals for 
which essentially no adverse impacts were 
identified rated 9 or 1 0; those showing a 
possibility of significant adverse impacts rated 
in the midscale; and those for which major 
adverse impacts were identified rated 0-1. 
Evaluating only the adverse impacts emphasizes 
the negative aspects of the development; 
however, it is considered that these negative 
aspects hold the most importance in the 
decisionmaking process; therefore, any possible 
environmental benefits or enhancement w1?re 
not considered in the evaluation. 

.9. Level of Acceptability.-This factor is 
·intended to indicate the known or anticipated 
institutional, environmental, and social 
acceptability as a measure of support or 
opposition which could affect Congressional 
authorization. As an indicator of the possibility 
of Congressional authorization, it is considered 
one of the key evaluation factors. The factor 
was not in tended to measure initial reactions of 
opposition that often occur, but an estimate of 
support and opposition following development 
of acceptable plans under the Multiobjective 
Planning Procedures process with active public 
involvement. Proposals were rated on a 0-1 0 
scale for both anticipated support and 
opposition individually from: 

a. The political factors influencing 
authorization 

b. Other Federal and state agencies 
c. Local publics 
d. Environmental interest groups 
e. Special social groups 
f. Electrical power interest groups 
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Based on overall ratings for support and 
opposition, an overall rating for acceptability 
was given . The proposals showing a high degree 
of overall support and little or no opposition 
rated 9 or 10; those showing intermediate or 
balanced support and opposition rated in the 
midscale range; and those showing a high 
degree of opposition with little or no support 
rated 0 or 1. 

10. Social Impacts-This factor is intended to 
indicate the degree of adverse social impact on 
the population due to the construction and 
operation of the proposed development. In 
rating the proposals , consideration was given to 
negative social disruption typically associated 
with construction impacts and to direct adverse 
effects on population groups, especially special 
groups such as Indians. The size of population 
affected was a consideration. Also considered 
were the possible social effects caused by 
impacts on areas of national concern, such as 
recreation resources , national parks , etc., which 
have high levels of visitation or other public 
use. Based on these considerations, the 
proposals showing no adverse social impacts 
rated 9 or I 0; those showing moderate impacts 
rated in the midscale range ; and those showing 
major social impacts rated 0 or 1. 

11. Water Availability - This factor is intended 
to indicate the availability of water for the 
proposed development and the possible effects 
on other water uses. Normally, hydroelectric 
development actually consumes very little 
water. Consideration was given, however, to 
whether anticipated losses, such as evaporation 
and reservoir seepage, would be excessive and 
whether the losses from such a development 
would compete with other water uses such as 
irrigation, recreation, fish and wildlife, stream 
preservation, etc. Proposals having a readily 

Hydroelectric Plant 
plant assumed 
factor displaced 

less than 0.15 oil , gas 
0.25 oil 
0.35 oil, coal 
over 0.40 coal 

available water supply and no apparent effects 
on other uses rated 9 or 10; those having a 
readily available supply with some affects on 
other uses rated in the midscale range ; and 
those having a very limited water supply and 
major effects on other uses rated 0 or 1. 

1 2. Return on Energy Investment - Total 
energy consumption or energy balance is being 
widely proposed as a consideration in 
comparison of alternatives in project planning. 
For purposes of comparison of proposals in 
this study, a very rough comparison was made 
of the primary energy which would be invested 
in construction of the development and the 
primary energy generated. 

Primary energy invested in construction was 
estimated on the basis of construction costs at 
the rate of 33,500 Btu's (35 .37 MJ) per 1975 
dollar. Studies show this to be a representative 
value of energy in tensity for heavy 
construction such as hydroelectric pow~r 

development[8]. The average annual energy 
investment Wi."tS calculated based on a I 00-year 
project life . 

The annual value of energy generated was 
equated to the primary energy required to 
produce an equivalent amount of electrical 
energy by the most likely alternative energy 
source that would be displaced by the 
hydroelectric power development: natural gas 
or oil for the low plant factors, oil or coal for 
the medium-low plant factors , oil or coal for 
the medium plant factors, and coal for the high 
plant factors . Based on commonly accepted 
efficiencies and heat rates of the alternatives 
displaced , the following primay energy values 
were assumed for hydroelectric plants with the 
plant factors shown below: 

Assumed Primary energy 
efficiency value 

range Btu/kWh 1/MJ 

0.20 19,000 5.57 X 106 

0.25 14,500 4.25 X 106 

0.30-0 .35 12,000 3.52xl06 

0.35-0.40 9 ,500 2.79xl06 
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A plot of these points, shown in figure A-4, 
was used to estima te the primary energy value 
of annual energy production from the 
proposed hydroelect ric development. 

The ratio of the equivalent value of energy 
produced in I year to the average annual 
primary energy invested in construction was 
used to rate the proposal. Those plants 
recovering 250 times or more the primary 
energy invested rated 1 0; those recovering 125 
times rated 5; and those recovering 1 0 times or 
less rated 0. 

It is recognized that this factor is based on 
so me ve ry gross data and assumptions and, 
therefore, must be considered at best a very 
rough evaluation. It is felt, how-)ver, that the 
confidence level of this factor is commensurate 
with the o ther study data and, when used only 
for purposes of comparison of proposals 
internally within this study, it is a factor 
worthy of consideration. 
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PACIFIC NORTHWEST REGION 

Table B-1 is a display of the initial proposal 
data for all study proposals submitted by 
Reclamation's Pacific Northwest Regional 
Office in Boise, Idaho. The location of each 
potential project and study is shown on figure 
B-1. Table B-2 gives the raw factor scores for 
those proposals which were evaluated with the 
aid of computer data processing methods. 

The following pages contain a brief summary 
description of each of the study proposals. 
Where appropriate, the relative ranking of each 
proposal within its development category and 
an indication of which factors were flagged is 
given for the four scenarios. 

It should be strongly reiterated that the flags 
merely indicate areas in which the evaluation 
team judged that significant problems might be 
encountered. That judgment was based on 
evaluation of very preliminary data. 
Occurrence of a flag does not necessarily mean 
that an insurmountable problem would occur, 
nor does absence of flags mean that no 
problems could arise in respect to any of the 
factors. Definitive identification of any 
problems would occur during the proposed 
studies. 

PNOI--Hungry Horse Powerplant Enlargement 
and Reregulating Reservoir, 
Hungry Horse Project, Montana 

This p~·oposal is for a study of a potential 
200-MW powerplant (four 50-MW units) which 
would be located on the left bank of the South 
Fork of the Flathead River just below existing 
Hungry Horse Powerplant approximately 20 
miles (32 km) from Kalispell, Montana. A new 
18-foot (5.48-m) penstock would be 
constructed through the existing Hungry Horse 
Dam. A new switch yard and 7 miles ( 1 I km) of 
230-kV transmission line would be included. 
Net average annual generation would be 
approximately 114 GWh ( 410 TJ). A new 
60-foot (18.3-m) high reregulating dam would 
be located about 2-1/2 miles ( 4 km) 
downstream from Hungry Horse Dam. 
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Category: Conventional 
Po werplan ts- Additions 
Reclamation Facilities 

Scenario Category 
ranking 

Most likely 5/31 
Environmental 10/31 
Energy I / 31 
Economic 6/31 

Hydroelectric 
to Existing 

Factors 
flagged 

None 
None 
None 
None 

PN 02-Palisades Powerplant Enlargement, 
Palisades Project, Idaho 

The principal feature to be evaluated in this 
proposed study would be a potential 90-MW 
(4-unit) addition to the existing 118.75-MW 
Palisades Powerplant. The power tunnel for the 
new addition would branch off the existing 
power tunnel. Palisades Powerplan t is located 
approximately 75 miles (121 km) east ofldaho 
Falls, Idaho. An enlarged swltchyard and 60 
miles (97 km) of 115-k V transmission line 
wo uld be required. Net average annual 
generation from the addition would be about 
263 GWh (947 TJ) . An afterbay for 
reregula tion of flow and/ or raising Palisades 
Dam are additional development 
considerations. 

Category : Conventional 
Po werp Ian ts- Additions 
Reclamation Facilities 

Scenario 

Most likely 
Environmental 
Energy 
Economic 

Category 
ranking 

9/31 
19/31 
4/31 
8/31 

Hydroelectric 
to Existing 

Factors 
flagged 

None 
None 
None 
None 

PN04-Arrowrock Dam Powerplant, 
Boise Project, Idaho 

This proposal is for a study of a potential 
50-MW powcrplant which would be located on 
left abutment downstream from existing 
Arrowrock Dam on the Boise River, 



Table B-1. - Proposals from Pacific Northwest Region 
Initial proposal data 

WRC~ Type Head lnst Net annual New B/C On- Exist 
l.U. Des cription State reg Stream of (ft) (m) cap ~eneration investment ratio line data 

dev 1 (MW) (G ) (TJ) C0.5t ($1,000) date level 

PNOI Hungry Horse Powerplant Enlargement fiT 1702 Flathd, Sfk HY-A 480 146 200 . 0 114.0 410.4 62.053 I. 76 1986 Appr 2 

PN02 Palisades Powerplant Enlargement ID 1705 Snake R HY-A 237 72 90 . 0 262 . 8 946 . I 52.309 2.09 1986 Appr 
PNO~ Arrowrock Dam Powerplant !D 1706 Boise R HY-A 198 60 so. 0 175 . 2 630 . 7 34 , 170 1.68 1986 Rough 
PNOS Cascade Dam Powerpl ant ID 1706 Payette Nf HY-A 69 21 12 . 0 52 . 6 189.2 10 ,002 I. so 1986 Rough 
PN06 Spruce Park Dam. and Powerplant f.IT 1702 Flathd Mfk HY - N 400 121 380.0 S70 . 0 OS2 .0 460.732 .90 1989 Appr 
PN07 Smoky Range Dam and Powerplant f.IT 1702 Flathd, Nfk HY-N 370 112 330 . 0 710.0 2 SS6.0 268.763 l.S8 1988 Appr 
PN08 Sloan Bridge Dam and Powerplant f.IT 1702 Flathead R HY-N ISO 4S 412.0 876.0 3 153 . 6 378 . 374 1.34 1988 Appr 
PN09 Nine Mile Prairie Dam and Powerplant f.IT 1702 Blackfoot HY-N 300 91 92 . 0 254 .0 914 .s 153,141 1.00 1987 Appr 
PNIO Husum-Mountain Brook Pl.l1lped-Storage WA 1700 Wht. Salmon PS-N 1 , 100 335 1,500 . 0 -I, 752.0 -6 307.2 500 , 165 I. 78 1991 Appr 
PNll Guffey Dam and Powerplant ID 1706 Snake R HY-N 190 57 8S .0 613.2 2 207 . s 104) 380 1.4S 1988 Feas 3 

PN12 Garden Valley-Scriver Creek. Complex ID 1706 Payette R HY-N I. 200 365 844 .o 534.0 922.4 S34 ,859 1.64 1991 Feas 
PNI3 Scriver Creek. Unit ID I 706 Payette Nf HY-N 1,200 36S I07. s 636.0 289.6 144,971 1.06 1988 Feas 
PN16 lynn Crandall Dam and Powerplant ID 1705 Snake R HY-N 290 88 455.0 1,139.0 4 100.4 383,SS9 1.41 1991 Appr 
PN18 Wickiup Dam Powerplant OR 1710 Deschutes HY-A 76 23 10.0 40.0 144.0 9,160 1.40 1986 Rough 
PNI9 Black Canyon Dam ID 1700 Payette R HY-A 85 2S 12.0 53.0 190 . 8 8, 702 I. 37 198S Rough 
PN20 Deadwood Dam ID 1700 Deadwood R HY-A 137 41 7. 0 22.0 79.2 6,003 1.04 1985 Rough 
PN21 Dry Falls l>a.m Powerplant WA 1709 Columbia R LOW! I 27 8 20.0 25 .o 90.0 21 , 400 .92 198S Rough 
PN22 We s t Canal Drop Powerplant WA 1709 Columbia R HY-A 63 19 9 . 0 26.3 94.7 14,898 .80 1985 Rough 
PN23 O'Sullivan 0&111 Powerplant WA I 709 L. Crab Ck LOWH 123 37 6.0 26.3 94.7 5,921 1.09 198S Rough 
PN 24 Island Park Dam Powerplant ID 1705 llenrys Frk HY-A 160 48 6. 0 27 . 0 97.2 11 , 746 .66 1986 Rough 
PN 25 Jackson Lake Dam Powerplant WY I 70S Snake R LOW! I 68 20 10 . 0 44.0 158.4 9,190 1.38 198S Rough 
PN26 <Myhee Dam Powerplant OR 1706 Owyhee R HY -A 30S 92 7. 0 35.0 126 . 0 3,640 2.29 198S Rough 
PN27 Cle Elum Dam Powerplant WA 1704 Cle Elum R HY-A 132 40 20 . 0 79 . 0 284 . 4 IS,S49 1.69 198S Rough 
PN28 Tieton Dam Powerplant WA 1704 Tieton R HY-A 114 34 30 . 0 88 . 0 316 . 8 22,577 1.49 198S Rough 
PN29 Prineville D:un Powerplant OR 17 10 Crooked R I!Y -A IS2 46 8 . 0 35.0 126.0 10,432 . 97 1985 Rough 
PN30 Anderson Ranch-Little Camas 

Pumped-Storage ID 1706 Boise Sfrk PS-A 769 234 soo .0 - 200.0 -720 . 0 223. S20 1.14 1991 Rough 
PN31 Lake Lowe 11-Snake River 

Pumped-Storage ID 1700 Snake R PS-A 350 106 48 .0 -14.4 -51.8 61 , 439 . 41 1987 Rough 
PN32 SW!ITier Falls Pot.'erplant WA 1709 Columbia R I!Y -A 163 49 1!0.0 263 . 0 946.8 61,264 2 . 17 1987 Rough 
PN33 '!Win Falls Low Line Canal Pot.'er Drop ID 1705 Snake R HY-N 95 28 8.6 28.7 103.3 10,340 1.18 1985 Rough 
PN34 Potholes Canal Chute 3480+43 

Power Drop WA 1709 L. Crab Ck HY-A 348 106 6. s 17. s 63.0 3,640 1.90 198S Rough 
PN35 Potholes Canal Chute 1158+00 

Power Orop WA 1709 L. Crab Ck LOW! I 148 4S 6.9 17. s 63 . 0 6,596 1.19 1985 Rough 
PN36 Esquatzel Diversion Canal Power Drop WA 1709 Columbia R HY-A 112 34 7. 2 26.0 93.6 6, 708 1.09 1985 Rough 
PN37 Soda Lake to Lower Crab Ck.. 

Power Drop WA 1709 L. Crab Ck HY-A 120 36 10 . 0 38 .s 138.6 10,081 1.08 1985 Rough 
PNJ8 Three Forks Dam and Powerplant OR 1706 Owyhee R HY-N 360 I09 28 . 0 114.6 412 . 6 71,435 .43 1988 Appr 
PN39 Alpine Dam and f"owerplant, 

Snake Narrows 'rfY I 70S Snake R HY-N 270 . 0 788.6 839.0 285,658 1.43 1991 Rough 
PN40 Anderson Ranch-Litth Camas 

IHnd Generator ID 1706 N.A. SOLR (Data not applicable for this proposal) Rough 
PN4I Lake Lowell Solar Generator 10 1700 N.A. SOLR (Data not applicable for this proposal) Rough 
PN42 Husum·Hountain Brook Wi nd Generator WA 1700 N. A. SOLR (Data not applicable for this proposal) Rough 
PN43 Geothermal Municipal Heating, Idaho !0 1700 N.A. GEOT (Data not app1 icable for this proposal) Rough 
PN44 Geo thermal Municipal Heating, Oregon OR 1700 N.A. GEOT (Data not applicable for this proposal) Rough 
PN4S Colville Indian Res. Solar Generator WA 1700 N.A. SOLR (Data not applicable for this proposal) Rough 
PN48 Geothermal Studies-Pacific Northwest 1700 N. A. GEOT (Data not applicable for this proposal) Rough 
PN49 Pacific Northwest Power Study 1700 N. A. GENL (Data not applicable for this proposal) Rough 
PNS7 Geothermal Greenhouses, Idaho ID 1700 N.A. GEOT (Data not applicable for this proposal) Rough 
PNS8 Geothermal Greenhouses, Oregon OR 1700 N.A. GEOT (Oat a not applicable for this proposal) Rough 
PNS9 Geothermal Greenhouses, Washington WA 1700 N. A. GEOT (Data not applicable for this proposal) Rough 
PN61 Grand Coulee Powerplant Uprating WA 1700 Columbia R UPRT (Data not applicable for this proposal) 1980 Rough 
PN6 2 lhm.gry Hors e Powerplant Uprating ~IT 1702 Flathd, Sfk UPRT (Data not applicable for this proposal) 1980 Rough 

Totals 6,197. 7 5,775.4 20 79!.4 3,967,377 

1 UPRT = Conventional Hydroelec tric Powerplants Uprating Existing Units PS-N • Pumped-Storage . All Ne'.<f Facilities 
I!Y -A • Conventional Hydroelectric Powerplants Additions at F. x i s ting Reclamation Facilities GEOT 11 Geothermal Energy 
IJY-N = Conventional Hydroelectric Powerp lants All New Facilities SOLR .. Solar Energy 
LOWH • Low-head Hydroelectric Powerplants GENL • General Hydroelectric Inventory 
PS-A • Pumped-Storage - Using Existing Reclamation Facilities 

2 Appraisal 
3 feasibility 
'* !Vi\tcr Resources Council region number 
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Figure B-1. Pacific Northwest Region-locations of proposed studies. 





Table B-2. - ProposaLs from Paaific Northwest Region 
Unweighted average factor scores 

Individual Factor Mean Scores (Range 0 to 10) 
JD so 3 MN COR" ST OV 5 I. D. Factors 1 

2 3 4 5 6 7 8 9 10 11 12 Score2 

1 PNOI 4.53 2.54 9.00 7.17 10.00 9.00 10.00 8.67 8.33 9.17 10.00 3. 76 92 .33 .81 .10 
2 PN02 3.03 3.80 9.00 8.17 10 . 00 9.00 10.00 7.83 5.67 8.50 9.33 5.88 90 .51 .86 .12 
3 PN04 1.89 3.15 9.00 7.83 10.00 9.17 10.00 9.83 8.17 9 . 33 10.00 5.11 93 .33 .84 .12 
4 PN05 .48 1. 75 9.00 8.17 8.51 7.50 10.00 9.83 8.00 9.50 10.00 4.46 87 .29 .90 .07 
5 PN06 6.06 5.31 6.0 1.17 2. 51 3 . 33 4 . 10 .so 1.00 4.00 5.33 1.16 40 .61 .94 .04 
6 PN07 5.68 5.83 7.09 1.17 9.31 6.67 5.60 .so .83 2 . 50 4.83 3.07 52 .52 .98 .02 
7 PN08 6.23 6.32 7.00 1.17 6.91 5.33 4.65 2.83 2.67 5.17 5.50 2.65 56 .56 .92 .04 
8 PN09 3.06 3.73 8.00 1. so 3.51 4.00 . 7.93 3.50 2.17 5.83 4.67 .98 48 .47 .91 . 04 
9 PNIO 10.00 0.00 5.00 .67 10.00 7.17 3.83 9.00 6 . 83 8.50 8.00 0.00 68 . 29 .99 .01 

10 PNll 2.91 5.47 7.00 2.33 8.01 8.5 ) 9.15 3.00 5.17 6.83 8.33 5.16 71 .71 .81 .26 
11 PN12 8.05 5.18 5.00 0.00 9.91 7.33 3.61 3.33 3.00 6.00 5.83 O.Oj) 57 .46 .96 . 02 
12 PN13 3.31 5.56 7.00 0.00 4.11 8.00 8.15 5 . 00 6.00 8.00 8.00 3.48 66 .38 .98 .01 
13 PNI6 6.47 7.01 5.00 . so 7.61 7.17 4.61 2.17 2.00 4.50 6 . 33 3.22 56 .42 .97 .02 
14 PN18 .40 1. so 9 . 00 9.00 7.51 7.67 10.00 9.50 7.83 9.00 9.17 3.66 84 .29 .87 .07 
15 PN19 .48 1. 76 10.00 8.50 7.21 8.50 10.00 10.00 8.17 9.67 9.33 5 . 41 89 .47 .62 .32 

ttl 
16 PN20 . 28 1.14 10.00 8.33 3 . 91 7.00 10.00 10.00 8.33 9.00 9.17 3.53 80 • 27 .85 .13 

I 17 PN21 .80 1.40 10.00 8.17 2.71 2 . 67 10.00 9.00 8.17 10.00 9.00 1. 72 73 .30 .98 .01 
-....) 18 PN22 . 36 1. 23 10.00 7.67 1.51 2.67 10.00 9.50 8.50 9.83 8.83 1.09 71 .54 .95 ,02 

19 PN23 . 24 1.23 10.00 7.33 4.41 6.83 10.00 9.67 8.67 9.83 9.00 3.54 80 .41 .84 .17 
20 PN24 .24 1.24 9.00 8.00 .11 2.50 10.00 8. 83 6.33 8.00 9.00 1.11 64 .46 .97 .02 
21 PN25 .40 1.58 10.00 8.50 7.31 7.67 10.00 7.80 3.50 3.83 9.17 3.93 73 .80 .90 .07 
22 PN26 .28 1.40 10.00 8.00 10.00 9.67 10.00 9.00 7.67 8.83 8.50 9.41 92 .30 .77 .14 
23 PN27 .80 2.16 10.00 7.33 10.00 8.50 10.00 10.00 7.50 8.83 9.67 4.57 89 .39 .91 .07 
24 PN28 1.18 2 . 26 10.00 7.67 8.41 8.00 10.00 9.67 7.67 9.00 9.17 4.22 87 .39 .69 .23 
25 PN29 .32 1.40 10.00 7.00 3.21 5.17 10.00 6.67 4.00 8.83 4.83 2.31 63 .51 .89 . 09 
26 PN30 6. 72 0.00 5.00 6.83 7.51 5.33 6.18 5.33 5.83 6.83 4.83 0 . 00 60 .41 . 78 .13 
27 PN31 1.82 0.00 8.00 7 . 00 0.00 .33 10.00 7.00 3.83 5.50 6.83 0.00 so .70 .93 .04 
28 PN32 3.35 3.80 8.00 7.00 10.00 7. 33 10.00 5.83 3.83 5.50 4.67 5.68 74 .36 .93 .04 
29 PN33 .34 1.27 10.00 7.17 5.31 4.50 10.00 10.00 9.00 9.83 8.17 2.15 77 .32 .97 .02 
30 PN34 .26 1.05 10.00 7.33 10 . 00 6.50 10.00 10.00 9.17 10.00 8.83 5.85 88 .34 .90 .07 
31 PN35 .28 1.05 10.00 7.17 5.41 4.00 10.00 10.00 9.00 10.00 9.00 2.62 78 .16 .98 .02 
32 PN36 ,29 1.22 10.00 8.00 4.41 5.17 10.00 8.67 7.17 9.83 8.83 3.36 76 .37 .93 .04 
33 PN37 .40 1.47 10.00 7.50 4.31 4.00 10.00 8.17 6.33 9.83 7.17 3.06 72 .35 .96 .02 
34 PN38 1.11 2.55 7.00 .67 0.00 1.33 9.98 4.17 2 . 67 8 . 17 4.0Q .42 42 .60 .96 .02 
35 PN39 5.20 6.09 5.00 .67 7.81 5.17 5.42 1.50 1.50 5.50 4.67 2. 55 51 .56 .96 .02 

1 Factor 1 = New Installed Capacity Factor 2 = Net Average Annual Generation 
Factor 3 = Earliest Online Date Factor 4 m Structural Features Proposed 
Factor 5 = Benefit-Cost Ratio Factor 6 = Marketability 
Factor 7 = Total New Investment Cost Factor 8 = Environmental Impacts 
Factor 9 = Level of Acceptability Factor 10 m Social Impacts 
Factor 11 = Water Availability Factor 12 = Return on Energy Investment 

2 Score = Unweighted Total Proposal Score 
3 JD SO = Judges Standard Deviation 
4 ~IN COR = ~lean Correlation 
5 ST DV = Standard Deviation 



approximately 20 miles (32 km) from Boise, 
Idaho. The poten tial development would 
inctude installation of two 25-MW units in the 
new powerplan t, a 26-foot (7 .9-m) diameter 
penstock through the existing dam, new 
switchyard, and about 20 miles (32 km) o f 
138-kV transmission line. Net average annual 
generation would be abou t 175 GWh (630 TJ). 

Categor y: Co nve ntional 
Powerp Ian t s- Additions 
Reclamation Facilities 

Scenario Category 
ranking 

Most likely 4 /3 1 
Environmental 4 /31 
Energy 5/3 1 
Economics 5/31 

PNOS- Cascade Dam Powerplant, 
Boise Project, Idaho 

Hydroelectric 
to Existing 

Factors 
flagged 

None 
None 
None 
None 

This proposal is for a study of a potential 
12-MW powerplant which would be located 
downstream from existing Cascade Dam on the 
North Fork of the Payette River near Cascade, 
Idaho. The powerpla nt would utilize the 
existing 12-foot (3.7-m) diameter diversion 
tunnel for penst ock. About 5 miles (8 km) of 
69-kV transmission line would be constructed. 
Net average annual generation would be 
approximately 53 GWh (191 T.J). Ex isting 
obsolete privately owned powerplant would 
remain as is. 

Category: Conve n tiona! 
Powerp 1 a nt s- Additions 
Reclamation Facilities 

Scenario Category 
ranking 

Most likely 13/3 1 
Environmental 8/3 1 
Energy 14/3 1 
Economics 13/3 1 

Hydroelectric 
to Exis tin g 

Factors 
flagged 

None 
None 
None 
None 
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PN06-Spruce Park Dam, Reservoir, and 
Powerplant, Flathead River Project, 
Montana 

This proposal is for a study of a potential 
development on the Middle Fork of the 
Flathead River about 3 0 miles ( 48 km) east of 
Kalispell, Montana. New facilities would 
inc lud e a dam and reservoir of 
400 ,000-acre-fee t (493 x 106 -m 3

) total 
capacity, a 3 80-MW powerplant on the existing 
Hungry Horse Reservoir, a diversion tunnel 
from the Middle Fork to the South Fork of the 
Flathead River, switchyard, and 30 miles ( 48 
km) of two 230-kV transmission lines. Net 
average annual generation would be 570 GWh 
(2052 TJ). Public Law 94-486 of October 12, 
1976, designated this part of the Middle Fork 
of the Flathead River as a wild and scenic river. 

Category : Conventional Hyd roelect ric 
Powerplants-Ail New Facilities 

Scenario 

Most Likely 

Environmental 

Energy 

Economic 

Category Factors 
ranking fl agged 

14/17 b/c ratio, 
market
ability, 
environ
mental , 
accept
ability 

16/17 Environ-

12/17 

15/ 17 

mental, 
accept
ab ility, 
social 

Marke t
ability, 
environ
mental, 
accept
ability 

b/c ratio, 
market
ability 
environ
mental , 
accept
abili ty 



PN07-Smoky Range Dam, Reservoir, and 
Powerplant, Montana 

Project located on the North Fork of the 
Flathead River approximately 30 miles north 
of Kalispell, Montana. New features would 
include : dam and reservoir of 
1 ,650,000-acre-foot capacity, 330-MW 
powerplant, switchyard, and 10 miles of two 
230-kV transmission lines. Net annual 
generation would be 710 GWh. Public Law 
94-486 of October 12, 1976, designated this 
part of the North Fork of the Flathead River as 
a wild and scenic river. 

Category: Con ven tio nal Hydroelectric 
Powerplants-All New Facilities 

Scenario 

Most likely 

Environment 

Energy 

Economic 

Category 
ranking 

10/17 

14/17 

7/17 

6/17 

Factors 
flagged 

Environment, 
accept
ability, 
social 

Environment, 
accept
ability, 
social 

Environment , 
accept
ability, 
social 

Environment, 
accept
ability , 
social 

PN08-Sloan Bridge Dam, Reservoir, and 
Powerplant, Montana 

This proposal is for a study of a potential 
development which includes a new dam and 
reservoir with total storage capacity of 512,000 
acre-feet ( 6 31 552 000 m 3

) located on 
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Flathead River approximately 50 miles (80 
km) north of Missoula, Montana. Other 
features include new 412-MW powerplant, 
switchyard, and 20 miles (32 km) of two 
230-kV transmission lines . Net average annual 
generation would be 876 GWh (3154 TJ). 

Category: Co nven tiona! Hydroelectric 
Powerplants-All New Facilities 

Scenario 

Most likely 

Environment 

Energy 

Economic 

Category 
ranking 

7/17 

8/17 

5/17 

8/17 

Factors 
flagged 

Environ
mental, 
accept
ability 

Environ
mental , 
accept
ability 

Environ
mental, 
accept
ability 

Market
ability, 
environ
mental, 
accept
ability 

PN09--Ninemile Prairie Dam, Reservoir, 
and Powerplant, Montana 

This proposal is for a study of a potential 
development located on the Blackfoot River 
about 15 miles (24 km) east of Missoula , 
Montana . Fea tures include a new dam and 
reservoir of 1 , 000 , 000-acr e -f eet 
(1 234 000 000-m 3

) total capacity, a 92-MW 
powerp1ant, switchyard, and 15 miles (24 km) 
of 230-kV transmission line. Net average 
annual generation would be 254 GWh (914 
TJ). 



Catego ry : Conventional Hydroelectric 
Powerplants-All New Facili ties 

Scenario 

Most likely 

Environmental 

Energy 

Economic 

Category 
ranking 

12/17 

10/17 

13/17 

12/1 7 

Factors 
flagged 

Market-
ability, 
environ
mental, 
accept-
ability 

Environ
mental, 
accept
ability 

Accept
ability 

b/c ratio, 
market
ability, 
environ
menta l, 
accept
ability 

PNlO--Husum- Mountain Brook Pumped-
Storage Plant, Washington · 

This proposal is for a study of a potential 
pumped-storage development to be loca ted 
near White Salmon, Washington. H.usum Dam 
would be constructed on Rattlesnake Creek 
creating a reservoir with a capacity of 51 ,000 
acre-feet (63 000 000 m3 ) to serve as the lower 
reservoir. Mountain Brook Dam and reservoir 
would be constructed on the West Fork of 
Majo r Creek and would act as the upper 
reservoir with a capacity of 40,000 acre-feet 
(49 000 000 m3 ) . The head between the two 
reservoirs would be 1,100 feet (335m). Also to 
be constructed would be a I ,500-MW 
powerplant , waterways, and about 40 miles ( 64 
l<m) of 500-kV transm ission line to service 
load centers in the Lower Columbia River 
Basin. The plant would generate 3,504 GWh 
(12 600 TJ) annually and consume 5,256 GWh 
for pumping, giving a net average annual 
generation of - I ,752 GWh ( - 6307 TJ). 

Category: Pum ped Storage-All New 
Facilities 

Scenario Category Factors 
ranking flagged 

\1ost likely 2/1 5 None 
Environmental 2/15 None 
Energy 2/15 None 
Economic 6/15 None 

PN 11-Guffey Dam, Reservoir, and Power
plant , SWIWD ]>roject, Idaho 

This proposal is for a study of a po tential 
project which would be located approximately 
25 miles ( 40 km) south of Nampa, Idaho. 
Facilities to be constructed on Snake River 
include a dam and reservoir with a capacity of 
332,000 acre-feet (410 000 000 m3 ), an 
85-MW powerplant and switchyard , and 40 
miles (64 krn) of 138-kV transmission line. Net 
average annual generation would be 613 GWh 
(2207 TJ). Plan originally was presented i n a 
1966 feas ibility report on Mountain Home 
Division of SWIWD (Southwest ldctho Water 
Development) Project 

Ca tc.go ry: Co nven tiona! Hydroelectric 
Powerplants-All New Facilities 

Scenario Category Factors 
ranking flagged 

Most likely 2/ 17 Environmental 
Environment 4/17 Environmental 
Energy 2/17 None 
Economic 2/17 Environmental 

PN 12-Garden V alley- Scriver Creek Power 
and Storage Complex , Garden Valley 
Division of SWIWD Project, Idaho 

This proposal is fo r a study of a potential 
project which would be located on the north 
and south forks of the Payette River 35 miles 
(56 km) north of Boise, Idaho. Plan would be 
to divert North Fork water to Scriver Creek 
and then to .South Fork for storage in proposed 
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Garden Valley Reservoir. Features would 
include: North Fork Diversion Dam, Upper 
Scriver Creek Powerplant , Lower Scriver Creek 
Powerplant (with pumped storage), Garden 
Valley Dam, Reservoir, and Powerplant, 
reregulating dam and reservoir below Garden 
Valley; switchyards; and 51 miles (82 km) of 
230-kV transmission line. Total new installed 
capacity wo uld be 844 MW. Net average annual 
generation from the complex wo uld be 534 
GWh (1922 TJ) . Proposed project was included 
in 1966 feasibility report on SWIWD Project. 
This proposal is considered an alternative to 
PN13-Scriver Creek Unit. 

Category: Conventional Hydroelectric 
Powerplants--Ail New Facilities 

Scenario 

Most likely 

Environmental 

Energy 

Economic 

Category 
ranking 

7/17 

6/17 

3/17 

5/17 

FRctors 
flagged 

Environ
mental, 
accept
ability 

Environ
mental, 
accept
ability 

Accept
ability 

Environ
mental, 
accept
ability 

PN 13-Scriver Creek Unit, Garden Valley 
Division of SWIWD Project, Idaho 

This proposal is for a study of a potential 
development which would be located on the 
north and south forks of the Payette River 35 
miles (56 km) north of Boise, Idaho . The plan 
would be to divert North Fork water to Scriver 
Creek and then to the South Fork by two 
tunnels. New facilities would include a 
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diversion dam on the North Fork, a dam on 
Scriver Creek , and two powerplants to develop 
the overall elevation difference of some I ,200 
feet (370m) . Switchyards and 50 miles (80 
km) of 230-kV transmission line would be 
required. The two powerplants would have a 
combined installed capacity of 107.5 MW. Net 
average annual generation would be 636 GWh 
(2290 TJ). The potential Scriver Creek Unit 
was a component of the overall Scriver 
Creek-Garden Valley power and storage 
complex included in the 1966 feasibility report 
on SWIWD Project. This proposal is considered 
as an alternative to PN 12 Garden 
Valley-Scriver Creek Power and Storage 
Complex. 

Category: Conventional Hydroelectric 
Powerplants-All New Facilities 

Scenario Category Factors 
ranking flagged 

Most likely 4/17 None 
Environmental 3/17 Environmental 
Energy 6/17 None 
Economic 3/17 b/c ratio 

PN16-Lynn Crandall Dam, Reservoir, and 
Powerplant, and Palisades Powerplant 
Enlargement, Idaho 

This proposal is for a study of a potential 
development which includes a new dam and 
reservoir with total capacity of I ,620,000 
acre-feet (2 x 109 m 3

) located on Snake River 
30 miles (48 km) east of Idaho Falls, Idaho, 
and 29 miles ( 4 7 km) downstream from 
existing Palisades Dam . Other features include 
a new powerplant at Lynn Crandall Dam of 
310 MW, a reregulating dam 7 miles (11 km) 
downstream , an enlargement of 135 MW at 
Palisades Powerplant, switchyards, and 45 
miles (72 km) of two 161-k V transmission 
lines. Net average annual generation would be 
1,139 GWh (4100 TJ) . 



Category: Conventional Hydroelectric 
Powerplants-All New Facilities 

Scenario 

Most likely 

Environmental 

Energy 

Economic 

Category 
ranking 

8/17 

11/17 

4/17 

7/17 

PN18-Wickiup Dam Powerplant, 
Deschutes Project, Oregon 

Factors 
flagged 

Environ
mental , 
accept
ability 

Environ
mental, 
accept
ability, 
social 

Environ
mental, 
accept
ability 

Environ
mental, 
accept
ability 

This proposal is for a study of a potential 
1 0-MW powerplant which would be located on 
existing outlet works conduits near the existing 
stilling basin below Wickiup Dam, about 10 
miles ( 16 km) west of Lapine , Oregon . A new 
switchyard and 15 miles (24 km) of 69-kV 
transmission line would be required. Net 
average annual generation would be 40 GWh 
(144 TJ). 

Category: Con ven tiona! 
Powerpl ants- Additions 
Reclamation Facilities 

Scenario 

Most likely 
Environmental 
Energy 
Economic 

Category 
ranking 

14/31 
15/31 
16/31 
15/31 

Hydroelectric 
to Existing 

Factors 
flagged 

None 
None 
None 
None 

PN19-Black Canyon Dam, 
Boise Project, Idaho 

This proposal is for a study of a potential 
12-MW powerplant which would be added to 
the existing 8-MW plant at Black Canyon Dam 
located on the Payette River about 2 miles (3.2 
km) from Emmett, Idaho. A new 12-foot 
(3.7-m) diameter penstock would be 
constructed through the existing dam. Existing 
transmission system is considered to be 
adequate. Net average annual generation would 
be 53 GWh (191 TJ). 

Category : Conventional 
Po werplan ts-Ad di tions 
Reclamation Facilities 

Scenario Category 
ranking 

Most likely I 0/31 
Environmental 7/ 31 
Energy 11/31 
Economic 11/31 

Hydroelectric 
to Existing 

Factors 
flagged 

None 
None 
None 
None 

PN20--Deadwood Dam Powerplant, 
Boise Project, Idaho 

This proposal is for a study of a potential 
7-MW powerplant which would be located on 
an existing outlet works at the base of 
Deadwood Dam, approximately 25 miles (40 
km) southeast of Cascade, Idaho. A switchyard 
and 35 miles (56 km) of 69-kV transmission 
line would be constructed. Net average annual 
generation would be 22 GWh (79 TJ) . 

Category: Con ven tiona! 
Powerp1an ts -Additions 
Reclamation Facilities 

Scenario Category 
ranking 

Most likely 19/31 
Environmental 16/31 
Energy 21/31 
Economic 20/31 

Hydroelectric 
to Existing 

Factors 
flagged 

None 
None 
None 
b/c ratio 
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PN2l-Dry Falls Dam Powerplant, 
Washington 

This proposal is for a study of a potential 
powerplant which would utilize the 27-foot 
(8-m) drop from the existing Dry Falls Dam to 
the existing Main Canal to generate power 
through a 20-MW bulb turbine. Dry Falls Dam 
is located near Coulee City, Washington. Three 
existing conduits at the headworks would be 
manifolded to one penstock for the 
powerplant . Existing irrigation releases would 
be used to generate power during 7 months of 
the year. Net average annual generation would 
be 25 GWh (90 TJ) . Five miles (8 km) of 
115-kV transmission line would be required to 
tie in to the existing BP A power system. 

Category: Low-Head Hydroele c tric 
Powerplants 

Scenario Category Factors 
ranking flagged 

Most likely 6/8 b/c ratio, 
market-
ability 

Environmental 6/8 Market-
ability 

Energy 7/8 Market-
ability 

Economic 7/8 b/c ratio , 
market-
ability 

PN22-West Canal Drop Powerplant, 
Columbia Basin Project, Washington 

This proposal is for a study of a potential 
9-MW powerplant which would be located next 
to existing West Canal chute about 5 miles (8 
km) east of Quincy, Washington. A new 
17 .5-foot (5.3-m) diameter penstock would be 
constructed parallel to the West Canal chute to 
utilize the existing 63 feet (19m) of head. A 
new switchyard and 1 mile ( 1.6 km) of 115-kV 
transmission line would be · required. Net 
average annual generation would be 26.3 GWh 
(95 TJ). 

Category: Con ven tiona! Hydroelectric 
Powerplan ts-Ad d i tions to E xis ting 
Reclamation Facilities 

Scenario Category Factors 
ranking flagged 

Most likely 26/31 b/c ratio, 
market-
ability 

En vi ronm en tal 18/ 31 Market-
ability 

Energy 28/31 Market-
ability 

Economic 28/31 b/c ratio, 
market-
ability 

PN23-0'Sullivan Dam Powerplant, 
Washington 

This proposal is for a study of a potential 
6-MW bulb turbine which would be installed at 
the headworks of the existing Potholes Canal at 
the existing O'Sullivan Dam located about 12 
miles (19 km) south of Moses Lake, 
Washington. The plant would utilize the drop 
of from 10 to 26.5 feet (3 to 8 m) and would 
be operated to utilize the present irrigation 
releases. The existing tunnel would be steel 
lined and a new powerplant and bypass would 
be constructed. Twenty miles of 115-kV 
transmission line would be required to tie into 
the existing BPA power system. Net average 
annual generation would be 26.3 GWh (95 TJ). 

Category: Low-H ea d Hydroele c tric 
Powerplants 

Scenario Category Factors 
ranking flagged 

Most likely 2/8 None 
Environmental 5/ 8 None 
Energy 2/8 None 
Economics 2/8 b/c ratio 
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PN24-Island Park Dam Powerplant, 
Minidoka Project, Idaho 

This proposal is fo r a study of a potential 
6-MW powerplant which would be located 650 
feet ( 198 m) downstream of the existing Island 
Park Dmn near Ashton, Idaho. The powerplant 
would be served by a 12-foot (3.7-m) diameter 
penstock. Two miles (3.2 km) of 46-kV 
transmission line and a switchyard would be 
included. Net average annual generation would 
be 27 GWh (97 TJ). 

Category: Conventional 
Powerplan ts - Additions 
Reclamation Facilities 

Scenario Category 
ranking 

Most likely 29/31 

Environmental 26/31 

Energy 31 /31 

Economic 30/31 

Hydroelectric 
to Existing 

Factors 
flagged 

b/c ratio, 
market-
ability 

b/c ratio , 
market-
ability 

b/c ratio, 
market-
abi lity 

b/c ratio, 
marke t-
ability 

PN25-Jackson Lake Dam Powerplant, 
Wyoming 

This proposal is for a study of potential 
powerplant at Jackson Lake Dam located near 
Moran, Wyoming. A section of the existing 
dam would be removed and replaced with a 
bulkhead and 1 0-MW bulb-tmbine powerplant. 
The present flow release patterns from the dam 
would be used to generate 44 GWh (158 TJ) of 
power annually. Four miles (6.4 km) of 69-kV 
transmission line would be required to tie into 
the existing BPA power system. Jacks-on Lake 
Dam is owned by private irrigators and Jackson 
Lake is a key feature of Grand Teton National 
Park. 

C a tegory: Low-Head Hydroelectric 
Powcrplants 

Scenario Category Factors 
ranking flagged 

Most likely 7/8 Accept-
ability , 
social 

Environmental 8/8 Accept-
ability, 
social 

Energy 5/8 Accept-
ability 

Economic 4/8 Accept-
ability, 
social 

PN26-0w-yhee Dam Powerplant , Owyhee 
Project, Oregon 

This proposal is for a study of a potential 
7-MW powerplant which would be loca ted on 
the left bank of the Owyhee River downstream 
from existing Owyhee Dam, I 0 miles ( 16 km) 
southwest of Adrian, Oregon. One of the two 
existing 6··foot ( 1.8-m) diameter penstocks 
stubbed off in the left side of the dam would 
be used. Three hundred and fifty feet (107m) 
of new penstock would be constructed to the 
proposed powerp1ant. A new switchya rd and 1 
mile ( 1.6 km) of 69-kV transmission line 
would also be required. Net average annual 
generation would be about 35 GWh (126 TJ ). 

Catego ry: Con ven tiona! 
Powerp1an ts - Ad d it ions 
Reclamation Facilities 

Scenario C.ategory 
ranking 

Most likely 7/3 1 
Environmental 13/31 
Energy 8/31 
Economic 4/31 

Hydroelectric 
t o Existing 

Factors 
flagged 

None 
None 
None 
None 
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PN27-Cle Elum Dam, Yakima Project, 
Washington 

This proposal is for a study of a potential 
20-MW powerplant which would be 
constructed alongside the existing stilling basin 
at Clc Elum Dam on the Cle Elum River about 
10 miles ( 16 km) northwest of CJe Elum, 
Washington. The existing outlet tunnel would 
be utilized for the powerplant. The outlet 
works wou.ld be modified so that flows could 
bypass the powerplant. A new switchyard and 
15 miles (24 km) of 115-kV transmission line 
would be constructed. Net average annual 
~eneration would be 79 GWh (284 T J). 

Category: Conven tiona! 
Powerpl an ts- Addi t ions 
Reclamation Facilities 

Scenario Category 
ranking 

Most likely 8/31 
Environmental 12/31 
Energy 9/31 
Economics 9/31 

Hydroelectric 
to Existing 

Factors 
flagged 

None 
None 
None 
None 

PN28---Tieton Dam Powerplant, Yal(ima 
Project, Washington 

This proposal is for a study of a potential 
30-MW powerplant which would be located on 
the right side of Tieton River below existing 
Tieton Dam, approximately 30 miles (48 km) 
west of Yakima , Washington. A new 14-foot 
(4.3-m) diameter penstock, I ,650 feet (503 m) 
long, would be constructed through the right 
abutment. A new switchyard and 25 miles (40 
km) of 1 15-k V transmission line would also be 
constructed. Net average annual generation is 
88 GWh (317 TJ) . 
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Category: Conven tio na! 
Powerp1 ants - Additions 
Reclamation Facilities 

Scenario Category 
ranking 

Most likely 12/31 
Environmental 14/31 
Energy I 0/ 31 
Economics 12/ 31 

Hydroelectric 
to Existing 

Factors 
flagged 

None 
None 
None 
None 

PN29-Prineville Dam Powerplant, 
Crooked River Project, Oregon 

This proposal is for a study of a potential 
8-MW powerplant which would be built at the 
existing Prineville Dam. There is no powerplant 
at the dam at present. An 11-foot (3.4-m) 
d iamete r tunnel from an existing gatehouse 
would serve the powerplant. A switchyard and 
25 miles (40 km) of 69-kV transmission line 
would be included. Net average annual 
genera tion would be 35 GWh ( 126 TJ). 

Category: Conven tio nal 
Powerp I ants -Addit ions 
Reclamation Facilities 

Scenario Category 
ranking 

Most likely 28/ 31 
Environ men tal 28/31 

Energy 30/ 31 
Economic 29/ 31 

Hydroelectric 
to Existing 

Factors 
tlagged 

b/c ratio 
Accept-

ability 
None 
b/c ratio , 

n1arke t-
ability 

PN30-Anderson Ranch- Little Camas 
Pumped-Storage Plant, Idaho 

This proposal is for a study of a po tential 
pumped-storage development which would 



utilize two existing reservoirs. The lower 
reservoir would be Reclamation's existing 
Anderson Ranch Reservoir and the upper 
reservoir would be the privately owned Little 
Cam as Reservoir. The head differential 
between the two is 769 feet (234m) . New 
features would include waterways and a 
500-MW powerplant. About 65 miles (1 05 km) 
of double 230-kV transmission lines would be 
required to tie into the existing BPA power 
system to service the southern Idaho area. Four 
hundred GWh (1440 TJ) of power would be 
generated annually, while 600 GWh (2160 TJ) 
would be consumed for pumping, giving a net 
average annual generation of -200 GWh (-720 
TJ). The project site is near Mountain Home, 
Idaho. 

Category: Pumped Storage-Using Existing 
Reclamation Facilities 

Scenario Category Factors 
ranking flagged 

Most likely 4/13 None 
Environ men tal 4/13 None 
Energy 10/13 None 
Economic 4 / 13 Market-

ability 

PN3I-Lake Lowell-Snake River Pumped
Storage Plant, Idaho 

This proposal is for study of a potential 
pumped-storage development which would be 
located along the Snake River near Lake 
Lowell , Idaho. The Snake River would serve as 
the lower reservoir while Lake Lowell , an 
existing Reclamation reservoir, would be used 
as th e upper reservoir. The elevation 
differential is 315 feet (96 m). About 17,000 
feet (5182 m) of open-cut and underground 
waterways and a 48-MW powerplant would be 
constructed , along with 20 miles (32 km) of 
138-kV transmission line. The project would 
service the load centers of south-central Idaho. 
The project would generate 28.8 GWh (1 04 TJ) 
of energy annually and would require 43 .2 
GWh ( 1 56 TJ) for pumping energy , giving a net 

average annual generation of -14.4 GWh (-52 
TJ). 

Category: Pumped Storage-Using Existing 
Reclamation Facilities 

Scenario 

Most likely 

Environ men tal 

Energy 

Economic 

Category 
ranking 

13/13 

6/13 

13/13 

13/13 

Factors 
flagged 

b/ c ratio, 
market
ability, 
accept
ability 

b/ c ratio, 
market
ability , 
accept
ability 

b/ c ratio, 
market
ability , 
accept
ability 

b/c ratio, 
market
ability, 
accept
ability 

PN32-Summer Falls Powerplant, Columbia 
Basin Project, Washington 

This proposal is for a study of a potential 
11 0-MW powerplant (four units) which would 
be located on Billy Clapp Lake about 5 miles 
(8 km) north of Stratford, Washington. 
Construction features would include: a new 
21-foot (6.4-m) diameter tunnel, about 2 ,000 
feet ( 610 m) long, from existing Main Canal to 
Billy Clapp Lake; a new switchyard ; 15 miles 
(24 km) of 115-kV transmission line ; and a 
diversion headworks to maintain some flows 
over existing Summer Falls. The powerplant 
would operate only during the 7-month 
irrigation season. Net average annual generation 
would be 263 GWh (947 TJ). This proposal 
was identified as having a major impact on 
existing state-recognized scenic beauty area. 
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Category: Conventional 
Powerpl ants -Additions 
Reclamation Facilities 

Scenario 

Most likely 

Environmental 

Energy 

Economic 

Category 
ranking 

27/31 

29/31 

12/31 

17/31 

Hydroelectric 
to Existing 

Factors 
flagged 

Accept
ability 

Environ
mental, 
accept
ability 

Accept
ability 

Accept
ability 

PN 33-Twin Falls Low Line Canal Power 
Drop, Idaho 

This proposal is for a study of a potential 
8.6-MW powerplant which would be located at 
the point where the existing Low Line Canal 
and High Line Canal divide from the Twin Falls 
Main Canal. The Low Line Canal drops about 
100 feet (31 m) at this site, and this head 
would be utilized for the proposed powerplant. 
The site is about 10 miles (16 km) southeast of 
Twin Falls, Idaho. New facilities would involve 
headworks, I ,500 feet (457 m) of penstock, 
5,600 feet (1707 m) of tailrace, switchyard, 
and 10 miles (16 km) of 46-kV transmission 
line. Net average annual generating would be 
29 GWh (I 04 TJ). 

Category : Con ven tiona! Hydroelectric 
Powerplants-All New Facilities 

Scenario Category Factors 
ranking flagged 

Most likely 1/17 Market-
ability 

Environmental 1/17 None 
Energy 8/17 None 
Economic 1/17 Market-

ability 

PN 34-Potholes Canal Chute
Station 3480+43, Columbia Basin 
Project, Washington 

This proposal is for a study of a potential 
6.5-MW powerplant which would be located on 
a 487-foot (148-m) drop between Potholes 
Canal Chute and Pasco Waterway. The 
powerplant would be located alongside the 
existing stilling basin. A new switchyard and 1 0 
miles (16 km) of 115-kV transmission line 
would be required. Net average annual 
generation would be 17.5 GWh ( 63 TJ). 
Powerplant would operate only through the 
7-month irrigation season. 

Category: Conventional 
Powerplan ts-Addi tions 
Reclamation Facilities 

Hydroelectric 
to Existing 

Scenario Category 
ranking 

Most likely 11 /31 
Environ men tal 5/31 
Energy 13 /31 
Economic I 0/31 

PN35-Potholes Canal Chute
Station 1158+00, Columbia Basin 
Project, Washington 

Factors 
flagged 

None 
None 
None 
None 

This proposal is for a study of a potential 
powerplant to utilize the 51-foot (16-m) drop 
from the existing canal chute. A 6.9-MW bulb 
turbine would generate 17.5 GWh (63 TJ) 
annually . The project would utilize the present 
irrigation releases to generate power 7 months 
of the year. Features would include a 
headworks structure, a 12-foot (3.7-m) 
diameter steel penstock 180 fee t (55 m) long, 
and the powerplant. Ten miles ( 16 km) of 
34.5-kV transmission line would be required to 
tie into the existing BPA power system. 
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Category: Low-Head Hydroelectric 
Powerplan ts 

Scenario Category Factors 
ranking flagged 

Most likely 4/8 Market-
ability 

Environmental 4/8 None 
Energy 4/8 None 
Economic 5/8 Market-

ability 

PN36-Est{uatzel Diversion Canal, 
Columbia Basin Project, Washington 

This proposal is for a study of a potential 
7.2-MW powerplant which would be located at 
existing station 536+90 drop chute at the 
lower end of Esquatzel Diversion Canal 
approximately 10 miles ( 16 km) north of 
Pasco, Washington. A new 10-foot (3-m) 
diameter penstock would be constructed 
parallel to the existing chute. A switchyard and 
10 miles (16 km) of 115-kV transmission line 
would also be needed. Net average annual 
generation would be 26 GWh (94 TJ). The 
powerplant would only operate 7 months, 
during the irrigation season . 

Category: Con ven tio nal 
Powerplan ts -Additions 
Reclamation Facilities 

Scenario Category 
ranking 

Most likely 21/31 
Environmental 21/31 
Energy 23/31 
Economic 23/31 

Hydroelectric 
to Existing 

Factors 
flagged 

None 
None 
None 
b/c ratio, 

market-
ability 

PN37-Soda Lake to Lower Crab Creek 
Powerplant, Columbia Basin Project, 
Washington 

This proposal is for a study of a potential 
powerplant at Reclamation's Soda Lake Dike 
near Moses Lake, Washington. A tunnel would 
be excavated through an existing dike and a 
10-foot (3.05-m) diameter buried pipe would 
carry water through a 120-foot (37-m) drop to 
a new 10-MW powerplant. Three miles (5 km) 
of 15-k V transmission line would be required. 
Net average annual generation would be 38.5 
GWh (139 TJ). 

Category: Conven tiona! 
Powerplan ts-Ad di tions 
Reclamation Facilities 

Scenario Category 
ranking 

Most likely 25/31 

Environmental 23/31 
Energy 27 /31 
Economic 25 / 31 

Hydroelectric 
to Existing 

Factors 
flagged 

Market-
ability 

None 
None 
b/c ratio, 

market-
ability 

PN38-Three Forks Dam, Reservoir, and 
Powerplant, Upper Owyhee Project, 
Oregon and Idaho 

This proposal is for a study of a potential 
development which would be located on the 
Owyhee River 30 miles ( 48 km) south of 
Jordan Valley, Oregon. Features include a new 
dam and reservoir of 1 million-acre-foot 
(l 233 500 000 m 3

) total capacity, a 28-MW 
powerplant and switchyard facilities, and 7 5 
miles (121 km) of 1 15-k V transmission line . 
Net average annual generation would be 115 
GWh (414 TJ). 
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Category: Conventional Hydroelectric 
Powerplants-All New Facilities 

Scenario Category Factors 
ranking flagged 

Most likely 15/17 b/c ratio, 
market-
ability, 
accept-
ability 

Environmental 9/17 b/c ratio, 
market-
ability, 
environ-
mental, 
accept-
ability 

Energy 17/17 b/ c ratio, 
market-
ability, 
accept-
ability 

Economic 14/17 b/c ratio, 
market-
ability, 
accept-
ability 

PN39-Alpine Dam, Reservoir, and 
Powerplant, Snake Narrows Project, 
Wyoming 

This proposal is for a study of a potential 
powerplant, dam, and reservoir of 
1 ,078,000-acre-foot (1 329 713 OOO-m 3

) total 
capacity which would be located on the Snake 
River in Wyoming, near the Wyoming-Idaho 
State line at the upper end of existing Palisades 
Reservoir. Powerplant capacity would be 270 
MW. A switchyard and 80 miles (129 km) of 
two 230-kV transmission lines would be 
required. Net average annual generation would 
be 789 GWh (2840 TJ). 

Category: Conventional Hydroelectric 
Powerplants-All New Facilities 

Scenario 

Most likely 

Environmental 

Energy 

Economic 

Category 
ranking 

11 I 17 

13/17 

11/17 

11 /17 

Factors 
flagged 

Environ
mental , 
accept
ability 

Environ
mental , 
accept
ability 

Environ
mental, 
accept
ability 

Environ
mental , 
accept
ability 

PN40-Anderson Ranch-Little Camas Wind 
En erg)' Generator, Idaho 

This proposal is for study of the possible 
development of 50-MW capacity of wind 
energy generation to provide pumping energy 
for the proposed Anderson Ranch-Little 
Camas Pumped-Storage Plant. The study would 
mvestlgate the wind resource potential and the 
P?Ssi ble. installation of a tornado-type 
wmd-turbme tower. Indications are that the 
wind in this area normally exceeds 5 miles per 
hour (8 km/h) about 7 5 percent of the time. A 
1 ,000-foot (305-m) tall , tornado-type 
wind-turbine tower would be required, in 
addition to 1 mile (1.6 km) of 115-kV 
transmission line to the pumped-storage plant. 

Category: Solar Energy 

Data for proposals in this category not 
compatible with evaluation factor and 
scenario analysis. 
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PN41-Lake Lowell Solar Thermal 
Generator, Idaho 

This proposal is for study of the feasibility of 
developing solar energy by flat plate collectors 
and a Rankine-cycle engine generator. The 
study would investigate the possible 
installation of a 5-MW generator to generate 
pumping energy for the proposed Lake Lowell 
Pumped-Storage Plant. 

Category: Solar Energy 

Data for proposal in this category not 
compatible with evaluation factor and 
scenario analysis. 

PN42-Husum-Mountain Brook Wind 
Energy Generator, Washington 

This proposal is for study of the possible 
development of 50-MW capacity of wind 
energy generation to provide pumping energy 
for the proposed Husum-Mountain Brook 
Pumped-Storage Plant. The study would 
investigate the wind resource potential and the 
possible installation of a tornado-type 
wind-turbine tower. Indications are that winds 
in this area normally exceed 5 miles per hour 
(8 km/h) about 60 percent of the time and 15 
miles per hour (24 km/h) about 20 percent of 
the time. A 1,000-foot (305-m) tall, 
tornado-type wind turbine would be required , 
in addition to 1 mile (1.6 km) of 115-kV 
transmission line to the pumped-storage plant . 

Category: Solar Energy 

Data for proposals in this category not 
compatible with evaluation factor and 
scenario analysis . 

PN43-Geothermal Municipal Heating, 
Idaho 

This proposal is for a study of a potential 
research and development project featuring 
geothermal wells as heat sources for municipal 
and industrial heating and cooling. Potential 
geothermal resources in Payette and 
Washington Counties in southern Idaho would 

be investigated for possible use by a small town 
such as Payette or Weiser, Idaho. Justification 
for such a development would be based on the 
opportunity for fuel savings. The proposal 
includes installation of 16 production wells and 
6 reinjection wells, with associated pumps and 
piping. The distribution and pipe systems 
would be installed and owned by the town 
government. 

Category : Geothermal Energy 

Data for proposals in this category not 
compatible with evaluation factor and 
scenario analysis. 

PN 44-Geotherrnal Municipal Heating, 
Oregon 

This proposal is for a study of a potential 
research and development project featuring 
geothermal wells as heat sources for municipal 
and industrial heating and cooling. Potential 
geothermal resources in Harney County in 
southeast Oregon would be investigated for 
possible use in a small town such as Burns, 
Oregon. Justification for such a development 
would be based on the opportunity for fuel 
savings. The proposal includes installation of 
15 production wells and 6 reinjection wells, 
with associated pumps and piping. The 
distribution and pipe systems would be 
installed and owned by the town government. 

Category: Geothermal Energy 

Data for proposals in this category not 
compatible with evaluation factor and 
scenario analysis. 

PN45-Colville Indian Reservation 
Solar Thermal Generator, Washington 

This proposal is for study of the potential 
development of solar energy by flat plate 
collector and a Rankine-cycle engine generator 
as an energy source for isolated areas. The area 
to be studied is the Swawilla Basin on the 
Colville Indian Reservation, which is remote 
from commercial or Federal power systems. 
Possible use of a 6-MW plant to supply the 
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Indians with municipal and industrial and 
irrigation pumping would be studied. 

Category : Solar Energy 

Data for proposals in this category not 
compatible with evaluation factor and 
scenario analysis. 

PN 48-Geothermal Studies-Pacific 
Northwest 

This proposal is for a general study to assess 
the geothermal energy potential in the States 
of Idaho, Oregon, and Washington. The vast 
and virtually untapped resource of 
low-temperature geothermal water would be 
considered for application to uses such as space 
heating, greenhouse horticulture and 
aquaculture, food and product processing, fish 
rearing, animal husbandry, and soil and crop 
he a tin g. General research in to the energy 
potential and applications would also be 
included. In coordination with this study 
several potential areas for research and 
development have been identified. These are 
proposals PN43 , PN44, PN57, PN58, and 
PN59. 

Category: Geothermal Energy 

Data for proposals in this category not 
compatible with evaluation factor and 
scenario analysis. 

PN49-Pacific Northwest Power Study 

This proposal is for a power inventory study 
which would continue beyond the work 
accomplished under the WEES Study and the 
individual project investigations completed to 
date. The study would include, among other 
study elements: 

1. Additional pumped-storage opportunities 
at existing Reclamation facilities. 

2. Additional conventional hydroelectric 
power alternatives. 
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3. Thermal powerplant cooling water supply 
potentials, particularly those related to 
existing Reclamation reservoirs. 

4. Possibilities for increased load factoring 
capability with pumped-storage resources, 
and other increased power potentials based 
on improved regulation for optimum use of 
existing and potential system resources. 

5. Coordination of power studies with other 
Federal, State, and local agencies. 

6 . More thorough study of regional power 
interties. 

The study would be specifically designed ( 1) to 
investigate power opportunities not yet 
evaluated and (2) to further investigate the 
more promising aspects of some opportunities 
identified in the WEES. 

Category: General Hydroelectric Inventory 

Data for proposals in this category not 
compatible with evaluation factor and 
scenario analysis. 

PN57-Geothermal Greenhouses, Idaho 

This proposal is for a study of a potential 
research and development project featuring 
geothermal wells as heat sources for a complex 
of greenhouses used for production of 
high-value crops during the winter. Potential 
geothermal resources in Owyhee County in 
south west Idaho would be investigated . 
Justification for the development would be 
based on the value of cash crops produced for 
use in the area, making it unnecessary to 
transport such produce from warmer climate 
areas . The proposal includes installation of 15 
production wells and 6 reinjection wells, with 
associated pumps and piping. 

Category: Geothermal Energy 

Data for proposals in this category not 
compatible with evaluation factor and 
scenario analysis. 



PN58-Geothermal Greenhouses, Oregon 

This proposal is for a study of a potential 
research and development project featuring 
geothermal wells as heat sources for a complex 
of greenhouses used for production of 
high-value crops during the winter. Potential 
geothermal resources in Union County in 
northeastern Oregon would be investigated for 
use in the Grande Ronde Vall ey. Justification 
for this development would be based on the 
value of cash crops produced for use in the 
area, making it unnecessary to transport such 
produce from warmer climate areas . The 
proposal includes installation of 26 production 
wells and 10 reinjection wells , with associated 
pumps and piping . 

Category: Geothermal Energy 

Data for proposals in this category not 
compatible with evaluation factor and 
scenario analysis. 

PN 59-Geothermal Greenhouses, Washington 

This proposal is for a study of a potential 
research and development project featuring 
geothermal wells as heat sources for a complex 
of greenhouses used for production of 
high-value crops during the winter. Potential 
geothermal resources in Skamania County in 
southwest Washington would be investigated. 
Justification for the development would be 
based on the value of cash crops produced for 
use in the area, making it unnecessary to 
transport such produce from warmer climate 
areas. The proposal includes installation of 43 
production wells with 17 reinjection wells , 
with associated pumps and piping. 

Category : Geothermal Energy 

Data for proposals in this category not 
compatible with evaluation factor and 
scenario analysis . 

PN6l-Grand Coulee Powerplant Uprating, 
Washington 

This proposal is to study the potential increase 
in capacity and generation through rewinding 

existing generators and uprating existing 
turbines at Grand Coulee Powerplant. The 
present rated capacity of the 18 main units 
totals 2,233 MW, plus three station-service 
units totaling 30 MW. 

The main units are rated at 125 MW each, but 
are capable of operating at 143.7 MW (115 
percent overload capability). It is estimated 
that the present turbines could be uprated by 
15 percent to match the overload capability of 
the generators . This would result in an 
increased capacity of 330 MW with no 
increased generation . The cost of uprating the 
18 turbines is estimated to be $26 million, or 
$82/kW. 

The three station-service units could be 
increased in capacity an estimated 30 percent, 
or 9 MW, through a combination of uprating 
the turbines and rewinding the generators. 
Associated costs are estimated to be $1.2 
million, or $133/kW. 

Category: Conventional Hydroelectric 
Powerplants-Uprating Existing Units 

Data for proposals in this category not 
compatible with evaluation factor and 
scenario analysis. 

PN62-Hungry Horse Powerplant Uprating, 
Montana 

This proposal is to study the potential increase 
in capacity and generation through rewinding 
existing generators and uprating existing 
turbines at Hungry Horse Powerplant. The 
present rated capacity of the four units is 285 
MW. 

The existing turbines are capable of producing 
30 percent more power than the generator 
capacity since they were rated for lower head 
conditions than those that normally exist 
throughout the year. To take advantage of this 
turbine capacity, the capacity of the 
genera tors, transformers, and the 13. 8-k V bus 
would be increased. This would increase plant 
capacity by about 95 MW and cost about 
$11,800,000, or $124/kW . 
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Category: Conventional Hydroelectric 
Powerplants-Uprating Existing Units 

Data for proposals in this category not 
compatible with evaluation factor and 
scenario analysis. 
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MID-PACIFIC REGION 
Table B-3 is a display of the initial proposal 
data for all study proposals submitted by 
Reclam ation's Mid-Pacific Regional Office in 
Sacramento, California. The location of each 
potential project and study is shown on figure 
B-2. Table B-4 gives the raw factor scores for 
those proposals which were evaluated with the 
aid of computer data processing methods. 

The following pages contain a brief summary 
description of each of the proposals. Where 
appropriate, the relative ranking of each 
proposal within its development category and 
an indication of which factors were flagged is 
given for the four scenarios. 

It should be strongly reiterated that the flags 
merely indicate areas in which the evaluation 
team judged that significant problems might be 
encountered. That judgment was based on 
evaluation of very preliminary data. 
Occurrence of a flag does not necessarily mean 
that an insurmountable problem would occur, 
nor does absence of flags mean that no 
problems could arise in respect to any of the 
factors . Definitive identification of any 
problems would occur during the proposed 
studies. 

MPOl-Monticello Powerplant, 
Solano, California 

This proposal is for a study of a potential 
16-MW powerplant which would be located 
below Monticello Dam on Putah Creek about 9 
miles (14.5 km) west of Winters, California. 
The existing penstocks would be used. A new 
switchyard and 0.5 mile (0.8 km) of 115-kV 
transmission lines would be required. Net 
average annual generation would be 43 GWh 
(155 TJ). 
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Category: Conventional 
Pow erplan ts-Additions 
Reclamation Facilities 

Scenario Category 
ranking 

Most likely 1/31 
Environmental 2/31 
Energy 2/31 
Economic 1/31 

Hydroelectric 
to Existing 

Factors 
flagged 

None 
None 
None 
None 

MP03-Whiskeytown Powerplant, Central 
Valley Project, California 

This proposal is for a study of a potential 
4-MW powerplant which would be located 
below existing Whiskeytown Dam on Clear 
Creek 1 0 miles ( 16 km) west of Redding, 
California. In addition to the powerhouse, a 
new switchyard and 5 miles (8 km) of 115-kV 
transmission line would be required. Net 
average annual generation is about 20 GWh (72 
TJ). 

Category : Conventional 
Po werpla n t s-Additions 
Reclamation Facilities 

Scenario Category 
ranking 

Most likely 3/31 
Environmental 3/31 
Energy 6/31 
Economic 3/ 31 

Hydroelectric 
to Existing 

Factors 
flagged 

None 
None 
None 
None 

MP04-Friant Powerplants, Central 
Valley Project, California 

This proposal is for a study of three potential 
powerplants. The three powerplants, with a 
total installed capacity of 22.7 MW, would be a 
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Table B-3. - Proposals from Mid-Pacific Region 

Description 

Monticello Powerplant 
Whiskeytown Powerplant 
Friant Powerplants 
San Luis Solar Generation Study 
Pumped-Storage Inventory-Mid Pacific 
Trinity Generator + Turbine Uprate 
J. F. Carr Turbine Uprate 
Spring Creek Generator + Turbine 

Uprate 
Keswick Turbine Uprating 
Shasta Turbine Uprating 
Folsom Turbine Uprating 

Totals 

WRC~ 
State reg 

CA 1804 
CA 1802 
CA 1803 
CA **** 
-- **** 
CA 1802 
CA 1802 

CA 1802 
CA 1802 
CA 1802 
CA 1802 

Initial proposal data 

Stream 

Putah Crk 
Clear Crk 
San Joaqun 
N.A . 
N.A. 
Trinity R 
Trinity R 

Sacramento 
Sacramento 
Sacramento 
American R 

Type 
of 

dev 1 

HY-A 
HY-A 
HY-A 
SOLR 
GENL 
UPRT 
UPRT 

UPRT 
UPRT 
UPRT 
UPRT 

Head 
(ft) (m) 

Inst 
cap 

Net annual 
generation 

New 
investment 

cost ($1 ,000) (MW) {GWliJ-------cTJ) 

242 73 16.0 42.7 153.7 5,607 
260 79 4.0 19 . 5 70.2 2,304 
268 81 22.7 130.8 470.9 16,105 

(Data not applicable for this proposal) 
(Data not applicable for this proposal) 
(Data not applicable for this proposal) 
(Data not applicable for this proposal) 

(Data not applicable for this proposal) 
(Data not applicable for this proposal) 
(Data not applicable for this proposal) 
(Data not applicable for this proposal) 

--
42 .7 193 . 0 694.8 24,016 

1 UPRT = Conventional Hydroelectric Powerplants - Uprating Existing Units SOLR = Solar Energy 

8/C On- Exist 
ratio line data 

date level 

1.90 1982 Appr2 
1. 74 1986 Appr 
1.92 1986 Appr 

**** Rough 
•••• Rough 
1980 Rough 
1980 Rough 

1980 Rough 
1980 Rough 
1980 Rough 
1980 Rough 

HY-A = Conventional Hydroelectric Powerplants - Additions at Existing Reclamation Facilities GENL • General Hydroelectric Inventory 
2 Appraisal 
~ Nater Resources Council region numher 



Table B-4. - Proposals from ~d-Pacific Region 
Unweighted average factor scores 

I.D. 
Individual Factor Mean Scores (Range 0 to 10) 

Factors 1 JD sol MN COR' ST ovS 
4 s 6 7 8 9 10 II 12 Score 

MPOI 
MP03 
MP04 

. 64 

.16 

. 91 

1.55 10.00 8.67 10.00 
1.09 9 . 00 8 . 00 10.00 
2.73 9 . 00 7.83 10.00 

9.83 10.00 9.00 10.00 
9.83 10.00 9 . 50 10 . 00 
9.83 10 . 00 9.50 10.00 

9 . 83 
9. 83 
9 . 83 

9 . 00 10.00 
9 . 00 8.10 
9 . 50 7.71 

98 
94 
96 

. 20 

.30 

.41 

. 75 

. 73 

. 79 

.19 

. 23 

.14 

1 Factor 1 =- New Installed Capacity 
Factor 3 • Earliest Online Date 
Factor 5 ,. Benefit-Cost Ratio 

Factor 2 = Net Average Annual Generation 
Factor 4 • Structural Features Proposed 
Factor 6 • Marketability 

Factor 7 • Total New Investment Cost 
Factor 9 :c Level of Acceptability 
Factor 11 ,. Water Availability 

Factor 8 • Environmental Impact s 
Factor 10 • Socia l Impacts 

2 Score = Unweighted Total Proposal Score 
3 JO SO .. Judges Standard Deviation 

Factor 12 • Return on Energy Investment 

Lt MN COR = Mean Correlation 
s sr rN "' Standard Deviation 

2.7-MW powerplant on the San Joaquin River 
below Friant Dam, a 15-MW powerplant on 
Friant-Kern Canal, and a 5-MW plant on the 
Friant-Madera Canal. One switchyard and 6 
miles ( 10 km) of 115-kV transmission line 
would be constructed . Friant Dam is located 
25 miles ( 40 km) northeast of Fresno, 
California. Net average annual generation 
would be 130.8 GWh (471 TJ) . 

Category : Conventional 
Po werpl an ts-Additions 
Reclamation Facilities 

Scenario Category 
ranking 

Most likely 2/31 
Environmental 1/31 
Energy 3/ 31 
Economic 2/31 

Hydroelectric 
to Existing 

Factors 
flagged 

None 
None 
None 
None 

MPOS-San Luis Solar Generation Study, 
California 

This proposal is for a study to determine the 
potential benefits, economics, and advantages 
of integrating wind and solar-thermal energy 
systems with existing or new pumped-storage 
and geothermal energy facilities. Energy 
potential from wind , solar-thermal, and 
geothermal sources would be assessed , various 
energy conversion systems would be 
investigated, and their possible application to 
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various project pumping and other uses would 
be studied. Included in these uses would be the 
pumping energy requirements for the 
R e c 1 am at ion's existing San Luis 
Pumped-Storage Plant. The capacity 
requirement for pumping at San Luis is about 
375 MW . 

Category: Solar Energy 

Data for proposals in this category not 
compatible with evaluation factor and 
scenario analysis. 

MP06-Pumped-Storage Inventory 
Mid-Pacific Region 

The Federal Power Commission in a 1975 
report covering the Pacific Southwest 
identified at least 60 potential pumped-storage 
sites within the Mid-Pacific Regional 
boundaries . This study was an office-type 
survey with little or no detailed analysis. This 
proposal is for a more detailed appraisal-level 
evaluation of these and /or other 
pumped-storage sites to determine which sites 
might be recommended for feasibility level 
studies. 

Category : General Hydroelectric Invent01y 

Data for proposals in this category not 
compatible with evaluation factor and 
scenario analysis. 



MP07-Trinity Powerplant Uprating, 
California 

This proposal is to study the potential increase 
in capacity and generation through rewindL11g 
existing genera tors and up rating existing 
turbines at Reclamation's Trinity Powerplant. 
The present installed capacity of the three 
units is I 05.9 MW. It is estimated that the 
capacity can be increased by 8 percent, or 8. 5 
MW, by a combination of rewinding the 
generators and uprating the turbines. Cost of 
the work is estimated to be $1 ,912,800, or 
$225/ kW, and the benefit-cost ratio is 
estimated to be 2.63: 1. 

Category: Conventional Hydroelectric 
Powerplants-Uprating Existing Units 

Data for proposals in this category not 
compatible with evaluation factor and 
scenario analysis. 

MP08- Judge Francis Carr Powerplant 
Uprating, California 

This proposal is to study the potential increase 
in capacity and generation through uprating 
the existing turbines at Reclamation's Judge 
Francis Carr Powerplant. The present installed 
capac ity of the two units is 141.4 MW. It is 
estimated that the capacity can be increased by 
1.8 percent , or 2.6 MW, by uprating the 
turbines. Cost of the work is estimated to be 
$1,543,700, or $594/kW, and the benefit-cost 
ratio is estimated to be 2.19: l. 

Category: Conventional Hydroelectric 
Powerplants-Uprating Existing Units. 

Data for proposals in this category not 
compatible with evaluation factor and 
scenario analysis. 

MP09-Spring Creek Power plant Uprating, 
California 

This proposal is to study the potential increase 
in capacity and generation through rewinding 
existing generators and uprating existing 
turbines at Reclamation's Spring Creek 

Powerplant. T he present installed capacity of 
the two units is 150 MW. It is estimated that 
the capacity can be increased by 5 percent, or 
7.5 MW, by a combination of rewinding the 
generators and uprating the turbines. Cost of 
th-e work is estimated to be $2,633,400, or 
$351/kW, and the benefit-cost ratio .is 
estimated to be 3.04: 1. 

Ca t e go ry: Conventional Hydroelectric 
Powerplants-Uprating Existing Units 

Da ta for proposals in this categoty not 
compatible with evaluation factor and 
scenarjo analysis. 

MPlO-Keswick t>owerplant Uprating, 
Calif ornia 

This proposal is to study the potential increase 
in capacity and generation through uprating 
the existing turbines at Reclamation's Keswick 
Powerplant. The present instaUed capacity of 
the three units is 75 MW. It is estimated that 
the capacity can be increased by about 1 
percent, or 0.6 MW, by uprating the turbines. 
Cost of the work is estimated to be $810,400, 
or $1351/kW, and the benefit-cost ratio is 
estimated to be 1.58: 1. 

Category : Conventional Hydroelectric 
Powcrplants-Uprating Existing Units 

Data for proposals in this category not 
compatible with evaluation factor and 
scenario analysis. 

MPI I -Shasta Powerplant Uprating, 
California 

This proposal is to study the potential increase 
in capacity and generation through uprating 
the existing turbines at Reclamation's Shasta 
Powerplant . The present capacity of the seven 
units is 456.3 MW and will be increased to 627 
MW under the current generator rewind 
program. It is estimated that this capacity can 
be further increased by 1.7 percent, or I 0.7 
MW, by uprating the turbines. Cost of the work 
is estimated to be $6 ,836, 100, or $639/kW, 
and the benefit-cost ratio is 1. 24: 1. 
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Category: Conventional Hydroelectric 
Powerplants-Uprating Existing Units 

Data for proposals in this category not 
compatible with evaluation factor and 
scenario analysis. 

MP12-Folsom Powerplant Uprating, 
California 

This proposal is to study the potential increase 
in capacity and generation through uprating 
the existing turbines at Reclamation's Folsom 
Powerplant. The present installed capacity of 
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the three units is 1 9 8. 7 MW. It is estimated 
that the capacity can be increased by 1. 7 
percent , or 3.4 MW, by uprating the turbines. 
Cost of the work is estimated to be 
$2,166 ,500 , or $637 /kW, and the benefit-cost 
ratio is estimated to be I . 55 : I . 

Category: Conventional Hydroelectric 
Powerplants-Uprating Existing Units 

Data for proposals in this category not 
compatible with evaluation factor and 
scenario analysis. 



LOWER COLORADO REGION 

Table B-5 is a display of the initial proposal 
data for all study proposals submitted by the 
Lower Colorado Regional Office in Boulder 
City, Nevada. The location of each potential 
project and study is shown on figure B-3. Table 
B-6 gives the raw factor scores for those 
proposals which were evaluated with the aid of 
computer data processing methods. 

The following pages contain a brief summary 
description of each of the proposals. Where 
appropriate, the relative ranking of each 
proposal within its development category and 
an indication of which factors were flagged are 
given for the four scenarios. 

It should be strongly reiterated that the flags 
merely indicate areas in which the evaluation 
team judged that significant problems might be 
encountered. That judgment was based on 
evaluation of very preliminary data. 
Occunence of a flag does not necessarily mean 
that an insurmountable problem would occur, 
nor does absence of flags mean that no 
problems could arise in respect to any of the 
factors. Definitive identification of any 
problems would occur during the proposed 
studies. 

LCOl- IIeadgate Rock Powerplant, Arizona 

This proposal is for a study of a potential 
13-MW powerplant which would be 
incorporated into the two left spilling gate 
sections of the existing Headgate Rock Dam. 
Headgate Rock is on the Colorado River about 
14 miles (23 km) downstream from Parker 
Dam. A new switchyard and 0.6 mile (I km) of 
69-kV transmission line would be required. Net 
average annual generation would be 71 GWh 
(256 TJ). 

Category: Conventional 
Powerp Ian ts - Add itions 
Reclamation Facilities 

Scenario Category 
ranking 

Most likely 6/31 
Environment 6/31 
Energy 7/31 
Economic 7/31 

Hydroelectric 
to Existing 

Factors 
tlagged 

None 
None 
None 
None 

LC02-New Siphon Drop Powerplant, 
California 

This proposal is for a study of a potential 
replacement for the existing powerplant that 
was constructed by Reclamation in 1926. It 
would be located on the Yuma Main Canal 
about 500 feet (I 52 m) northeast of the 
existing plant. The existing plant has been shut 
down since December 1972. The new plant 
would have an installed capacity of 5 MW. A 
switchyard and relocation of turnout structure 
would be required. Net average annual 
generation would be 26.2 GWh (94.3 TJ). 

Category: Conventional 
Powerp lan ts - Addit.ions 
Reclamation Facilities 

Scenario Category 
ranking 

Most likely 1 7/31 
Environmental 9/3 1 
Energy 22/31 
Economic 18/31 

Hydroelectric 
to Ex.istiJ1g 

Factors 
nagged 

None 
None 
None 
None 

LC03-·Hualapai Dam, Reservoir, and 
Powerplant (Bridge Canyon Project), 
Arizona 

This proposal is for a study of a potential 
project located on Colorado River 117.5 miles 
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Table B-5. - Proposals from Lower Colorado Region 
Initial proposal data 

I~RC4 Type Head Inst Net annual New B/C On-
I. D. Description State reg Stream of (ft) (m) cap ~eneration investment ratio line 

dev 1 (MW) (G ) (TJ) cost ($1,000) date 

LCOl Headgate Rock Powerplant AZ 1506 Colorado R HY-A 20 6 13.0 71.4 257.0 13,339 1.50 1983 
LC02 New Siphon Drop Powerplant CA 1506 Colorado R HY-A 30 9 5.0 26.2 94.3 6,402 1.10 1986 
LC03 Hualapai Dam and Powerplant AZ 1502 Colorado R HY-N 649 197 1,500.0 5,250.0 18 900.0 947,000 2.20 1991 
LC04 Pinto Valley Pumped-Storage NV 1502 Colorado R PS-A 900 274 5,100.0 -3,942.0 -14 191.2 919,000 3.00 1993 
LC05 Mohave Pumped-Storage AZ 1502 Colorado R PS-A 1,380 420 5,100.0 -3,912.0 -14 083.2 1,834,600 1.50 1991 
LC06 Horse Mesa Pumped-Storage AZ 1505 Salt River PS-N 1,900 579 320 .0 -252.0 -907.2 188,600 .90 1991 
LC07 White Tank Mountains Pumped-Storage AZ 1505 Aqua Fria PS-N 1,600 487 1,000.0 -745.0 -2 682.0 153,400 3.60 1993 
LCOS Fire ~fountain Pumped-Storage AZ 1502 Colorado R PS-A 1,130 344 1,000.0 -788.0 -2 836.8 337,200 l. 70 1993 
LC09 Fenlon Bend Pumped-Storage AZ 1502 Colorado R PS-A 900 274 1,000.0 -788.0 -2 836.8 340,400 1.60 1993 
LClO Blue Springs Pumped-Storage AZ 1502 Ltle. Colo PS-N 2,125 647 4,000.0 -2,978.0 -10 720.8 1,426,400 1.50 1991 
LCll Solar Thermal Generator, Arizona AZ **** N.A . SOLR (Data not applicable for this proposal) •••• 

Totals 19,038.0 

HY-A = Conventional Hydroelectric Powerplants - Additions at Existing Reclamation Facilities 
HY-N = Conventional Hydroelectric Powerplants - All New Facilities 
PS-A = Pumped-Storage - Using Existing Reclamation Facilities 

2 Feasibility 
3 Appraisal 
4 Nater Resources Council region number 

-8,057.4 -29 006.7 6,166,341 

PS-N = Pumped-Storage - All New Facilities 
SOLR ~ Solar Energy 

Exist 
data 
level 

Feas2 

Appr3 
Feas 
Appr 
Appr 
Appr 
Rough 
Rough 
Rough 
Appr 
Rough 
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Figure B-3. Lower Colo rado Region- locations of proposed studies. 
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to 
I 

w 
Vl 

I. D. 
2 3 

1 LCOI .52 2.07 10.00 
2 LC02 .20 1. 22 9 .00 
3 LC03 9.61 10.00 5.00 
4 LC04 10.00 0.00 4.00 
5 LC05 10.00 0.00 5.00 
6 LC06 5.60 0.00 5.00 
7 LC07 8.48 0.00 4.00 
8 LC08 8.48 0.00 4.00 
9 LC09 8.48 0.00 4.00 

10 LClO 10.00 0.00 5.00 

1 Factor 1 = New Installed Capacity 
Factor 3 = Earliest Online Date 
Factor 5 = Benefit-Cost Ratio 

4 

8.67 
9.00 

.50 
2.00 
2.00 
2.17 
1.00 
1.17 

.83 
0.00 

Factor 7 = Total New Inv·estment Cost 
Factor 9 = Level of Acceptability 
Factor 11 = Water Availability 

2 Score = Unweighted Total Proposal Score 
3 JD SO = Judges Standard Deviation 
'+ MN COR = Mean Correlation 
5 ST DV = Standard Deviation 

Table B-6. - Proposals from Lower Colorado Region 

Unweighted average factor scores 

Individual Factor Mean Scores (Range 0 to 10) 

5 6 ' 

8.51 10.00 
4.51 6.83 

10.00 10 . 00 
10.00 9.00 

8.51 7.17 
2.51 3.83 

10.00 10.00 
10.00 7.00 
9 . 51 6.33 
8.51 6.17 

Factors 1 

7 8 9 10 11 12 

10.00 9 . 67 8.17 9.33 9.67 4.57 
10.00 9.83 8.67 10.00 9.50 3.14 

.98 1.33 1.67 4.33 8.17 5.62 
1.04 4.00 3.67 5.33 7.67 0.00 

.14 4.00 5.00 6.17 7.50 0.00 
7.05 5.83 5.50 8 . 00 7.33 0 . 00 
7.93 6.83 5.83 9.00 2.50 0.00 
4.92 3.50 2.67 5.50 7.00 0.00 
4.90 3.83 4.00 6.00 7.00 0.00 

.53 1.17 1. 33 3.33 7.50 0.00 

Factor 2 
Factor 4 
Factor 6 
Factor 8 
Factor 10 
Factor 12 

= Net Average Annual Generation 
Structural Features Proposed 
Marketability 
Environmental Impacts 
Social Impacts 
Return on Energy Investment 

JD so3 MN coR4 ST ovs 
Score2 

91 .38 .66 .19 
81 .33 .87 .08 
67 .85 ,96 .04 
56 . 64 .95 .03 
55 .52 .93 .04 
52 .35 .98 .01 
65 .35 .98 .01 
54 .35 .97 .01 
54 .72 .89 .06 
43 .57 .96 .02 



(189 km) upstream from Hoover Dam. The 
paten tial project was originally included in 
Central Arizona Project feasibility studies. 
However, primarily due to environmental 
opposition, the Colorado River Basin Act 
(Public Law 90-537) deferred further Federal 
consideration of the proposal until some future 
time. The project proposal includes a new dam, 
reservoir, 1 ,500-MW powerplant, 300 miles of 
500-kV transmission facilities, access roads, 
community facilities, etc. Net average annual 
generation would be 5,250 GWh (18 900 TJ). 

Category: Conventional Hydroelectric 
Powerplants-All New Facilities 

Scenario 

Most likely 

Environmental 

Energy 

Economic 

Category 
ranking 

3/17 

7/17 

1/17 

4/17 

Factors 
flagged 

Environ
mental , 
accept
ability 

Environ
mental, 
accept
ability, 
social 

Environ
mental, 
accept
ability 

Environ
mental , 
accept
ability 

LC04-Pinto Valley Pumped-Storage Plant, 
Nevada 

This proposal is for a study of a potential 
pumped-storage development which would be 
located about 32 miles (51 km) east of Las 
Vegas, Nevada, on the Virgin Basin Arm of 
Lake Mead. This existing Reclamation reservoir 
would be used as the lower reservoir, and a new 
upper reservoir would be constructed some 900 
feet (274m) higher in elevation. Waterways 

and a 5,100-MW powerplant would be 
constructed, along with some 1,025 miles 
(1650 km) of 500-kV transmission lines 
required to service the load centers of the 
Southwest. The plant would generate 7,446 
GWh (26 806 TJ) annually and would require 
11,388 GWh ( 40 997 TJ) of pumping energy, 
giving a net average annual generation of 
-3,942 GWh (-14 191 TJ). 

Category: Pumped Storage-Using Existing 
Reclamation Facilities 

Scenario 

Most likely 

Environmental 

Energy 

Economic 

Category 
ranking 

5/13 

9/13 

7/13 

5/13 

Factors 
flagged 

Accept
ability 

Environ
mental, 
accept
ability 

Accept
ability 

Accept
ability 

LC05-Mohave Pumped-Storage Plant, 
Arizona 

This proposal is for a study of a potential 
pumped-storage development which would be 
located along the shores of Lake Mohave about 
21 miles (34 km) downstream from Hoover 
Dam. Lake Mohave, an existing Reclamation 
reservoir, would be utilized as the lower 
reservoir. New features would include an upper 
reservoir with an active capacity of 40,000 
acre-feet ( 49 340 000 m 3 

), waterways, and a 
5,1 00-MW capacity powerplant. About 1,025 
miles (1650 km) of 500-kV transmission line 
would be required to service the load centers of 
the Southwest. The average head developed 
would be 1,380 feet (421 m). The plant would 
generate 7,595 GWh (27 342 TJ) of energy 
annually and consume 11,507 GWh (41 425 
TJ) for pumping, giving a net average annual 
generation of -3.912 GWh (-14 083 TJ). 
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Category: Pumped Storage-Using Existing 
Reclamation Facilities 

Scenario Category Factors 
ranking flagged 

Most likely 6/13 None 
Environmental 7/13 Environ-

mental 
Energy 8/13 None 
Economic 8/13 None 

LC06-Horse Mesa Pumped-Storage Plant, 
Arizona 

This proposal is for a study of a potential 
pumped-storage development which would be 
located 40 miles (64 km) east of Phoenix, 
Arizona. Apache Lake, an existing reservoir 
owned by the Salt River Project, would serve as 
the lower reservoir. An upper reservoir, with 
3, 200-acre-feet (3 947 200-m3 ) capacity, 
would be constructed on the adjacent Horse 
Mesa. The head developed would be l ,900 feet 
(579 m). A 320-megawatt powerplant, 
associated waterways, and 75 miles (121 km) 
of 23 0-k V transmission line would be 
constructed . The project would serve the load 
centers of Arizona. The project would generate 
477 GWh (1717 TJ) annually and would 
consume 729 GWh (2624 TJ) for pumping, 
giving a net average annual generation of -252 
GWh ( -907 TJ). 

Category: Pumped Storage-All New 
Facilities 

Scenario Category Factors 
ranking flagged 

Most likely 10/15 b/c ratio, 
market-
ability 

Environmental 9/15 Environ-
mental 

Energy 14/15 Market-
ability 

Economic 10/15 b/c ratio, 
market-
ability 
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LC07-White Tank Mountains Pumped
Storage Plant, Arizona 

This proposal is for a study of a potential 
pumped-storage development which would be 
located about 25 miles (40 km) west of 
Phoenix, Arizona. The proposed project is not 
on a natural watercourse. Both upper and 
lower reservoirs would be formed by damming 
off suitable natural formations. The head 
would be about 1,600 feet ( 488 m). In 
addition to the two dams and reservoirs, new 
features would include waterways, a 1 ,000-MW 
powerplant, and 35 miles (56 km) of 500-kV 
transmission line to service the greater 
Phoenix area. The project would generate 
1,489 GWh (5360 TJ) annually and require 
2,234 GWh (8042 TJ) for pumping, giving a 
net average annual generation of -745 GWh 
( -2682 TJ). Availability of water is recognized 
as a possible problem. Ground water or Central 
Arizona Project facilities are possible sources 
that would be investigated. 

Category: Pumped Storage-All New 
Facilities 

Scenario Category Factors 
ranking flagged 

Most likely 3/15 None 
Environmental 6/15 None 
Energy 4/15 None 
Economic 1/15 None 

LC08-Fire Mountain Pumped-Storage 
Plant, Arizona 

This proposal is for a study of a potential 
pumped-storage development which would be 
located about 24 miles (39 km) upstream from 
Davis Dam and would utilize the existing 
Reclamation's Lake Mohave as the lower 
reservoir. A new upper reservoir would be 
constructed to develop about 1,130 feet 
(344m) of head. A 1 ,000-MW powerplant, 
waterways, and about 450 miles (724 km) of 
500-kV transmission line . would also be 
constructed. The project would generate I ,490 
GWh (5364 TJ) of energy annually and 



consume 2,278 GWh (8201 TJ) for pumping, 
giving a net annual generation of -788 GWh 
( -2837 TJ). The project would service load 
centers in Arizona . 

Category: Pumped Storage-Using Existing 
Reclamation Facilities 

Scenario 

Most likely 

Environmental 

Energy 

Economic 

Category 
ranking 

12/13 

13/13 

12/13 

6/13 

Factors 
flagged 

Environ
mental, 
accept
ability 

Environ
mental, 
accept
ability 

Accept
ability 

Environ
mental, 
accept
ability 

LC09-Fenlon Bend Pumped Storage, 
Arizona 

This proposal is for a study of a potential 
pumped-storage development which would be 
located about 34 miles (55 km) downstream 
from Hoover Dam. Lake Mohave , an existing 
Reclamation reservoir, would serve as the lower 
reservoir. A new upper reservoir would be 
constructed 900 feet (274 m) above Lake 
Mohave, along with a 1 ,000-MW powerplant 
and the necessary waterways. About 450 miles 
(724 km) of 500-kV transmission line would 
be constructed to service load centers in 
Arizona . Annual generation would be 1 ,490 
GWH (5364 TJ) , while 2,278 GWh (8201 TJ) 
would be required annually for pumping, giving 
a net average annual generation of -788 GWh 
(-2837 TJ). 
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Category: Pumped Storage-Using Existing 
Reclamation Facilities 

Scenario 

Most likely 

Environmental 

Energy 
Economic 

Category 
ranking 

11/13 

11 /13 

11/13 
7/13 

Factors 
flagged 

Environ
mental 

Environ
mental, 
accept
ability 

None 
Environ

mental 

LClO-Blue Springs Pumped-Storage Plant, 
Arizona 

This proposal is for a study of a potential 
pumped-storage development which would be 
located on the Navajo lndian Reservation 
about 65 miles ( 105 km) north of Flagstaff, 
Arizona. The project would consist of a lower 
reservoir on the Little Colorado River , an 
upper reservoir 2 ,125 feet ( 648 m) higher in 
elevation , an underground powerplant with 
4,000-MW capacity, associated waterways, an 
additional debris and sediment control dam, 
and some 800 miles (1287 km) of 500-kV 
transmission line to serve the load centers of 
the Southwest. Annual generation would be 
5,957 GWh (21 334 TJ) while 8,935 GWh 
(32 166 TJ) would be required for pumping, 
giving a net average annual generation of 
-2,978 GWh (-10 721 TJ). The proposed 
project is in an area which is considered as a 
sacred place by both the Navajo and Hopi 
Indian Tribes and development would probably 
affect their traditional culture. 



Category: Pumped Storage-All New 
Facilities 

Scenario 

Most likely 

Environ men tal 

Energy 

Economic 

Category 
ranking 

14/15 

15/15 

13/15 

11 I 15 

Factors 
flagged 

Environ
mental, 
accept
ability , 
social 

Environ
mental, 
accept
ability, 
social 

Environ
mental, 
accept
ability 

Environ
mental, 
accept
ability, 
social 

LCll-Solar Thermal Generator, Arizona 

This proposal is for a study to demonstrate the 
technical and economic feasibility of utilizing 
solar energy for the production of power 
through the solar power-tower concept. This 
involves use of a heat exchanger on a tower 
situated in a field of concentrating mirrors 
which track the sun to focus the concentrated 
sunlight on the heat exchanger. The heat 
exchanger produces the steam to operate a 
steam turbine generator. A portion of the 
energy produced could supply the needs of the 
CRBSCP (Colorado River Basin Salinity 
Control Project) and the protective and 
regulatory pumping well fields . The plant 
would be located near Yuma, Arizona. The 
requirements for energy for the desalting plant 
under CRBSCP and the well field indicate that 
a solar generation plant of 100- to 200-MW 
capacity could be integrated into the Federal 
power system. 

Category: Solar Energy 

Data for proposals in this category not 
compatible with evaluation factor and 
scenario analysis. 
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UPPER COLORADO REGION 

Table B-7 is a display of the initial proposal 
data for all study proposals submitted by the 
Upper Colorado Regional Office in Salt Lake 
City, Utah. The location of each potential 
project and study is shown on figure B-4. Table 
B-8 gives the raw factor scores for those 
proposals which were evaluated with the aid of 
computer data processing methods. 

The following pages contain a brief summary 
description of each of the study proposals. 
Where appropriate, the relative ranking of each 
proposal within its development category and 
an indication of which factors were flagged is 
given for the four scenarios. 

It should be strongly reiterated that the flags 
merely indicate areas in which the evaluation 
team judged that significant problems might be 
encountered . That judgment was based on 
evaluation of very preliminary data. 
Occurrence of a flag does not necessarily mean 
that an insurmountable problem would occur, 
nor does absence of flags mean that no 
problems could arise in respect to any of the 
factors. Definitive identification of any 
problems would occur during the proposed 
studies. 

UC06-Bear Mountain Pumped-Storage 
Plant, Utah 

This proposal is for a study of a potential 
pumped-storage plant which would utilize 
Reclamation's existing Flaming Gorge 
Reservoir as the lower reservoir. Proposed new 
features include the upper reservoir, 
waterways, and a 2,5 50-MW powerplant. The 
head differential is 1,420 feet (433 m). Five 
hundred miles (805 km) of 500-kV 
transmission line would be constructed to 
service load centeri in Utah, Wyoming and 
Colorado. Operation of the plant would result 
in 3,825 GWh (13 770 TJ) of generation 
annually and would require 5,355 GWh 

(19 278 TJ) of pumping, giving a net average 
annual generation of -1,530 GWh ( -5508 TJ). 

Category: Pumped Storage-Using Existing 
Reclamation Facilities 

Scenario 

Most likely 

Environmental 

Energy 

Economic 

Category 
ranking 

8/13 

12/13 

3/13 

9/13 

Factors 
flagged 

Environ
mental, 
accept
ability 

Environ
mental, 
accept
ability, 
social 

Accept
ability 

Market
ability, 
environ
mental, 
accept
ability 

UC20-Yellowstone Pumped-Storage 
Plant, Utah 

This proposal is for a study of a potential 
pumped-storage plant which would be located 
on Yellowstone Creek about 35 miles (56 km) 
north of Duchesne, Utah. A dam and reservoir 
with 13,900-acre-feet (17 145 650-m 3

) active 
capacity would form the lower reservoir. An 
upper reservoir would be constructed 1 ,080 
feet (329 m) above, on the east side of the 
stream. Waterways, a 1 ,000-MW powerplant, 
and 300 miles (483 km) of 500-kV 
transmission line would also be constructed . 
The project would service the load centers of 
Utah, Colorado, and Wyoming. It would 
generate 1,500 GWh (5400 TJ) annually and 
use 2,100 GWh (7 560 TJ) for pumping, giving 
a net average annual generation of -600 GWh 
(-2160 TJ). 
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Table B-7. - Proposals from Upper Co lorado Region 

Initial proposal data 

NRC 3 Type Head Inst Net annual New B/C On- Exist 
I. D. Description State reg Stream of (ft) (m) cap ~eneration investment ratio line data 

dev 1 (MW) (G ) (iJ) cost ($1 ,000) date level 

UC06 Bear Mountain Pumped-Storage liT 1401 Green R PS-A 1,420 432 2,550.0 -1,530 . 0 -5 508.0 906,256 1. 21 1985 Appr2 
UC20 Yellowstone Pumped-Storage lJf 1403 Yellowstone PS-N 1,080 329 1,000.0 -600 . 0 -2 160.0 350,492 1. 22 1985 Appr 
UC22 Moon Lake Pumped-Storage UT 1403 Lake Fork PS-A 1,020 310 2,200.0 -1,320.0 -4 752.0 984,871 1.00 1985 Appr 
UC23 Glen Canyon Enlargement + Reg 

Reservoir . AZ 1502 Colorado R HY-A 450 137 1,006.0 0.0 0.0 409,453 1.09 1985 Appr 
UC26 Cebolla Creek Pumped-Storage co 1404 Cebolla Ck PS-N 760 231 1,650.0 -990.0 -3 564 .o 679,146 1.08 1985 Appr 
UC28 Boulder Gulch Pumped-Storage co 1407 Cement Crk PS-N 2,200 670 2,450.0 -1,470.0 -5 292.0 1,028,546 1.06 1985 Appr 
UC29 Silver Lake Pumped-Storage co 1407 Cunningham PS-N 2,000 609 2,200.0 -1,320.0 -4 752.0 919,359 1.07 1985 Appr 
UC30 Cataract Canyon Pumped-Storage UT 1408 Colorado R PS-A 1,600 487 3,015.0 -1,890.0 -6 804.0 1,116,122 1.13 1985 Appr 
UC32 Leopard Creek Pumped-Storage co 1406 Leopard Ck PS-N 740 225 2,550.0 -1,530.0 -5 508.0 1,068,946 1.06 1985 Appr 
UC35 Una Dam and Powerplant co 1405 Colorado R HY-N 128 39 28.0 135.0 486 . 0 121,350 .77 1984 Rough 
UC38 Cimarron Point Pumped-Storage co 1406 Gunnison R PS-A 2,000 609 1,634.0 -980.0 -3 528.0 769.772 .97 1985 Appr 

tt1 UC40 Utah Lake Pumped-Storage UT 1602 Provo R PS-N 700 213 1,440.0 -864.0 -3 110.4 557,000 1.13 1985 Appr 
I UC69 Flaming Gorge Dam Outlet Works 
~ Generator liT 1401 Green R HY-A 365 111 40.0 0.0 0.0 19,421 1.01 1981 Rough 

UC70 Blue Mesa Dam Outlet Works Generator co 1404 Gunnison R HY-A 280 85 50.0 0.0 0.0 23,506 1.08 1981 Rough 
UC71 Glen Canyon Dam Outlet Works 

Generator AZ 1502 Colorado R HY-A 450 137 250.0 0.0 0.0 98,166 1.34 1981 Rough 
UC72 Wind and Solar Thermal Generation liT **** N.A. SOLR (Data not applicable for this proposal) **** Rough 
UC73 Geothermal Studies, Utah lJf **** N.A . GEOT (Data not applicable for this proposal) •••• Rough 
UC74 Milford Geothermal Site liT **** N.A. GEOT (Data not applicable for this proposal) **** Rough 
UC75 Delta Geothermal Site liT **** N.A. GEOT (Data not applicable for this proposal) **** Rough 
UC76 Box Elder Geothermal Site liT **** N.A. GEOT (Data not applicable for this proposal) **** Rough 
UC77 Glen Canyon Powerplant Uprating lJf 1502 Colorado R UPRT (Data not applicable for this proposal) 1980 Rough 
UC78 Flaming Gorge Powerplant Uprating lJf 1401 Green R UPRT (Data not applicable for this proposal) 1980 Rough 
UC79 Blue Mesa Powerp1ant Uprating co 1404 Gunnison R UPRT (Data not applicable for this proposal) 1980 Rougp 

--
Totals 22,063.0 -12,359.0 -44 492.4 9,052,406 

UPRT = Conventional Hydroelectric Powerplants - Uprating Existing Units PS-N = Pumped-Storage - All New Facilities 
HY-A = Conventional Hydroelectric Powerplants - Additions at Existing Reclamation Facilities GEOT = Geothermal Energy 
HY-N = Conventional Hydroelectric Powerplants - All New Facilities SOLR = Solar Energy 
PS-A = Pumped-Storage - Using Existing Reclamation Facilities 

2 Appraisal 
3 Nater Resources Council region numher 



Table B-8. - ProposaZs from Upper CoZorado Region 

Unweighted average factor scores 

I. D. 
Individual Factor Mean Scores (Range 0 to 10) 

Factors 1 JD so3 MN COR4 sr ovs 
1 2 3 4 5 6 7 8 9 10 11 12 Score2 

1 UC06 10.00 0.00 10.00 3.50 5.61 5.67 1.13 3.00 3.17 4.33 9.33 0.00 55 .70 .97 .03 
2 UC20 8.48 0.00 10.00 .17 5. 71 6.33 4.83 4.83 3.00 5.67 6.17 0.00 55 .54 .96 .02 
3 UC22 10.00 0.00 10.00 2.67 3.51 5.00 .94 4.67 4.00 5.50 6.17 0.00 52 .56 .85 .08 
4 UC23 8.50 0.00 10.00 4.50 4.41 5.33 4.44 3.17 2.33 4.00 5.67 0.00 52 .79 .77 .16 
5 UC26 9.90 0.00 10.00 .17 4.31 5.00 2.64 6.17 6.33 7.67 8.17 0.00 60 .58 .96 .03 
6 UC28 10.00 0.00 10.00 . 17 4.11 5.33 .90 4.17 1.83 2.83 9.00 0.00 48 .80 .93 .04 
7 UC29 10.00 0.00 10.00 .17 4.21 5.33 1.04 4.17 2.00 3.00 8.50 0.00 48 .79 .92 .04 
8 UC30 10.00 0.00 10.00 1. 83 4.81 5.17 .82 4.50 3.83 s.oo 8.83 0.00 54 .62 .96 .02 

t:;O 9 UC32 10.00 o.oo 10.00 .17 4.11 5.17 .87 3.17 2.50 2.83 3.00 0.00 41 .48 .94 .03 
I 10 UC35 1.11 2.78 10.00 0.00 1.21 5.33 8.73 3.50 3.67 4.50 6.83 0.00 47 .61 .95 .03 ..;::.. 

N 11 UC38 9.87 0.00 10.00 1.50 3.21 4.00 2.04 5.00 5.00 6.67 9.00 0.00 56 .43 .96 .02 
12 UC40 9.49 0.00 10.00 1.50 4.81 6.00 3.45 8.40 8.67 9.00 9.00 0.00 70 .34 .98 .01 
13 UC69 1.54 0.00 10.00 7.83 3.61 5.33 10.00 5.17 5.33 6.40 7.00 0.00 62 .66 ,83 .08 
14 UC70 1.89 0.00 10.00 7.50 4.31 6.33 10.00 7.67 7.67 8.00 8.83 0.00 72 .43 .85 .10 
15 UC71 5.04 0.00 10.00 7.67 6.91 7.17 9.30 5.83 5.83 6.67 7.50 0.00 71 .66 .70 .21 

1 Factor 1 ~ New Installed Capacity Factor 2 = Net Average Annual Generation 
Factor 3 = Earliest Online Date Factor 4 = Structural Features Proposed 
Factor 5 = Benefit-Cost Ratio Factor 6 = Marketability 
Factor 7 = Total New Investment Cost Factor 8 = Environmental Impacts 
Factor 9 = Level of Acceptability Factor 10 = Social Impacts 
Factor 11 = Water Availability Factor 12 = Return on Energy Investment 

2 Score = Unweighted Total Proposal Score 
3 JD SD = Judges Standard Deviation 
4 MN COR = ~~an Correlation 
5 ST DV = Standard Deviation 
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Figure B-4. Upper Colorado Region- locations of proposed studies. 
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Category: Pumped 
Facilities 

Storage-All New average annual generation of -1,320 GWh 
(-4752 TJ). 

Scenario 

Most likely 

Environmental 

Energy 

Economic 

Category 
ranking 

9/15 

10/15 

5/15 

8/15 

Factors 
flagged 

Accept
ability 

Environ
mental, 
accept
ability 

Accept
ability 

Accept
ability 

UC22-Moon Lake Pumped-Storage Plant, 
Utah 

This proposal is for a study of a potential 
pumped-storage development which would be 
located about 80 miles (129 km) east of Salt 
Lake City, Utah, and 30 miles ( 48 km) north 
of Duchesne, Utah. The capacity of 
Reclamation's existing Moon Lake Reservoir 
would be enlarged by 3 1,000 acre-feet 
(38 238 500m3 ) and would serve as the lower 
reservoir. A new upper reservoir would be 
constructed in the mountains on the east of 
Moon Lake to develop a head of 1,020 feet 
(311 m). A 2,200-MW powerplant and required 
waterways would also be constructed. Five 
hundred miles (805 km) of 500-kV 
transmission line would be built to service the 
load centers of Wyoming, Utah, and Colorado. 
The project would generate 3,300 GWh 
(11 880 TJ) of energy annually and use 4,620 
GWh ( 16 63 2 TJ) for pumping, giving a net 

Category: Pumped Storage-Using Existing 
Reclamation Facilities 

Scenario 

Most likely 
Environmental 

Energy 
Economic 

Category 
ranking 

10/13 
10/13 

6/13 
12/13 

Factors 
flagged 

None 
Environ

mental, 
accept
ability 

None 
b/c ratio, 

market
ability 

UC23-Glen Canyon Dam Powerpla:1t 
Enlargement and Reregulating Dam, 
Colorado River Storage Project, 
Arizona 

This proposal is for a study of the potential 
enlargement of Reclamation's existing 
powerplant at Glen Canyon Dam. Glen Canyon 
Dam is on the Colorado River 4 miles (6.4 km) 
west of Page, Arizona. The proposed 
reregulating dam would be located at Lees 
Ferry about 15 miles (24 km) downstream 
from Glen Canyon Dam. The proposed works 
would include installing additional generating 
units (1 ,006 MW) at the existing Glen Canyon 
Powerplant. The reregulating dam would allow 
a peaking operation of the Glen Canyon power 
complex with the same amount of water. There 
would be no increase in net annual generation. 
Three hundred miles (483 km) of 500-kV 
transmission line would be required . 
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Category: Conventional 
Po werpl ants -Additions 
Reclamation Facilities 

Scenario 

Most likely 

Environmental 

Energy 

Economic 

Category 
ranking 

31/31 

31/31 

25/31 

31/31 

Hydroelectric 
to Existing 

Factors 
flagged 

Environ
mental, 
accept
ability 

Environ
mental, 
accept
ability, 
social 

Accept
ability 

b/c ratio, 
market
ability, 
environ
mental, 
accept
ability 

UC26-Ceholla Creek Pumped-Storage 
Plant, Colorado 

This proposal is for a study of a potential 
pumped-storage development which would be 
located on Cebolla Creek about 30 miles (48 
km) southwest of Gunnison, Colorado. Upper 
and lower reservoirs , with 33,800 acre-feet 
(41 692 300m3

) of active capacity, along with 
waterways and a . 1 ,650-MW pumped-storage 
plant would be constructed . Five hundred 
miles (805 km) of 500-kV transmission line 
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would be constructed to service the load 
centers of Colorado, New Mexico, and Utah. 
The project would generate 2,475 GWh (8910 
TJ) of energy, while consuming 3,465 GWh 
(12 4 74 TJ) for pumping, giving a net average 
annual generation of -990 GWh ( -3564 TJ). 

Category: Pumped 
Facilities 

Storage-All New 

Scenario Category Factors 
ranking flagged 

Most likely 6/15 None 
Environmental 7/15 None 
Energy 3/15 None 
Economic 9/15 b/c ratio, 

market-
ability 

UC28-Boulder Gulch Pumped-Storage 
Plant, Colorado 

This proposal is for a study of a potential 
pumped-storage development which would be 
located 3 miles ( 4.8 km) north of Silverton, 
Colorado. A lower reservoir would be 
constructed on Cement Creek and an upper 
reservoir 2,200 feet ( 671 m) higher in 
elevation. A 2,450-MW powerplant, associated 
waterways, and 500 miles (805 km) of 500-kV 
transmission line would be built. The project 
would generate 3,675 GWh (13 230 TJ) 
annually and would use 5,145 GWh (18522 
TJ) for pumping, giving a net average annual 
generation of -1 ,4 70 GWh ( -5292 TJ). It 
would service the load centers in New Mexico, 
Utah , and Colorado. 



Category: Pumped 
Facilities 

Storage-All New It would service the load centers in New 
Mexico, Utah, and Colorado. 

Scenario 

Most likely 

Environmental 

Energy 

Economic 

Category 
ranking 

12/15 

13/15 

9/15 

13/15 

Factors 
flagged 

Accept
ability, 
social 

Environ
mental , 
accept
ability, 
social 

Accept
ability, 
social 

b/c ratio, 
market
ability , 
accept
ability, 
social 

UC29-Silver Lake Pumped-Storage 
Plant, Colorado 

This proposal is for a potential pumped-storage 
development which would be located about 3 
miles (4.8 km) south of Howardsville, 
Colorado. The existing Silver Lake Dam and 
Reservoir, a privately owned facility which is 
operated as part of Reclamation's Collbran 
Project, would be enlarged to serve as the 
upper reservoir. A new dam and reservoir 
would be constructed on Cunningham Creek to 
serve as the lower reservoir. About 2,000 feet 
(610 m) of head would be developed. 
Connecting waterways, a 2,200-MW 
powerplant, and 500 miles (805 km) of 500-kV 
transmission line would also be constructed. 
The project would generate 3,300 GWh 
(11 880 TJ) annually and use 4,620 GWh 
(16 630 TJ) for pumping, giving a net average 
annual generation of -1,320 GWh (-4752 TJ). 

Category: Pumped 
Facilities 

Storage-All 

Scenario 

Most likely 

Environmental 

Energy 

Economic 

Category 
ranking 

11/15 

12/15 

8/15 

12/15 

Factors 
flagged 

Accept
ability, 
social 

Environ
mental, 
accept
ability, 
social 

Accept
ability 

b/c ratio, 
market
ability, 
accept
ability, 
social 

UC30-Cataract Canyon Pumped-Storage 
Plant, Utah 

New 

This proposal is for a potential pumped-storage 
development which would utilize the existing 
Reclamation Lake Powell as the lower 
reservoir. A new 26 ,200-acre-foot 
(32 317 700-m 3

) capacity upper reservoir, 
waterways, and a 3,015-MW powerplant would 
be constructed. The plant would develop about 
1,600 feet ( 488 m) of head. Five hundred miles 
(805 km) of 500-kV transmission line . would 
be constructed to service load centers in the 
Southwestern United States. Operation of the 
plant would result in 4,523 GWh (16 283 TJ) 
of generation annually , and would require 
6,332 GWh (22 795 TJ) of pumping energy, 
giving a net average annual generation of 
-1,890 GWh (-6804 TJ). 
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Category: Pumped Storage-Using Existing 
Reclamation Facilities 

Scenario 

Most likely 

Environmental 

Energy 

Economic 

Category 
ranking 

9/13 

8/13 

4/13 

10/13 

Factors 
flagged 

Accept
ability 

Environ
mental, 
accept
ability 

Accept
ability 

Market
ability, 
accept
ability 

UC32-Leopard Creek Pumped-Storage 
Plant, Colorado 

This proposal is for a study of a potential 
pumped-storage development which would be 
located 4 miles ( 6.4 km) east of Placerville, 
Colorado. A lower reservoir on Leopard Creek 
and an upper reservoir with a 51 ,000-acre-foot 
(62 908 500-m 3

) capacity, some 740 feet 
(226 m) higher in elevation, would be 
constructed, along with a 2,550-MW 
powerplant and associated waterways. Five 
hundred miles (805 km) of 500-kV 
transmission line would be constructed to 
serve the peaking power needs of the New 
Mexico, Colorado, and Utah load centers. The 
project would generate 3,825 GWh (13 770 TJ) 
annually and would use 5,355 GWh (19 278 
TJ) for pumping, giving a net average annual 
generation of -1 ,530 GWh (-5508 TJ). 

Category: Pumped 
Facilities 

Storage-All 

Scenario 

Most likely 

Environmental 

Energy 

Economic 

Category 
ranking 

13/15 

14/15 

10/15 

14/15 

Factors 
flagged 

Environ
mental, 
accept
ability, 
social 

Environ
mental, 
accept
ability, 
social 

Accept
ability, 
social 

b/c ratio, 
market
ability, 
environ
mental , 
accept
ability, 
social 

New 

UC35-Una Dam, Reservoir, and Powerplant, 
Colorado 

This proposal is for a study of a potential 
project which would be located on the 
Colorado River about 35 miles (56 k_m) 
northeast of Grand Junction, Colorado. 
Features proposed include a new dam , 
reservoir, powerplant of 28-MW capacity, 
switchyard, and 25 miles (40 km) of 69-kV 
transmission line. Net average annual 
generation would be 135 GWh (486 TJ). 
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Category: Conventional Hydroelectric 
Powerplants-All New Facilities 

Scenario 

Most likely 

Environmental 

Energy 

Economic 

Category 
ranking 

13117 

12117 

14/17 

13/17 

Factors 
flagged 

blc ratio, 
environ
mental, 
accept
ability 

blc ratio, 
environ
mental, 
accept
ability, 
social 

blc ratio, 
accept
ability 

blc ratio, 
market
ability, 
environ
mental, 
accept
ability 

UC38-Cimarron Point Pumped-Storage 
Plant, Colorado 

This proposal is for a study of a potential 
pumped-storage plant which would be located 
a few miles northeast of Cimarron, Colorado, 
and would utilize the existing Reclamation 
Morrow Point Reservoir for the lower reservoir. 
A new 14,500-acre-foot (17 885 750-m 3

) 

upper reservoir, waterways, and a 1 ,634-MW 
powerplant would be constructed to develop 
about 2,000 feet (610 m) of head. Five 
hundred miles (805 km) of 500-kV 
transmission line would be constructed to 
service load centers in New Mexico, Utah, and 
Colorado. Annual generation would be 2,451 
GWh (8824 TJ), while 3,431 GWh (12 352 TJ) 
would be required for pumping, giving a net 
average annual generation of -980 GWh 
(-3528 TJ) . 

Category: Pumped Storage-Using Existing 
Reclamation Facilities 

Scenario Category Factors 
ranking flagged 

Most likely 7/13 blc ratio, 
market-
ability 

Environmental 5113 Environ-
mental 

Energy 5/13 None 
Economic 11/13 blc ratio, 

market-
ability 

UC40-Utah Lake Pumped-Storage Plant, 
Utah 

This proposal is for a study of a potential 
pumped-storage development which would be 
located about 10 miles (16 km) west of Provo, 
Utah. Utah Lake would serve as the lower 
reservoir for a I ,440-MW plant. A new 
29,000-acre-foot (35 771 500-m 3

) capacity 
upper reservoir would be constructed about 
700 feet (213 m) above Utah Lake. Other 
features would include the waterways, 
powerplant, and about 200 miles (322 km) of 
345-kV transmission line to service the load 
centers of northern Utah. The plant would 
generate 2,160 GWh (7780 TJ) annually, while 
3,024 GWh (I 0 886 TJ) would be required for 
pumping, gwmg a net average annual 
generation of -864 GWh ( -3110 TJ). 

Category: Pumped 
Facilities 

Storage-All New 

Scenario Category Factors 
ranking flagged 

Most likely I I 15 None 
Environmental 1 I 15 None 
Energy 1/15 None 
Economic 7/15 None 
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UC69-F1aming Gorge Dam Outlet Works 
Generator, Colorado River Storage 
Pr~ject, Utah 

This proposal is for a study of a potential new 
40-MW powerplant which would be located on 
the existing outlet works of Flaming Gorge 
Dam. The new powerplant would utilize the 
same water now being directed through the 
existing powerplant. Operation of the complex 
would change to more peaking power, with no 
increase in total energy. The existing 
switchyard would be modified and 40 miles 
(64 km) of 138-kV transmission line would be 
needed. Flaming Gorge Dam is located on the 
Green River about 60 miles (97 km) notih of 
Vernal, Utah. 

Category: Conventional 
Pow er plants -Additions 
Reclamation Facilities 

Scenario Category 
ranking 

Most likely 30/3 1 
Environmental 30/31 

Energy 29/3 1 
Economic 27/31 

Hydroelectric 
to Existing 

Factors 
flagged 

None 
Environ-

mental 
None 
b /c ratio, 

market-
ability 

UC70-Blue Mesa Dam Outlet Works 
Generator, Colorado River Storage 
Project, Colorado 

This proposal is for a study of a potential new 
50-MW powerplant which would be 
constructed on the existing outlet works of 
Blue Mesa Dam, located on the Gunnison River 
near Sapinero, Colorado. Proposed plant 
addition would utilize water now being 
directed through the existing powerplant. New 
operation would change to peaking operation 
with no increase in net annual generation. 
Switchyard modifications and 35 miles (56 
km) of new 11 5-kV transmission line would be 
required. 

Category: Conventional 
Powerpl ants - Additions 
Reclamation Facilities 

Scenario Category 
ranking 

Most likely 24/31 
Environmental 24/31 
Energy 24/31 
Economic 24/31 

Hydroelectric 
to Existing 

Factors 
flagged 

None 
None 
None 
b/c ratio 

UC7l-Glen Canyon Dam Outlet Works 
Generator, Colorado River Storage 
Project, Arizona 

This proposal is for a study of a potential 
250-MW powerplant which would be located 
on the existing outlet works of Glen Canyon 
Dam on the Colorado River about 4 miles (6.4 
km) west of Page, Arizona. A new switchyard 
and 200 miles (322 km) of 230-kV 
transmission line would be required. Change in 
operation of power generating complex would 
result in no increase in annual generation. 

Category: Conventional 
Powerpl ants -Additions 
Reclamation Facilities 

Scenario 

Most likely 
Environmental 

Energy 

Economic 

Category 
ranking 

23/3 1 
27/3 1 

I 7/3 1 

21/31 

Hydroelectric 
to Existing 

Factors 
flagged 

None 
Environ-
mental 

None 

None 

UC72-Wind and Solar-Thermal Generation 
Study, Utah 

This proposal is for study of the potential wind 
and solar-thermal power resources in the State 
of Utah. Other studies and preliminary 
investigations show several areas within the 
state that appear to warrant further 
investigation to determine the technical and 
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economic feasibility of developing these energy 
sources. The study would include collection of 
data, evaluation of various energy conversion 
methods, and potential applications for power. 
Four potential areas for study of solar-thermal 
generation are: 

Salt Flats.- The salt flats area, about 90 
miles (145 km) west of Salt Lake City , has 
little precipitation, a high percentage of 
cloud-free days, and is located near a 
cons umer area. 

San Rafael Desert. - T he San Rafael Desert 
area, located sou thwest of Green River, 
Utah, has relatively high temperatures and 
low humidity, with a high percentage o f 
cloud-free days. 

East Clark Bench.- This area is located on 
the Utah-Arizona border about 40 miles (64 
km) east of Kanab, Utah. This area has little 
precipitation and a high percentage of 
cloud-free days. 

Bluff. - The area around Bluff, Utah, appears 
to have a. good potential based on the small 
amount of precipitation and high percentage 
of cloud-free days occurring there. 

One potential area fo r study of wind energy 
generation has been identified: 

potential geothermal resource in northern 
Ut ah . Studies indicate this to be the second 
largest geo thermal field in the United States, 
next to southern California, and show a 
potential for electrical power production and 
possible developmen t of salable water supplies. 
On the basis of other studies done to date, 
three potential sites for electrical power 
production have been identified. These are 
described below in UC74 , UC75, and UC76. 

Category: Geothermal Energy 

Data for proposals in this ca tegory not 
compatible wj th evaluation factors and 
scenado analysis. 

UC74- Milford Geothermal Site 

This proposal is for a study of a potential 
100-MW geothermal powerplant to be located 
near Milford, Utah. It is estimated that 10 
production wells would be required and that 
the geothermal flu ids would be reinjected into 
the und erground aquifer . One hundred miles 
(1 6 1 km) of J 38-kV t ransmission line would be 
required to tie into the existi ng power system. 
The estimated cost for the development is $52 
million, resulting in an estimated benefit-cost 
ratio greater than 2: 1 and very marketable 
baseload power. Environmental and social 

Point of Mountain.-There is little data impacts are judged to be minimal and it is 
available to determine wind energy .•' anticipated that acceptability would rate high. 
potential ; however, this is one of several 
areas in the state that has relatively constant 
wind. 

Category: Solar Energy 

Data for proposals in this category not 
compatible with evaluation factor and 
scenario analysis. 

UC73- Geothermal Studies, Utah 

This proposal is for a general study of three 
potential geothermal energy developments in 
the State of Utah. Investigations by private 
industry and universities have shown a 
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Category: Geothermal Energy 

Data for proposals in this category not 
compatible with evaluation factor and 
scenario analysis. 

UC75- Delta Geothermal Site 

This proposal is for a study of a potential 
50-MW geothermal powerplant to be located 
near Delt a, Utah. It is estimated that five 
production wells would be required and that 
the geothermal fluids would be reinjected into 
the underground aquifer. Fifty mi les (80 km) 
of 138-kV transmission line would be required 



to tie into the existing power system. The 
estimated cost for the development is $26 
million, resulting in an estimated benefit-cost 
ratio greater than 2:1 and very marketable 
baseload power. Environmental and social 
impacts are judged to be minimal and it is 
anticipated that accep tability would rate high. 

Category: Geothermal Energy 

Data for proposals in this category not 
compatible with evaluation factor and 
scenatio analysis. 

UC76-Box Elder Geothermal Site 

This proposal is for a study of a potential 
50-MW geothermal powerplant to be located 
near Brigham City, Utah. It is estimated that 
five production wells would be required and 
that the geothermal fluids would be reinjected 
into the underground aquifer. Fifty miles (80 
km) of 138-kV transmission line would be 
required to tie into the existing power system. 
The estimated cost for the development is $26 
million, resulting in an estimated benefit-cost 
ratio greater than 2:1 and very marketable 
baseload power. Environmental and social 
impacts are judged to be minimal and it is 
anticipated that acceptability would rate high. 

Category: Geothermal Energy 

Data for proposals in this category not 
compatible with evaluation factor and 
scenario analysis. 

UC77- Glen Canyon Powerplant Uprating, 
Arizona 

This proposal is to study the potential increase 
in capacity and generation through rewinding 
existing generators and uprating existing 
turbines at Glen Canyon Powerplant. The 
present capacity of the eight units is 1 ,096-MW 
maximum, based on actual tests. 

It is estimated that the capacity can be 
increased 9.5 percent, or I 04 MW, by 
rewinding the generators, assuming that the 

generator is limited by the transformer 
capacity. There would be no increase in energy 
generation. Cost of rewinding is estimated to 
be $7,200,000, or $69 / kW, and the 
benefit-cost ratio is estimated to be 4.07 :1. 

It is estimated that additional generation in the 
amount of 83.2 GWh (300 TJ) could be 
obtained by up rating the existing turbines. The 
benefit-cost ratio for uprating the turbines is 
estimated to be 0. 7 8: I. 

Category: Conventional Hydroelectric 
Powerplants- Uprating Existing Units 

Data for proposals in this category not 
compatible with evaluation factor and 
scenario analysis. 

UC78-Flaming Gorge Powerplant Uprating, 
Utah 

This proposal is to study the potential increase 
in capacity and generation through rewinding 
existing generators and upra ting existing 
turbines at Flaming Gorge Powerplant. The 
present capacity of the three units is 132 MW 
maximum, based on actual tests. 

It is estimated that the capacity can be 
increased 6.9 percent , or 9 MW, by rewinding 
the generators, assuming that the generation is 
limited by the transformer capacity. There 
would be no increase in energy generation. 
Cost of rewinding is estimated to be 
$1,410,000, or $157/kW, and the benefit-cost 
ratio is estimated to be 1.28:1. 

It is estimated that additional generation of 9.5 
GWh (34 TJ) could be obtained by uprating 
the existing turbines. The benefit-cost ratio for 
up rating the turbines is estimated to be 0.39: I. 

Category: Conventional Hydroelectric 
Powerplants- Uprating Existing Units 

Data for proposals in this category not 
compatible with evaluation factor and 
scenario analysis. 
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UC79-Blue Mesa Powerplant Uprating, 
Colorado 

This proposal is to study the potential increase 
in capacity and generation through rewinding 
existing generators and uprating existing 
turbines at Blue Mesa Powerplant. The present 
capacity of the two units is 72 MW maximum, 
based on actual tests. 

It is estimated that the capacity can be 
increased by 5.6 percent, or 4 MW, by 
rewinding the generators, assuming that the 
generation is limited by the transformer 
capacity. There would be no increase in energy 
generation. Cost of rewinding is estimated to 
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be $760,000, or $40/kW, and the benefit-cost 
ratio is estimated to be 2: 1. 

It is estimated that additional generation in the 
amount of 5.2 GWh (19 TJ) could be obtained 
by uprating the existing turbines. The 
benefit-cost ratio for uprating the turbines is 
estimated to be 0.35:1. 

Category: Conventional Hydroelectric 
Powerplants-Uprating Existing Units 

Data for proposals in this category not 
compatible with evaluation factor and 
scenario analysis. 



SOUTHWEST REGION 

Table B-9 is a display of the initial proposal 
data for all study proposals submitted by the 
Southwest Regional Office in Amarillo, Texas. 
The location of each potential project and 
study is shown on figure B-5 . Table B-1 0 gives 
the raw factor scores for those proposals which 
were evaluated with the aid of computer data 
processing methods. 

The following pages contain a brief summary 
description of each of the study proposals . 
Where appropriate, the relative ranking of each 
proposal within its development category and 
an indication of which factors were flagged is 
given for the four scenarios. 

It should be strongly reiterated that the flags 
merely indicate areas in which the evaluation 
team judged that significant problems might be 

encountered. That judgment was based on 
evaluation of very preliminary data. 
Occurrence of a flag does not necessarily mean 
that an insurmountable problem would occur, 
nor does absence of flags mean that no 
problems could arise in respect to any of the 
factors. Definitive identification of any 
problems would occur during the proposed 
studies. 

SW02-Rio Grande Pumped-Storage Plant, 
New Mexico 

This proposal is for a study of a potential 
pumped-storage development near 
Reclamation's Elephant Butte Reservoir. 
Mescal Dam and Reservoir, the lower reservoir , 
would be constructed on Mescal Canyon, a 
tributary of the Rio Grande, about 2 miles (3 
km) downstream from Elephant Butte Dam. 
Coyote Dam and Reservoir, the upper 

Table B-9. - Proposals from Southwest Region 

1.0. 
NRC 3 

State reg 

Initial proposal data 

Type Head lnst 
Strelllll of (ft) (a) cap 

New B/C On- Exist 
invostaent ratio line data Description 

dev 1 (Mil) 

Net annual 
~cneration 

( ) (TJ) cost ($1 ,000) date level 

SW02 Rio Grande Project Pumped~Storage NM 1303 
SW03 Rio Grande Rift Geothci'IIal Study NM 

Rio Grande PS-N 418 . 127 200 . 0 -97 .0 -349.2 
N.A . GEOT (Data not applicable for this proposal) 

SW04 Solar TheT'IIIal Generation, TX, NM , OK 
SWOS Wind Energy Generation, TX, OK, J::A 
SW06 Middle Rio Grande Hydroelectric Study ti-t 1300 

N. A. SOLR (Data not applicable for this proposal) 
N. A. SOLR (Data not applicable for this proposal) 
Rio Grande GENL (Data not applicable for this proposal) 

Totals 200.0 -97 .o -349 .2 

SOLR • Solar Energy 
GENL • General Hydroelectric Inventory 

1 PS·N • P~ed - Storage - All N~ Facilities 
. GEOT • Geothenaal Energy · 
:l Appraisal 
3 liator Rosources Counci 1 region number 

Table B-10. - Proposals from Sout'l-tlJJest Region 

I.U . 

Unweighted average factor scores 

Individual Factor Mean Scores (Range 0 to 10) 
Factors I 

5 6 7 8 9 10 11 12 Score2 

SW02 4 . 53 0.00 4.00 2.00 0 .00 1.33 7.05 5 . 17 5.00 9.67 1.00 o.oo 39 

1 Factor 1 '"' New Installed Capacity 
Factor 3 • Earliest Online Date 
Factor 5 ., Benefit-Cost Ratio 
Factor 7 • Total Ne"~t Investment Cost 
Factor 9 • Level of Acceptability 
Factor 11 • Water Availability 

2 Score a Unweighted Total Proposal Score 
3 JD SO • Judges Standard Deviation 
.. 1-{N COR • Mean Correlation 
S Sf DV • Standard Deviation 

factor 2 • Net Average Annual Generation 
Factor 4 • St ruc tural Features Proposed 
Factor 6 • Marketability 
Factor 8 • Environmental Impacts 
Factor 10 • Social Impacts 
Factor 12 • Return on Energy Investment 
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reservoir, would be constru cted on a tributary 
of Ash Canyon near the head of Coyote 
Canyon. Both reservoirs would have a capacity 
of about 4 ,500 acre-feet (5 550 750m3

). A 
200-MW powerplant, associated waterways, 
and 20 miles (32 km) of 345-kV transmission 
line would be included. The project would 
generate 208 GWh (749 TJ) annually and 
would use 305 GWh ( 1098 TJ) for pumping, 
giving a net average annual generation of -97 
GWh ( - 349 TJ). Flow in the natural drainages 
fo r the reservoirs is very small ; therefore, 
makeup water would be pumped from the Rio 
Grande by a 76-ft3 / s (2.15-m 3 /s) capacity 
pumping plant. 

Category: Pumped 
Facilities 

Storage-All New 

Scenario 

Most likely 

Environmental 

Energy 

Economic 

Category 
ranking 

15/15 

11/1 5 

15/15 

15/15 

Factors 
flagged 

b/c ratio, 
market
ability 

b/c ratio, 
market
ability, 
environ
mental 

b/ c ratio, 
market
ability 

b/c, ratio 
market
ability 

SW03-Rio Grande Rift Geothermal Study, 
New Mexico 

Previous preliminary studies by the New 
Mexico Institute of Mining and Technology, in 
cooperation with Reclamation , show a definite 
potential for geothermal resources in the Rio 
Grande Rift System. The geological stru cture, 
volcanic activity , thermal spot s dete rmined by 
wells, and heat flow measurements, all ind ica te 
a promising paten tial for geothermal energy 
development along the western edge o f the rift. 
This proposal is for a 3-year appraisal level 
investigation to better determine the extent of 

the resource and its po tential for developmen t 
of electrical energy . 

Category : Geothermal Energy 

Data fo r proposals in this category not 
compatible with evaluation factor and 
scenario analysis. 

SW04-Solar-Thermal Generation, Texas, 
New Mexico, and Oklahoma 

This proposal is for an inventory-ty pe study to 
assess solar-thermal generation potential in the 
States of Texas, New Mexico, and Oklahoma. 
The study would include a literature search and 
an effort to collect and summarize existing 
data. 

Category: Solar Energy 

Data for proposals in this category not 
compatible with evaluation factor and 
scenario analysis. 

SW05- Wind Energy Generation, Texas , 
Oklahoma-Kansas 

Climatological wind data indicate that t he 
Texas and Oklahoma panhandles and 
so uthwes tern Kansas are suited for wind energy 
development. This proposal is for an 
inventory-type stud y to assess this po tential. 
The study would include a literature search and 
an effort to collect and summarize existing 
cla ta. 

Ca tegory: Solar Energy 

Data for proposals in this category not 
compatible with evaluation factor and 
scena1io analysis. 

SW06-Middle Rio Grande Hydroelectric 
Study, New Mexico 

This p roposal is for an appraisal-level study of 
hydroelectric po tential in the Rio Grande 
drainage in New Mexico. Power marketing 
studies show a potential market for the power 
and energy produced. Wit h ultimate 
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development of the Rio Grande in Colorado, 
an average discharge of approximately 400,000 
acre-feet (493 400 000 m 3

) will fall about 830 
feet (253 m) from the Colorado-New Mexico 
State line to the mouth of the Red River, and 
an additional 935 feet (285 m) between this 
point and the confluence with the Rio Chama. 
From the confluence with the Rio Chama to 
Cochiti, an average annual discharge of 
850,000 acre-feet ( 1.05 x 109 m 3

) descends 
about 370 feet ( 113 m). If the flows of the Rio 
Grazos and Rio Chama are diverted to Willow 

Creek, an average annual discharge of 290,000 
acre-feet (3 .58 x 10 8 m 3

) falling through 410 
feet (125 m) could be developed. It is 
estimated from the hydrology that 770 GWh 
(2772 TJ) of energy could be developed 
annually in this drainage basin. 

Category: General Hydroelectric Inventory 

Data for proposals in this category not 
compatible with evaluation factor and 
scenario analysis. 
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UPPER MISSOURI REGION 

Table B-11 is a display of the initial proposa l 
data for all study proposals submitted by the 
Upper Missouri Regional Office in Billings, 
Montana. The location of each potential 
project and study is shown on figure B-6 .. Table 
B-12 gives the raw factor scores for those 
proposals which were evaluated with the aid of 
computer data processing me thods. 

The following pages contain a brief summary 
description of each of the study proposals. 
Where appropriate, the relative ranking of each 
proposal within its development category and 
an indication of which factors were flagged are 
given for the four scenarios. 

lt should be strongly reiterated that the nags 
merely indicate areas in which the evaluation 
team judged that significant problems might be 
encountered. That judgment was based on 
evaluation of very preliminary data. 
Occurrence of a flag does not necessarily mean 
that an insurmountable problem would occur, 
nor does absence of flags mean that no 
problems could arise in respect to any of the 
factors . Definitive identification of any 
problems would occur during the proposed 
studies. 

UMOl-Fort Benton Unit (Peaking Plant), 
Montana 

This proposal is for a study of the potential 
Fort Benton Unit wh.ich would be located on 

Table B-11. -Proposals from Upper Missouri Region 
Initial pl'oposd da ta 

---- --- -- - - - ---- -
h'RC" 

State reg 
Inst 
cap 
()iW) 

Net annual 
-.~tion 
(Gllh) - - -rfj) 

New 6/C On- lixi s t 

t.o. l)escription inve$tfAent ratio line d<ata 
cost ($1 ,000) d>to !eve I 

lR<Ol Fort Benton Unit {Pe.aldng} >IT ! 0{13 Missouri R JiY-S 185 56 360.0 
U>401 C~.nyon FeJ'ry Powerpl~nt A.ddition )off 1003 Missouri R HY-A 125 38 90 .0 
l!M03 Lorle trec Poverplant !<1) 1013 Sheyenne R JiY-A ISO 45 16 . 0 
UH04 Yellowuil Afte:rbay Poverpl3nt loiT 1008 &ighom R LOW!i 25 7 11.4 
UHOS Allenspur 08JII and Powor:plant 1fT 100? Yellowstone l lY-N 180 85 250 . 0 
U>I06 Beartooth Unit >IY 1008 Clarks Frk IN-N 2,030 6 18 177 .s 
U>407 Foxt 8enton Uni.t (8aso l oad) >IT 100~ Ni~souri. R JiY.N 185 56 160.0 
U>I08 Tiber Dam Pc'l'etplant l<f 1003 Kar1!ls. A ~Y -A 152 46 s .o 

1'otah 1.069.9. 

------- ·----- -- -
1 H'Y ~A "~ Col\\'entio-nal Hydroelectric Poworplants - Additions ~t Ex.ht i ng Rec l <tmation Facilities 

HY -N =Con ventional Hydt'Oelectric:: Powe:rplant$ - All Now Facilities 
2 Fe3.sibility 
l A(>j)r;li S(l) 
'- WJ.ter RC$(1\J.rC('$ Council Top,ion n\l.Jilher 

713 . 0 2 566.8 404>791 1. 20 1993 
70 . 0 252.0 53' 720 1.21 1981 
86.9 ll2.8 15,268 1.61 1989 
56 . 0 201 .6 II, 373 1.53 1987 

686 .0 2 469.6 l99,52S .9.1 1993 
875 .0 3 150.0 416 ,647 . 70 1993 
760.0 2 736.0 252 ,~93 1.07 1993 

39. 4 141.8 4 ,92S 1.60 1987. 

3,286 . 3 11 830 . 7 1,559,142 

-- ----- ------
J..OWII • LOw ~he&d Hydroelec tric Powerphnts 

Tabl e B-12. - Proposals from Upper Missouri Region 
Unweighted average factor scoTes 

Ft.as 2 

Rough 
Rough 
Rough 
Appr 3 

Appr 
Appr 
Appr 

l.D. 
lndiv id01l1 Factor Mean Sco res (R.Inge 0 t o 10) 

f octors 1 JO $[)3 MN COR' ST ovS 
~---2----;---4-- - 5----6-- - ·- , ----g--~- --ro---~~---u--s70T&2 

--.. --·------ · - -- ·-
1 UMOI 5.92 5.84 •. 00 l. 00 
2 UM02 3. 03 2. 06 8 . 00 5.67 
J UMQ3 .64 2. 24 6.00 7.1 7 
4 UM04 . 46 I. 82 8.00 8.33 
s UMOS 5 .0 4 s . 74 4 .00 . 33 
6 lM06 4. 29 6.32 4. 00 .33 
1 L'H07· 4.11 6 . 01 4.00 1.00 
8 UHOS .20 1.49 8.00 9.33 

1 Factor 1 :; ~~ lnstalled Capacity 
Factor l '3 Earliest Online Dato 
Factor 5 a Be:nefi t · Cost Rati o 
Factor 7 ,. Total New Investment Cost 
Factor 9 :; Level of Atcepu.bi lity 
Fa.c;tor 11 • Water Avail abi lity 

2 Sc.ore • Unweighted Total Proposal Sc:or~ 
'l JO So • Judges Standard Devi ation 
"' ~ COR a: Mean Correlation 
S Sf DV • St:mdard Deviation 

s . 5 1 5.17 
4.81 6.00 
9.61 6.17 
8.81 8.00 
2.81 3.00 

.51 1.17 
4. 21 5.00 
9 . 51 9.00 

-----------------
4,47 2 .67 3 . 00 8.00 8 .33 l. 76 ss .49 .98 .01 

10.00 9. 33 7 .83 9.17 9.00 J. .OO 76 .4 1 .98 .02 
10.00 10.00 8.17 9 . 83 9. 33 4.96 84 .33 .95 .03 
10.00 9.83 7. 83 9 .67 9. 67 4 . O!i 86 . 36 . 84 .10 
4. Sl 1.00 .67 l.OO 6 .17 1.12 35 .61 .93 .03 
4. 39 1.:13 l. so 5.00 6.SO .88 36 . ss .94 .04 
s. 77 7 .00 6.33 8.00 ? .33 l. 91 60 . 37 .97 .02 
l. 87 S.67 9.00 9.00 8.33 7 . 57 81 . 24 . 51 .30 

--------- ·-------- ---
factor 2 10 Net A.verago Mnual Gen eration 
Factor 4 • Stt·llctural Features P~oposed 
factor 6 • ~tarketat>i li ty 
Factor 8 • EnvironMental lmpacts 
Factor 10 1o1o Social Impacts 
Factor 12 • Return on Energy Investment 

B-59 



the Missouri River, 1 mile ( 1.6 km) upstream 
from the town of Fort Benton, Montana. Major 
features consist of a new dam, 204 feet (62 m) 
high and 4,550 feet (1387 m) long; a 30-mile 
( 48-k m) long reservoir, storing 8 80,000 
acre-feet (1.09 x 109 m3 ) of water; a 360-MW 
powerplant; an afterbay dam about 11 miles 
(18 km) downstream ; a switchyard; and 130 
miles (209 km) of 161-kV and 230-kV 
transmiSSIOn lines. Net average annual 
generation would be 71 3 GWh (2567 TJ). A 
feasibility study of the multipurpose proposal 
was completed in 1970. However, due to the 
low expected repayment ra tes from the sale of 
power, the project was not financially justified 
at that time. The afterbay dam and reservoir 
m·e located in the reach of the Missouri River 
designated as a wild and scenic river by Public 
Law 94-486 of October 12, 1976. Proposal 
UM07, Fo rt Benton Unit CBaseload), is an 
alternative to this proposal. 

Catego ry: Conventional Hydroelectric 
Powerplants-All New Facilities 

Scenario 

Most likely 

b nvironmental 

Energy 

Economic 

Catego1y 
ranking 

9/17 

5/1 7 

9/17 

11/17 

Factors 
flagged 

Environ 
men tal, 
accept
ability 

Environ
mental, 
accept
ability 

Environ
mental, 
accept
ability 

Market
ability , 
environ
mental, 
accept
ability 

U!\102-Canyon Ferry Powerplant Addition, 
Montana 

This proposal is for a study of a potential 
90-MW powerplant which would be located 

downstream from the existing Canyon Ferry 
Dam and Powerplant (50 MW) on the east side 
o f the Missouri River, abou t 17 miles (27 km) 
northeast of Helena, Montana. New penstocks 
through the clam would carry water to the 
powerplant. Additional switchyard facilities 
and 85 miles (137 km) of230-kV transmissio n 
line would be constructed. Net average annual 
generation would be 70 GWh (252 TJ). 

Catego ry: Conventional 
Po we rplan ts-Add itions 
Reclamation Facilities 

Scenario Category 
ranking 

Most likely 20/3 1 
Environmental 2 1/3 1 
Energy 18/31 
Economic 22/31 

Hydroelectric 
to Existing 

Factors 
flagged 

None 
None 
None 
None 

UM03-Lonetree Powerplant, Garrison 
Project, North Dako ta 

This proposal is for a study of the potential 
16-MW Lonetree Powerp1ant which would be 
located on the soon-to-be constructed Lonetree 
Reservoir and utilize about 160 feet (49 m) of 
drop from the McClusky Canal. A new 12-foot 
(3.7-m) diameter penstock, 2,000 feet (610 m) 
in length , would be construc ted adjacent to t he 
existing chute. A new switchyard and 60 miles 
f97 km) of 11 5-kV transmission line would be 
constructed. Net average annual generation 
would be 87 GWh (313 TJ). The powerplant 
would be fully operable during the 7-month 
irrigation season only after development of the 
250,000-acre ( 101 17 1 hectares) Garriso n 
Dive.rsion Unit (under construction). 

Category : Conventional 
Powerp l ants-Additions 
Reclamation Facilities 

Scenario 

Most li kely 
Environmental 
Energy 
Economic 

Category 
ranking 

16/3 1 
1 1/31 
20/3 1 
16/31 

Hydroelectric 
to Existing 

Factors 
flagged 

None 
None 
None 
Market-

ability 
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Ul\104-Yellowtail Afterbay Powerplant, 
Montana 

This proposal is for a study of a potential 
11.4-MW bulb-turbine powerplant which would 
be installed in the existing Yellowtail Afterbay 
Dam, located about 2-1/4 miles (3.6 km) below 
Yellowtail Dam. The plant would utilize the 
head of approximately 30 feet (9 m) and 
would be operated to maintain the existing 
downstream Bighorn River regime. About 1 
mile (1.6 km) of 115-kV transmission line 
would be required to tie into the existing 
115-kV Yellowtail Switchyard. The net average 
annual generation would be 56 GWh (202 TJ). 

Category: Low-Head 
Powerplants 

Scenario Category 
rank ing 

Most likely 1/8 
Environmental 1/8 
Energy 1/8 
Economic 1/8 

Hydroelectric 

Factors 
flagged 

None 
None 
None 
None 

UMOS-Allenspur Dam, Reservoir, and 
Powerplant, Montana 

This proposal is for a study of a potential 
project which would be located on the 
Yellowstone River about 2-1/2 miles (4 km) 
upstream from Livingston, Montana. Features 
would include a 3 80-foot (116-m) high and 
2,700-foot (823-m) long dam, a reservoir with 
4 million-acre-foot (4 .93 x 109 m3 ) total 
capacity, a 250-MW powerplant with 
appropriate switching facilities, a 30-foot (9-m) 
high afterbay dam about 0.8 mile (1.3 km) 
downstream; and 25 miles (40 km) of 
single-circuit 230-kV transmission line and 130 
miles (209 km) of double-circuit 230-kV 
transmission line. Net average annual 
generation would be 686 GWh (2470 TJ). 

Category: Conventional Hydroelectric 
Powerplants-All New Facilities 

Scenario Category Factors 
ranking flagged 

Most likely 16/17 b/c ratio, 
market-
ability, 
environ-
mental, 
accept-
ability , 
social 

En vir on men tal 17/17 Environ-
mental, 
accept-
ability , 
social 

Energy 15/1 7 Market-
ability , 
environ-
mental , 
accept-
ability, 
social 

Economic 16/17 b/c ratio, 
market-
ability 
environ-
mental, 
accept-
ability 

UM06-Beartooth Unit, Wyoming 

This proposal is for a study of a potential 
multipurpose development which would be 
located in the Upper Clarks Fork River Basin, 
northwes t of Cody, Wyoming. Features include 
three dams and reservoirs on the Clarks Fork 
River and a dam and reservoir on Sunlight 
Creek, a tributary to the Clarks Fork. The 
potential plan includes three powerplants 
totaling 177.5 MW, switchyards, and 186 miles 
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(300 km) of transmission line varying from 69 
kV to double c.ircuit 230 kV. Net average 
annual generation would be 87 5 GWh (3150 
TJ). 

Category: Conventional Hyd roelectric 
Powerplants-All New Facilities 

Scenario 

Most likely 

Environmental 

Energy 

Economic 

Category 
ranking 

17/17 

15/17 

16/ 17 

17/1 7 

Factors 
flagged 

b/c rat1o, 
market
ability, 
environ
mental, 
accept
ability 

b/c ratio, 
marke t
ability, 
environ
mental, 
accept
ability 

b/c ratio, 
market
ability , 
environ
mental, 
accept
ability 

b/c ratio, 
rnarke t
ability, 
environ
mental, 
accept
abili ty 

Ul\107- F'ort Benton Unit (Baseload) 

'This proposal is for a stud y of the potential 
Fort Benton Unit, a multipurpose project to be 
located on the Missouri River, 1 mile (1.6 km) 
upstream from the town of Fort Benton, 
Montana. Major features consist of a new darn 
204 feet (62 m) high and 4,550 feet 1387 1n) 
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long a t the crest forming a 30-mile (48-km) 
long reservoir with a capacity of 880,000 acre 
feet (1.09 x 109 rn 3 ), and a 160-.MW 
powe rplant. A new switchyard and 48 miles 
(77 km) o f !61 -kV transmission line would 
also be required . Net average annual generation 
would be 760 GWh (2736 TJ). Proposal UMO 1, 
Fort Benton Unit (Peaking) , is an alternative to 
this proposal. 

C ategory: Conventional Hydroelectric 
Powerplants- Ail New Facilities 

Scenario CategOiy Factors 
ran king flagged 

Most likely 5/1 7 None 
Environmental 2/ 17 None 
Energy 10/17 None 
Economic 9/17 b/ c ratio 

UM08-·Tiher Dam Powerplant, Montana 

This proposal is for a study of a potential 
5-MW powerplan t which would be constructed 
at Reclamation's existing Tiber Dam, about 19 
miles southwest of Chester, Montana. The 
existing 72-inch (1830-mm) d iameter outlet 
works penstock would be used to convey f lows 
to the new powerplant. Presen t flow conditions 
would be maintained and would generate 39.4 
GWh (142 TJ) net average annual genera tion. 
In addition to the powerpJant, a su rge tank, 
switchyard, and 1 mile (1.6 km) of 115-kV 
transmission line would be required. 

Category: Conventional 
Pow e r p Ian ts ·-Additions 
Reclamation Facilities 

Scenario Category 
rankJng 

Most like!y 15/31 
Environmen tal 17/3 1 
Energy 1 5/31 
Economic 19/31 

Hydroelectric 
to E xisting 

Fact ors 
nagged 

None 
None 
None 
None 



LOWE.R MISSOURI REGION 

Table B-13 is a display of the initial proposal 
data for all study proposals submitted by the 
Lower Missouri Regional Office in Denver, 
Colorado. The location of each potential 
project and study is shown on figure B-7. Table 
B-14 gives the raw factor scores for those 
proposals which were evaluated with the aid of 
computer data processing methods. 

The following pages contain a brief summary 
description of each of the study proposals. 
Where appropriate , the relative ranking of the 
proposal within its development category and 
an indication of which factors were flagged are 
given fo r the fou r scenarios. 

It should be stongly reiterated that the fl ags 
merely indicate areas in which the evaluation 
team judged th at significant prob lems might be 
encountered. That judgment was based on 
evaluation of very preliminary data. 
Occurrence of a flag does not necessarily mean 
that an insurmountable problem would occur, 
nor does absence of fl ags mean that no 
problems co uld ar:ise in respect to any of the 
factors. Definitive identification of any 
problems would occur during the proposed 
studies. 

LMOI-Pinewood-Carter Pumped-Storage 
Plant, Colorado 

TI1is proposal is for a study of a potential 
pumped-storage development which would 
utilize two existing Reclamation reservoirs. 
Pinewood Lake would serve as the upper 
reservoir and Carter Lake as the lower. Both 
reservoirs are part o f the Colorado-Big 
Thompson Projec t. The elevation d ifference is 
about 820 fee t (250m). New features would 
consist of about 18,000 feet (5486 m) of 
waterways and a 200-MW powerplan t. About 
17 miles (27 km) of 230-kV transmission li ne 
would be requi red to service the load centers 
on the eastern slope of the Colorado Rockies. 
The plant would generate 300 GWh (I 080 TJ) 
annually and require 450 GWh (1 620 TJ) for 
pumping, giving a net average annual 
generation of - 150 GWh ( --540 TJ). 
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Category: Pumped Storage- Using Existing 
Reclamation Facilities 

Scenario Category Facto rs 
ranking flagged 

Most likely 2/ 13 
Environmental 3/13 
Energy 2/13 
Economic 1/ 13 

LI\'102-Bear Gulch Pumped Storage, 
Colorado 

None 
None 
None 
None 

This proposal is for a study of a potential 
pumped-storage development which would be 
located 21 miles (34 km) southwest of Denver, 
Colorado. A dam and reservoir on Bear Gulch, 
a tributary of the South Platte River, would 
form the lower reservoir. The upper reservoir 
would be located on the mou!1 tain about 2 ,000 
fee t (610 m) above the powerplant. A 700-MW 
powerpJant, waterways, and 8 mi.les (13 km) of 
34 5-k V transmission line would also be 
constructed. The project would service the 
peaking power needs of the load centers on 
Colorado 's eastern slope. It would generate 
1,400 GWh (5040 TJ) annually and use 2,100 
GWh (7560 TJ) of pumping energy, giving a 
net average annu al generation of --700 GWh 
(- 2520 TJ). 

Category: Pumped 
Facil.i ties 

Storage-All New 

Scenario Category Factors 
ranking t1agged 

Most likely 5/1 5 Accept-
abili ty 

Environmental 4/ 15 Accept-
ab·ility 

Energy 7/ 15 Accept-
ability 

Economic 4/ 15 Accept-
ability 

Li\103-Hardscrabble Pumped-Storage Plant, 
Colorado 

This proposal is for a study of a potential 
pumped-storage development wh ich would be 
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Table B-13. - Proposals from Lower Missouri Region 
Init ial proposa l data 

WRC 3 Type Head Ins t Net annual New B/C On-
I.D. Description State reg Stream of (ft) (m) cap generation investment ratio line 

dev1 (MW) (GWh) (TJ) cost ($1 ,000) date 

IJ.fOl Pinewood-Carter Pumped-Storage co 1019 B. Thompson PS-A 821 250 200.0 -150.0 -540. 0 32,336 2. 90 1986 
1)102 Bear Gulch Pumped-Storage co 1019 S. Platte R PS-N 1,760 536 700.0 -700.0 -2 520.0 167,600 2.10 1993 
IJ.103 Hardscrabble Pumped-Storage co 1102 N. Hrdscr bb PS-N 1,913 58.; 500.0 -500 . 0 -1 800 .0 128 ,684 1. 75 1993 
LM04 Phantom Canyon Pumped-Storage co 1102 Eightmile PS-N 1,702 518 500.0 -500 . 0 -1 800.0 119,968 1.83 1993 
LMOS West Beaver Creek Pumped-Storage co 1102 W. Beaver C PS-N 920 280 320.0 -320.0 -1 152 .0 81 ,570 1.86 1993 
LM06 Green Mountain Afterbay co 1405 Blue River HY -A 203 61 18.4 . 9 3 .3 5,850 1. 78 1986 
LM07 Carter Lake-St. Vrain Powerplant co 101 9 B. Thompson LOWH 98 29 4. 0 5.0 18.0 2,437 1.10 1986 
LM08 Horsetooth-Charles Hansen Powerplant co 1019 B. Thompson WWH 98 29 10.0 10.2 36.7 5,856 1.12 1986 
LM09 Charles l~nsen-Poudre Powerplant co 1019 B. Thompson L0\'111 45 13 5.0 3.1 11.2 3,872 .65 1986 
l.MlO Kortes Pumped-Storage Unit WY 1018 N. Platte R PS-A 1,232 375 300.0 -300.0 -1 080 .0 73,634 1. 79 1990 
LMll Alcova Pumped-Storage Unit WY 1018 N. Platte R PS -A 982 299 500.0 -500.0 -1 800.0 117,888 1. 88 1988 
LM1 2 Fremont Canyon Powerplant Enlargement WY 1018 N. Platte R HY-A 300 91 50.0 100.0 360.0 55, 658 .95 1986 
LM13 Wind Energy Oata Collection WY **** N.A . SOLR (Data not applicable f or t his proposal) **** 

---
Totals 3 , 107. 4 

I HY-A = Conventiona l Hydroelectric Powerplants - Additions at Existing Reclamation Faci lit ies 
LOWH " Low-head Hydroelectric Powerplants 
PS-A = Pumped-Storage - Using Exi s ting Reclamation Facilities 

2 Appraisal 
3 llat er Resources Council region number 

-2 ,850 . 8 -1 0 262.8 795 ' 353 

PS-N = Pumped-Storage - All New Faci lities 
SOLR = Solar Energy 

Exist 
data 
l evel 

Rough 
Rough 
Rough 
Rough 
Rough 
Appr2 
Rough 
Rough 
Rough 
Rough 
Rough 
Rough 
Rough 



Table B-14. - Proposals from Lower Missouri Region 

Unweighted average factor scores 

I. D. 
Individual Factor Mean Scores (Range 0 to 10) 

Factors 1 JD so 3 MN COR4 ST ov 5 

1 2 3 4 5 6 7 8 9 10 11 12 Score2 

1 LMOI 4.53 0 . 00 9.00 6.67 10.00 7.67 10.00 6.33 5.50 6.33 8.00 0.00 74 .58 .82 .10 
2 LM02 7.55 0.00 4.00 1.00 10.00 7.33 7.58 7.83 3.67 9.00 8.83 0.00 66 .33 .99 .01 
3 LM03 6.72 0.00 4.00 .67 10.00 7.00 8.55 5 . 17 3.83 7.83 9.17 0.00 62 .47 . 97 .02 
4 LM04 6. 72 0.00 4.00 .so 10 .00 6.50 8.78 8.50 7. 67 8 . 17 8 . 83 0.00 69 .45 .99 . 00 
5 LM05 5.60 0.00 4.00 . 33 10.00 6.33 9.73 6.67 5.83 8.17 8.83 0 . 00 65 .47 .99 .01 

~ 6 LM06 .73 1.01 9.00 8.67 10.00 7.00 10.00 8.83 7 . 83 9.00 7.67 0.00 79 .38 .85 .08 
0\ 7 LM07 .16 1.01 9 .00 8 . 00 4.51 6.50 10.00 10.00 9.00 10.00 9.67 3.28 81 . 16 .97 .02 
-.J 

8 LM08 .40 1.00 9.00 6.83 4. 71 3.67 10.00 10.00 9.17 9 . 83 9.83 2 . 87 77 .33 .98 .01 
9 LM09 .20 1.01 9 .00 6.17 .01 1.17 10.00 10.00 9 . 17 9.67 9 .67 .79 66 .34 .99 . 01 

10 LMlO 5.44 0.00 5.50 3.67 10.00 7.17 9.93 5 . 83 6.00 8.83 9.50 0.00 71 .44 .97 .01 
11 LMll 6.72 0.00 7.00 2.17 10.00 7.33 8.83 7.83 6.17 9.00 9.17 0.00 74 .33 .99 .01 
12 LM12 1.89 2.39 9.00 5 .so 3.01 3.67 10.00 7.83 7.83 8 . 83 8.00 1. 78 69 .44 .95 .04 

1 Factor 1 = New Installed Capacity Factor 2 = Net Average Annual Generation 
Factor 3 = Earliest Online Date Factor 4 = Structural Featur~s Proposed 
Factor 5 = Benefit-Cost Ratio Factor 6 = Marketability 
Factor 7 = Total New Investment Cost Factor 8 = Environmental Impacts 
Factor 9 = Level of Acceptability Factor 10 = Social Impacts 
Factor 11 = Water Availability 

2 Score = Unweighted Total Proposal Score 
Factor 12 = Return on Energy Investment 

3 JD SD = Judges Standard Deviation 
4 MN COR = Mean Correlation 
5 ST DV = Standard Deviation 



located on Hardscrabble Creek, a tributary of 
the Arkansas River, about 33 miles (53 km) 
west of Pueblo, Colorado. A dam and reservoir 
would be constructed on Hardscrabble Creek 
to serve as the lower reservoir. An upper 
reservoir would be constructed 2,000 feet 
(610 m) higher in elevation. Waterways, a 
500-MW powerplant, and 84 miles (135 km) of 
230-kV transmission line would be 
constructed. The project would generate 1,000 
GWh (3600 TJ) of ene rgy annually and use 
1,500 GWh (5400 TJ) for pumping, giving a 
net average annual generation of -500 GWh 
(- 1800 TJ). It would service the peaking needs 
of the southern load centers of Colorado's east 
slope. 

Category: Pumped 
Facilities 

Storage-All New 

Scenario Category 
ranki ng 

Factors 
flagged 

Most likely 

Environmental 

Energy 

Economic 

8/15 

8/15 

I 1/15 

5/ 15 

Accept
ability 

Environ
mental, 
accept
ability 

Accept· 
ability 

Accep t
a bill ty 

LM04- Piumtom Canyon Pumped-Storage 
Plant, Colorado 

This proposal is fo r a study of a potential 
pumped-storage development which would be 
located about 33 miles (53 km) northwest of 
Pueblo, Colorado. The lower reservoir would 
be formed by damming Eightmilc Creek, while 
the upper reservoir would be 1,700 feet 
(518 m) above on the southern slope of Cooper 
Mountain. Waterways, a 500-MW powerplant, 
and about 50 miles (80 km) of 230-kV 
transmission line would be included. The 
project would serve the peaking power needs of 
the southern end of the east slope Colorado 
load centers. The project would generate 1 ,000 
GWh (3600 TJ) of energy annually and would 
require 1,500 GWh (5400 TJ) for pumping, 

g!Vlng a net annual generation of -500 GWh 
(- 1800 TJ). 

Category: Pumped 
Facilities 

Storage-All J\ew 

Scenario Category Factors 
ranking flagged 

Most likely 4/15 ~one 
Environmental 3/15 'l'lone 
Energy 6/ 15 None 
Economic 2/15 No ne 

LM05-West Beaver Creek Pumped-Storage 
Plant, Colorado 

This proposal is for a study of a potential 
pumped-storage development which would be 
located on West Beaver Creek, a tributary o f 
the Arkansas River, about 17 miles (27 km) 
southwest of Colorado Springs, Colorado . A 
dam and reservoir would be constructed on 
West Beaver Creek, downstream from Skagway 
Reservoir. An upper reservoir would be 
constructed on the mountain to the west some 
900 feet (274 m) higher in elevation. 
Waterways, a 320-MW powerplant, and 54 
miles (87 km) of 230-kV transmission line 
would be constructed. The project would 
generate 640 GW.h (23 1 0 TJ) annually and 
would use 960 GWh (3460 TJ) for pumping, 
giving a net average annual generation of - 320 
GWh ( -1152 TJ). It would service the peaking 
needs of the southern load centers of the east 
slope of Colorado. 

Category: Pumped 
Facilities 

Storage-All New 

Scenario Category Factors 
ranking flagged 

Most likely 6/15 None 
Environmental 5/15 No ne 
Energy 12/15 None 
Economic 3/15 I'! one 

LM06-Green Mountain Afterbay, Colorado 

This proposal is for a study of a potential 
afterbay dam on the Blue River about 2 miles 
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(3 km) downstream from the existing Green 
Mountain Dam 74 miles (119 km) west of 
Denver. The purpose of the afterbay would be 
to permit the existing Green Mountain 
Powerplant (18.35 MW) to operate as a 
year-around peaking plant. Net increase 1n 
average annual generation would be about 1 
GWh (3.6 TJ). 

C ategory: Conventional 
Power plan ts - Adclitions 
Reclamation Facilities 

Scenario Category 
ranking 

Most likely 18/31 
Environmental 20/31 
Energy 19/31 
Economic 14/31 

Hydroelectric 
to Existing 

Factors 
flagged 

None 
None 
None 
None 

LM07-Carter Lake- St. Vrain Powerplant, 
Colorado 

This proposal is for a study of a potential 
4-MW bulb turbine which would be installed at 
the existing outlet works of Carter Lake Dam, 
located about 11 miles ( 18 km) southwest of 
Loveland, Colorado. Irrigat ion releases to the 
St. Vrain Supply Canal would be used to 
generate 5 GWh (18 TJ) annually. Ninety-eight 
feet (30m) of head is available at the site. One 
and one-half miles (2.4 km) of 115-k V 
transmission line would be required to tie into 
the existing Colorado-Big Thompson power 
network. 

Category: Low-Head 
Powerplan ts 

Scenario Category 
ranking 

Most likely 3/8 
Environmental 2/8 
Energy 3/8 
Economic 3/8 

H ydroelectric 

Factors 
flagged 

None 
None 
None 
None 

LM08- Horsetooth--Charles Hansen Power
plant, Colorado 

This proposal is for a study of a potential 
1 0-MW bulb turbine which would be installed 
at the existing outlet works from Horsetooth 
Reservoir to Charles Hansen Canal, located 
about 5 miles (8 km) west of Fort Collins, 
Colorado. The 98-foot (30-m) drop would 
utilize the existirtg irrigation flows to generate 
10.2 GWh (37 TJ) annually. Two miles (3 km) 
of 115-k V transmission line would be required 
to tie into the existing Colorado-Big Thompson 
power network. 

Category: Low-He ad 
Powerplants 

Scenario Category 
ranking 

Most likely 5/8 

Environmental 3/8 
Energy 6/8 

Economic 6/8 

H ydroelectric 

Factors 
flagged 

Market-
ability 

None 
Market-

ability 
Market-

ability 

LI\109-Charles Hansen-Poudre Power
plant, Colorado 

This proposal .is for a study of a powerplant 
which would utilize irrigation releases from 
Charles Hansen Canal to the Poud re River to 
generate power with a 5-MW bulb turbine. The 
plant would be located abou t 8 miles (13 km) 
northwest of Fort Collins, Colorado. The 
45-foo t (14-krn) drop would generate 3.1 GWh 
(11 TJ) annually. The irrigation releases would 
limit operation of the plant to the summer 
months. Seven miles (11 km) of 69-kV 
transmission line would be required to tie into 
the existing Colorado-Big Thompson power 
system. 

B-71 



C ategory : Lv, . · Head 
Powerplants 

Scenario '(.,ategv.t.Y 
ranking 

Most likely 8/8 

En vironm;;n tal 7/8 

Energy 8/8 

Econom ic 8/8 

H y d rue lectric 

hlctors 
flagged 

b/c ratio, 
market-
ab ility 

b/c ratio, 
market-
ability 

b/c rat io, 
market-
ability 

b/c ratio, 
market-
ability 

LMlO- Kortes Pumped-Storage Plant, 
Wyoming 

Thts proposal is for a study of a p o tential 
pu mped-storage development which would be 
located about 55 miles (89 krn) southwest of 
Casper, Wyoming, and would use the existing 
Reclamation Kortcs Reservoir as the lower 
reservoir. A new upper reservoir would be 
constructed some I ,232 feet (376 rn) above 
Kor tes . Waterways, an underground 
pow..;;rplan r, and about 60 miles (97 km) of 
double 230-kV transmission line would be 
built. The project would service load centers in 
Wyoming, and would generate 600 GWh (2 160 
TJ) annually , while using 900 GWh (3240 TJ) 
of energy for pumping, giving a net average 
annual generation of - 300 GWh ( - 1080 TJ) . 

Ca tegory: Pumped Storage-Using Existing 
Reclamation Facilities 

Scenario Category Factors 
ranking flagged 

Most l.ikely 3/13 None 
Environmental 2/13 Environ-

mental 
Energy 9/1 3 None 
Economic 3/13 None 

LI\111- Alcova Pumped-Storage Plant, 
Wyoming 

This proposal is for a study of a potential 
500-MW pumped-storage powerplant utilizing 
the existing Alcova Reservoir as the lower 
sto rage reservoir. New features would include a 
new upper storage reservoir some 982 feet 
(299m) above Alcova, a 3 ,800-foot (1158-m) 
long power tunnel, and an underground 
powerplant. Sixty-three miles (101 km) of 
230-kV transmission line would be required to 
tie into the existing Reclamation power 
network. The project would be located about 
33 miles (53 km) southwest of Casper, 
Wyoming. One thousand GWh (3600 TJ) o f 
power would be generated annually, while 
1,500 GWh (5400 TJ) would be consumed for 
pumping, g1vmg a net average annual 
generation of - 500 GWh (- ·2800 TJ) . 

Category: Pumped Storage - Using Existing 
Reclamation Facilities 

Scenario Category Factors 
ranking flagged 

Most likely 1/13 
Environ men tal I /13 
Energy 1/ 13 
Economic 2/13 

LMJ 2--Fremont Canyon Powerplanl 
Enlargement, North Platte River 
Project, Wyoming 

None 
None 
None 
None 

T l1is proposal js fo r a study of a potential 
50-MW powerplant which would be located on 
the North Platte River adjacent to existing 
48-MW Fremont Canyon Power plant about 36 
miles (58 km ) southwest of Casper, Wyoming. 
A new 1 6,000-foo t ( 4877-m) long p enstock 
would be constructed from the existing 
Pathfinder Reservoir to new powerplant. 
Additional switchyarcl fac ilities plus 8 miles 
(13 km) of 1 1 5-kV transmission line would be 
neelled. Net average annual generation would 
be J 00 GWh (360 TJ) . 
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Category: Conventional 
Po werp Ian t s-Additions 
Reclamation Facilities 

Scenario Category 
ranking 

Most likely 27/31 

Environmental 25/31 
Energy 26/31 

Economic 26/31 

Hydroelectric 
to Existing 

Factors 
nagged 

b/c ratio, 
market-
ability 

None 
Market-

ability 
b/c ratio, 

market-
ability 

LM13-Wind Energy Data Collection, 
Wyoming 

This proposal is for a cooperative effort with 
the Universi ty of Wyoming to evaluate the 
potential of wind energy development .in 
southeastern Wyoming. The study would 
include installation of anemometers to measure 
the potential and power studies to analyze 
incorporation of the energy supply into the 
Reclamation power system. 

Category: Solar Energy 

Data for proposals in this category not 
compatible with evaluation factor and 
scenario analysis. 
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WESTERN ENERGY EXPANSION 

STUDY TEAM 
Tabie B-15 is a d isplay of the initial proposal 
data for all proposals formulated by the WEES 
team. The following pages contain a brief 
descrip tion of each of the proposals. 

WEOl - Western Hydroelectric Inventory 

This proposal is for a comprehensive 
Reclamation-wide hydroelectric resource 
inventory for the 17 Western States. The 
purpose of the study would be for usc in 
comparing nondeplcta ble hydroelectric power 
potentials with other potential energy-yielding 
resources. AU po tential sites would ·oe 
evaluated on an onsite cost o f energy basis 
only. For the sake of comparability, aU 
potential s.ites wou ld receive a minimal and 
similar type o f evaluation. Environmental , 
social, and acceptability requirements would be 
considered on only the more economically 
promising sit es at a future date. 

Category: General Hydroelectric Inventory 

Data for proposal in this ca tegory not 
compatible with evaluation factor and 
scenario analysis. 

WE02-Low-Head Hydroelectric Power 
Im entory 

In addition to and in support o f the 
site-specific studies in the low-head 
hydroelectric powerplant category, a 
Reclama tion-wiJe study is proposed for the 
purpose o f updat ing Reclamation's technical 
capabilit ies in application of bulb-turbine, or 
other low-head-turbine technology and to 
inventory potential sites for low-head 
hydroelectric power instaUatio11S, both 
ru n-of-the-river type of powerplants and 
powerplants at irrigation canal locations in the 
17 Western States. 

Category: General Hydroelectric Inventory 

Data for proposals in this category not 
compatible with evaluation fac tor and 
scenario analysis. 

WE03- Westem Pumped Storage Inventory 

This pwposal is for a Reclamation-wide 
resource inventory of pumped-storage 
po tentials in the 17 Western States. Numerous 
potential site8 have been idenlifi ed and stud ied 
to varjous degrees o f sophistication by 
Reclamation, the U.S. Army Corps of 
Engineers, the Federal Power Commission, etc. 
This study would be an off ice-type 
investigation to identify new sites and to 
evaluate them alo ng with p reviously identified 
sites to determine the amount of developable 
pumped-storage capability. Along with this 
resource inventory, a major part of the study 
would consis t of market ing analyses and power 
systems studies to determine the future 
dema nd for pumped·storage peaking power or 
system reserve. 

Category: General Hydroelectric Inventory 

Data fo r proposals in this category not 
compatible with evalualion factor and 
scenario analysis. 

WE04- Solar Power Applications, 
17 Western Stales 

As part o f WEES, Reclamation's SE (Solar 
Energy) Team evaluated the regional proposals 
for solar energy development on the basis o f 
location considering electric power and energy 
output, required length of transmission lines, 
the facilities available for connec ting to 
existing transmission grids, and the site 
suitability with respect to governmental 
control and environmental impact. It was 
conclud ed that activities involving solar energy 
development could best be coordinated 
Reclamation-wide by th e SE team . The SE 
team has proposed a Reclamation-wide study 
to investigate the integration of solar-thermal 
and wind energy into Reclamation 's power 
system operations. The study would iden tify 
and prioritize specific sites for installation of 
wind and direct solar radiation facilities 
throughout the 17 Western States, evaluate 
wind ancl direct solar radiation power 
applications, and study the marketability of 
the power and energy. The study would place a 
priority on the following sites identified in the 
regional proposals: 
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Table B-15. 

I. D. Description 

WEOl Western Hydro Inventory 
WE02 Low-head Hydroelectric Power 

Inventory 
WE03 Western Pumped-Storage Inventory 
WE04 Solar Power Applications-17 W. States 
WEOS Uprating Existing Reclamation Units 
WE06 Pumped Storage Coordination 
WE07 Federal Hydroelectric Power 

Marketing Study 
WE08 Hydroelectric Power Benefit Criteria 

Study 

SOLR • Solar Energy 
GENL a General Hydroelectric Inventory 
MARK • Marketing and Pricing 
PLAN • Planning and Evaluation Criteria 

- Proposals from Western Energy Expansion Study Team 

Initial proposal data 

WRC Type Head Inst Net annual New 8/C On- Exist 
State Reg Stream of (ft) (m) cap &eneration invest ment ratio line data 

devl (MW) (GI'Ih) (TJ) cost ( $1, 000) date level 

-- **** N.A. GENL (Data not applicable for this proposal) •••• Rough 

-- .... N.A. GENL (Data not appl icable for this proposal) **** Rough 
-- .... N.A. GENL (Data not applicable for this proposal) •••• Rough 
-- •••• N.A. SOLR (Data not applicable for this proposal) .... Rough 
-- **** N.A. GENL {Data not applicable for this proposal) •••• Rough 
-- •••• N.A. MARK (Data not applicable for this proposal) .... Rough 

-- •••• N.A. MARK {Data not applicable for this proposal) **** Rough 

-- .... N.A. PLAN (Data not applicable for this proposal) .... Rough 



-Colville Indian Reservation Solar-Thermal 
Generator, Washington 

-East Clark Bench Solar-Thennal Generator, 
Utah 

- Lake Lowell Solar-Thermal Generator, 
Idaho 

-San Luis Wind and Thermal Generation 
Study, California 

- Solar-Thermal Generator, Arizona 

Category: Solar Energy 

Data for proposals in this category not 
compatible with evaluation fac tor and 
scenario analysis. 

WE05- Ut>rating Existing Reclamation TJnits
l 7 Western States 

This study is proposed as a continuation of the 
WEES activities regarding uprating existing 
units at Reclamation powerplants. In addition 
to the specific study proposals in this category, 
it is felt that additional attractive possibilit ies 
exist that were not adequately evaluated due to 
constraints of time and funding under the 
WEES. The study would consist of in-house 
studies and contracts with equipment 
manufacturers to determine overall uprating 
capabilities, including possible changes in 
reservoir operations, modifications to 
generators and associa ted electrical equipment, 
and modificat ions to turbine and associated 
waterways, to maximize power output from 
existing Reclamation power facilities. The 
study would include investiga tions of the most 
satisfactory means of implementing a program 
of up ra ting units, whe ther that be through 
expansion of Reclamation's ongoing 
operations, maintenance, and replacement 
activities, or through a rehabilitation and 
betterment program. 

Category: General Hydroelectric Inventory 

Data for proposals in this category not 
compatible with evaluation factor and 
scenario analysis. 

WE06- Pumped-Storage Integration Study 

This proposal is for a study by a task force 
consisting of representatives from elec tric 
power industry organizations in the West, the 
Federal Power Commission, Federal Energy 
A dmin istra t ion, Bon nevill e Power 
Administration, Corps of Engineers, and 
Reclamation to study the role for Federal 
participation and cooperation in integrating 
pumped-storage development into Western 
power systems. It is proposed that Reclamation 
be the sponsoring and lead Federal agency for 
completing the study. 

Category: Marketing and Pricing 

Data for proposals in this category not 
compatible with evaluation factor and 
scenario analysis. 

WE07-Federal Hydroelectric Power 
Marl eting Study 

This proposal is for a study to help determine 
what changes in pricing policy wou ld be 
appropriate for the proper marketing of 
peaking power produced by Federal 
hydroelectric powerplan ts. The study would 
take full account of opportunities to conserve 
dwindling oil and natural gas reserves. 

Jt should also consider a separate pricing 
structure for peaking capacity, energy 
exchanges, and purchases to promote greater 
use of hydroelec tric power for peaking, and the 
effects which higher rates could have o n 
financing the present-day higher costs of 
constructing powerplants. The pricing and 
ultimate use of hydroelectric energy for 
Federal irrigation pumping would be analyzed 
and its effect on future power rate and 
repayment studies would be appraised. 

Category: Marketing and Pricing 

Data for proposals in th is category not 
compatible with evaluation factor and 
scenario analysis. 
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WE08-Hydroelectric Power Benefit 
Criteria Study 

This proposal is for an interagency effort by 
the Federal Power Commission, the Corps of 
Engineers, and Reclamation to perform a study 
which would provide the basis for an 
interagency agreement on a consistent 
approach to hydroelectric power benefit 
evaluation for all future Federal hydroelectric 
power investigations. The study would evaluate 
new approaches to benefit evaluation methods, 
such as application of energy adjustment 
factors, how to deal with additions which 
provide added capacity but little or no 
additional energy. Means of recognizing the 
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intrinsic values of hydroelectric power, in both 
its conventional and pumped-storage forms, 
because of its contribution to clean air, its 
utilization of a renewable resource, and its 
potential for permitting the substitution of 
coal or nuclear fuel for scarce oil and natural 
gas resources would be considered. It is 
proposed that Reclamation be the sponsoring 
and lead agency for this study. 

Category: Planning and Evaluation Criteria 

Data for proposals in this category not 
compatible with evaluation factor and 
scenario analysis. 
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APPENDIX C 

GLOSSARY OF TERMS AND 
ABBRE VIA TIO NS 

BASELOAD-The minimum load in a stated 
period of time 

BPA-Bonneville Power Administration 

CAPACITY-The load for which apparatus is 
rated; used synonymously with capability 

ENERGY-Work, 
kilowatt-hours 

usually measured in 

ERCOT -Electric Reliability Council of Texas 

ERDA-Energy Research and Development 
Administration 

FPC-Federal Power Commission 

GEOTHERMAL-Of or relating to the heat of 
the earth's interior 

GW-Gigawatt 

GWh -Gigawatt-hour 

HEAD-Elevation difference between water 
levels 

km-Kilometre 

kW-Kilowatt 

kWh-Kilowatt-hour 

kWyr-Kilowatt -year 

LOAD-The amount of electric energy 
delivered at a given point 

m-Metre 

MAPP-Mid-Continent Area Power Pool 

MARCA-Mid-Continent 
Coordination Agreement 

Area Reliability 

C-3 

MJ -Megajoule; an SI unit equivalent to 
kWh X 3.6 

MY A-Megavolt-ampere 

.MW-Megawatt 

PEAK LOAD-The maximum load in a stated 
period of time 

POWER-Time rate of transfening energy, 
usually measured in kilowatts 

PUMPED-STORAGE PLANT -A hydroelectric 
powerplant which generates electric energy for 
peak load use by utilizing water pumped into a 
storage reservoir during off-peak periods 

RUN-OF-RIVER PLANT -A hydroelectric 
plant which depends chiefly on the flow of a 
stream as it occurs for generation, as opposed 
to a storage project, which has sufficient 
storage capacity to carry water from one 
season to another. Some run-of-river projects 
have a limited storage capacity (pondage) 
which permits them to regulate streamflow on 
a daily or weekly basis. 

SI-Of or related to the international system of 
metric measurement 

SOLAR-THERMAL-Of or relating to the heat 
from the sun 

SPP-Southwest Power Pool 

THERMAL PLANT -A power generating plant 
which uses heat to produce energy. Such plants 
may burn fossil fuels or use nuclear energy to 
produce the necessary thermal energy. 

TJ-Terajoule; an SI unit equivalent to 
GWh X 3.6 

WEES-Western Energy Expansion Study 

WRC-Water Resources Council 

WSCC-Western Systems Coordinating Council 
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